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Abstract:  With the acceleration of aging worldwide, the number of people living with cognitive impairment is rising,
bringing a heavy burden on the patients, families, and society. However, the etiology has not been completely clarified. An
increasing body of studies have shown that the gut microbiota is closely related to the occurrence of cognitive impairment.
The gut microflora communicates with the central nervous system in a two-way manner through the gut-brain axis, and an
imbalance in the gut ecosystem may lead to the occurrence and progression of cognitive impairment. The mechanisms may
include neuroinflammation, barrier dysfunction, bacterial metabolite changes, and dietary changes. Cognitive function can
be improved by adjusting the intestinal flora. The relationship between the gut microbiota and cognitive function can provide
new insights into the prevention and treatment of cognitive impairment.

[Journal of International Neurology and Neurosurgery, 2023, 50(4): 90-94]

Keywords: cognitive impairment; gut microbiota; neuroinflammation; stress

E&WB A mum A A% B H (6833452.83587216) ;1] Jb44 BUR B8 B IR B2 2448 55 A A 537000 H (320441 :2019-139-5) 5 Wl Jb & L 4]
B BB B30 H (328 2020-9 %5 5-2) ;304648 5148550 H (38} 496 : 2020-19-2) .

175 B #A:2022-10-24; &[5 H #§: 2023-05-20

VEE B FEAT TR, & A TT A

BEEE: BOIE, EAEEIN, A4S0, Email: peiyuanlu@163.com,

- 90 -



2023,50(4)

WRAY I, 45 Il A ke S A R

http://www.jinn.org.cn

B AN S G W R A W e AR S (A
BIUAA S AN 30 2 1) A AN T RE 8 Ak . INRIZIRE T Rl
AN R GERRIN B H) R I A Z — I R 2 2
SIS T VARE = WA B SN Ay ] 2 (I
F R T A AE T o U A O A 2 R AT M
Hb B 5 T PEACSE s RIR SR A OC . R
F1451E (mild cognitive impairment, MCI) J2& 4" F 1 & Al
2 AR R R T 22 (8] ) — A A RS | 5 B OR R T B
(Alzheimer's disease, AD) RUS: 3 AT &, WFoE & B, #F
TR 60 % K LA 1 AHEH AD FIl MCT 1) & 95 % 4331 28 6%
F115.5%" , C 38 D) T B I FRE Rl T2 — . il
WA REAE R AL A A h 2 T A MR Al 2
Bt AN Ty RE 2 BE AR IS A B K A A Rl
] £ 2% 1) & Je R I TR ABE 28 1) 37, AR N B R 3 T
A XA 1Y 2L S IA T R Y & AR AL R U AR
KB, Zhang S BT IR A AR RERBF T & B, 5 R
ZARFE A LG, MCUAMR I T A W e Z e DL R T 5 21
PR BEAFAE 3 25 5 o W E BEAT T — AL XUE
BT R R Z2 0 Ee R B  1 2 AE AR AR S
g 2B TR A W R R AR AL, AT DR B BleE N R T
PR R o X6 — SR 3 | {H AT S 28 L3 e (1 DA
F Ll BRI IR AR BN AT RE E U 2 T
BB FE R o PRI AR ST IR T 3 SR e S AR
P Z 0GR, R A R T A5 2%

1 HERMEYERIEIR

ANEBE R - NERAERNESRS, HiEMAE
PRS2 A TG TR P R KR s A R L AR T
A EESE U T4k X SE iU Wi 5 e £ 3L AL, B
LR R HE R R . B A 2 A 7
X AR KRB LPUERFE LR R, A T3 S
PRI, 2 3 P B TR, R S BT Vi A L XL
PR B =2 SIS A o AR SR B AT S IR A, & B
V2PN ) A # AT RE A IR T 8 I, a0 i 4 PR
PRI LA B i 28 22 G2 25 2 140 5 i 3 TR R =22 1) A7 0k
R FEM G R G W T R R S 5 — i
Rl 22 1) R A5 R 0] 38 15 A8 Ui, 3 24 45 2K L P22 i il
25 WHZ N AR UL A B B A L R R I ik
Py IX 2RV A e 2 S PR i R 7K P T s A
AR89 7= W 80 7% A0 I i 5% B (blood brain barrier, BBB) %
W73 2 A AR AR R 2 5 R 2B AT M R 1Y e AL
s A WS ) AN U T AR TE 25 A L S5 R R
g A2 B AT DA ik 2 D AR AR P A R 1 D855 BBB 1
BRI , I B0 Sk R A S A BN S Sl BE B '

