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Abstract: Objective To analyze the causal relationship between circulating amino acid levels and autism spectrum
disorder (ASD), in order to provide genetic evidence for precision intervention strategies in ASD.  Methods Based on
summary data from genome-wide association studies ( GWAS) in European populations, a two-sample Mendelian
randomization (MR) framework was employed, incorporating 18 381 ASD cases and 27 969 controls. A total of 441 genetic
instrumental variables (SNPs) were selected, covering 20 circulating amino acids. The inverse-variance weighted (IVW)
method was used as the primary analysis, supplemented by weighted median (WME), MR-Egger regression, and weighted
mode (WM) methods to assess causal elfects. Sensitivity and pleiotropy were evaluated using Cochran’s Q test and MR-
PRESSO. Results The causal analysis revealed no significant association between genetically predicted circulating amino
acid levels and ASD risk (IVW P >>0.05), this finding was consistent across MR-Egger regression, WME, and WM
analysis. This conclusion remained robust after outlier correction via MR-PRESSO. However, Cochran’'s Q test indicated
significant heterogeneity for lysine (Q=24. 037, P=0.045) and leucine (Q=23. 713, P=0.049). MR-PRESSO detected
horizontal pleiotropy for tryptophan (global P = 0.001) and lysine (global P = 0.046), but no significant causal
associations persisted after outlier correction (corrected tryptophan /= —0.07, P=0. 21, lysine $=0.12,P=0.09). The
95% confidence intervals for tryptophan. lysine, methionine, arginine, and threonine were exceptionally wide in MR-Egger
regression or WM analysis. Conclusions  Genetically predicted circulating amino acid levels show no direct causal
relationship with ASD. However, the robustness of results for tryptophan, lysine, methionine, arginine, threonine, and

leucine was limited, warranting cautious interpretation.
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Fig. 1 Schematic diagram of research methods
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Tab. 1 Causal effect analysis results of circulating amino acids on ASD
RiE SNP VW MR Egger WME WM
EES Bt OR fH95%CD P1{f OR {H(95%CD Pig OR {595%CD P1{f OR {595%CD P1g
(RN 103 1.412(0. 750~2.659)  0.285 0.673(0.009~52. 738) 0.859 1.276(0.550~2.961) 0.570 1.539(0.192~12.346) 0.686
W m 13 0.878(0.387~1.994) 0.757 1.842(0. 116~29.359)  0.674 1.092(0. 408~2.917) 0.861 1.058(0. 307~3.643) 0. 930
MR 15 1.237(0.319~4.793)  0.758 239.041(0. 431~132 593.073)  0.113 1.849(0. 386~8.865) 0.442 2.608(0.300~22.663) 0. 400
EER 12 1.266(0.345~4.649)  0.722 0.508(0.012~22.031)  0.732 1.455(0.253~8.381) 0.675 2.266(0.186~27.565) 0.534
E R 11 1. 896(0. 829~4.335) 0.130 1. 856(0. 147~23. 410) 0.644 1.553(0.611~3.949) 0.355 1.639(0.476~5.640) 0.452
KRR 19 1.105(0. 922~1.323)  0.279 1. 038(0. 662~1.627) 0.873 1.232(0.997~1.524) 0.054 1.303(0.937~1.812) 0.142
N 7 1. 153(0. 349~3.806)  0.815 0.967(0. 114~8.213) 0.977 1.090(0.240~4.948) 0.911 1.110€0. 229~5. 385) 0.901
i L R 23 1.13000.659~1.939) 0. 656 1.057(0. 429~2.605)  0.905 1.074(0.555~2.076) 0.833 1.073(0.553~2.081) 0.837
KEEH 11 1.128(0.582~2.185)  0.722 1.869(0. 304~11.478)  0.622 1.137(0.502~2.577) 0.758 1.159(0.475~2.828) 0.776
°F Bt 2 18 1.003(0. 641~1.569)  0.990 0.999(0.491~2.034) 0.998 0.766(0.432~1.360) 0.363 0.921(0.470~1.804) 0.815
P2 12 0.883(0.497~1.569) 0.671 1. 556(0. 376~6. 435) 0.550 0.818(0.379~1.768) 0.609 0.826(0.325~2.099) 0.693
H AR 26 0.961(0.631~1.461) 0.851 0.943(0.500~1.781) 0.861 0.942(0.643~1.381) 0.759 0.954(0.638~1.427) 0.823
KABRE 25 0.744(0.454~1.218)  0.239 0.878(0.341~2.264)  0.790 0.727(0.361~1.467) 0.374 0.578(0. 233~1.436) 0. 249
WA 24 1.020(0.919~1.133) 0.704 1. 126(0. 845~1.501) 0.427 1.027(0.889~1.186) 0.721 1.034(0.841~1.271) 0.752
A = e 23 1. 064(0. 966~1.171) 0.212 1. 043(0. 858 ~1. 268) 0.679 1.029(0.894~1.185) 0.689 1.018(0.876~1.182) 0.821
RN 12 1.066(0.963~1.181) 0.218 1.120(0. 837~1.498)  0.453 1.064(0.926~1.224) 0.380 1.148(0.928~1.420) 0.217
BEEHB 15 0.9000.775~1.045)  0.167 0.984(0.707~1.371)  0.928 0.943(0.764~1.163) 0.582 1.011(0.779~1.313) 0. 936
TR 13 1. 053(0.902~1.229) 0.513 1.037(0. 693~1.551) 0.863 1.018(0.855~1.211) 0.843 1.034(0.842~1.269) 0.756
ik = R 21 0.934(0. 834~1.047)  0.241 0.930(0. 736~1.176) 0.553 0.985(0.833~1.164) 0.857 0.978(0.738~1.297) 0.879
R R 7 1.027(0.927~1.138) 0. 606 1.006(0. 800~1.266)  0.957 0.995(0.863~1.147) 0.942 0.974(0.794~1.194) 0. 802
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Tab. 2 Heterogeneity and horizontal pleiotropy of circulating amino acids and genetic risk on ASD
RN % i : 5 K 2Pk MR*PRESS()A
Cochran’s Q P1E MR-Egger # i P 1A &R P E

