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PPk AE 1 AR B 15 (autism spectrum disorder,
ASD)JE—H T A E R LIt & B 8 S5AS it
b S i 5 ZNARAT SR 26 S A% U R AE I B 2 A B
i, Hoilfe PR B D g4 5 A M AL A ] B =
Fitk . 35 Meta 20 M R « 423k ASD BB R
(1 LR 100777, 5 LR 1. 09777 ~ 436. 0177 5 9K
MUIE SR 51 1) 5 L BB R S O 4. 20 AR 95
Pl 5 W7 b0 TR 0 A FRE S & R R D )
%% (Autism and Developmental Disabilities Monitoring
Network , ADDM) Jir & 453 [ 5445 , 2016 4 2020 4 il
2022 4F JL B ASD HY S8 2 53 53 O 18. 5% (i H
13. 1%0~31. 4%0) . 21. 5%0 (0, il : 12. T%0~46. 4%0) F1I
32. 2%0(JEHH : 9. 7%0~53. 1%0) , S FLH i b Fh#a %y,
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H ASD S RA7E B B M 22 5, B B Ry
HAPER 3 R AR5 e L 2023 4T N I 7R
A s AL R A SR PR 0~ 6 2 L
#ASD B FE N 1.8% (95%CI: 1. 7% ~ 2. 0%) , H:
BN 2.6% (95%CI: 2. 4% ~2.8%) , & N
0.9%(95%CI:0.8% ~ 1.0%)"' . JL# ASD [ 8 J5
SRAE N7 Hl DXRRI /5 T A AR [R] 25 55 0T e 5 s A
WK AL SIEE 2WikrifE R ge it ik S L R
Ao peAh S B POURE S AR ) B
TR R AR A 33. 0%, 55— RS Liab 25 1
R, 2Bk ASD JL# v 1 %18 (gastrointestinal , GI)
JER B A I HOR RAN T 45% 2 90% 22 1A] .
VARG E— A 7R 7 ASD 2 353 3k A7 7
i 3 B A 25 L CHOURT B 1 1/ BE R T LU ) il
5t B Dy fig 32 408 [ v 3% 2 i 285 (lipopolysac-
charide,, LPS) 7K~F-F 5 | F1 iz 38 o S5 [ F 40 A
% -6 (interleukin-6, 1L-6) . Jif 984 2K 78 K] T - o (tumor
necrosis factor-a, TNF-a) ZE{E % R T i3 |EE4510F .
X BRI 5 R N B A W — I — P B A 5 P i S A
T E B SRR I\ S i R ] AR A 4



ZEAKFFIR Acta Universitatis Medicinalis Anhui 2026 Feb;61(2) < 377 -
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Ho HET U, EE R TR IE S B R
Jig T 5% B D) RE B R ASD Sl BA Y7 19 B ZEF S
ta], G PP R AR (0 T 2k o i £ P PR ) R
I AT (U4 A2 B8 R EEAR TR ) E i H B B
FRL AR 1

2 ASD 5 Gl&EFXEZFY]

ASD L M Z Fp B I E DI pEes , 22 A
15 Dhfett E paL e e ) ;@ g9
fiif 52 AN RAHDCHEAR ;@ MR RAE R . A TN
WFoR S 2B, ASD &L & Wt S0 s 0 8 s 1
EHREILE. A HIE DR, ASD #H A h &Yt
U ERGER 20% ~ 25% , Tt e X6 BR ZH A 5% ~
8% ; 1X — b 1 22 S 4% - ASD HB LT REAF A8 S 4
F AR TR ST, 2 I X W B A e RN
HAR A 19 W T8 B 25 O Al 1T R 3 3 1 YR 1 76 6
BEDDRE, WMEHUR Y BB S MEEE WS
B PE R G REZE AL Z [ 0] REAFE 76 & 44 0 AH BLAE
MLl . 255 Meta 43 B 67 ASD 582 30 & 5 I 18 P50
B BB R AT T P4 . MR E Wang et al'® A 9% 25
F, AR AL ASD B 1Y 1 B e R RO R
48.67%(95%CI: 43.50% ~ 53.86%) . %5 —Ti L]
EFXF JLEE ASD B 5 Y Meta 23 M7 Wi &5 1 50 55 19 R
g %, B 55% , L ELARORE R 5 A (37%) JE
(21%) JEV5(19%) R (8%) FIIE K (23%) . 584
% B (typical development, TD) X H& 20 4f b , ASD
FELH B /> —Fp i g T8 E R 0 KB 3 T 3. 64
o, X ASD MU B i B 1 &R R
%, T L3k 26 58 5 1 I PRER AT AT o . I
W FEHE— DS T X — s, i T ASD B H B s
TH 7] A o R RN AT A o TR, 7R TEA R4S BE
ASD f855 I, W A 43 7% S8 i i g FeAR A, OF R
F ] BEAY T TRt LA 2 A DG e IR, ok AR 1 A
RGN T