2 BHEMEYREREGEMIERNANZZET BEEDIR
st

% TE AR R 1) DA B A TR R AN R A

« 01 -

PR U bR S R AR A AT R LU T R AR
TR, AR EIm PRI TRIBELE T 1. AR I, R 2k
FHRMCLEE AL, R Y 2H 2 RV 5 T A i 35 22
S ABAET] BHRUE K B A2 5, MCLE R 3
H AR T T T 1) F B2, 26 FF TR 0 T BERRAR T . A RS
R TE MCUEFE th AR BT T 5 B2 5 k5 M AB42/AB40
FEAESCIEY S IR R 2 B 3 T RE (R A = 4 L T 9% 2 B
MCLFTAD B R % 1 2028 5 1 28 52 AR FIRE W AR P A
AWARSC, N AR R H =R RSB AR R | A B IR 5
5 10 P R A vaa A vau 0 A 280 A8 S R R M
FEYRAFARC S BRINT S A OC I ST AR AR H AT PR S
AP AT B AL, U 2B R AR .
3 BERMEMXAFZINARIIAEN TN F
3.1 MERIE

At R 114 Jig 3 A W AR A Y B 22 D RE AT O AR
BB GRS B REENEN . SHEMEY X R
SR e A U I AT 5 i — Pk R Bl — R A SAE SV,
Z 5 ZIRTT BRI R R L Sl B E R RS
Jin i A= 25 2R G AR A, R AU R 348 R M 41 B K 7 K F
ThiE ", Saiyasit IR, B T8 A 2 R RF I 2% 8
2 PR R AL 7oK 340 AL /N B B 20
ok BE O St S X R B A R BOANFRE ) N, TR
AD /N RS RS vp e 9, M 3 A e AR O a5 R Ak
JA RN R e R W AR R, I A8 AE T 4 B 4 g
(8 53 AL FSG B, AR 75 /NS BT 240 ML, e 2 5 4
PRNE SN, T BOA B FE o Toll £ 32 £ (Toll - Like
receptor, TLR)ZER B 1 i3 ) SAE 1of B2 RIS fo0% &
i)y Wk E AR M WA SR A I P75 5 TLR
T, IR A A 58 P 4t B DY 7 19 77 A= i R SR FE IR F -«
o, TNF - o) . H 40 M /it R
(interleukin, IL)-6 Al IL-1B) , 2 547 Ky A 51 1 Bk
ARHTI g b W A A X R A 3K L AT DA SE ok B
ZEHRAE FNRAF NP E 1 kA 5 KR
3.2 BBB5HRE

BBB JE i Rl I A A B A0 i i i SR IR 4 (tight
junction, TJ) & IR AR % | JF 15 5P I 5t 48 it AH B4 1)
T LR FRIR E B R 8. T AR I 3R3A 5% 7 5 [ BBB 56 %%
PR BIR , S8 EY Bt A TP 2 R 58, #2517
FFNHR UL . AR, B A X R = 2
FEAR T 8 (R 3L 15k BBB il S ek A . i
ST 8 AR SR S5 AR R B, S 3R U E W RE R b
(fecal microbiota transplantation FMT)BBB i 1% 14: 1 [ 1%
KT B AR R Y. Wen 260050 i i T AR A R
GE R AT /N B AN FE LR A R AN T R ER L T LA 3
PN B AL 22 8] T 4R A R34, DL K BBB 32 M 1 [
AR, DT 305 2 e 3 7R i T 2 80 i S B A R 8 3

