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[ Abstract] Objective To develop a deep learning method for small sample multi-omics data using
attention mechanism and Meta-learning for the establishment of autism diagnosis model. Methods MLAN
(Meta-learning based attentive network) consisting of the omics feature pre-reduction module, the multi-
omics data fusion and feature learning module, and the parameter optimization module was designed. Firstly,
differential expression analysis was performed on high-dimensional multi-omics data to preliminarily screen out
unimportant features. Secondly, a multi-channel attention mechanism was used to learn the importances of every
set of omics data and to realize data fusion, and a two-layer fully connected network was constructed to further
extract latent features and realize the diagnosis task. Finally, the Meta-learning algorithm Reptile was used to
optimize the initial parameters of the above model to obtain the optimal parameters. A total of 58 children’s
saliva samples were collected, including 21 children diagnosed with autism, 12 children with social disorders, and
25 healthy controls, and the protein and metabolomics data were detected by mass spectrometry. All data were
randomly divided into training set and test set by 4 : 1, and the training set was divided into training data and
validation data in the same way for model training and validation. The test set was used for the final evaluation
of the model effect. Five baseline models and three ablated models were constructed and evaluated along with
MLAN based on metrics including multi-classification accuracy, F1-macro and F1-weighted scores. Results The
constructed multi-classification autism diagnosis model MLAN achieved multi-classification accuracy, F1-macro
and F1-weighted scores of 0.850+0.066, 0.817+0.103 and 0.834+0.087. The values of all three indicators were
better than those of baseline models and the ablated models. Conclusion The proposed MLAN can effectively
deal with heterogeneous multi-omics data with small samples and achieve good results, which is expected to

provide assistance for the clinical diagnosis of autism.

[Keywords ] Autism diagnosis; Attention mechanism; Meta learning; Small sample; Multi-omics data
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Figure 2. The loss function curve of MLAN on the training set, and the multi-classification ROC curves on the test set
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HAl bIRTES AT JIALE 15354
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E: CTABR T RAELR, LR ZHNIFEE; KNN. K-ZE45; SVM. L& Zh; NB. AAF Netidf; MLP. $ B4 % ; MLAN. ATLE T

HEEN L%,

https://ywlxbx.whuznhmedj.com/



BYFRITIRFESE 2025 £ 8 A 34 55 8 1A

A mMLAN = MLAN-ML B mMLAN
wMLAN-MCA = MLAN-ML-MCA

0.950 T 0.950 4
0.900 0.900 7
0.850 A 0.850 7
0.800 - 0.800
0.750 0.750

0.700 4 0.700 +

NiRTES
PRabiyis

0.650 0.650 4

0.600 0.600 4

0.550 0.550 4

0.500 0.500

=MLAN-ML C mMLAN

BMLAN-MCA 5 MLAN-ML-MCA

893

=MLAN-ML

sMLAN-MCA = MLAN-ML-MCA
0.950 1

0.900 1
0.850 1
0.800
0.750 1

0.700 ~

JALE1 534

0.650 4

0.600 4

0.550 4

0.500

E3 MLANFIH a2 e Ml £ LRI ZUR AT EE
Figure 3. Comparison of the effects of MLAN and the ablated models on the test sets
E: A BEWRAF; BORAGEF S, COBERFI oM BREAFREAE SR RS EOHME, REZRFRIE SR FE AT

EAES

BeAh, #E—INA T RS ORI 258
T ML B9 MLAN-ML-MCA #5580 75 JI0RE /N
BEARBE LA AR BRI R . 7 FL 404K
HIINAL F1 205053504 0.742 £0.092, 0.698 +0.124
10719+ 0.106, HE i 2 F1m AL F1 5 £00% T
MLAN FIHABH A, 75 F1 40400 T MLAN il
MLAN-ML, {H B % T MLAN-MCA ( 0.698 +0.124
vs. 0.693+0.101) . 7EREZAB AL, LR 1R IW]
WAL T MLAN-ML-MCA, SVM B8 T 52 M4 1
MR, MLP BUS 9256 3R I DIB/ NI 22 BE AR
Tz (1), AIWIHRAIEE MLAN-ML-MCA
TR BT R ROR

