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Abstract

Early life (0~3 years old) is a critical window period for neural development. The gut microbiota
regulates neurotransmitter synthesis, immune homeostasis, and metabolite secretion through
the gut brain axis, profoundly affecting the formation of cognitive and motor function in infants
and young children. This article systematically integrates research results from the past 8 years
at home and abroad, revealing the mechanism by which specific strains such as Bifidobacterium
longum and Lactobacillus promote intelligent development through multiple pathways. It pro-
poses intervention rules that are strain specific (such as Bifidobacterium lactis HN019 improving
cognitive scores and Lactobacillus plantarum LP45 alleviating social barriers) and time depend-
ent (intervention effects are better at <6 months of age). The study also pointed out the synergis-
tic mechanism between human milk fat globule membrane (hMFGM) and probiotics, as well as
personalized strategies based on microbiota typing, providing new directions for infant nutrition
intervention.
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1. 51§

W4y ) LA 2 i 3 TR B 2 AL PR 2 T I R SR IR OB B . Meta 0BT R, HIEPE)LUEREE o 2
FEVERON ™ JLIEAS 23%, Hr Bayley-TIL W\ FIPE 73 N FE 4.7 53(95% Cl —6.2~=3.1) [1]. il B A i
AW - W - S (MGBA)IRRZE P9 20 G e AR G B8 0L 4 R AR 4 R H (2] AR TAEZH
(WHO) 2023 “EFR B o , 75 G SEAGIE 20 2 M 22 ARV 26 A8 18 7 22 4 ) LR 8 AT L 3]0 A ST MAZ OV
FAMUSL . ISR T TR VAN . S5 R T7 58 B ASRAIT 5 77 1) DU AN 77 T 880 3 2 A= R O IF AL IR, B TEA
W0 AT IE R 6 2 B TE 2241 ) LR B U R 3R R 5 T R

2. %MERNE
2.1. HEFEYBEER

2.1.1. 5- B R RaE R G iEE

KA AT BL1078 M L i i L 40 o S MR F2 (LBl 2 (TPH2)SER 3%, fff 5-HT A BACRIET
37% (p < 0.01), 35 HI4N R A MCIZMR IR (31%) [1]. AR ERAE(hNMEGM) AT 14 3 2 A 1 1)
MAEREA, HAEBIIZ JLIEHET H A FLRL B MRK3 /A5 R 52T 2.3 f5(p = 0.002) [4].

2.1.2. - B ETER(GABA)

PRI DSM17938 it B A MRS MEdE GABA &R, T T4 2 ) LIEHR A% 5 5L (SEI)
5 19% (p = 0.008), RiAH GABA K% 5 PDMS-2 i85 & B AL IEA %@ = 0.62) [5]. sh¥sLE
N, FEEENRDIBR(SCFAs) B IS G B A HESZ /4 (GPR41/43) 458 GABA REMIZ TTIETE[6].
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2.2. & - WENEIFT
2.2.1. 4HREEFEEEAE

HFIE R LA 7S 2SR HNOOL J5, I3 TL-6 7K T B 28% (95% CI—35~—20), BSID-III iz 5T
rFEE 12.5 45, ML & TLR2/MyDSS8 55 il B 4] NF-xB i&fh[1]. EFRA R JLHE A 70 26 AL g sm il
JIEH7E FR A (LNSp) o] A XCBFF B = FE RS 0 3 £, J0 8 G 107 R = =3 T 40% [2]

2.2.2. RERZHIEBN

H AT, TEBNY)SRL A IV T8 A e 0% 0SB A, 0 AR B TR R 7 06 R 11 5 i DA B2 S THI (1)
1T A EZEPER7]. AU E M-16V 14122 ) LER A 0 244(DMN) DI e IE B 50 21%, 0% A8 F
PE(HRV LF/HF)E3E 53k E 20K 1T (p = 0.003) [4]. SIHIBANESE, HEYFULREATE WIL (401 B
53 (MDP)IE IS % NOD2 S22 IGF-1 73ilh, Ak BIBZ4) AR E K INIE 2.6 cm/12 JH(p <0.01) [8]-
B H H GG AR UIESE, 1% 2 H TR 7t i) R BR A S AR R A 58 77 1 o
2.3. R =4BEIE ML

SCFAs 38 3 It fof o e 42 /N e o A B e 2, SRR BRI BE R3S 0 1 M T 327+ 5 X BDNF KA 18%
(p = 0.002) [2]. hMFGM 5 & A= B Bl [F) 46 F A 1 18 S8 A0 SR B Y (MDA BEAR 35%, 978 5 B Rl B 2 i /b
52% (p = 0.001) [5].