(tumor necrosis factor -



2023,50(4)

WRAY I, 45 Il A ke S A R

http://www.jinn.org.cn

S R TI ft BRE 1Y J EE Xe T OR A i S A 2 0 AN R
M BOCH B WiE MR YRR R A MR I 25 R B
W5 5 R M PR DA , TS S5 T AN 20 T ) e ek B RS
PEHESAE SN, FEONFIAT AU . BFoE A , ZZ 0L
% T8 T RE AT 5 ST A A KT R R ATG L 28 PR i 14
N VA B F B 0, X s AR A 2 5 T ORI AT N
RE™ . HAFR AW, HEMAEYX Rl E SR
Claudin-2 FIRIG NN 5 A2 1 TR D, i bR
Hop BN, Rl EE 3 TLR A5 1 S8 A DA S 28 %
RERHE N2  £5 b TCW R AR KA & T K7 1,
SHE 5 B 119 T RE T R R A A A T 1 — R R AR
3.3 BEAENKH~Y

[ TE U ) X R SR AR — S A IR L AT
R 2 RhOR A AT 4 B ) B, T B TR U5 2 (short-
chain fatty acid, SCFA) 5-#ff MR it R,

SCFA 2 20 T 7 ' 1 18 vh & e i 1 2 4 77 28 i) A s
Y, EEALHE CIRER BRI T IR E: , Hoam ok i — ik
R Z B = A8 ZR . SCFA W] o 41 il 41 8 11 ot 2 1k
Fity 553 3 WO G AR R I SZ AR R T A B 1, UK AR
PIRVEM . MImEME S R G TLN, SCRA kK- [
(SRS §i7/B =R iiBvioy d WS E L LB Ny FOA PR ) | I TP
KM RE™ . SCFA RJ LA it A 48 VIRV T 18 & A
TR, fEshlsn b, I R AR ER 15 5 R BUA
S AR FEAT g A, i AT W 31K BRI 1 5t B D g
TS AEY X RWZERL. 20l FMTIRE Wil m S &
PR, SCFA G 2o 9 1 Ao 28 9 A Sy P L YA T I 3 ok R
U AR 1 KRG AT S RS B L A4 A%
o K 5 fR RRES IR LA L, T 2 P SCRA K- i (i e
I TESE T AR K 1 SCFA 555 22 I\ 1 B e 1 7™
R G A OEDS L B, M T R Y SE L T 1 B
TR ) B AR A T AR 28 R G L (H2 G T
BT 2B A5 2 — 20 BB SE S5 E A
3.4 DEENEEL

TENR)—E b, AT RE S T I A [ S AL A0 B g, H
LR N [R) A ™ F R AN AR R o BIFSE A, /0N BRGS0 2
# TR g R E R L, 208 8 SE
SR e NN D)1 | B [ 2 A R VANITTES 2 L EAE/
REPT . [AIRE A8 R R T AT A e R G R (e
PEARE JAE , 800 2 RGBT ML 1 &8> . Wil
WA 224k (H BE A AF I A 54 5 10 T8 T R A DG 1Y
PRI S Z 38NN, X S LA AR 3 T s S ShRE R
W i S BRAR S W T A S W U A 56 IR R, S
SRR NAHLE 248 NI e vh 77 A SCRA A 25 1
AW AT RS R IE ST R 5 A P SCFA M 2
[F]F 5 2, 70 B AR R AL/ RS 2 AR /N B B A
RERLAE 20 TC TR /N U N, 25 2R R 3, AR 2/ RIS fE op

