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P AE 1% Z FE A% (autism spectrum disorder,
ASD) B —ZM T L& F W Lt & 5 8l S5 A8 ik
b S i 52 Z0ARAT R 2 R U R AE I P 2 K 7
fig, JLIG R 2 B0 . Dy fig 400 3 1 B i A2 e I i S5
Bk o UE I — S Meta 20 M R - 4 EK ASD fRR R
(1) AL R 10077, L R 1..09/77 ~ 436. 0777 5 4R
ME S 191 1 5 e Le ) B0 4. 20 AR 35 [ B
P 5 W7 G T @ 0 A WRE S R R R 0
#% (Autism and Developmental Disabilities Monitoring
Network , ADDM) Jir & #fi (1 544 , 2016 4F- 2020 4 il
2022 4F JLEE ASD 1Y FB 05 85301 K 18. 5%0(13. 1%0~
31. 4%o0) \21. 5% (0 [ : 12. 7%0~46. 4%0) Fl 32. 2%o
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b e AR A R Wos 0~ 6% L
ASD 5 HN 1. 8%(95%CI: 1. 1% ~ 2. 0%) , Frf 1
K 2. 6% (95%CI: 2. 4% ~ 2. 8%) , % 2 0. 9%
(95%CI:0. 8% ~ 1.0%)" . JLEE ASD B B R TEA
[Fi) by DRI 8 /% 76 R A 1) 22 57 7T RE S ast AL R R 4
SWE Wi RS T EEZ MR ERAR
RSl e Ah ARG o, IR L AR R ) R A
ML RN 33. 0% I3 —Fe RGLLRRO LR
N, Ek ASD JLE H E 1518 (gastrointestinal , GI) %iE
REAIF R ZRAETHTE 45%~90% Z 17] .
UEAERESE > Tk — 4R 7R, ASD SR i A7 TE
o T8 AR 2R L RO T 1 1R RE TR 1 Le ) 5 ) i
Jo# B D) e 52 4t [ I 3% 2 11 M i 220 (lipopolysac-
charide, LPS)7K-GF-Thv& JF 18 s 5 [ H 40
% -6 (interleukin—6, 1L—6) . I8 TRFE X F—o (tumor
necrosis factor—a., TNF-a) %2 2 [F 1T 55 G H#AE
X RIS R A A - M — P AR 5 ) 2 1 A A
T HE PSSR A B i R R AR E i 2
o300 B2 5 FIARBER AR S e v A B 28 R G
Ho ST, WA ke TR miE S B
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o 36 5 % D) il A ASD il Bl A YT 1) S5 7
ta], R TR (A JE 2k B 4 AR ) R
I AN TS (g A= TR R EEAR TR ) E n th B 2
FAL AR 1

1 ASD 5 GI&EHFXEZEY]

ASD BILE M Z Fh B I E DiRe ey, 224
15 @ hfietk E i al Canie MR RS ) ;@ B
fiif 52 AN RARDCHEIR ;@ MR RAE R . AT
T R0, ASD S LB Wit 5 S R B 5 T
IEHEBILE. AR YN, ASD #H A h it
) BRI N 20% ~ 25% , T e B X BRZH A 5% ~
8% ; 1X — . 35 1 22 SE 47 « ASD 8L TT BEAF 75 I 4
FR) B0 8 R S, 2 R X W R A 3 R RN
LR 1) P 18 A 25 R A T R 3 Ao 18 I B 7 I
BEDIRE, BMEHUR M R BN S a R ERE S
o R Ge I BE 2 AL 2 0] vl BEAF 76 &2 2% i AH BLAE
P . 2255 Meta 43 #7 %F ASD Hu %1 &k B I3 %
BB R AT T VAL . RS Wang et al'® B E 5% 4%
B, AR 2 ASD FRE 1Y 1 I B SRR R
48. 67%(95%CI: 43.50% ~ 53.86%) . H—Ii L]
EFXFILEE ASD S5 19 Meta 4387 W 25 T 68 %0 A4 FR
i %, B 55% , I B A i R A 456 6 B (37%) I8
(21%) JEY5(19%) MKt (8% ) FIE K (23%) . S HL
% B (typical development, TD) X} & 2H 4t , ASD
L BLE D> —F S i AR i KU 3 i T 3. 64
51, X R ASD AL G 1 T8 S0 1) 1 KA A
O, T L 4 £8 28 I R SR AT AR T o P, I
WG — RS T X — a3 s id T ASD % B
TH 7] A 0 RN A A o DR AR A RN A B
ASD [ I, I 7 43 2 S8 1 i i g Fe AR O, IR R
F AT BE Y T TRl LA 2 ff A DG RE IR, o3 2B 1 A
N T