3. IEER TR IEM
3.1. BRI
3.1.1. INENThEE(R#

Z i RCT W R B, LA HNO19 T4l MDI #4342 5 4.2 43(95% CI 2.1~6.3), ik
BT AERE 0.3 FHES =0.71), WA HTRA<3 AT IR EMR(RR = 1.52 vs 1.15) [9]. A AETGHIFI(EE
AR+ 2°-FL)Al A AR s 52T 2.3 fi%(RR = 2.30, p = 0.001) [10].

3.1.2. #HZITHME

TP FLAT B LP4S FHifd 12 H 22 )L M-CHAT §i &5 [ PEZ £ 1K 67% (OR = 0.33), [fiLif5 BDNF /K-F
FHiE 32% (p = 0.002), FIAU 7 2 ThREEHEAE 8 515 5 K 8 B A(LDQ)IFHAH [ 10].

3.2. FIE - BWEXAR
3.2.1. FIEHRE{E

Meta 73 #r iz, BEH>1 x 10° CFU NIAESRABAE, & > 5 x 10° CFU B AN G R =
0.35—0.12) [9]. F-7% ) LANE S XUSAF BL-11 (600 14 CFU/K) 12 F G Bt K 2/ %2 2.6 cm
(p<0.01)[10].

3.2.2. FHEOH
BABUBRSEIESE, FRLETT =6 4141 24 FiE LDQ WM 8.7 58(p=0.004), TEHIT-FI(<3 1)
ERERER, Jor RBRNIS].
4. FUESMRER
4.1. REMFY

4.1.1. EIMFER K
ARGV B B H LB MUE & 4 0.02%, (HARAR H AE AR E ) L(<1500 g) XS T 28 0.15% (95% CI
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0.07~0.31), FEVGZI AL AT A 75 HEAT B8 R 0 2R R 2 1] [2]

4.1.2. BETMRIBE
FEFERI I R B, R 25 A B T 0 U AT B B AR e L CGE R 21%), B UCRA “#b
7o - B - G BT IO & [5].

4.2. BETREE

4.2.1. BESEKRS
FTF 16S rRNA iR i on, U EE £ S 8YUB 7Y)5%F XU 3 T 7 5 UK (OR = 2.15), 1 K
BT SHEP B)FEBA R AT 2]

4.2.2. EBX RGO

hMFGM ‘B3 55 AR A 25 A8 R 7R FOL B 0 (AP TS R 15% 52T+ 28 78%, Wil e % did i 3.2 fis(p =
0.002), NELTT B s R SR HLH B .

5. RFKMARGE

TBEH BRI RN, 154, INFITAEEZYINCR, GINERAE. EERE. BHoZHE. B HRE. Bl
IR ZGHFERRE AN S FRE SR W2, BRI R E E B EAE B VIR R R LR
IR AR Y i ) — AN e EERER, (H2IE I RIER—AER, ERXTHLH] R FT LA 8 B A
T8, ASBERS IR I HU R R M TE AR M anr] 25 B MG B RO R0 o ARSRIRATE LR )L T H R 78 .
5.1. ZEFEETT

Tl A R =307, mAR TG MR EEE Lers + TAMIEEEERA 1.8 f5p =
0.003), SZe gl n] B AH OCHE K (SYNT, BDNF)ZRIA LA AHC[8].

52. ERETMAS

HLas 2 S AR S S T R R (B K ) A UYI(SCFAS) A2 A5 B8 (EMRT), 5% T T3 20 SR A F 00 v
Wik 82% (AUC =0.91) [7].

5.3. BEESBRE

WHO Z i3 S PUZiER A & T 20(Z% F0 RCT) I R(PAFIIEF) T R(HLEITTTE) . IV (kA
58, BRI b B AR S KB AR DR AT N[10].
6. &5i8

WAESERI, Fre A wmd g - i 2 e B2 LR e R B, EHEMRERER. BER
G AR T7 S E A% 0 ) . R SRIF O R TR - AR - M Mg s, FFRzET
ANTEREMRSHE S =TT R

SE K

[11 =EAELEE KWEAREEZRYLRE P RIERD]. FEXR)LEE, 2023, 25(3): 201-208.

[2] Shennon, I., Wilson, B.C., Behling, A.H., Portlock, T., Haque, R., Forrester, T., et al. (2024) The Infant Gut Microbiome
and Cognitive Development in Malnutrition. Clinical Nutrition, 43, 1181-1189.
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