3 it

H AR Bk = Rl 25977, Has Wi 2
EThrfEA T R, BARFEHENTERA LR, SVM,
NB. SR M0 e TR TILEREF TN |
A RS IR AR SR L P PR IR 2 A TSR A%
SRR A IAIAE 12 W7 g 432080 1, (E e R
Z R BRI E 0 2 H A A B B =
HT 2R S W R A T B

ZU R BARARR D | FHIEGERE
2L )RSt S v S AR DR, T IO 2 R
ARERABN, AR R — 2], FRE
S B S5 S R 4 HAME B
i, SRR LA RORARZ k. AT
P T — R R TR R L AT ST HE SR
FEA Z A B A M BT MLAN,  JFAESR

https://ywlxbx.whuznhmedj.com/

HUE £ LA IR SR LAY 22 241 2 50 v itk AT T SE
5T A B Se R 25 F R IR ik s i 2
2RI T TRHIE TR e, 2 )5 382t 2238 38
BRI T T 5k 2 4 5 s R IR R A
T AP 2 A W — 202 S Rl REE A T
TEFR BTG BIREA Y S LTI AR 28, f o Al
Reptile B LG T @A R S5t , 3
F/NEEARIZ AL e AR . MLAN 780808 T
1) ROC MLl R 5 EEEARAIROCR AT LA, EMIE T
ZRERUTE/INREAR Z2 20 B A BR AN IR £8 L2
WiT 5 TR A 25k R

WA BB T 2 AR A R 12 s Al
K2 H 4 I RO sOBR R IE, TR S A
I 20 2F 55000 22 ) 9 S PR A B BT R AL
T ANKEBEITAERT X, AT EhE
VPR, RIRIR A T 54155 Al Gk 4y,
AT o R AIE 2 2 25O B SR A A 3 T
B0 2 W 2R R o TR H A ) [e] 2]
NI RE N, 2 T AN [R5 s 2 )
[ 25 5 20 ARG A ] T 36T SENet ) £
SIERE =Wk Kl s W N RIS R e S S | P A
SRR RA . SR ER, ARZHIEER
FIAILH B 78 R A MLAN-MCA 78 9T 22 40 %
INEEAEE ERIZRG RIS T MLAN, (K8l T £
T8 A R I HLE AL BRI Al S T 22 4 2R R
[ 1 A Ak TRIER, i AR MLAN-ML £
MLAN-ML-MCA Z [ 2 I 22 A EPE 1R )
ML S RS WSO R AR



894

XFT /AR, UL b L B A T
B SR A N B, AR TTIX ST T A BT
iR B E RS, R RTRES A S RS Je ok
A P LR R L SCR . e i ]
272" BOSREME,  A Ry /INVEEAAS (] Y Ak 24 AL
2o AUFTEHR M S B 7238 3 Reptile
BT Z A /IMES BB W R 28, i
o B RS AE R 55 Btz AL e E S8
TS5 A9 25 S B B0 1E MLAN H Reptile HE 42 (1A R
P, BRI S B A S A 2 2R AR B A AL
Mo HHTHE T 702 > SRS 1 22 4~ Sl 73 A AL Y
E R TRy B S AEAF 23 BT 1) MMOSury
( Meta—learning for multi—omics data based survival
analysis ) B T AEI2 88 MUMA ( multi—omics
Meta—learning ) ", A HF 5% £ MMOSurv 5% % () 5
I EEREARZ R BT HGE , 7RI
b ZUCRAA B B A B MEAR R R FRIE S5, A
M SEMAENTERR ISR BT RS 2 R i
MICERI 24, IAh, AL T MUMA B8 b fifi ]
i MAML ( model-agnostic Meta—learning ) W
Reptile %32 38 b 76 AMIE 2 v i I 2409008 =
Wrbb AT SRR, TR 25 52 Ak B N AURK
M, SIE R FMEARY L AR T, B
) MLAN AR R T #EU BB Reptile B03%, 1%
My S B BRI AES RO B A4 = T RSN
MIELR G2 WIRICR

