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Analysis of the Influence of Interaction between Intestinal Flora and Neurophysiological Factors on

Language Development in Children with Autism
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145.86+28.71 ng/mL, P<0.001),BDNF F1SCF As 7k *F-45 BIFEARK 23.4% F116.0%(P<0.05), 516 ASDIES R BRZES5H
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[Abstract] Objective To explore the effect of the interaction between intestinal flora and neurophysiological factors on
language development in children with autism spectrum disorder (ASD), and to reveal the potential "gut-brain axis" regulation
mechanism. Methods A retrospective cohort study was designed to include 82 children aged 3-8 years with ASD, who were divided
into language retardation group (n=52) and normal language development group (n=30) according to Clinical Evaluation of Language
Fundamentals-Fifth Edition (CELF-5). The diversity and species composition of intestinal flora were analyzed by 16S rRNA
sequencing. The functional connectivity of language network was evaluated by resting state fMRI and EEG spectrum, and 5-
Hydroxytryptamine (5-HT). Brain-Derived Neurotrophic Factor (BDNF) and Short-Chain Fatty Acids (SCFAs) were detected by
Enzyme-Linked Immunosorbent Assay(ELISA). Results The language development delay group showed a decreased alpha diversity
of the gut microbiota (Shannon index:) 3.82+0.51 vs 4.25+0.63, P=0.001), Firmicutes (LDA=4.32, P=0.002) and Clostridium
perfringens (abundance increased by 3.1 times) were significantly enriched. In the normal language development group, Bacteroidales
(LDA=3.78, P=0.008) and Prevotella (LDA=3.92, P=0.004) were dominant. At the neurophysiological level, the functional
connectivity intensity of the y band in the language development delay group decreased by 29.3% (0.29+0.09 vs. 0.41+0.11, P<
0.001), and the serum 5-HT level increased by 25.3% (182.62+35.42 vs. 145.86+28.71 ng/mL) (P<0.001), the levels of BDNF and
SCFAs decreased by 23.4% and 16.0% respectively (P<0.05). Conclusion TASD language development delay is associated with
intestinal microbiota (Clostridium enrichment), neurotransmitters (S-HT/BDNF imbalance), and neurophysiological characteristics
(impaired y band oscillations). Among them, Prevotella may enhance the functional connectivity of the language network through the
SCFas-vagus nerve pathway, although cross-system abnormalities suggest a potential association with the "gut-brain axis". However,
the direct cascading causal relationship among the three remains unclear.
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PRAhIE 1 Z P 63 (ASD ) & —Fh AR L2 4l P i |
B HIWAT R O FERI 2 R B M , B2k B R
ROETE 1361, IEFKE FH & ASDBLOER 2
—, £30%~40% BB ILAFETE 5 R BB Z S REMETE
Bk, W2 RET AR RGR E S0 LR
ASD 1 & R B B A A S UM, T8 e R T it
FEHESE P, UTAE K, Bl 5 - Il ER T 1 2 bk 0 e, 1
TE DA TR AR S R 2R PN 4 WA I 1R TR A X A 22
FGEH Wl R T WY , A AT ASD S s PR it T
LB ASD LB M 17 (E i RS , a0k B
J& (Clostridium) it BE 145 3 E iR & & (Prevotella) =
PEAR SR ARAIED , B B R A AT M3 ASD A58 7Y L1 4 58 Bk
55047 4" 48R I8 B AT REE 1o - o il 52 i 28
KH. AWML RET RS ASD MK T AR C
B, 3 HE SRR SR R A A, B RE 2R
Z X PRI E Zeh ek 7 ek B, R A 1 =
LRI RERE & By MR (30~60 Hz) th 2% % Rl 1L
ASD LRI IE S WL DhReE BN & y k¥ 7
1 N3 A TR AR U 7 (e B Mg T I ) ml 3 ok ik A i 28
0 R o Hh 7 2, 5- 0 €0 T 5 e 22 328 Bl I T RE S
We 2% fl v BB RSN ARBF S R A is A i dL o
RGN R VE & % 5125, B 124 ASD 1E S FEAT A AL
R 2 4ETRIE , b2 T A4 TR A LT TR
HRFE B E AR,