AE® 1.703 0. 945 0. 002 0. 854 0. 959
0,54 1R 121. 007 0.096 0. 004 0. 737 0.001
IR 17.093 0.146 —0.012 0.593 0. 166
R 24.037 0. 045 —0.051 0.119 0. 046
EHER 8. 862 0. 635 0. 009 0. 624 0. 636
AR 15.535 0.114 0. 000 0. 987 0.153
N 32. 405 0.071 0.001 0. 855 0.104
K& R 1. 639 0. 441 —0.017 0. 658 NA
N 9. 812 0. 457 0. 000 0. 989 0. 507
24 55 R 9. 857 0. 909 —0.008 0. 405 0.931
B R 17. 147 0.104 0.001 0. 940 0.272
KA Tk e 22. 829 0. 588 —0. 002 0. 690 0. 595
NN 13. 252 0. 962 —0.008 0. 479 0. 968
& A e 15.171 0. 888 0. 002 0. 821 0. 908
HAW 22. 870 0. 409 —0. 004 0.725 0. 377
B R 7. 802 0.731 —0.007 0.566 0.737
oA 23.713 0. 049 0.001 0.935 0. 066
N AR 20. 962 0. 051 0. 005 0. 771 0. 065
it 24 1% 18. 271 0.438 0. 000 0.968 0.416
75 % R 13.953 0. 833 0.002 0. 846 0. 825

HNA AR SNPs KR, Jo#k 58 L MR-PRESSO 4/ 56 .

ASD fF7E & 3 S BS BRA L AR 58 R F MR 4y
BT I R I Sk 2 G A PR SR P . 3 b 22 5 TT B e
TR AR B DX < A g WS Y Y 5 A2 TR A TR
FERMRmERERAEN ., £ 60%~90% 1 ASD
BB LA 16 7™ 510 IR £ 45 4 S 00 B R X R e K
oG W) AR B YRR LT o X R SR AN 35 4 ]
AE S B0k & v & IR0 B A . MR 3 i 1 ik 1%
AR AR Ry T AR B A ROIRE T3 2 i ey, s W 5%
PERFF ST & B & FE R S % T 0 BB ASD (1 45 S i
e,
3.2 ARNEAABE ASDZRGHERE X Z 5 EE
Mg WRAREIERS ASD HIE X R K50
SR EER AR EAR AR . L AR MO
R TR SAFTE B S Tk 2Rkl 95 % CT % %
AL RS & K OE J5 B MR-PRESSO 43 #1 $2
ARRRE B DR SR DG B , 4 A R T A . A
FETR 35 0 A v T R fee b

K55/ 1 TVW 4381 OR g 1. 896, & 4k 11 2
TN TETE I TP A RN SR . ORGSR R A AR I R R 1Y
B, K5 & B2-1fl 45 7N J& & (arginine vasopressin,
AVP) 2% 5 ASD W+t 52 Ty fig B 15 77 7F W 2% OCHK
B AVP BB 3 0k ASD L (4 2¢ I I fE
I1, AR T B AT R AR IR L A 5 ok &R o AT
) MR-Egger n] {55 [X [a] A % 9672 (95 % CI.0. 147 ~
23.410), "] i 5 A BR 19 T B 728 B 30 (L 11 4
SNP) S8 G i1 3R LA XK.

