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PR OUBRE S &R Bl L A MiLhs kiR . 4k2k & B, KT
B IL 5z e hi ik iy JCHK

XE MF Han R aSh Ban HFRE KEF FER

(EREHRRERBEILEERILEERMA T C/ILENLZE T 5l mERERTELLRE/
WNEELFRRAKBHRELE LR T/ BRILERESEREREFHRZ TS, R 400014)

[(FE ] BHH  HAZER A0 IOME % R B A% (autism spectrum disorder, ASD) JLEE Il %5 MR F1 4 4= K B,
(vitamin B,,, VB,,) ARG KR BARTFHIRE, Fik  HFLE324412~6 2 ASD JLE M 318 4] 2~6 2 i L,
R F2E RGeS D 5 I3 BRI VB, K, SR P A3 B it 28 AU LB AIMUAE PP i 22 P4k ASD L 1)
oStk SRS SE/R BB BRI E T KT SR ASD JLEEM MTE IR K VB, K V-1 8 A8 T L
M (P<0.05). ASDJLIE M iE MR /K V-5 K8 sh Ak iz 2k B R IEASE (P<0.05), IMiE VB, K P53 A 7
NGB ES AT REIEME (P<0.05), 2~<4 % ASD L IL7E M BR /K V-5 4468 X & B i 52 E A%
(P<0.05), Ifili& VB, /K- 5165 LB R EIEME (P<0.05); ASD B # iM% VB K S5iES . MPA-HSERER S
IEAASE (P<0.05), Z5iE  “FIAHT ASD JLFE MG B AN VB K PR LR, H5MALK TR, Tt
4 ASD JLIE, [Ftt, (RIFIER ISR A VB, K AT REA 55 T ASD JLE, FiiljE<4 % ASD JLEMMEEH .
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Serum folate and vitamin B,, levels and their association with neurodevelopmental
features in preschool children with autism spectrum disorder
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Yu. Children's Nutrition Research Center, Children's Hospital of Chongqing Medical University/Chongqing Key
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Abstract: Objective To investigate the levels of serum folate and vitamin B,, (VB,,) and their association with the
level of neurodevelopment in preschool children with autism spectrum disorder (ASD). Methods A total of 324 ASD
children aged 2-6 years and 318 healthy children aged 2-6 years were recruited. Serum levels of folate and VB,, were
measured using chemiluminescent immunoassay. The Social Responsiveness Scale and the Childhood Autism Rating
Scale were used to assess the core symptoms of ASD children, and the Gesell Developmental Schedule was employed to
evaluate the level of neurodevelopment. Results The levels of serum folate and VB,, in ASD children were
significantly lower than those in healthy children (P<0.05). Serum folate levels in ASD children were positively
correlated with gross and fine motor developmental quotients (P<0.05), and serum VB,, levels were positively correlated
with adaptive behavior, fine motor, and language developmental quotients (P<0.05). In ASD children aged 2 to <4 years,
serum folate levels were positively correlated with developmental quotients in all domains (P<0.05), and serum VB,
levels were positively correlated with language developmental quotient (P<0.05). In male ASD children, serum VB,
levels were positively correlated with language and personal-social developmental quotients (P<0.05). Conclusions
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Serum folate and VB, levels in preschool ASD children are lower than those in healthy children and are associated with

neurodevelopmental levels, especially in ASD children under 4 years of age. Therefore, maintaining normal serum folate

and VB,, levels may be beneficial for the neurodevelopment of ASD children, especially in ASD children under 4 years

of age.