P22 MEE MLAN WA FIZEBIFEARY AUC
{8, RBAMEEFFEA R AUC 38 T B alizh
A2 BRI A2 (0829 vs. 0.926 vs. 0.906 ) .
X RIS A] RES IIME FEAS A N AERFAEAR G, IR
MRE S LAY AR IR AT 5 B, MR Z B 7E
BRZES, HMEEEA B il REAF R R I
R LR 3 — B HARE I Z 4 P E, 2L
SR 22 TR At Ag A 28 P X aliak s
TRSEMEAS, AT L X (AL A B — F2 %
I RFAE, A PR %) (B o vl g g, PRI
RS EAT A v (I DX B 1), SRR AR5 T Bk
— X AIAE A% IR, LASHREEIL R 2 T
SRERHERIT I . Ak, XA /NS (52
BR Tl RFEA Y RT3 A, BRalipd A2 B R 42
B 12 BiREA ), HAHMES R REHE ], &
B NEAG R Z R b T AR E R U S
it

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

Fy—Jr i, W SRR (25, R
LR [EIALKT MLAN, TR 2% 3 ik,
PLLR MR LR AR B 5, nl f B
PRI, EETZ TR 2 P 25 2T 55
EU AT BEAFAE 1) [ 2 TC A PE 58 o i &R 22k
PESCR W TEARMSE R, AT BE i T B A
LU FRIREEATAE = 2 . MO FLZRME T 40 A RFAE
LR 0] DL E L R B . i 0 AR
TR ATRRAE . R LA SRR A (IR )N,
R B T R BB 12 R R 0,

AW LA TRl ] T
Reptile (7024 kIR TR F 2@ BT E T
HLI Y 2 2 2 B Al A AT B MLAN, A 200
X T A2 RER R S AR R A VR AR
[, 3 o AEIRAUE /IR AR 22 21 5508 b R A T A
RIGGUEA AT, S50, MLAN BA R ZE
2 2B RO R AR 12 W BE T . AT
F2 SR B T AR AR A B R AT A
DL AT A BN R AR ARG 0, (]IS V84 A 75 i
T AR AR IIOORE £BL . A X RN g gt 58
BEE RG2S I SRR

gi b, T R AR TR B IR £
H2ERE, ARBFFE AR A MLAN AL JIUURE 12
Wi 55 R FH H S T RAFRRICR . R %07k
TE/NEEAR Z 40 2524 2] B RAFPERE . Aok ]
XIRERIGGE— 25 Ak, 3 E AT 45 2P 1Y
IZWTRE ST R SRR A RN e T, JFAE
b0 U3 02 UL 1) 32 R N A — 25 IE
N, NI R0 () AL W . AR RnG YT
BRI LR 2R T R AT 2 LS.

FEMRFERR: A P WIARIIIEAAFAEAL T 257
ARG A f th R

Sk

1 Volkmar FR. Encyclopedia of autism spectrum disorders[M].
Cham: Springer International Publishing, 2021: 1-691.

2 Zhou H, Xu X, Yan W, et al. Prevalence of autism spectrum
disorder in China: a nationwide multi—center population—based
study among children aged 6 to 12 years[J]. Neurosci Bull, 2020,
36(9): 961-971. DOI: 10.1007/512264-020-00530-6.

3 Mottron L, Bzdok D. Autism spectrum heterogeneity: fact or
artifact?[J]. Mol Psychiatry, 2020, 25(12): 3178-3185. DOI:
10.1038/s41380-020-0748-y.

4 AR, SR BRGNP S R B A 2 T S R

https://ywlxbx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/32607739/
https://pubmed.ncbi.nlm.nih.gov/32355335/

TATRFSEE 2025 £ 8 HE M4 558 H

(9]

10

11

12

13

17

TR HET (1] A EBACZGYR | 2015, 9(14): 260-262.
DOI: 10.14164/j.cnki.cn11-5581/r.2015.14.180.

AP, B, BB S IS B R RGO A TR
AR FN A ST HE R (0] PR S AR | 2025, 42(2): 182-
187. [Li DD, Wang HW, Wu Y, et al. Evolution and application
of screening tools for autism spectrum disorder: a review of recent
studies[J]. Environment & Health, 2025, 42(2): 182-187.] DOI:
10.16241/j.cnki.1001-5914.2025.02.017.