RN K WME 2381 8RR s 8 3 P
KBE(OR=1.232,P=0.054) ,{H P {3k 0. 05, H
RBAEAS M — L IIE, PR &M 79 % 1y 2K
A1 T D AE B 300 32 BB A R B ASD ek, HLH ™
FEBE 5367 HE IR A S0 A 5T 1 MR &5 5 ik —
A B R X R G B T BB A AE R SR S

0 2 1R A 7 Bk 2% 1Y 2 3 (MR-PRESSO 4 J5)
¥4 P=0.001), H MR Egger [\ 9 ) 7] {5 X 7] 5
HFEVZ (95 % CI:0. 009 ~52. 738) , $ 77 {8, 42 % 7] fiE
W AR AR ASD KUK . 0 R S 2 0 TR
5-F2 €8 e (5-HT) I A A, oK P 5 5 23 52 ma A A1 1)
8 ICAZTE B 1 26 U8 T R Ak SS AT R S R0 E IR
ASD LA A it 2 R K S 2 T R R i
30201 ASD LI WA W 5-HT 7K BTG, 3%
— IR ] e N 2 A 1k S B Il i 5 A i I A
K,

2R 4 BT R s B M (Q=24. 037,
P = 0.045) # 5 % {4 ] 8 ( MR-PRESSO P =
0. 046) , H: MR Egger T {3 X [a] 52 $0A% s % 81 (95 % CT .
0.431~132 593.073), #h ¥ ik % & M. SLCTAS
(LATD #%32 R 3235 T I8 5 80 ASD /) B i J5#: Fi
IR s AT A W AR R EE B
e R ) ASD S 21 51 22 12 7K 1 B A T T e 5 M 1
W B AT 56T ik s 22 Ak 1 VR Ik A% O [ A R
T MR 43 vl 22 W2 O BR 19 w12 Al {5 X ]

AR E AR ARIA NS ASD KK 1 &



+ 958 -

TR LB PR A K 2025 4F 9 45 33 B4 9 )

Chin J Child Health Care,Sept. 2025, Vol. 33,No. 9

EASE S QNER ST oal K TE R A g
SR MR Egger Al i85 19 AT {5 X 0] 2448 58 77 . X Al
Al S e T EL AR 0 A BR (O &R 13 4~ SNPL &
fiz 12 4~ SNP) ol 5% #2- 45 Ja) i 18 4% G BR A 55 .

3.3 BIREXAARLE A5 MR R T
WE IR 5 ASD (1 PR OCER I AL, o 38 ) SR
TR R A LR AR WA R,
TF 9% T B30 2 7 KRR A i LB T L AR R DL
TF IR HIL I AF 55 ok 36 0E 0 /0 v e G B . ROR T Rl £
MRS A W Bl 5 R SR A T R AR, e B PR L 3 0 3t
e RE B UE A 18 DA RE K i R A A A i 2 5K
i, F o B PR R - D A B 4 2% MIR B, 45 7R
ASD R 2 EL 1 TR 2 WAL . TR E AR B 5840 3
TFERUN A HETT R 23 BT » Aok 5 #2257 W9 A H#E ASD 48,
Bt 1 RO PR A 56 IR A R DG PR SR DG 06 1 5 N B
e 35

&% Lk

(1]

[2]

[3]

[4]

(5]

[6]

[7]

[8]

(9]

Zeidan J, Fombonne E, Scorah J,et al. Global prevalence of
autism: A systematic review update[ J]. Autism Rese, 2022,
15. 778-790.

Chen M, Wei H, Chen L,et al. Autistic spectrum disorder,
attention deficit hyperactivity disorder., and psychiatric co-
morbidities: A nationwide study [ J]. Research in Autism
Spectrum Disorderse, 2015, 10: 1-6.

Picardi A, Gigantesco A, Tarolla E, et al. Parental burden
and its correlates in families of children with autism spec-
trum disorder: A multicentre study with two comparison
groups [ J ]. Clin Pract Epidemiol Ment Health, 2018,
14, 143.

Nogueira-de- Almeida C, Zotarelli-Filho I, Nogueirade- Almeida M
et al. Neuronutrients and central nervous system: A systematic re-
view[ J]. Cent Nerv Syst Agents Med Chem, 2023, 23;
1-12.