W R LN E S 5T ASD F1E Wi B
%M o T8 B ASD YA A ARG T 30 465 2 1 3 TR
ZEALFIAE S, 3k SE MR AR AT RE 23 B2 ) B ) R Be 45 4
MTRer LE" . W], 5 EA BATHL R o
BN % B, A BE AR R RE P % 9 (inflammatory
bowel disease, IBD) 512 ¥ H ASD XU 38 in %% 1)
A2, T ELBE: SR 3000 058 5 38 2 X6 ACBE A £ i 3
YRR IR AT 22 3 IR KU P20 430 M, 45 SR BB 5%

(1) IBD 1 1% 5 J8ME 5 1L 18 ASD R 1E A7 76 M S 1
2 B0 R 45 6 5 ASD AT BEAE AR A 1 R SR
SRI , IV 5 285 5 DA 55— 1 B UE 52 5 o 1 0
5 ASD By CBE% ). ASD 5 15 i i e £ K R
BEHLHNE 24, TR AE i R TIRE AL . B
B LR = A0 A R TR 2 0 AR A
SE4 B SR TR AR B A= WA AL

3 A — B — Raih7E ASD & 9% P RIE A HLEIHT
bEii

UTAER  BIFFE P E s I I R A 5 LB O R A B

FIHIZE Z G880 IR, 3 A AR A= ¥ — 1o — Pk
BALHITE ASD & h AR L ¥ 2%,
3.1 ASDEEMERRKARE WIERTELH
JE TE A 38 N 08 A TR S BRT 3 10
A B NG HE B 10F5 DA Lo i s R EAT
PERLIATE AL WS AR Ay BRI G RN i
JIE R AR LA K 4 A= 3R B R A A B O RE Y A
RV U Y- T - B B AR B T A S
R Z 18] B AH BAE HT, i 18 3 AR W ikt e pf 2
DL RAR AT N 23 WA i AR A 5 1 i 18 55 0 %) 0L 1w
P, R K & B R aete s (' ) .

W FEUESE , ASD JL 2 [l 1 i 25 K F D g 2 B
ZLL , Hod o AR SCHIL T 52 e S e R GE A 28 R 52 )
RE. MBI AT S b B 200 i R] 55 %% i
PR 1 CEL A P B e 2 1 - 1 AT Bl P R X% 0
LR -1) R BWD 18 R G & PR, R E
BE AR AN B H A U o A 1 Cn g 248 ) 18
b SZ A5 0 i T BE A MR AE PR, 51 2R et RAE
N ARSR, RS R REZT R G LR NS
ASD & % % Y1 AR ¢ 1 g 18 T RE AT T TE Al
W R R, 5 ASD AR 1 TR
P, AR R JEBE T ] (Firmicutes) (AAFFTE 1]
(Bacteroidetes ) .2 & T [ ] (Proteobacteria ) I il 2%
I'T (Actinobacteria) 55 Z A1 TR R IPIC T R INTE 2
WEAMP A e L T B E A, Bk
U, MR I I R R I TR A T [ N ZEA R R
(Faecalibacterium ) |5 W6 /0 V& TE B0 1 [ 107843
R 1E & (Clostridium) BRI £, DL R34 4 16
(CAnFs 2 2 A2 TR SO FLIR A T ) B B S . TR
R U= B

9 30 TR Y 50 T i — 2Dl g A E ML A
A W= o lan, ASD B LG B T Faecalibacte-
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Fig.1 Schematic diagram of the microbiota-gut-brain axis mechanisms in nervous system disorders
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Tab.1 Differences in gut microbiota abundance associated with ASD in children