SCFA i ek /b, I I AR FEA T e 01012 52 4 1
25 [AHCAZBRAT Y . Joie K WAL T 1 IR S H AR 5
2 s miE MR MO . B X R
AR K 2 3 L 2o B W R 28 ARAE L BBB 3 85 1 S5 B AL
KA FINFIRE ST BOTE T o BRSO W] G, (H 3 s
R AT IR R U AT AR 38) 4 S 55 14 8 (R4 1
3.5 REsEn

o T A R U B LV A A 5 25 b 32 B N B
77 30 B S, AR IR SR AN Bl K. BFgR R R,
Ji £ £F 2 7T AU B T AR 0 IX &R, 2 5T RE (A9
oA B RE . Shi SFUYOR R 4R 4E B = (fiber
deficiency, FD) %)/ FUBL BT 58 & L, FD /)N B2 BLAR
[R5 il R G R AR P28 ARAE /DN I 40 R 1 7% Ak
T i T TR AR I8 A 25 AR R S AR R e AR EL IR S A
AR A SE . it — 2 B FD 51 M i R A R I
INFIRE ) T R 2Z (810 PR G &R 28 A 3 & A mi itk A7
SR FD R A/ B, AT AWER B ] FD 2B
PR PRS-, A A 0 X 2R TS o 0 RO o e, i Y82 A WO
BN AT RE K& A U SRR F 2 I 8 A Y X
R R SE BF g R BEE AR 5 R AR
RE I AR PIAROC Y k3 2ok W U 2 S B T 5%
THEIE R AR LB R R TR A A AT R
B g B8 A IRE 45T B £ A DR Rl DL SR Y 1 TR
BERIL AR, OB 110 G 32 i 22 9 i 483405 , 4k 1T el 8 A 60
FT R eBa ™ o T & B, BR i A K 1k & 40 (0 18 A T 3458
V) B e A A0 72 M 2 Bl 2 A A 4K T 0 R S 2 fh T
PAVE AR EZ JRAE , e A FEON IR E 1 & A LR
UFSE AR BT L A 98 15 i 1 400 TR SHe A0 A A T o
3.6 EHfth

B R SN Z R R BR T ERM & 40E 2
PRI ™ 1) B AR B S5 R AE AR DG ML A o R BH , R A
F135 (sleep deprivation, SD ) 7] 521 iz i f3 A= 9 X 2 9
YU, 4k 12 5 INA T RERY T . Wang 25 % 25 il i
ZAR A B SD 45 S0, SD n] G2 Ah JE S8 5E BB
Jo 38 P A 2L LA BN R T . Ol B i T TR T
SD S IA I 3 2 (A1 14 56 &, il i He A To i /N RO TS e
o B AR /IN B3 A D 1R i 9 P 20 B R T KO & B i
B AF BRI 190 T P /D B B0 A 559 19 SD 755 18 R JE S o
HE— 2544 SD B 1Y SR B A 2 JC 1R /D BRI, 1T 5]
TLRA/K% Al -k B {5 38 B A9 ST , 4k i 463 3 =2 14N L
INFITNRE . fedls — I F WG 15 2 sh W i ik o 2 B, DL fa
TH1 A LA A AR T i — i R A A S R 5L O
A3 SD RS AIA AT N IR S L R 2 B AR R A
FE 8 B RS A D B 2 (R % — 5 W TR PR, DG
X — 5 A R 28 AT R PR VAT AR 1 S i

« 02 .



2023,50(4)