1 B8 5FHE

L1 — gk

[l B E L 2022 45 1 ] ~2025 42 1 A{EARRB 212
16 A AIASRIERY 82 BB LIE AR TN . A Abwifk :
OFF &K w125 g it F M (5 H )
(diagnostic and statistical manual of mental disorders-fifth
edition, DSM-5) 1 ASD i2Wikwifk, 2 &Lk R & 17A L
FHEMSSL IS s @ ZIRAEIS WL E2 5258 i) (autism
diagnostic observation schedule-second edition, ADOS-2)
PRl A5 2 > 12 W I 5518, 0 DK e 12 WG D iR i3 0T
i (autism diagnostic interview-revised, ADI-R) I& jiF!""
@3~8 L EEET I R R L& OFFEIE S K 7 W
OMEH N IRl IR B L 3 IR FEAEHEA R MAEA . HEER
Frif: @54 TC M IERE I B E LIS SRR EIL; @ i~
(Nt <37 &) AR A=tk (<2500 g) 55 BB 7 351 o ik S
s @ TCABL A 58 U RS B Al SR AL TE S IR, B
R R PBee FLZE 51 25 B it i (E20250421001) , LAAF
W WS 1S | o (LA SHE (40 S % L ARHE > <7) , R iF
RHA R NEFEFREH(0=52) 515 A FIEF4A

(n=30),

1.2 J5ik

L2.1 BEEREDUFG RV R PR IE S A =R
% T i (clinical evaluation of language fundamentals-fifth
edition, CELF-5)"1pEfl T H., f 2 44 5 1R YT T 5 34k
SEPRSy o BRODARPREAE : OTE S &5 AR TRLE
s QIEFNE BRI IERGE D . PRl R — 8ok
22 Kappa #&% (x=0.89, P<0.001) , RJHFHKILER &
2% 45 Y il (wechsler intelligence scale for children-fourth
vision, WISC-IV ) ! I{f 0 % , 18 5 475 45 & CELF-5 1Y
EE NN MR HIE s A Y S ESRE DI
[RI2PE4T, BITE A S 1 BN 5E Ao

1.2.2 If 18 B RFAG N SR AR 2K A% i 25 3 K Rk fif
FAEREA (B H 1k, L3R FEARE G B E T
HAF (OMNIgene®GUT £ 45) , 30 4 8h N 52 52 -80 °C
BRI UK PR AT, B2 I 3 IR BB E AL R BR A
R G PR RO AS R B ik B A O A ' B I 2 , TR
A REAHE 17 DNA SRR 168 tRNA 4B , 1 2 fie e
S M B R . DNA 2 B 2R H QlAamp®PowerFecal Pro
DNA it 54 , i i1 NanoDrop 2000 £ Il DNA i i (A260/
A280=1.8~2.0) ; {§i F Illumina NovaSeq 6000 *J- & %} 16S
tRNA JE [F] V3~ V4 X £ 47 Bl 5 (5147 : 341F/806R )
M FF B FE =50, 000 reads/FE A% 5 JF 46 5 4 £ QIIME2
(v2022.8) if P AL B : Cutadapt [ 54, DADA2 21 A
% ASV Z , SILVA %48 [ (V138 ) [ B P il 2 #H DL R
4y 3k 15 Al 45 7 4> 2k A 5 (operational taxonomic unit,
OTU) , 3% JHl RDP Classifier % - JUH- 17 5 , % 97% A
UL B9 OTU AR 7 41| 55 SILVA %4 /22 bb % (B A5 JE 18]
60.7), 3R H % OTU {y 5y 2245 B, et & HEA I il A=
YITETEAL

1.2.3 fh 2 A PRI # B2 MRS T B LA G
1N AREZINZRSER ., {#H Siemens Prisma 3T MRI
258, 5 B A MRI 2% . TR=2000 ms, TE=30 ms, {A 2k
/N=3x3x3 mm’, i 8 434 s DPABI T HL A, (v6.1) 347k
FHELIE (FD<0.5 mm) 25 [Alprofl b (MNT 152 4545 ) | 451 45k
JE I (0.01~0.08 Hz) ; J& T AAL & i & S 2k B 2%
(DMN J5 s [\ | A I i 45 ) 55 35 3 9 2% (Broca X
Wernicke [X.) , TH I REZEH%5% B (Fisher”s z # 4 AH 5C
%) . KM EGI HydroCel 128 3 R G R 1E 5 45 Bl B
figi L, SR B 1000 Hz, BRET<S kQ; B4 WAL ¥ (EEGLAB
v2021.0) :0.5~60 HzH W i€ i , ICA L ERHR ) A 22 s dax
Lh# 1154 . Hanning % 5y Bt (2 /Bt ) , FFT 4 J5 42 e 6 /1
Jibd X B i %51, A0 Je 8 ) 76 6 (1~4 Hz) .8 (4~8 Hz) |
a(8~13 Hz) B(13~30 Hz) y(30~60 Hz) 3 Bt (1) 2y 3 %