Included

Meta ananlysis
Y study number

Microbiota with increased abundance

in ASD group (genus Level )

Microbiota with decreased abundance

in ASD group (genus Level )

Coprococcus , Streptococcus  Akkermansia, Dialister,
Bifidobacterium
Faecalibacterium, Prevotella, Streptococcus

Bifidobacterium, Barnesiella, Odoribacter,
Paraprevotella, Blautia, Turicibacter, Lachnospira,

Pseudomonas , Parasutterella, Haemophilus

Coprococcus , Flavonifractor, Roseburia

Bifidobacterium, Akkermansia, Dialister,

Tao X, 20252 64 Clostridium , Klebsiella

Fakruddin M, 202521 19 Clostridium, E. coli

Caputi V, 20242 18 Clostridium

Yang C, 20247 28 Clostridium, Parabacteroides, Anaerostipes,
Faecalibacterium, Dorea, Phascolarctobacte-
rium, Lachnoclostridium, Catenibacterium,
Collinsella

Korteniemi J, 20232 51 Clostridium , Lactobacillus, Sutterella,
Phyllobacterium, Oscillospira

Lewandowska-Pietruszka Z , 44 Clostridium, Klebsiella, Lactobacillus,

2023 %! Sutterella, Dorea

Streptococcus

rium B RFDNS 2 B W 35 AR L 1222 A0 mT RE BN IR I 1 5
B DI BE , S SORG B 37 kS w3 0, DT AR i A%
20 i A7 (40 1L-6  TNF-o0) (S BEE RS0 O — T
T, 78 %5 5% B8 1 R (short-chain fatty acids, SCFAs) =
A, BATHURAE IR B (L0988 S5 R Rumino-
coccaceae) F-BE T B, 45 14 B0 B (A0 B AT I
Bacteroides uniformis #l N IE KT I Bacteroides ova-
tus ) S5, T RETE A PO G AR P A i ) ) ZH R (N
TRRER/PRRER AT ), Jin ) i S AR ARG RE AR SRS
R A R, A TR (7 g 1 TR 2R R 5 ASD
AETEVAE DI , L 2ok iy — il 52 e i 22 % B Y 2L
PAHIL T (ke S P 22300 % | B2 ) 15 sl AR 8 3 )
AT 5 108 3 22 2H S e W ST N LA AIE . % T 1

AR I S 2R ME R A I AT AR T B T 2R A M
R i 1A HALH RO . R HE—2 T
fie B o g TEL B ARE B ANCE 7 0 94 A B T A L Al
FARRARTF R A R ) 2 6] DL RS AR
W= Z B A AR I SE & I AR YIS B4
ARARZR 1l A S LA Wy ek 5 ASD %A=
KRR e Tl i, L IRBIESE AT RIS ASD
HLI AT, S TF K 1 37 2590 KA R+ 305
SRR , SR E LT SRR

3.2 MEEEAEHASDBERIFIER K
WFFE2e VR, P A AR O BN N RARCR
PUER M FRET 5 Y ) 28 5 25 DN 3% ] b B
18 A R A5 A, S SRR R O 2E Tl e A
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) — gy — W AL T B AR AR ASD XU . A
HEBASIAIF 5T 20 B 7%, ASD H L BB 35 35 3t A7 15 i il
BEIRESE R, BN JERERR [ AUAT B8 ] LU 31 2 iy B i
FENR TR A AL, W IR (2 4~ 12 ) e A
R — R R G — MR B HEAEH G
ST 1300, I B BRI 17 T TR A 45 4 1k A 1k 1T 3
AR — sl g |, 0 TR IR A R A R T B
K LI i 5 o (R 25 A2 . — TR R a2
EMAFFE P B | AR IR B T e s
RERFALN, BB PG B ZHEERRAR, ST
H & (Collinsella ) FNE /R1E S & (Holdemania ) F &
TR, 12 KR 8 (Roseburia) 1 B MR 1 Bl (Lachno-
spiraceae ) W4 5 3% —7AF AR /R i 18 & AR 3 PR TR A
fiR A= LG 0] SRR AN T R R 32, Il ad A o — o —
il 2 5 R i ) LA 48 S REE AR .