LiJ, Zhai P, Bi L, et al. Associations between amino acid
levels and autism spectrum disorder severity[ J]. BMC Psy-
chiatry, 2025, 25(1):332.

He W, Wu G. Metabolism of amino acids in the brain and
their roles in regulating food intake[ J]. Adv Exp Med Biol,
2020, 1265:167-185.

Hosseini S, Panahi-Azar A, Sheybani-Arani M, et al. Vita-
mins, minerals and their maternal levels' role in brain devel-
opment; An updated literature-review [ J]. Clin Nutr ES-
PEN, 2024, 63:31-45.

Chen W, Chen Y, Peng M, et al. Plasma amino acid profile
in children with autism spectrum disorder in Southern China:
Analysis of 110 cases[]J]. ] Autism Dev Disord, 2024, 54
(4):1567-1581.

Hou Y, Wu G. Nutritionally essential amino acids[J]. Adv
Nutr, 2018, 9. 849-851.

[10] NgE., Lind P, Lindgren C,et al. Genome-wide association

study of toxic metals and trace elements reveals novel asso-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

Y 5 B #9:2025-05-12

ciations[ J . Hum Mol Genet, 2015, 24, 4739-4745.
Rodriguez-Pérez C, Vrhovnik P, Gonzdlez-Alzaga B, et al.
Socio-demographic, lifestyle, and dietary determinants of
essential and possibly-essential trace element levels in adi-
pose tissue from an adult cohort[ J]. Environ Pollut, 2018,
236 878-888.

Emdin C, Khera A. Kathiresan S. Mendelian randomization
[JJ.JAMA. 2017, 318: 1925-1926.

Skrivankova V, Richmond R, Woolf B,et al. Strengthening
the reporting of observational studies in epidemiology using
mendelian randomisation (STROBE-MR) ;: Explanation and
elaboration[ J]. BMJ, 2021, 375;: n2233.

skrivankova V, richmond R, woolf B, et al. strengthening
the reporting of observational studies in epidemiology using
mendelian randomization; The STROBE-MR statement
[J].JAMA, 2021, 326. 1614-1621.

Grove J, Ripke S, Als T,et al. Identification of common ge-
netic risk variants for autism spectrum disorder[ J]. Nat
Genet, 2019, 51; 431-444.

Shin S, Fauman E, Petersen A,et al. An atlas of genetic in-
fluences on human blood metabolites[ J]. Nat Genet, 2014,
46: 543-550.

Kettunen J, Demirkan A, Wiirtz P, et al. Genome-wide study
for circulating metabolites identifies 62 loci and reveals no-
vel systemic effects of LPA []J]. Nat Commun, 2016,
7. 11122,

Burgess S, Small DS, Thompson SG. A review of instru-
mental variable estimators for Mendelian randomization[ ] ].
Stat Methods Med Res, 2017, 26. 2333-2355.

Burgess S, Thompson SG. Interpreting findings from Men-
delian randomization using the MR-Egger method[J]. Eur J
Epidemiol, 2017, 32 377-389.

Olson A, Krall JR, Baranova A, et al. Nutritional intake
and sensory processing in school-aged children with autism
spectrum disorder[ J]. Nutrients, 2025, 17(4) ;604.
Hendaus MA, Jomha FA, Alhammadi AH. Vasopressin in
the amelioration of social functioning in autism spectrum
disorder[J].J Clin Med, 2019, 8(7):1061.

Khemir S, Halayem S, Azzouz H, et al. Autism in Phenyl-
ketonuria patients: From clinical presentation to molecular
defects[J]. J Child Neurol, 2016,31(7) :843-849.

Boccuto L, Chen CF, Pittman AR, et al. Decreased trypto-
phan metabolism in patients with autism spectrum disorders
[J]. Mol Autism,2013, 4(1):16.

Ramaekers VT, Sequeira JM, Thony B, et al. Oxidative
stress, folate receptor autoimmunity, and csf findings in
severe infantile autism[ ] ]. Autism Res Treat,2020, 2020
9095284.

Tarlungeanu DC, Deliu E, Dotter CP, et al. Impaired ami-
no acid transport at the blood brain barrier is a cause of au-
tism spectrum disorder[ J]. Cell,2016,167(6) :1481-1494.
Ferguson BJ, Marler S, Altstein LL, et al. Psychophysio-
logical associations with gastrointestinal symptomatology in
autism spectrum disorder [ J]. Autism Res, 2017, 10 (2);
276-288.

&5 B #5:2025-07-08 AXHIE: 2/ [H