Tomiyama S, Yoshida K, Tani H, et al. Pharmacological treatment
of autism spectrum disorder: a systematic review of treatment
guidelines|J]. Pharmacopsychiatry, 2025, 58(3): 100-116. DOI:
10.1055/a-2514-4452.

Dawson G, Rieder AD, Johnson MH. Prediction of autism in
infants: progress and challenges[J]. Lancet Neurol, 2023, 22(3):
244-254. DOL: 10.1016/S1474-4422(22)00407-0.

AT . BT AR 2 2 A AL 2 0 1 PV o i A s
PIWFSE DL ] AREII : IR, 2020.

WL . LT PN 229 2 F MRT AR 00 8 PV RE B2 W7
WEBFSE (D). S - B FRHE R | 2024, DOL: 10.27005/d.cnki.
gdzku.2024.000861.

ThAR  AREAM MBS IO S 2R R A ) L 1 1 AR
R S B LAT AR SEIR (1] TRAMESARIESY | 2023, 21(34):
63-67. [Han JL, Lin YM, Lin K, et al. Characteristics of intestinal
flora in children with autism spectrum disorder and its influence
on children's behavior{J]. Chinese and Foreign Medical Research,
2023, 21(34): 63-67.] DOI: 10.14033/j.cnki.cfmr.2023.34.016.
Rz, S Rk, . KRS TITE R F ATAE
T ZR BT o 9 DG B A% A S5 R A B (C ) TR e =
Fox, AT AR RIS XA B2y, 45 . 2024 4F
HYIEPRRZIEIE (W) IRFEH A | 2024: 7-8.
DOLI: 10.26914/c.cnkihy.2024.026434.

Y, E . ZHEAEG IR BT G T B A
SR U AT I 2 BT S TR I L T (0. PP AR AT 2 2R 3K L 2020,
41(5): 788-793. [Long ZP, Wang F. Study design and statistical
methods used for integrative analysis on multi—omics in cancer
epidemiology[J]. Chinese Journal of Epidemiology, 2020, 41(5):
788-793.] DOI: 10.3760/cma.j.cn112338-20190624-00461.
Choi JM, Chae H. moBRCA-net: a breast cancer subtype
classification framework based on multi—omics attention neural
networks[J]. BMC Bioinformatics, 2023, 24(1): 169. DOIL: 10.1186/
512859-023-05273-5.

Hu J, Shen L, Sun G. Squeeze—and—excitation networks[C].
Proceedings of the IEEE conference on computer vision and
pattern recognition, 2018: 7132-7141.

Nichol A, Achiam J, Schulman J. On first—order Meta—learning
algorithms[EB/OL]. (2018-04-04) [2025-04-25]. https://doi.
org/10.48550/arXiv.1803.02999.

American Psychiatric Association. Diagnostic and statistical
manual of mental disorders, DSM-5-TR[M]. Arlington, VA:
American Psychiatric Publishing, 2022: 56-68.

Krug DA, Arick J, Almond P. Behavior checklist for identifying

severely handicapped individuals with high levels of autistic

https://ywlxbx.whuznhmedj.com/

18

19

20

21

22

24

25

26

27

28

29

31

32

895

behavior[J]. J Child Psychol Psychiatry, 1980, 21(3): 221-229.
DOI: 10.1111/j.1469-7610.1980.th01797 x.

Schopler E, Reichler RJ, DeVellis RF, et al. Toward objective
classification of childhood autism: Childhood Autism Rating
Scale (CARS)[J]. J Autism Dev Disord, 1980, 10(1): 91-103. DOI:
10.1007/BF02408436.

WA PR MR, S FEMCRERE PR LA
221770063U[P]. 2024-09-27.

Hu S, Loo JA, Wong DT. Human saliva proteome analysis[]].
Ann Ny Acad Sei, 2007, 1098(1): 323-329. DOI: 10.1196/
annals.1384.015.

Mota FSB, Nascimento KS, Oliveira MV, et al. Potential protein
markers in children with Autistic Spectrum Disorder (ASD)
revealed by salivary proteomics[J]. Int J Biol Macromol, 2022,
199: 243-251. DOI: 10.1016/j.ijbiomac.2022.01.011.