) SR oY E— A 4B T 2 B R 3 R
T 2 A 300 2o iy — P il 2 1) 1A ASD XU 19 0 T 1L
il o — IR B FEBH , 22 S e PR 5 i mT 7 A A
PEFARH B ASD BT, MEVE AR IR EK e
52z e AZuaR | i s i e 2 U Rl s Bk A5 oA
S TEALTZ T, ok R R A 2R R v Bk IR
1 1 78 R B, 5 R AR SR 0 (D R 3R A TR S
Ba5E ) AR HE Th17 403 A e TL-17A 433, 5 5 2k
PEPRIE NG I X 2 T e , e 2851 & ASD £
FH RS SL I UESE , KR i - 1L-17A
=550 BRI G LR ASD By RZ O ML 2 — 2%
RLHE, BEAR 2 88 T 6: 2 U R B (FTOH ) ] 5 i ¥
FRIK L ASD REAT A B T4 26 70 U 7 0 1 I 4
b, I 01 W 18 B B D) BE 2 Bt L RRE SN S TR A 3R
B s 4 78 RS HEZLAT 1 GG I Tl 3 i iR b2
KBEELAESED . a0 A, BRI
pl RN e A R R B A I Y G AW N B R
Bt 5 20 AT A, EHIL R P B 1 TR R -1 1
AL 1 R it i o 57 B MR 2 B, DA R A
JZ IR RNA (cireRNA) 3K R 8, I\ 2 41 5 )2 TH 16
7~ T GBH 3 3 Tl A= W) - W - Bk i 412 14F ASD 2 26 8T
HL o

zE Lk, Bl Brse o ASD A4 & & TR AL il 45
T IRA R B2 R, 28 s T RER R AR Y —
[ — W il E AR 28 & 8 DGR E L ol ASD
F14) SR U 5[5 AT L ] = TP AL T F L S AR A
3.3 ASDHERESXATHHEREIENN
H  ASD B iE A WA ARG R G5 23 AR

G ST A B . BT A B, ASD SRUL
[ TE A W) 2R AR PE R 2O 5 ASD AR KR TR
AN RAT R H R FIRAR AT B A H
JE , B A IR -5 A R AR ) A R R =2 ] I AN A A
FASCHE . %58 1 TR Wi 1) D R 3 2090 e S i
AR, SRR Y U S S JH I ASD 2 18]
SRR F R BB RS, I T 45 A B2 #E ASD 43
TR SV I

FRBHH 252 8 7R 1 ASD JULAFTERAIE 1
MR R ELR S, RN = RO 7% O ft
AR (CORMAIEER h AR 57 ) 5 @ Z R R AU
(BRI 2 RE R s @ WUEY) — 18 EHA
OB i 0 R 3% 0% ) o KEGG 38 % 3 BT i 55
ASD ZH 75 17 A~ AU i % rp 52 802 25 0k, v 37
P22 AR (0 O R\ DL-8-% 3L 12 ) vk Ji A8 fb
i 245, XL T B %S 5 y- & K T R (y-aminobu-
tyric Acid, GABA) |5-¥% & i (5-hydroxytryptamine,
5-HT) 45 223 B, O Bk W — I — i el 2L
PEAE T o FUESE o R AIMEAR R RS, ASD L E A
N 2, 5- X4 IR i R 25 2 6 1k 2 TR A6 A3 v )
PR R R 1 2R R T RE R 5 A 5
PR 2 R R e A S B0 U BRI o b i R A
BN — 20 e R, ik b AR 3L 5 k2 D RE B B TR
JIAG LR A, S B 22 7 2R A BRI 58 ik vl 28 4 45
13, AR A B e T ASD BB LI S8R R SBURRAIE