[Chinese Journal of Contemporary Pediatrics, 2024, 26(4): 371-377]
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P AE 335 R B % (autism spectrum disorder,
ASD) JE—FhE ARy 2 R B R, ORI AL
SIACURGRPGE . B 2T g MU B R . MR A S
I B s, ASD i mik 1/36 1 FKEH
Al ASD ) R N 0.7%~1% ' . ASD 9 AT
oW HLAR AR I, 2SR B L 2 2 A A 35t
115 58 PSS P R AL R FH 80T ASD iR A= .
HIER JLEAM L, ASD JLEAFTEH 2 P55
AT AR RS e, R ASD JLEE T
BHMMERRNGRZ o R M4 KB,
(vitamin B,, VB,,) SFEFREILE R KA T
AR, 5 ASD &l BEAF1E—E KRk, 2
B TR . ENSMIFSE R, ASDJLE
ME RN VB, K BT IR R JLE <, A
A BESEHGE ASD JLE I 7 MR M VB, K- 5 IE
JLETCREZS ", AP LM ASD JLE I
1 VB, K FIE R L " ik Se 53 i A A5
— 5, A, ST ASD JLE MG ER A VB,
KV 5B GE R AN G R B K ARG, H
i AR AT AR M 22 55 . R, ABFSE A
AU HT ASD JLEIMVE MR . VB, KV S 5% AE
M2 K T K Z T B MK, JF it — 2500 BriZ
RIRA TCARME K 22 5%, il PR i I ASD JL 3
FE IR R DL SR B G DT B e i i 9F ASD JL 28
IR
1 ZRETE
1.1 HRXK
BT A REBTE IR A . ASD 20 2 2020 4F 11
—20224F 10 A 5 HY BRI RF A LI 14 324 1] 2~6
4 ASDJLEE, M LFHEIZE, 6k RS
Wi S5 5e T T S b ASD 2 WibsifE . SR AL
AWt 4% (Social Responsiveness Scale, SRS) #l
L FE I8 JE PF 4 & % (Childhood Autism Rating
Scale, CARS) PPAili ASD JLE MY RZCAER . RIS
FEIREBEZ (Gesell Developmental Schedule) i

LM R B K. HEBRbRAE: (1) A HAh
M7 B P2 K T A EORE P 1 L, A dE ik
PERESE . ISP SE; (2) 3N A Atk aiie
BEYEp ; (3) 3T 64 H #EAT T R A VB, #h
A

X HE 414 2020 4F 11 H—2023 43 H #i 2L /0 &
PR 4 JLIE 318 5 2~6 27 fidt e L2 o HE B b o
(1) KA KRBT MR ER; (2) AIEMEH
(R sz 2 A AR AR SR (3) I3 HAR
PEEG IS PR s (4) 3T 64 H BELT T MR A
VB, #hFE# .

ARG T S 5 8 6 A R,
AR S ILEE T AL B SR E S, AR
PR BE R K2 B s L S B 8 P S B3 4 W A%l i
(20184 HBFEE 121-1 %5 ) .

12 HRAE

KA T A A AL 25 8§ K L 2~3 mL, 7F
37°C K 4 T ICE 2930 min, SRJ5 & B O HLLL
3000 r/min 50> 10 min, i 1035 AL ML 50T, SR
PR 2 653 A e R i 75 PR AN VB, 7K -
1.3 SHIHESHT

SR HI SPSS 25.0 At AT g it ot o X A
BAGHAT IESER R . fFE IEAS A E0EPIER
AR THE ORI + Fpifi2s (xxs) Fm, A
FFEIER A T TORER A 5k (U443 %1
[FE) [M (Py, Py ] Fom. fAGIESS M HIr
ZEFF MWL B 1) FLBECR I REAS (K556, ANFF
B IEZS AR B T Rk R 41 18] ) EE R FH Mann-
Whitney UK % 100 BHLABIECA EH 3% (%)
Fon, ALY LR R R . R
H Spearman AR I AT T L3 TR 5 VB, K
ZIEMA M, HZHE (KRIEFER . R
T Al R A ASD ZH 5 0] R ZH I R
VB, K F 2SR . RITZIG (RIEARR . P 2
PE RSB RIPEAR 0GR . VB, K5 ASD JLE
DVE AR IR 28 K B K- Z (R B G Hk . P<0.05 Ry 25
SAEGIEE .
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2 R fiz F1 VB, /K F B & Ik T X 4 (¥ P<0.05) ,
32,
21 AA=xEE
ASD 4 324 ) )L, H 257 |, L3 67 %=1 ASDAMMRAEATRMLLE
), WHAAERY A 3.79 % KRR 3184 LEE T, B Ay 51 (4511 (%)]
A s . 2]
BT, LA 16165 RN 457 % . 1] 20 ” “