HER RS REMFREEE132H543



RE8H

Chinese Scientific Journal of Hearing and Speech Rehabilitation

B (WV*/Hz),

1.3 MZLHRFR

130 — TR EARAEIE B oy 06 05 2 VR SRT
NPT A: R B, £ T AR HId T,

132 I 8 B RE o ZHEPE T 7 1 A REAS SRR
FAFREA , WBHRHR A2 T FAEREA I8 B IE o 2 HE P
F540, EHG Chaol 5% (S MedyFp=£ & B ) Fil Shannon 5%
(W Fp=EE 5345 %) . Chaol #5405 2 L.
Chaol=S_obs+ (F1x (F1-1) )/(2x (F2+1) ), 1 S obs 2%
bW 22 F i g (OTU/ASV ) , F1 AU HER 1 7k
HIR R AL, F2 24 B 2 IR A P Pl , Bl by , (RFTHEVE
R RS (RRE R B E R I R Rl ) Bk £, By Fh
FEEME, Shannon g%l H 24 R, : Shannon=—2 (pixIn
(pi)), Hirb pi A58 14~ OTU [AAE T B , Bl , W
TG R P E Bl B Ao ks 4,

1.3.3 R 22 oy i 05 1 FEREAS SRR A S48
FEAS , W BHARTR A 2 T JAEHEA I W R A 2 5, 1
FEENT N H B R FoRCE L AR B A B 2 R
B BEY R (Gl I LEfSe #2132 , L LDA $#4>>3.0 H. P<0.05
KE) o

1.3.4 ph2 =PRI BEFR b © BRiA 4% (default mode
network, DMN) 5153 W £ DhREE 4200 & (2 1) - R #
B MRIFEA 7450, 38 3 Siemens Prisma 3T MRI £ 47 3%
K, 2 DPABI T H AL (v6.1) AL f5 , 2 T AAL & 3
TR Ih e $9% J& (Fisher’s z #40AHOC R %) . @
BV 53 M P fif % 0 DX 243 BE (1~60 Hz) J 4y 5 Bk (8/6/
ofBly ) & By 2 ; 5k s L RS 45 Bt , EGT HydroCel 128
Sk R G0 R AR B A T B B L 2 EEGLAB v2021.0 T
REPE S5 L @ if Hanning % 4y Bt (2 s/Bt) B FFT #4152

HE,

b

o

1.3.5 i A Wbris e 5 JAEREAR TR 20 R 2, T
VLR 3 R A [a] — i i) B (R 28 1) SR B #  if. (2 7k
3mL), {54 B JE-80 °CLRAF, ELISAFGMIL, %524
1Y 3 LB FEAS 53 eI 5-%8 64 1% (5-hydroxytryptamine,
5-HT) . fixi #5714 #1258 35 K] 7~ (brain-derived neurotrophic
factor, BDNF) J% 45 %% i 15 i% (short-chain fatty acids,
SCFASs) 7K , e B 3 RAS IR 1

L4 Geit#5#r

ffi H SPSS 25.0 ¥t H 4R A7 o0 7 , BB EE
Shapiro-Wilk #% ¥ E M, AP & IE &4 A0 W EE DL
B K (1Y 53 B2 ) IM(Pyg, Pog) 1380, 4 1A b R
Mann-Whitney U35 , £F & 1E & 50 4 5 DL B br i 22
(x¥xs) For, T IA) LU 35 R AR ST R AS (4G50 s THECRE R
PAGIEL (CE 43 b ) [n(%) 1367, TR ER AR HTR 5 ()
2 2% 75 /R (Fisher ) K 4G 36 5 . 35 4 0 1% 4 @=0.05
(WJ2) .