Dame ZT, Aziat F, Mandal R, et al. The human saliva
metabolome[J]. Metabolomics, 2015, 11: 1864-1883. DOLI:
10.1007/s11306-015-0840-5.

R . K T BTG A GO AR A A S R A BT O i
WF 58 (D] ¥ B : 4 b K 2%, 2022. DOL: 10.27007/d.cnki.
gdbeu.2022.003435.

Wei R, Wang J, Su M, et al. Missing value imputation approach for
mass spectrometry—based metabolomics data[J]. Sci Rep, 2018,
8(1): 663. DOI: 10.1038/s41598-017-19120-0.

Yang H, Chen R, Li D, et al. Subtype—~GAN: a deep learning
approach for integrative cancer subtyping of multi—omics datal[J].
Bioinformatics, 2021, 37(16): 2231-2237. DOI: 10.1093/
bioinformatics/btab109.

Shehab M, Abualigah L, Shambour Q, et al. Machine learning in
medical applications: A review of state—of-the—art methods[J].
Comput Biol Med, 2022, 145: 105458. DOI: 10.1016/
j.compbiomed.2022.105458.

Levy S, Duda M, Haber N, et al. Sparsifying machine learning
models identify stable subsets of predictive features for behavioral
detection of autism[J]. Mol Autism, 2017, 8: 65. DOIL: 10.1186/
513229-017-0180-6.

Rappoport N, Shamir R. Multi—omic and multi-view clustering
algorithms: review and cancer benchmark[J]. Nucleic Acids Res,
2018, 46(20): 10546-10562. DOI: 10.1093/nar/gky889.

Wang Y, Wang Z, Yu X, et al. MORE: a multi—omics data—driven
hypergraph integration network for biomedical data classification
and biomarker identification[]]. Brief Bioinform, 2025, 26(1):
bbae658. DOI: 10.1093/bib/bbae658.

Ferri C, Herndndez—-Orallo J, Modroiu R. An experimental
comparison of performance measures for classification[]].
Pattern Recognit. Lett, 2009, 30(1): 27-38. DOI: 10.1016/
j.patrec.2008.08.010.

Ben—-Sasson A, Guedalia J, Ilan K, et al. Predicting autism
traits from baby wellness records: a machine learning
approach[J]. Autism, 2024, 28(12): 3063-3077. DOI:
10.1177/13623613241253311.