R R, BN RS 5 1 ASD Fl B 718 %00
)& o FE A ASD B R 0 2] a2 119 5 [
GRASFNAR F X S i AR AR T B 252 B W R G450
MTRer LE " . IE W, 5 E A TR F 5T
BN B, A BE AR R RE P % 9 (inflammatory
bowel disease, IBD) 514 [ ASD XU 34 Jin %% Y1)
A, T HL R S 2800 B 58 5 38 2o X A0 BRI 2 i i
DR 2 5 A 7 22 35 DR XU D43 20, 485 S0 % BB 2%
() IBD 1 1% 5 JBPE 5 120 19 ASD R AE A7 A6 AH G 1
R R B TS I 46 5 ASD R BEAEAE P A 1 IR 2R
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IR, LIV ST 45 R D 55—~ 1 BEUE S i 3 9
5 ASD 1 R BT . ASD 5 18 iz i 5 9 1 K 1
HALH S 2%, Al BB AR R RS UIRERTL B
ARG Z A A T 2 B AR A
555 S IR W S BAR B E )2 B

2 MEY-F-RNihTE ASD & 5% PRI 1E AL #
rid i

AR BFFE 8 s B RS LSO B E
FR 28 R G0 % B 1 JCHK, 3 I A 40— — B il
HLHITE ASD &9 i ALHI B (L T2
2.1 ASDEEMEHBXETE WHBERZ
JEAENAR B 8 N 0 A PR LB BT K 10
A R AR S EO 105 DL b i R A
EHLARIE AL WO HEHE | f008 2 B R 5 RN 43
JIE 3 R AR DL R 4t A 3R A A AR B ) e Y AR
FHUC T R - - I AL R AR A A S
M 2 () (8 A0 B, B T8 A 3 o B g e
DL KA F N 43 b3 A2 A 3 1 1 25 M 1) XL 1] )]
T, KN i & B TR (B 1)

BFFEIESE , ASD JL 7 38 i 2548 A D) R 23t 30
ZEAL , HAl S AR OCHIL I 52 e S e RGP 2 R G2
. Mo iB AR n] 5 | S i a8 L e 20 ) S5 % 3%
F 08 1 CRLAE PR I 22 28 -1 PR B P AL X
PR A -1) k9D, 18 26 B K&t
MYBEZR A TR S ZH Lo AR ™ 1 Can s 2 0%)
T 0 32 A ) g T RE R I VR BA , 51 A R G AT
R Rk, SR R RGBSR X
55 ASD & 9 % VAR O 04 I 38 o R R AT T 1 AN
B KB R, 5 ASD AH I g 18 R
W, AR N JEBE B 1] (Firmicutes)  JUFT 1 7]
(Bacteroidetes) .5 T B | 1 ( Proteobacteria) X il 2%
I'T(Actinobacteria) 5 Z 4~ TR M R RIC T R NG £
WEAMYFh  EFE LT B, Bk
U, PSR VR H RN TR A T [ AN ST R S
(Faecalibacterium ) 1598 /D 75 78 B0 1A [ 405
R B (Clostridium) 1K YS 2, LU 43 A 45
AN 2 £ A2 TR = ZLIR 40 ) B AE S o RN A
LI Y8 R

¥ T8 AR 1) AR AT — A 3 o R EE ML A S
WS o BN, ASD B LG E T Faecalibacte-
rium WYAHXE 2 B 35 B A, 12728 16 AT BE AR s 3
B Dy fie , S B MR aE A M S B, DT A A 4R
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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

study number

. Microbiota with increased abundance Microbiota with decreased abundance
Meta ananlysis

in ASD group (genus level ) in ASD group (genus level )

o LR oA

Tao X, 202520 64 Clostridium , Klebsiella Coprococcus, Streptococcus , Akkermansia, Dialister,