, vl N YHEZH 318 4.57(3.84,5.27)  157(49.4)  161(50.6)
=y A o s < EL b4 4 ht.%a
LA AR B B2 S S AT ST 2 R X ASD# 324 3.79(3.17,4.49)  257(79.3) 67(20.7)
(¥ P<0.05), W1,

I E 9.43 62.86
2.2 ASDASIERAMFHERF VB, /KRR Pl <0.001 <0.001
MAEARIE . MBI 2 5 ASD 21 L 38 i i v i Ve [ASD] DIARSE R B

%2 ASDAFnxtEEZE miEMER AN VB,, 7K FAY &R

T - MIEJE"
ZH 5 l 2 R VB
] b [M(P,s, P,;), nmoL/L]  [M(P,, P,,), pmol/L] TR 12
OR(95%ClI) P OR(95%Cl) P
XHHE4]l 318 34.1(27.3,41.1)  812.2(586.6, 1 012.9) 1 1

ASD# 324 31.6(23.1, 40.8) 667.9(466.3, 958.6) 0.951(0.932~0.970) <0.001 0.999(0.998~0.999) <0.001
e ROIEARRS . MERIER ., [ASD] Il A RehG s [VB,,] HEERB, .

2.3 ASDZEFMMERAMBZHEES VB,, kT2 EH MG MRS VB, K EE RIEM SRR (5l r=

iEPS 0.398, P<0.001; r=0.256, P<0.001), VL1,
Spearman FRAA T BN, ASD 4 HIG EZH L
r=0.256 r=0.398
poyitil P<0.001 ASDA P<0.001
Control group Y=8.7X+553 ASD group Y=12.39X+343
. 1500} e s 1500 |
) i )
S 2 S =2
ég 1000/ éé 1000 |
] mﬁ < m:.
m o | m g
. 2 500 S £ 500 |
s =
&~ & . _ _ _
0 10 20 30 40 50 0 10 20 30 40 50
MR (nmol/L) IR (nmol/L)
Folate (nmol/L) Folate (nmol/L)

1 ASDEFxTHRAMBFHEFI%ER B, /K FZ HHEXMYE

24 ASDJLEMmMFEME. VB,/kF5SRS, 25 REEHEASDILEMEZENE. VB, KES

CARS RIRZER LB EREBITHIKE BEREFERF[OHIXKE
FERI AN . PR RS, ASD JLF I i MR BEHIMENHES, 2~<4 2 ASD JLEE I 7 MR

FIVB, /K5 SRS, CARS 5 #7840 244 % B i 2 KPS IERE B REBARIXIEIEMHL (B
., : e e ke s P<0.03), 4~6 % ASD LI MR K S HEIR K
FOME (9 1009), TBITRE SHEIE it i (0975005); 2%
iR RS RALE TIPS (PO0S) - yop ey ihe Vi T 546/ L 25 19
ML VB KPS BR A B RRILRNE . RAIZ  RiEgpe (P<0.05), 4~6% ASD JLEE LT VB, K F
3, IERT RIS (P<0.05), W3, SR EIR BT R EE N BAEE . AL
FROr R IEASG (B P<0.05), W3k4.
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%3 ASDJLEMFEMHERT VB, KESZOERRBELZFERITMHETHXE
5 R VB,
B(95%ClI) P B(95%ClI) P
SRS TR (n=306)
I 0.017(-0.017~0.050) 0.324 -0.001(=0.002~0) 0.116
Nl -0.012(-0.063~0.039) 0.648 ~0.000 08(~0.002~0.002) 0.925
i -0.045(-0.140~0.049) 0.346 -0.001(=0.004~0.002) 0.724
Bl -0.007(-0.070~0.057) 0.841 ~0.000 07(=0.002~0.002) 0.947
(EV W= -0.001(-0.073~0.071) 0.973 0.002(~0.001~0.004) 0.197
Ay -0.048(-0.309~0.213) 0.716 ~0.000 03(=0.008~0.008) 0.994
CARS 3£ 5/} (n=284) -0.023(=0.099~0.053) 0.554 ~0.001(=0.003~0.002) 0.635
IER R =R (n=291)
VA 0.185(-0.029~0.399) 0.090 0.007(0~0.014) 0.049
Kiszh 0.215(0.012~0.417) 0.038 0.005(-0.002~0.011) 0.171
Kianizzh 0.228(0.002~0.455) 0.048 0.009(0.002~0.017) 0.015
BE 0.205(=0.044~0.455) 0.106 0.010(0.002~0.018) 0.012
N R 0.202(=0.001~0.405) 0.052 0.006(0~0.013) 0.064