T RWAEWT ST M B T i 2 R e iz A
TERRA: W) — i 22 3 P A X LA T - 2k 0 e o 9
I A2 AT A T o 2 356 TS ) A PN A T B
Py S 6 i 9 L ) 2 e T A A A R A A A O
Wo KR A TEE T AW — W — kil P
HEZR, SR W] 1 = KRB ATy 1) O B3 (A e
SRR ) 5 @ TR A=W R% A (T 2 7™ L 68 R 1T T T
)@ 25T OT R E BRI R o Y HTE o
PE7R , ARAH T T T M R TR R AR S T T 1
AR 5 28 A5 GBI R, DU S U E ) — 1R
W — P =L — R ARE IR YT R . X LR
TF R FE T i A B I 7 1) ASD B0 A S At T
U S ) B A PR B AL A
3.4 ASDHEREMRAGEXREEOH Stewart
et al " ELEE T A AF AR i 38 TR R R RHE, G
WFFEAE R R T A AR AR A/ Y b 1 R Y 4
G0 T =R EN B kT BB (3~141H) |
o W B B (15~30 4 ) Ak s b Be (31~46 1~ ) .
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W45 R AL, W LA 730 W 1 T A v R A
L IRES 5y 2 BN AR R R & A A . T, Lou
et al ® IR T ASD J L (B L LAY i 38 TR AE
B IR E 3L N6 2 N ASD JLEE H
SEH BRI AN SR D (EASE RS, ASD
Xof g T T A 118 552 e A B A 0% 1 28 AT 022 320 1
T8 A RE LR ASD HULAY— A XHE T R 5 1t
THURFF 53 348 gt AT 3 ASD L i 3 1 A7 AF 22 REPE R
A% 5 43 S At T R A4 R A S A R () AR G
R U R AN PR L RN S 5 R
FERACH 5 B AT b 2 AR & AR B B R
BLEEM G, BN A R R R REE =% 2
MEEST =R, PSR MERE R IE
FHOG , B 7 A= A 0 ) B E S A A AE X M 2 R ek
BAEZEZW A O
VAR

3.5 EREBETEHMEMRETWEEXE ASD
K BIR 4- £ KNG (4-ethylphenyl sulfate, 4EPS)
S — ik T A AR s AR AR A SR
B RO AN R A% 2 1 R R A i A R AR
AT AR B A W A V% O 2E R 5 5 0, iR T REAE M5
ST HUEI B BEAEA . i AR
4EPS W41 Bk A% B AR FA AL 1 38k g 3
T IR 9 20256 Je Dy R AT i

AT IEFE SR /N R T R A Y 4EPS
FERE W CHE A IVEATG BR J , RS i 4 B A 2]
TG, F 5 ) B B A A T 6/ B A 2
AT R AR LS N AR SRR . X — R B
T B A Y 5 TR Bl 2 R G (R Y A G
B o EFXT4EPS iU it T, H IR 259 AB-2004
CL 58 A 1b/2a WG R B o Z 25 ie it T B
BRI P 2R E FERU Y, A D R R
R TRVA T AEPS 55, 3 B9 [ il i 38 2o 36 8 HE 3 44
A, AT Gk 35 B AR B AT 7 LT P A R BE o2 X K
i A8 26 345 S 1 B T RE R o I A 6 25 2R R, AB-
2004 75 2035 5 ASD A 5C (1) 2 Fh AT R 48 45 7 TH B
TR AL, BB AT BB IARYT ASD 1 —Fh A T
BRI,

25 LA 4AEPS AR B i A= AR Bl i
—/NEEAR S, I AR B il ) A BLAE R Ry
BAEHEE MM, AB-2004 7 — P i) i 18 A5
VAT SRS SRR ASD Nz Hof #h 28 % 75 B A 1) 397
REST IR T B 77 1l

4 REFHXTASD E2ILHIER

TR N A B 1 52 ) LA 22 A < BRI
Tl FRA1 , 3 mI 5 52 4 A ) — T — il el
ML, HHES 5 MAE R RN AT SR80 . Feil
EREER R, RE - W — A RGN =EE )
7 ASD &R L b s A 6. O Fee I s =X
A 2 U T R AR LI 5 ) 35t 1% ) Rk A A T e
RIS IR 4 @ BEREACSE™ 4 (Chn e g%
NEWT IR | R AT AR W) AT 42 8 15 A 48 S RE N 5%
fih FT PR 3 R [ 9 45 G AR A IR R e T
ASD &4t 1 B AR E . HTu , S S [ N AN DG AT
FE, ASD IR T FURAK AT 43 Sy = R BRI MR IR &
P BRI BT R AN B SRR TE
4.1 PRREMERETE ASDIREIRIT THU T EH
JFH e R R BT R R T K BT AR IR
(gluten-free and casein-free diets, GFCF) . #F %% &
B ASD B L AT BE XS Ek 5T AN R A ok B AN i
3%, HU0T RE S0 X 2Ly T i) B A KT T e
(R IE LR R NN NS e S K N BN /N
(—PhTE 22 I Jt v 4 o AR T ALl ) o 22 A
J 3 o 7 A AR S TR R T I E IR RIS R T,
S8 fi 3 2R 5 A 1, BT 32 AR, 95 B ASD
JLEA A H A, AL, Bk TR 25 R 4 Bk R
iE , ELAE Bl 28 RAE . X LWL B L, R A8 7, 2K ot F K
HATRES ASD R EA K.