Fakruddin M, 2025"2") 19 Clostridium, E. coli Bifidobacterium

Caputi V, 2024'% 18 Clostridium Faecalibacterium, Prevotella, Streptococcus

Yang C, 20242 28 Clostridium, Parabacteroides, Anaerostipes, Bifidobacterium, Barnesiella, Odoribacter,
Faecalibacterium, Dorea, Phascolarctobacte- — Paraprevotella, Blautia, Turicibacter, Lachnospira,
rium, Lachnoclostridium, Catenibacterium , Pseudomonas , Parasutterella, Haemophilus
Collinsella

Korteniemi J, 2023241 51 Clostridium, Lactobacillus, Sutterella, Coprococcus, Flavonifractor, Roseburia
Phyllobacterium , Oscillospira

Lewandowska—Pietruszka 44 Clostridium, Klebsiella, Lactobacillus, Bifidobacterium, Akkermansia, Dialister,

7, 2023'%] Sutterella, Dorea Streptococcus

20 P (U 1L-6  TNF-o) (85 RS 0 55 — 0
11, £ J5 % JE A (short—chain fatty acids, SCFAs) ™=
AT, BATCRE R ERE, 1098 B @A (Rumi-
nococcaceae) F-J& T [, A5 1FBOW B L A0 ELIJE LT
(Bacteroides uniformis) F1 JI JE AT & ( Bacteroides
ovatus ) N4 FE , 7] A i A GUAE W A T A 2H
(Can T IR ER/N TR R L A51)) , i ) i 1 # AF JE 48 E AR
B FERIE A I IR AR R 1 T8 DR Ok
Y5 ASD FF AR AE IR , HH 3 g — ki 5 e 22 K
B 0B AR Can 2k E p 200 5 fo 55 R Y s AR
Y& ) ATt il ok 22 A YN e BTN DASGIE . X T
[ T A IRV 1Y S A e R 2R AR 2
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TRA MBI FEN A 1 figp LALLM ML o R ok 5 2k
— 2 T iR T B A S A i AR B T A
A b SRR AN R R AN R Q™ ) =2 8] LR
FES AW Z M AR AR G &R R is AW S
A BOR R T8 SO AU o 51k
ASD e S SR (A5 5 e i i, BB 5T T ERAL RS
ASD & AL BN, S T &L R T 251 B A A
P BT5 PR , HEBRGHE T S

2.2 MEEEAEHASDIRERIFIER Kt
WFFEe VR WY A AR O BN S AR
PUER M FREET5 G 257 25 N R T B A
SR GRS RS LI RiiboR P &= //B
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i~ Sl AL T 28 i C R R ASD B RURS: . A REBAS
WFFE 2 s , ASD HUL A BE 25 3 A7 76 i 18 B R S
LRI N JEREDE AU BT Lo A9 2R A S et 5 R
PRI ZE AL . AR URF I (Z 4~12 8 8 Bt i
Y- RGP L B S HAR I O Y
L B BBk i 18 R A %) 465 #4 1k A A b mT i e R i -G
FERNAAE 02 TG A % A0 M T e G L it i
PEREEIE S KA . — IR X & A I A AF o
SR A i I AR B AR AT T R A T R A
B, 2B FEE Y B 2 REERR S, AT B S (Col-
linsella ) FIEE /R 152 5 J& (Holdemania) =F-J& T [, 1
G & (Roseburia) 7176 12 1# BE (Lachnospiraceae)
HON 53X — AR AL B 7R 38 & A Qs b TR & R 2k %
0] CTRAN T W 3, IF i o B Y- - i = 58
FER L RIE DR

S SR T dE— 248 o T 2 R i 3
T 2 iy 300 23 g — i b 5% 1) 7 £ ASD XURS: 1) 43 - 1L
il o — IR R SE I 2R B, 2 S b e DR 2 % R R I
PEFARI L ASD BEAT o, MEVE AR IR EK g
Loz e 2GR , e B S EIn R Eas TR
S FEMLEIZ T, o P S AR B A R T R
i 38 T I, S SR R AR R (AN K M 38 A TR S
HgE ) AR Th17 40080 B 1L-17A 430, Ja 4 a4k
PEIAE A H X4t F S il D fig , 51 & ASD A
FH AR RS SAE S, KR - IL-17A (5
5 s R LR PE ASD B DAL 22— 2R
M, B T 612 SR BE (FTOH) ] 5] 2 718
KELASD REAT Ay B2 J3t #2850 I T RS ST 4 3
b, I A 17 18 B BE D e A2 0 L ST S A TR R 2R
L5 40 78 SR ZEBE FLAT B GG W mT (B 25 22 i b R ph 4
KB pIE S H Y SA TR REE , B
G RN e A R B A I Y G R AW N B R
B 5 Z0M AT R, AL B i 1 TR R - Qs 1%
ZEAL o 1 R it i o e B M 2, DA R A
JZ AR RNA (cireRNA) 3k K, N 2 41 2% 2 T 4
7~ 1 GBH o il A= W) - W — B St 412 14F ASD & 2B 8T
IR