WRAY I, 45 Il A ke S A R

http://www.jinn.org.cn

4 PPERMETESIANRENIRRNBREIR

i A2 TR TR B TIUE W, el DL B R LR AT TR R BUE;
FFUR o K 2 26 T8 5 A AAR AT 0% iz 38 AR 40 X 3R A 4L
JERE ML B, DAl fE £k . PR CUESE i
AT A A P T LB A R o B — T meta 53 AT 44
AT AD MCIF1PD 23 ny B AL IR0 2 I, 25 42 1
FOCE T BAERN AR H R R R N EE R AIAE A
R I — BT AL 55 2E T, BAA MU I E R PUE A
PURSEAEHISY . Liu %50 1 i) MM 5L AD /N AR Y
AT H R R BE L B, HORT DA i i — M B SR A A
JFHE5R SCFA 2R3 v (9 18, () B 400 1) 4o 28 9 R 2 g
AR, DT 2 AD /N BRI R T o i . Rl
oKL & P AE SRS A W AR 28 R G0 M S M — T 25
T A A S SEH RN GV-971 JE—Fh It
TR AEYIRIPTAD 254 . i —W0AH 36 A 2
O FEAIL KU |28t 700 % HE A L4071 PR 3k 46 &5 SR e 1
GV-971 i 1 10 il B 35 28 25 R R A SE R I &R / 5+
SEA TR TSR IR P B R 8 JRORE F g, DT % AD AR
FHHINAINAE" . Shi&E P HIAESE , AR AL & b FE 57 n]
BEL L /2R 5 | 1 i 3 A1 O A1, il 2> 4 B G B IX 98
2N LA K 2 fib 45140 , AT 25 380 4035 A 0 48 3 i AR .
M1 ZE xR R 38 A e A 3 O R R T T 4
BRI = — ARG IR B A N R
FERARREMIREZ— R, H A s e n] LA
A5 38 A R B ZE AN G I T AR U T
meta 7P AT F B, I AFHb AR B AT LARE G MCT AT AD 1
R 25 R, RIE 35 A L 35 AR R R B 4
V1) ) 25 357 R L3 3 o5 A g Ok el A T RE . (R
R IX BN ()T ) B 2 e AR R S A
5 INEERE

Wit 5 % g 3 A ) X R AT TR R R A 22 1)
P 2R W, Ji 3 A A0 e i — s 52 ) K ) i R I T
R o SR, X T Ml A WA 2 5 00 E B IR AL
AWK G Gk 30 4 T i 0 A T A T T v R
A X AN T R 1 25 W v 1 T 6 T i 3 R 1Y)
W7o FIA0, BT AR o] A Bl 1 50 E AR X R e 2
YA RN, DA T S FRS VE A MR T Y

2 £ X #

[1] JIA LF, DU YF, CHU L, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment in
adults aged 60 years or older in China: a cross-sectional study
[J]. Lancet Public Health, 2020, 5(12): e661-e671.

(2] BADAL VD, VACCARIELLO ED, MURRAY ER, et al. The gut
microbiome, aging, and longevity: a systematic review[J].
Nutrients, 2020, 12(12): 3759.

[3]  KESIKA P, SUGANTHY N, SIVAMARUTHI BS, et al. Role of

- 03 .

(6]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

gut - brain axis, gut microbial composition, and probiotic
intervention in Alzheimer's diseaselJ]. Life Sci, 2021, 264:
118627.

ZHANG XN, WANG YS, LIU W, et al. Diet quality, gut
microbiota, and microRNAs associated with mild cognitive
impairment in middle - aged and elderly Chinese population|]J].
Am J Clin Nutr, 2021, 114(2): 429-440.

KIM CS, CHA L, SIM M, et al. Probiotic supplementation
improves cognitive function and mood with changes in gut
microbiota in community - dwelling older adults: a randomized,
double-blind, placebo-controlled, multicenter trial[J]. J Gerontol
A Biol Sci Med Sci, 2021, 76(1): 32-40.

SANTORO A, OSTAN R, CANDELA M, et al. Gut microbiota
changes in the exireme decades of human life: a focus on
centenarians[]J]. Cell Mol Life Sci, 2018, 75(1): 129-148.
ILLIANO P, BRAMBILLA R, PAROLINI C. The mutual
interplay of gut microbiota, diet and human disease[J]. FEBS J,
2020, 287(5): 833-855.

ZENG CR, YANG P, CAO T, et al. Gut microbiota: an
intermediary between metabolic syndrome and cognitive deficits
in  schizophrenia[]].  Prog
Psychiatry, 2021, 106: 110097.
ROY SARKAR S, BANERJEE S. Gut

Neuropsychopharmacol ~ Biol

microbiota in
neurodegenerative disorders[J]. J Neuroimmunol, 2019, 328: 98
-104.