TE: CRIESFRY. MERINE. [VB,] 482E% B ,; [SRS] #scmiitsk; [CARS] JLEARMAL T E it

3 [ASD] PIOMUITHE 2R el o

x4 ATEFEHRHEASDILEMBEHE. VB, K EERERREERTERBFIIKEK

iR VB,,
felx 2~<4 % 4 (n=166) 4~6 % 4 (n=125) 2~<4 % 4 (n=166) 4~6 % 2 (n=125)
B(95%ClI) P B(95%ClI) P B(95%ClI) P B(95%ClI) P

T 0.303(0.040~0.566)  0.024  0.130(-0.227~0.488) 0.471  0.005(-0.003~0.014) 0.235  0.012(0~0.025) 0.046
Kzl 0.352(0.110~0.594)  0.005 0.139(-0.209~0.487) 0.431  0.002(-0.006~0.010) 0.622 0.011(=0.001~0.023) 0.062
Kaizsh  0.314(0.039~0.589)  0.026  0.211(-0.165~0.586) 0.268  0.007(-0.002~0.016) 0.152  0.016(0.003~0.029)  0.016
WE 0.336(0.031~0.642)  0.031 0.056(-0.354~0.465) 0.788  0.010(0~0.020) 0.048  0.012(-0.002~0.026) 0.086
A4 0.371(0.127~0.614)  0.003  0.010(-0.331~0.351) 0.955 0.003(-0.005~0.011) 0.435 0.013(0.001~0.025)  0.028

TE: DRIEHERIFZE. [VB,] 4EAHKB,; [ASD] JIHEERS R
2.6 A[ENEHIASD)LEMBFHE VB, /KFES51E  ASD BEKIE/RE B ERIE T M A-+HSHEXE

EREEE

MR- 54 28R K&
¥oogit

NN
=]

e
- &

B HIKER
PERAE IS A Z 5, ASD 59 28 K 4 28 1 13 i

EIEAZE (P<0.05), Il VB, /K5 ASD & #
W IEIR A B R TEX A B A M g1t
R (B P>0.05), WS,

F RS AEIX L H R A

X (#5P>0.05) 5 1fiL¥E VB, KF 5

x5 AEMHHEASDILEMFHE. VB, KESKEREFERGTHIKEK

PR VB,

fEx HH# (n=233) L # (n=58) B (n=233) L H# (n=58)

B(95%CI) P B(95%CI) P B(95%CI) P B(95%CI) P
T 0.171(-0.079, 0.421)  0.179  0.238(-0.171,0.647) 0.249  0.007(-0.002, 0.015)  0.109  0.008(-0.005, 0.021)  0.215
Kizzh 0.196(-0.031, 0.422)  0.090 0.287(-0.184,0.757) 0.228 0.005(-0.003,0.012) 0.204 0.004(-0.011, 0.019)  0.602
KAz sh  0.231(-0.024, 0.487)  0.076  0.238(-0.263,0.739)  0.345  0.008(=0.001,0.016) 0.070  0.014(-0.001, 0.030)  0.075
e 0.129(-0.152, 0.409)  0.367 0.502(-0.058,1.062) 0.078 0.010(0, 0.019) 0.039  0.013(=0.005,0.031) 0.146
AMA-FE2r0.184(=0.038,0.405)  0.105 0.281(-0.227,0.788) 0.273  0.007(0, 0.015) 0.046  0.003(-0.014,0.019) 0.751