ZE Lk, Bl BrsT o ASD By & & L TR AL i 45
HETERA BB , 28 o iE T RAR A Y -R -
Fili e ACpR 22 2 B T R DGR, ok ASD Y R
ST AR [ T SRR T A S A
2.3 ASDHERESXATHHEREIENN
H  ASD W IE A I AR S R0 P 423 oA
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WG S5 R A E AR . WF5E SR, ASD fR L
J B A ) 53 26 AR 8 55 ASD Stk ]
AN RAT R B IR ARG A G, H
I, B AR 5 0 T TR W T R 22 (R D AN AT
FHOCHE . %08 M IR Wik i) D e 32 220 et s
AR X SRR W A UE A S AN ASD Z (8]
SRR AR BB R, I ST 4 R A B iE ASD 41
THEYIPREWI I

U 205 8 7R T ASD LA TEFRE 1
AR SRR, FERH A =R LRH O fE
A (R BRAA P b [ A ) 3 @ & BRI AR
(WA AR PR ) ;@ ek Y-18 3
(i g 1 R 1 A ) o KEGG 3 8% 43 HTIE S, ASD
L AE 17 AR 3 s S PR S kAR, o 37 Rl
SR (I R \DL-8-Z B~ 1R ) Wk B2 A2 Al i 2
i, XY T 1S 5 y-2 2 T W (y-aminobutyric
Acid, GABA) | 5- %% { Ji¢ (5-hydroxytryptamine, 5-
HT) &5 pf 22366 S AR T L S oA - 1o — B 35 i £t
T uEE . RRIERE A2, ASD JLE KA 2,
5- XU IR T8 R 2 2 ik i I A A a5 v ) 7= 9 A R
R R T LR BERE AT A T Y A
T2 2 Al S i 1) U BRI A o bt R 2 P A i
— PRI, X R AL W D R R B R R
TEPR , B 2885 R & BRI S fih vl SR 450403, AR
AR EE AR T ASD FR LY S CRAE

O S W B 5T B B T 0 A R R B s Ak
TERL A ) - 22 98 42 b AR LA T = A A W i )
T T AR P S W Al 2 358 T T AR ) I N A T 8
Py ST 56 IE ST ] G230 T R A R A A A LI
Ko XL IAGE R T 1AWy - - I h BRI AE
R T =R Iy ) QD R AT (A &
LR R ) 5 @ T2k W A% A8 (O 8 7™ 4 B T I 18 7
) 5@ 25T IO R e AR5 o YT IE e
P, AR5 T F A DR TR R e P T T
RN A AL 7 8 55 SC B I L, LA ST B A - 1R
- = — R AR HEIR T M . X Sk Sy
TFRBET o TE I R B I8 45 19 ASD T U7 48 4L 1
RS2 ) BRI HR A PR AL B A o
2.4 ASDRAEEBMRXAFEXEETON Stewart
et al " RS T 4l AR AR TE TR £ R B RRAE L
WSS R em s 1 AAF I IETE & & B9 18 A= Wy 41
S T AR R RN EB: RE BBt (3~14 1)
P B B (15~30 1~ ) AR E Bir Bt (31~46 1 H ) o
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RRE PRI