YANG XQ, YU DK, XUE L, et al. Probiotics modulate the
microbiota-gut-brain axis and improve memory deficits in aged
SAMPS8 mice[J]. Acta Pharm Sin B, 2020, 10(3): 475-487.
NAGPAL R, NETH BJ, WANG SH, et al. Modified
Mediterranean - ketogenic diet modulates gut microbiome and
short-chain fatty acids in association with Alzheimer’s disease
subjects with mild
EBioMedicine, 2019, 47: 529-542.
NHO K, KUEIDER-PAISLEY A, MAHMOUDIANDEHKORDI

markers in cognitive  impairment[J].

S, et al. Altered bile acid profile in mild cognitive impairment
and Alzheimer's disease: relationship to neuroimaging and CSF
biomarkers[J]. Alzheimers Dement, 2019, 15(2): 232-244.

GOYAL D, ALI SA, SINGH RK. Emerging role of gut
microbiota in  modulation of neuroinflammation  and
neurodegeneration with emphasis on Alzheimer's diseaselJ].
Prog Neuropsychopharmacol Biol 2021, 106:

110112.
SHI Y, KELLINGRAY L, ZHAI QX, et al. Structural and

Psychiatry,

functional alterations in the microbial community and
immunological consequences in a mouse model of antibiotic -
induced dysbiosis[J]. Front Microbiol, 2018, 9: 1948.

SAIYASIT N, CHUNCHAI T, PRUS D, et al. Gut dysbiosis
develops before metabolic disturbance and cognitive decline in
high - fat diet -induced obese condition[J]. Nutrition, 2020, 69:
110576.

WANG XY, SUN GQ, FENG T, et al. Sodium oligomannate



2023,50(4)

WRAY I, 45 Il A ke S A R

http://www.jinn.org.cn

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

therapeutically remodels gut microbiota and suppresses gut
bacterial amino acids - shaped neuroinflammation to inhibit
Alzheimer’s disease progression[J]. Cell Res, 2019, 29(10): 787
-803.

LIN CX, ZHAO S, ZHU YL, et al. Microbiota-gut-brain axis and
toll - like receptors in Alzheimer’s disease[J]. Comput Struct
Biotechnol J, 2019, 17: 1309-1317.

WU LY, XIAN XH, XU GY, et al. Toll - like receptor 4: a
promising therapeutic target for Alzheimer's disease[J].
Mediators Inflamm, 2022, 2022: 7924199.

SUN NN, HU HL, WANG F, et al. Antibiotic - induced
microbiome depletion in adult mice disrupts blood-brain barrier
and facilitates brain infiltration of monocytes after bone-marrow
transplantation[J]. Brain Behav Immun, 2021, 92: 102-114.

WEN J, DING Y, WANG L, et al. Gut microbiome improves
postoperative cognitive function by decreasing permeability of
the blood -brain barrier in aged mice[J]. Brain Res Bull, 2020,
164: 249-256.

LECLERCQ S, MATAMOROS S, CANI PD, et al. Intestinal
permeability, gut-bacterial dysbiosis, and behavioral markers of
alcohol - dependence severity[J]. Proc Natl Acad Sci U S A,
2014, 111(42): E4485-E4493.

ALHASSON F, DAS S, SETH R, et al. Altered gut microbiome
in a mouse model of gulf war illness causes neuroinflammation
and intestinal injury via leaky gut and TLR4 activation[J]. PLoS
One, 2017, 12(3): e0172914.

WELCOME MO. Gut microbiota disorder, gut epithelial and
blood - brain barrier dysfunctions in etiopathogenesis of
dementia: molecular mechanisms and signaling pathways|J].
Neuromolecular Med, 2019, 21(3): 205-226.

HIRAYAMA M, OHNO K. Parkinson’s disease and gut
microbiotalJ]. Ann Nutr Metab, 2021, 77 Suppl 2: 28-35.

XIAO WP, SU JB, GAO X]J, et al. The microbiota-gut-brain axis
participates in chronic cerebral hypoperfusion by disrupting the
metabolism of short-chain fatty acids[J]. Microbiome, 2022, 10
(1): 62.