GFCFIRYT ASD (Y7 ROCR AN — ) 32 i
IR—Z N GOCTE MR [ R, SR T, T 4K , A IE
P& 2 (AR 4R 1 R 25 Hh B 125 58 o AR B Piwowarc-
zyk et al ™' NI R G L58 , FF GFCF 7E43% ASD JL
B AR 7 T A MR TR AN R . RS RS SR
Meta 737 30 16 ) 7 R 455 b v Sk SCHik, FLrh 5
i SCHIR Ak 7R GFCF PREAT TR ASD A% Lo IR JC ek
YEHT . AR, 20 SCERIA I AF9E T GFCF TR i L
B W B 52 ), (A 35 R GFCF AR & %) ' g i JC B
WA, BRI, JC B AR IR BE 2= R 48 7R GFCF 2k
B R XS ASD RO E KA 88, A HEBCH GFCF IR R
JEAE R H FUERE o {22, Quan et al " it iy — i
Meta 73 H7 fik. 718, GFCF AR £ il 47 2/ ASD JLEE Y
ZIRRAT hy P BN HIBE ) o 25 BRTIR, HRGATSSR
e = WD) A UE S E B GFCF IR B 76 ASD 3697 7 i Y
WERR AL o R, 5 EE AT B R MU BB L
T RYBESE RS GFCF AR & BT 2, FFEi 3 % JE
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AR S AR 1500

FE K Bk 7K AL G ) IR 1 (specific carbohydrate
diet, SCD) J& — i FR il B K A & W) B A 19 TR & 7
2, BRI Y RS BNA T I E s 1 H
1, s % B B S I 48 . SCD IR IR T
Ao AR KA G W), e A FFLBE , I S0l £
A5 T AR BR KA G W), AR FNEE S . SCD ik
1o ik YN A S U iR /I S By S
o SCD T HI 148 B M o o 7L TS 26
PRI I R 7 o X AR B BN S T DLk 3 i i
fet B, U/ 50 , JF FT BE 2% 55 1 3 AR OG [R) LA O
(4 ASD JEAR ' AR A ST ARIE™ *SCD IR
BT 1] i ASD B A RIAT MRS (I AL
TERE AR , A E R0 (R AP B2 B RIS R A7
PEARK Y SR B , ) AN SRR A /) (ke = X IR A
WFFEBIT AN T SEAE , PRHARDERS ) 5C T H7 &80y
WIBR 2518 .

RCRT 2 AR SRR W R RN 22 JC R IR R (fer-
mentable oligosaccharides, disaccharides, monosac-
charides, and polyols diet, FODMAP) 2 — Fit BR il I
AR AR SR OURE SRR 2 o IR, B AR
D i B AN RE AR, W K TS ARG o I —
WA T — 151 17 % ASD 42 # 19 it FODMAP 1k
BT WIRIT 0, I FODMAP IR Bl T
AT G I IEREAR , OF BN 2 R B
[ TE A B A 5 0 A s L IR FODMAP TR il 25 ik
AT R T] JEREE T ] FLA B RRDSUB T R
PR T JEERE TR [ AURT 1 1] HUAEL, 2 1 R IR PE T R
RIIIFRSE .