WFFE 45 AL, D LA 1A B 38 R P v R AR
LR G 2 BN FHR s kA AR . 5, Lou
et al ® KR T ASD JL 3 (B 1L LAY i 8 TR AE
HIEGE, IR E3LZNM6% N ASD JLE H
SEH ERER A G A O (EAEE AR, ASD
X J T TR AR 114 5 ) AN Bt A 2 1 2 AT 0 32
T8 R R ALE ASD HULAY— AN AR XHE R AR 5 it
THAF 53 348 gt M7 3 ASD L i 3 B EA7 AE 2 REME R
I 53 SRl ) B A0 I L S AN ) e G
FRRA W U R AR R LA T S 5 A
SEMRARH 5 B R A b2k AR R AR B R
BLEHS I HAE M E R R RS =22
MEES T =2 PSR NN ERE R IE
FHOG , W5 7 A=A T ) B BE S WA AE X I 2 R ek
A E B BRI e e
BT
2.5 EREBEMEYRIFTUWE LY E ASDE
K BLIR 4- £ FE K BE (4-ethylphenyl sulfate, 4EPS)
S — R o T A AR B AR AR S L SR
7RO AN BB A% 1 R SR i AR R R AR
AT A0 AR e A ) A I 1 4L 1 5 454, 38 T REAE AR
ST RN HUEI B BEAEH . R WA
4EPS (W4 1) 6 B A2 B AR R ML X T 3L i 1
T I 2 2 B T RE HLA A

O FgE R, /N U I TRE A2 1 4EPS
FER W SCHE A IR B ), BE 0 8 1 4 B A 536
T, I 5 e B 8 T Ao R 2 X /DN BT 52 2 ol
AT R AR AL FE N AR SRR . X — R R
R T B A Y 5 AR Bl 2 R G0 RV AE G
B o EFXT4EPS 091 Tk it /7 1, Ak 25 %) AB-2004
CL 58 AR 1h/2a A RIS o Z 2P ise it T I B
BRI i Z R F Y R SRR PR
IR TRVA T AEPS 55, 3 B [ il i 38 2o 2 HE H 1A
b, DT 8 35 B AR AT T8 LV P 0 v B 92 X
o A4 2835 Bl ) B T A o I RIS 25 R iR, AB-
2004 75 4035 55 ASD M S 14 Z Rl AT Ry 48 45 7 T BUAS:
TR AL, BB AT BRI YT ASD 1) —Fh A )
BT,

25 Lk, AEPS AR B 8 i A= A 3
— NI ERR S, I AR B il %) A BLAE R Ry
HEREME ., AB-2004 15 R —Fil [ i B9
BITEYT S WS | IR Z ASD e Hofth 1 25 % 75 B A 1
RNEST Ty AR B TR Iyl .
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3 REBFwmXTASD £2JLHER

TR X N At B 1) 52 M) B AT 22 A < B B
filtE FR b, 3 ] gk 52 2= (R T A 0 — g — i ] 422 L
il , H4EZS 5MA RGN KT SREHTT . FE
BEENE, RE-HF-MAEREN =53
ASD AL h 47 R A 0 (D R iR s )
0 2 R i TE PR 2L 5 ) 8% ) SR EAN R T e R
B S IR L B PR REACI ™ 1 (Cn e 4 i
TR o RRATT A= ) ) T U Y P 28 5 N 5 i
AT PRV o 3RO IR 450G & O AR HE ] T T ASD
PO T HSAKYE . BT, SEEE N MG AY
ASD IR T FUR AR AT 432 = K BRI TR B 7
LRI AN E R RITE
3.1 BRAVEMREITE  ASDIREIRIT Tl b s
JH B BR iR R Tk R T Bk B OC RS AR IR R
(gluten-free and casein-free diets, GFCF) . #ff 5% &
HJLe 40 ASD FR L AT BE XSk o R i 2 1 o AN T
%, JF H AT R 2 3 0 e 6 ) o iy e AR K P T
FLAEPUZE B BT R 2 19 PO A R Akl 4
(— e 22 5 St v 4% B AR A TH ARG ) o IR
J i ke A B R TR E I RIE S R -7,
S8 g 3 2R M 37 P, BT R A2 AR, I S BUASD
JLEEAL S B s, AL, BRBE 2T R 4 Bk R
I, BLHE PR RE o 1K S EE 5 SR 4 s, Bk 5T
FEATHES ASD 1 R EAT K.