24%

2.1 — R

EERELEHELESHE D ER T IERHP<
0.05), HEHFHC B EZE R (P>0.05), &K1,

2.2 IHIE BARE o SRR LL

IS REIRZA B LY Shannon 455 B F X TIES
KEIEHH(P<0.05), 12,

2.3 PRELE LR R P ZE 50

EEREREHEILF, EEER] ] (Firmicutes) T
JB I B ( Clostridium) . B2 EF} (Lachnospiraceae) 1E1%
L E HE (P<0.05) , Horp P HERERR T (C. perfringens) -

1 —RHEALE

i H EE R EIREH (n=52) EE R EIEH 4 (n=30) Vald P
SERE(S) 5.22+1.41 5.52+1.42 0.926  0.357
e 5 28(53.85) 17(56.67) 0.061  0.805
FEAILn ()] & 24(46.15) 13(43.33)
PRI AR 25(48.08) 15(50.00) 0233 0972
o #lE e 20(38.46) 12(40.00)
AT InCA)] NLBh= 5 5(9.62) 2(6.67)
H bk 7y 2(3.84) 1(3.33)
B3 25(48.08) 14(46.67) 0.507  0.776
TR A n(%)] B350 24(46.15) 13(43.33)
A 3(5.77) 3(10.00)
2 11(21.15) 5(16.67) 0244  0.621
7 : %
AR A [CR)] 7 41(78.85) 25(83.33)
SRR (47) 85.62+12.31 89.46+10.84 1420 0.160
EEEE () 72.52+9.84 92.18+8.31" 9206 <0.001"

*P<0.05, T a]
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%2 PEREILGE R o ZHPEXLE (Y £5)

205 1% Chao 5% Shannon 5%
EERERES 52 515.62+67.31 3.82+0.51"
ESEFIEWH 30 532.43+73.84 4.25+0.63

t 1.051 3.370
P 0.296 0.001

FERIEFATF 3G, Bk ELEWHEILP, UFFE
H (Bacteroidales) N 355 ik B J& (Prevotella) 1E 1% 40 '3 3&
BHHE(P<0.01), 1LFK3,

%3 FLLE LR R 22 550 B

e ==t LDA score P wET
I JE R ] 432 0.002°  iEZREBEGEA
LA 4.15 0.003"  EHFRHERZE
B .{4FEE 3.78 0.008"  IEFREEHALL
B BIRFE R 3.65 0.011"  EHERERZE
)& G H IR 3.92 0.004"  IEFKRFILHYL
& TR 421 <0.001"  {EFKEIRGA
J&  EAT 3.54 0.007"  IEFKFILHLL
Fh WSS HAT I 327 0.016" EHEERHFIEFH
B MR 3.89 0.002" IEFKFIREYL

SIS R T ERAMIL, P<0.05; 5IHZ K HIBZE4MLL, P<0.05

2.4 15 ML DhREE R BEXT EL

PHALAEJLINIX S 4B . O 4 Ex . o 451 B B AT EX D RE 445
SREZE TG L (P>0.05), EFERTREAEIL
VAR B DD REE RO K T 5 A 7 IE R4 (P<0.05),
#A4,

2.5 i EVbrE AT L

EERABEHEILMLTES-HT K FE TIESAH
1E 41, BDNF, SCFAs 7k P T 15 5 & & 1R W4 (P<
0.05), W#S5,

3itig
AHFIER ] 2 2420 B 5 SR, 5 W 38 T T 2 A T
9 2 EEMLRG TG A, RGURIT ASDIE 5 %

B IR HLE . I SGE BERERRE A2 ThER
RS ISR, b ASD 1E & R ALE T IR 0 £
HEUF PR E

RUFFTIE L, 155 & B R 1F BB o ZAETERE
i, 5 Wan Y'BFge 45—k, ASD J L3 it K I BB ok
PRRIES KRB RENRE, Wang HVEF 33k E ARG 1Y
X ASD LA WF 98 2 W], ASD 41 % B H BEBR 14 . 9%
T B B AR R AT, 5 - IRRER AR G AR iR 12 2
IR 55 , M8 A 5 E o i T A A R P T R RE
RESRBMWEERE", BFFLESE %5 ASD B L
FRE o ZFEME, ik B LIES & & @10 Lk
F134 AUL R4l B LS, AP R R IE S
KA IBEH B IR E & (Clostridium) £ fE T 3.1 1%, 5
Korteniemi 2142 i ity ASD B BES IFRAE— 5. TR
TR TN B P A A 2 AT B g e s s
fie ik Jig 2 i (lipopolysaccharide, LPS) A L4115 /MK
AT, 3% — i R AT REE o A 2% ful AT %8 1 (40 BDNF R
W), EERFEESMEEE™, EHFAEENEERE
J& (Prevotella) & % IIE 55 RE B fift I € £F 4k 28 Bl 75 R
(SCFAs FiffA ) , Ja 5 al il iot S0 vk 2 o 245 56 IR A%
B BT A - D REE R FTRE R 1TE S IR TR I C
I