4.2 BMRUABITZE HWIRE (ketogenic-diet,
KD )& H Fip b )32 1 —Fh el IR 7 i, B
— e i AR L ORI A SR R P R BT
TR, SR YT METR PRI 1A RO IR BB
H T ASD Bl /R % 165 2R 9% (Alzheimer's disease, AD) |
PRI ZE G AR FIREAE S5 A% . KD Y H Y &3 i
PR B K A A P B A it A B A AR AR AR
A, BB G D7 A 2K AS YR G RE R . X
T AR 25 T BE 23532 Wi IR By 8 A e 22368 5% 2
JEIR AT 28 ZR U BT AS ) 52 0 ] g

R, Ak, KD 3B Bk Ay AT L Bl o 4 4 5 4 A
R O I fE R BLIRI IS 4 2R R L KD T
AT 5 1 T8 A W A R A R e U, R
I g 3R AT 200 TR y - S e e AL T A 9D A1 J] G-

BLWR K-, ) ) 8 3 B2 vy o T X GABA/AY AR 1L
i, X SEfAE Wy Rl 22 Ak 2R AR A KD BT 2K
N AFAE AR DG | 42 7 1 3 TR R AT REAE KD f pf 22 £
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M BRI R . BIFFEEE SRR, MAD 3R Y7 AT L
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SATRRETT , HLIR YT I (A BOR , ORE t . BLA
KE, MAD RJ I 248w 1E RO PE R AR S 1 RS D
NALSZ K, 5 T 58 L BE T 4 B2 0 () st 4 B 7 3F
o3 MR LA S AR TR RE . MAD 7EYRYT ASD 8L
TR R T — @A (H R T ik = KA I R AL
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Research progress on the microbiota-gut-brain axis regulatory mechanisms

and targeted dietary interventions in autism spectrum disorder
Hao Mingyue', Chang Jiajun' , Zhang Zhihua®, Gao Lan’
(" The Second Clinical School of Medicine, Anhui Medical University, Hefei 230032; > Department of

Epidemiology and Biostatistics , > Department of Toxicology , School of Public Health , Anhui Medical
University , Hefei  230032)

Abstract Autism spectrum disorder (ASD) , also known as autism, is a series of neurodevelopmental disorders
characterized by social disorders and repetitive stereotyped behaviors/narrow interests. lts pathogenesis is com-
plex, and there is a lack of effective treatment drugs, with some cases having adverse outcomes. Recent studies
have consistently revealed that individuals with autism spectrum disorder (ASD) commonly exhibit characteristics
such as gut microbiota dyshiosis (abnormal Bacteroidetes/Firmicutes ratio) , impaired intestinal barrier function
(elevated serum levels of zonulin and LPS ), and intestinal immune dysregulation (increased pro-inflammatory cyto-
kines including IL.-6 and TNF-a.) , suggesting that gastrointestinal abnormalities may influence central nervous sys-
tem development through neuroendocrine, immunoregulatory, and metabolic pathways. Consequently, growing
scholarly attention has focused on dietary interventions as potential approaches to alleviate clinical symptoms in
children with ASD. This review systematically summarizes the role of gut microbiota and their metabolite altera-
tions in ASD pathogenesis, along with recent advancements in understanding the microbiota-gut-brain axis mecha-
nisms. Additionally, it elaborates on the therapeutic effects and underlying biological basis of restrictive diet
therapy, modified diet therapy, and nutritional supplementation therapy in promoting the health of children with
ASD. This systematic review reveals that children with ASD exhibit significant gut microbiota dysbiosis (e. g. , in-
creased Clostridium, decreased Faecalibacterium) and abnormal metabolite profiles (e. g. , altered short-chain
fatty acid spectra, elevated 4EPS levels). These alterations exacerbate neuroinflammation and immune dysregula-
tion through the microbiota-gut-brain axis, thereby impacting nervous system development and function. Further-
more, interventions such as ketogenic diets, camel milk, and specific nutritional supplements can alleviate certain
ASD symptoms by modulating gut microbiota, restoring intestinal barrier function, and improving metabolic path-
ways. Future investigations should aim to create multi-omics evaluation systems for pinpointing potential beneficia-
ries, devise individualized intervention strategies rooted in microbiome characteristics, and verify their therapeutic
value and safety in large-scale randomized controlled trials. These efforts are crucial to transitioning ASD treatment
from symptomatic control to address disease etiology, thereby paving the way for improving prognoses.

Key words autism spectrum disorder; diet therapy; gastrointestinal microbiome; microbiota-gut-brain axis; in-
flammation; nervous system
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