CHEN SJ, CHEN CC, LIAO HY, et al. Association of fecal and
plasma levels of short-chain fatty acids with gut microbiota and
clinical severity with  Parkinson disease[]].

Neurology, 2022, 98(8): ¢848-¢858.
JANG HM, LEE KE, LEE HJ, et al. Immobilization stress -

in patients

induced Escherichia coli causes anxiety by inducing NF - kB
activation through gut microbiota disturbance[J]. Sci Rep, 2018,
8(1): 13897.

MADISON AA, KIECOLT-GLASER JK. The gut microbiota and
nervous system: age-defined and age-defying[J]. Semin Cell Dev
Biol, 2021, 116: 98-107.

HAN B, SIVARAMAKRISHNAN P, LIN CCJ, et al. Microbial
genetic composition tunes host longevity[J]. Cell, 2018, 173(4):
1058.

KIM BS, CHOI CW, SHIN H, et al. Comparison of the gut

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

« 04 -

microbiota of centenarians in longevity villages of South Korea
with those of other age groups[J]. ] Microbiol Biotechnol, 2019,
29(3): 429-440.

LEE J, VENNA VR, DURGAN D], et al. Young versus aged
microbiota transplants to germ-free mice: increased short-chain
fatty acids and Gut
Microbes, 2020, 12(1): 1-14.

SHI HL, GE X, MA X, et al. A fiber - deprived diet causes

improved cognitive performancelJ].

cognitive impairment and hippocampal microglia - mediated
synaptic loss through the gut microbiota and metabolites|J].
Microbiome, 2021, 9(1): 223.

LIU XN, LI X, XIA B, et al. High-fiber diet mitigates maternal
obesity-induced cognitive and social dysfunction in the offspring
via gut=brain axis[J]. Cell Metab, 2021, 33(5): 923-938.e6.
OLSON CA, INIGUEZ AJ, YANG GE, et al. Alterations in the
gut microbiota contribute to cognitive impairment induced by
the ketogenic diet and hypoxia[J]. Cell Host Microbe, 2021, 29
(9): 1378-1392.¢6.

WANG Z, CHEN WH, LI SX, et al. Gut microbiota modulates
the inflammatory response and cognitive impairment induced by
sleep deprivation[]]. Mol Psychiatry, 2021, 26(11): 6277-6292.
LAT WD, TUNG TH, TENG CY, et al. Fish oil ameliorates
neuropsychiatric behaviors and gut dysbiosis by elevating
selected microbiota - derived metabolites and tissue tight
junctions in rats under chronic sleep deprivation[J]. Food Funct,
2022, 13(5): 2662-2680.

XIANG S, JI JL, LI S, et al. Efficacy and safety of probiotics for
the treatment of Alzheimer’s disease, mild cognitive impairment,
and Parkinson’s disease: a systematic review and meta-analysis
[J]. Front Aging Neurosci, 2022, 14: 730036.

LIU Q, XI YJ, WANG QX, et al. Mannan oligosaccharide
attenuates cognitive and behavioral disorders in the 5xFAD
Alzheimer's disease mouse model
microbiota = brain axis[J]. Brain Behav Immun, 2021, 95: 330
-343.

SHI HL, WANG Q, ZHENG MX, et al. Supplement of microbiota

via regulating the gut

- accessible carbohydrates prevents neuroinflammation and
cognitive decline by improving the gut microbiota-brain axis in
diet - induced obese mice[J]. J Neuroinflammation, 2020, 17
(1):77.
LIVINGSTON G, SOMMERLAD A, ORGETA V, et al
Dementia prevention, intervention, and care[J]. Lancet, 2017,
390(10113): 2673-2734.

MERRA G, NOCE A, MARRONE G, et al. Influence of
Mediterranean diet on human gut microbiota[J]. Nutrients, 2020,
13(1): 7.

FU JL, TAN LJ, LEE JE, et al. Association between the
mediterranean diet and cognitive health among healthy adults: a
systematic review and meta - analysis[J]. Front Nutr, 2022, 9:

946361.
TG - SR R