PE: EREARIREZE. [VB,] A% B,; [ASD] IR H R,
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3 itip CARSERAF L E M . BETE TR 5t % L

ASDYR R 2%, HRTM IR RIEIT ik, I
IRHBELAT N BN, M EIRREE N EEW
W, AR & BLAT GESZ M ASD JL 1) 1
T, MR EEORIE TRV ANRLF gL R,
Z SR A L. DNA M 2B H BS54k
AR, RN TT R I DR AN T sy, ™
T v B R W R DIEE . VB AE R A
REHE IR AR 2, 2R 2 R e W AL %
R AT B 7, A B TH&IT kT M
R MRS 5 LR, s
REKRE o ARG KB 2FREET ASD L i I8 R
5 VB, K EW AR TR AR, 5 ASD O E R TE
B OCIE, (H 5 KAt & 8 B e X AE 76 QK
H 5048 K A8 XA ST AE AN [ 47 0% R 591 1] A7
FE—E 225

LT, ASD JLEMEMR . VB, /KF
SHEREILEAR . FhEE X 3~17 2 1 110 4
ASD JLEE A 110 BiEH LS TR, &3 ASD L
MLV MR A VB, A K- B R T IE R LE . Li
4 S B BF ST IR AR R 459 . It Ah, PRIOR B B
1) 3~5 2 ASD IR 15T FEFFT (ASD 4L AIE # X} iR
HA4001) WIFELL FLER T R, — Tk
A+ B H 5T 5 ASD L R 0 4F 19 1075
VB, K AR TR R4, M RRK A B %
S 5 —Tk [ T RS BT AR E ASD JLEE iR
KR E# LEML, VB, K EHRIE® ILERS ™,
ABFIEY RFEA SR, XF 324 15 ASD JL2 F1 318 {1}z
LT IEAT A, A IE AT i B i) ) 52 i) J 2 3
ASD JLEE B IfIL 75 R A1 VB, /K15 i 2 T et
MR, 15 Saha %5 " AR S5 R —B, ASD JLEE Il
HHR . VB KPR LE AR 09 )5 K AT fE 5
ASD JLEEAFFEBR S AN ZI Mt & A7 0 A 5, el
ZHOEHE R, ASD JLEPRE . AR
Y BT Ik 67.4% ;5 WAl g5 ASD JLEAFAE
e LA ) 1 B T R ok T

5T I3 R I 55 R i ASD ER 1L S
FHLEMR . VB, /K -5 ASD B OAEIR 22 18] it 15k
CAMRIEITRER . SRR, ASDJLER
CARS 43 5L iE MR VB, /KA B 3 HH %
PE S BRI, AR R ILE R . VB, K
CARSTFor 2 AR 7o ARWFFERE IE AR 8 B0 A
RJa, RIASDILEIME MR . VB,/KF-5 SRS,

ASD JLEIMIE MR . VB, K5 IAEST A 54 |
SRS i FAF B TC W F A G 7 e E 2
OBFFE B8 7% LI ASD JLE B I35 MR K P50
MREAT A . SRS HICARS £ 15701 0 i A
Kbk 2, LA R4S SRR R ASD JLE IS MR . VB,
KRR S A ORI K, (R T ZE 2 s
WFFEXF VB, S D AER A S DA 71— 25 I