GFCF &7 ASD 17 88UR o] — B2 32 s
JR—ZR N BLOCTE R 2R, SR, 4Rk PR IR
P2 27 I TE A 1 R 25 A 1 25 22 o AR 48 Piwoware-
zyk et al ' RGLEIAE , LHF GFCF 7E 3 ASD L3
R 7 TH A RCPEUESE AN e . FEIS I8 AEHO Meta
3 A M0 L 7R A PR S R SCER, b 5 0
SCHR 7R GFCF AR B IRYT X ASD AU e IR TE 4
o MeAh, 25 SCHRFIBIFFE T GRCF IR Xy 8 JLE
A iB s, 23 R GFCF A& Xt H il Jo i
R o DR, TG B A A6 E B2 2= 03 R GFCF IR &
JTIEXE ASD O AEARA R, AU GFCF IR B T7
AE R MR . H 2, Quan et al " dx 3T Y — T
Meta 73 #7271 , GFCF &L Al 47 0 2 ASD JL# Y
ZI0AT R PGB A RIBE JT o 28 BNk, H AT 8R
e = B V1A EHIE B GFCF A& 7E ASD IR Y7 7 i Y
WA AL . PR, T B AT B RO Bl Bl AL R i
THRATSE BAESE GFCF IR B BT R, I 6 % i



M EAKFFIR Acta Universitatis Medicinalis Anhui - 2026 Feb;61(2) - 381 -

o LR oA

AR G AT ER 1 520

R 5k ik 7K 46 & 91 Ik & (specific carbohydrate
diet, SCD) J& — i FR il B K A& W) B A 19 TR & 7
25, B T Rl 1 TS BRI TE e 1 B
), a5 % AR s S I 48 . SCD IR R T
NG IR IK AL G W), 0 TE A FNFLWE | I Sl £
Ao TR BR K ALY, KRR 32 . SCD Ik
1o ik YN A R e N iR 7 I S By TS
Heo SCD 2 HIT-48 BRI Mo o 7L e 15 26
PRI I IR 7 . XA IR B B S TT DLk 3 g i
g B, D8/ S , JF TT RE 92 i 55 o 1 AR OC [R) A O
(9 ASD JEAR ' AR A AFFEARIE™ 1 'SCD Ik
BT EGE ASD B HINFIAT AR A (G Ak
EREAR A E R8P (B H A I G A
FEAR A SR B , i AN SRR A B/ (ke = X6 IR A
WFFEBLTTAS 1S54 DRI AR MEAS ) OC T H 7 80y
B Z51E .

RCRT 2 AR SRR Ml LR R 22 JC R IR A (fer-
mentable oligosaccharides, disaccharides, monosac-
charides, and polyols diet, FODMAP) J& — i 2 il fI%
AR BEAR SR ME XU SR A 2 TR R IR, B AR
A E AR, WS K TS AR o T AE
WL HER T — 1 17 2 ASD 4 # 19 il FODMAP X
BT WA EH), I FODMAP IR & 525 0k 3% 1 i
AT NG I IEAEAR , OF B sz B B
B i A W AH 5 o A B L IR FODMAP TR 25 0k
TR ) R EE T ] FLA B RRSUB R R
PR T JEERE TR [T AU IR 1) AR, 2 1 R IR T R
RIFHIFEE
3.2 BMRIREBITE AKX E (ketogenic—diet,
KD)J2& H A )12 i —Fh el BB i, B
— s i AR A SRR S R KA T R e
R, JARY T XMETR PRI 1A RO IR B
T ASD Bl /R 9% 15 BK 9% (Alzheimer's disease, AD) |
ARMBHER & AR AR A HAB BN . KD A H A2 i
B il e K Al 5 S A i i B A HE A TRARACIEER
&, BRI RSP RAFRER . X
T AR 25 T BE 23572 Wi iR £ Ao 22366 ST 3
JEHRT AT 0 28 Z U B VAN ) 52 01 ] fE B
R, A, KD SR WA Ay T LAY Bl ol 4 4 5+ Al
B0 O I RS . HLRI B 4 R R L KD T
AT 5 18 AR W R A e S O, AR
IR g AR A0 T y— A gt Mg AT 1, 9D Sh ) G-
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LR K- TR I A 2 R v 5 X GABA/AR &R LL
o IXLERAE YRR 2 AL 2 A0S KD AOSUR AL
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omega 3 fatty acids may improve hyperactivity, lethargy, and

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, > 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 dysbiosis (abnormal Bacteroidetes/Firmicutes ratio) , impaired intestinal barrier function (el-
evated serum levels of zonulin and LPS), and intestinal immune dysregulation (increased pro-inflammatory cyto-
kines including 1L-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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