B KB IREATE Y SBE (30~60 Hz) ThREEH2 74 %
FEAIK 29.3%, 15 Wang P %2156 ASD 15 3 M4 s 41 dik 7%
HELEIE—, 0-y AL BEAR A T 5 A0 2
ZHLHI . v I BAR G VR Es  X 15 B A iR 6 A
#, He S5 AT E % 30 Broca [X. 55 Wernicke [X. ) 2 2% #
AP SR R A FNE AR . AR I, v
B B 58 TR A R o B T B, SO B AR
Wy el REIE L AT AKX GABA RE Fp A AR TR , SN y 45
BRR 7 [ 25 1, R i A 2 1 5 I i T B d
AR

1EZ IR 5-HT /K T 5 25.3%(P<0.05) , 5 Israelyan

F4 FLHLELTE T ML D REIEHE DR X LE (Y £s)

A Bige  S#iBt(1—4Hz) 04 (4~8Hz)  aliift(8~13 Hz) BAIEL (13~30Hz)  y4iiE¢(30~60 Hz)
EERERZA 52 0.38+0.12 0.45+0.15 0.51£0.18 0.62+0.21 0.29+0.09"
EZREFEWY4 30 0.41+0.14 0.49+0.16 0.57+0.19 0.68+0.23 0.410.11

t 1.025 1.135 1.425 1.203 5.356
P 0.308 0.260 0.158 0.232 <0.001
#5 WigL# )L 5-HT . BDNF  SCFAs /KX EL (X £5)
2H 51 % 5-HT (ng/mL) BDNF (ng/mL) SCFAs(pmol/L)
EEREREH 52 182.62+35.42" 18.33+4.72° 45.20+12.61°
ESEE IR 30 145.86+28.71 23.9245.24 53.85+14.12
t 4.837 4.961 2.863
P <0.001 <0.001 0.005
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N ZEP7E ASD 78 B b U 2 S (1 Al S-HT e A il —
., Wil ZIRR A S (AnIDOT EE M 1) W RE S8k
T 5-HT #E A ML BRI , 8 e i35 5-HT2A 52 (Al 5 fi
57, ki PR E S AR R B IRa Lt fE . 15 5B
2 BDNF 7K F-BAIE , 5 Cui T 2™ BFFE 45—, BDNF Kk
SRR S EAT o B =F B P2 AH G, TRIZ I T 45 A |
Wk fT A Wy 005 95 & 9% %% fF& (aryl hydrocarbon receptor,
AHR) , {23k 2 I 4 B i BDNF™!

RWFIEAETE 5 K T I8 2% 41 v [R] IRF U0 2% 21 1 1 14 1
(R R 4 ) P22 38 IR (5-HT Ft5/BDNF A% ) K pihi 4
P A B (y 30 B AR 5 0k 8 ) 1) 22 R TR S X SRR A w e
o W - Mo A7 A TR E DG K , 2 A ot B 4 5 mT s ot AR it
TN 5 S g i 22536 J5 S5 (4 S-HT/BDNF ) | ifij
2238 TR M T REE— 2 TR G 3 R A v S5 B4R 7% Zhie
HC B IR BR A 11 75 e ST 2 it S et oo b e
TSI, RAWFFTE R £ HoO Bl PEBA 511% 1, 45
A RRFBR T AR UER E B S S 2 Th
REE SR EL ORI 5 R, 3 A AR AL 221 A K A B TR
e - Wl R 15 = & & W5 THLSEL S Beoh , IR R WS
FE IR A 22 PR A I S5 B R AP 28 TR AR R 5 B 2%
I EITE R , "I RE Y ASD 15 & B g i1 T ER (7 S mes ,
BT PR NALGE £ A I 25 1h) 5 2R A I 4 (A RS o T
TR,

RWFRAFAELL TP : OFEA B/ (n=82) H. 2k #
HOD B, AT RERS LA 2 47 3% ) s @ BT 1A 1% T Mk LA
ff 37 B R~ pih 22 A5 A0 DR SR it s @ RS Tl IR (X 54
it B BRI AE T . A SR 5 T JBE 22 v i RS P BA
FIWFIE , &5 A 2 R s A T UG TIE e R RR D DR, %
A AL 2 (A0 R R/R R 2R G B AG ) 35 FE ML
fEHT o
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