PEARIE , RN VB, R IE B R 2T o g
KT, PEHEHZ RSl IR K Lk E
1o R A B T R 2% I B L 4 R e K i )
e . OB L SCHkREE ILYE MR S5 ASD A7 7E B
B OCHE, AR A BAHT I R ) o [ 22 TR SRR
3 % B LR /NS ASD JLEE IS M IR S 2k B
IKEAFAE I G HE ) T VB, /KF5 ASD JL
HAEFE IR R B R A A XA D, AU
— IR 5E & B LYE VB, 5 ASD JLEEAS 2E /R kK & =
T RE X AR ARSI ™ AW IE AR |
PR R 2 5 & B ASD JLE L7 MR K5 Kz 3h |
WMzl K E MR, M VB, /K518
AT, Widizd), IS RE R RIEMHX, Hf—
oM K B 2~<4 % ASD JLEE I3 MR /K - 554 3E
IRE B HERAREX IR IEAE, 1id4~6% ASD JLIH
M3 R K- 5 k% 28R R B R A TR X I 3%
FOEME, SAH BRI o4 5 =2 28000, 1 iy
VB, /K5 2~<4 % ASD JLEE NS FE/R & B £ IH
BRI, H54~6% ASD LB IERE T
HRIENYE S SR A4S0 R IEAM
Koo IR R AT BE 32 R R AIKES ASD JLEE Y
ZRE, VBN RS 54 LEMAE AT, 1
BRMLGIA FeiE— 2058 . B EDLR A S i1
FIA R J1K 5 ASD WS HH2E 2, BB R I
N7 e T PEAG 24 S 1T ASD JLEE B 1ML R AT VB, 7K
Vo T ASD JLE AR B L I IKER I A7
FEPEGN 225, UTAFRA 9T & BUTE I . AR
ARAEAE RN 22 5 T SR, H R R LR GE
ASD JLEE MW M2 . VB, /K502 Kk KR E
IR SN 22 5 . A5 Z IS VB, /K-
XFASD B B K H RS E N 3%, ASD B
I3 VB, K- 518 /R B B R RIE 5 M A1t 4
B R IEM S, T7E ASD % 6 rh ok & 2K b 45
WX CNBESE VB, 5 ASD X 2 9 HL 4R LT 1Y
L

AT S H AR 1k R A i e IR A8 2 0 i
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ASD JLEE IMIEMH2 . VB, /K502 Kk B HAE B
(ST, BAAELL T BRI, &S, AREE
AT L S I S Wil )k AR, R
ANBETEAR B2 AN VB, 2K PR 3 A J5 PR A 2
AR P IR R ok, ARBRG R AW B, G
A EMFR . VB, 5 ASD Z [ KR =,
REZA GO . =IO . RIE R SZ R
DL LA B 100 B2 R 28 S 3 ] g i) LB AT,
ARHFFEBAT KX L R A TALIE 5 5500, ASD
AT IR L R AR T A AR SEIE R,
FEARR MR REMLAAE 22 . PR AE IS 2T o v 3R
PR — 20 S B REAR A, A PP AN 2 Al L 32 1A
PR AT VB, KSR rT BB R, SeyERZm L3
NI 2, DS R fER 2 1. 53R ATE
TR TRV 1 F1 VB, 75 ASD & 95t i 4 ]
FELORHLN, IF it — A g B Al VB, 1R T 5
B

ZE b TR, SF IR RT ASD JL Y I I R N
VB, K5 0EIRTC 6, FESMaks
KFF K, Hd, M RKFEEEHS 2~ %
ASD JLE MM L E B KA XK, THEMNZES; m
VB, K FE52~<4 B ASD LEIBE S RKBAX, 5
4~6 % ASD JLEE N AT N . KE A sh A A —+E
SATNA R, 5 BERES AN A-ES17 0
Koo I, PR3FIEH AY IO AR AT VB, K1) fig
A i T ASD JLE, FEjHl/&E<4 % ASD JLE M &
KA

YR TTHRF . REATHRIBERES 5.
WLIEE; oW, A @EH . BEL, F
KERARTHRBKE, %32, B KE, FE£Z
R LFHME, Xt 55K,

Flark ZEW: PIAAEEFERATA SR

(& % x #]
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