Jones W, Klaiman C, Richardson S, et al. Eye—tracking—based


https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhF6Z3hkeXl5eTIwMTUxNDE4MBoIbmVrazdwM2I%3D
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0EhBoanlqa3p6MjAyNTAyMDIyGghvdThrb3I0Yg%3D%3D
https://pubmed.ncbi.nlm.nih.gov/39889731/
https://pubmed.ncbi.nlm.nih.gov/36427512/
https://kns.cnki.net/kcms2/article/abstract?v=b41E60TuiN9vqikp0OhOhjLqu7yJPn7oi9LyVqz6K3gEx7H9_YGQgkeVoCFDdXLPr1N_zX34BANJBowh1bYinyFg3cU7pfEAprzG-b2r4wquOGARwqXkcoSy2LDv7Mya7Z5oQ-pg729WFIJosTlT_A7bHRaCE3ocxK3GNbkw3q29KRaGiGg6maEGt4FeK1wm&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=b41E60TuiN9vqikp0OhOhjLqu7yJPn7oi9LyVqz6K3gEx7H9_YGQgkeVoCFDdXLPr1N_zX34BANJBowh1bYinyFg3cU7pfEAprzG-b2r4wquOGARwqXkcoSy2LDv7Mya7Z5oQ-pg729WFIJosTlT_A7bHRaCE3ocxK3GNbkw3q29KRaGiGg6maEGt4FeK1wm&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0Eg96d3l4eWoyMDIzMzQwMTYaCGduZ3FqbTYy
https://kns.cnki.net/kcms2/article/abstract?v=b41E60TuiN8P4_N6PKl0MhBDSVbT8ifDuMfqI1cUC45GBooOZH5RLdAm3D63VuWBP6TT4erVcLEHQAyde79RyBD5TqPCBjiK9OKtQHOXUk-JWQD7KZpPiirjYdVvep4XfveQ8So_cIr5-kqUQxeolsRLHSFdsDpJjc3wT630_-WtfSXgBgO1zJN88VFXqrI7&uniplatform=NZKPT&language=CHS
https://d.wanfangdata.com.cn/periodical/Ch9QZXJpb2RpY2FsQ0hJTmV3UzIwMjUwMTE2MTYzNjE0Eg96aGx4YngyMDIwMDUwMTkaCDE5NGVwb29k
https://pubmed.ncbi.nlm.nih.gov/37101124/
https://pubmed.ncbi.nlm.nih.gov/37101124/
https://doi.org/10.48550/arXiv.1803.02999
https://doi.org/10.48550/arXiv.1803.02999
https://pubmed.ncbi.nlm.nih.gov/7430288/
https://pubmed.ncbi.nlm.nih.gov/6927682/
https://pubmed.ncbi.nlm.nih.gov/17435138/
https://pubmed.ncbi.nlm.nih.gov/17435138/
https://pubmed.ncbi.nlm.nih.gov/35016969/
https://link.springer.com/article/10.1007/s11306-015-0840-5
https://kns.cnki.net/kcms2/article/abstract?v=b41E60TuiN-Rbt66oAHFkU7wJktrkQUVE0jck0J_nvsLKo3zRpflvF7lHCMk6EJOHC5vV8zw8421d2yMKgKI2qLt8YbqyguKSyzHchnfK1RzFDdy_B_hM4IRjqPpL49ARMSE3YcfvO6xfWncq6LwGu5OMQk4rCrW9EY8rnIILc1cQFj9CLhGcA==&uniplatform=NZKPT&language=CHS
https://kns.cnki.net/kcms2/article/abstract?v=b41E60TuiN-Rbt66oAHFkU7wJktrkQUVE0jck0J_nvsLKo3zRpflvF7lHCMk6EJOHC5vV8zw8421d2yMKgKI2qLt8YbqyguKSyzHchnfK1RzFDdy_B_hM4IRjqPpL49ARMSE3YcfvO6xfWncq6LwGu5OMQk4rCrW9EY8rnIILc1cQFj9CLhGcA==&uniplatform=NZKPT&language=CHS
https://pubmed.ncbi.nlm.nih.gov/29330539/
https://pubmed.ncbi.nlm.nih.gov/33599254/
https://pubmed.ncbi.nlm.nih.gov/33599254/
https://pubmed.ncbi.nlm.nih.gov/35364311/
https://pubmed.ncbi.nlm.nih.gov/35364311/
https://pubmed.ncbi.nlm.nih.gov/29270283/
https://pubmed.ncbi.nlm.nih.gov/29270283/
https://pubmed.ncbi.nlm.nih.gov/30295871/
https://pubmed.ncbi.nlm.nih.gov/39692449/
https://www.sciencedirect.com/science/article/abs/pii/S0167865508002687
https://www.sciencedirect.com/science/article/abs/pii/S0167865508002687
https://pubmed.ncbi.nlm.nih.gov/38808667/

33

34

35

37

39

40

896

measurement of social visual engagement compared with expert
clinical diagnosis of autism[J]. JAMA, 2023, 330(9): 854-865.
DOI: 10.1001/jama.2023.13295.

Jiao Y, Chen R, Ke X, et al. Single nucleotide polymorphisms
predict symptom severity of autism spectrum disorder(J]. J Autism
Dev Disord, 2012, 42(6): 971-983. DOI: 10.1007/s10803-011-
1327-5.

Ottosson F, Russo F, Abrahamsson A, et al. Unraveling the
metabolomic architecture of autism in a large Danish population—
based cohort[J]. BMC Med, 2024, 22(1): 302. DOI: 10.1186/
512916-024-03516-7.

Szoko N, McShane AJ, Natowicz MR. Proteomic explorations of
autism spectrum disorder[J]. Autism Res, 2017, 10(9): 1460-
1469. DOI: 10.1002/aur.1803.

Guo LY, Wu AH, Wang YX, et al. Deep learning—hased ovarian
cancer subtypes identification using multi—omics data[J]. BioData
Min, 2020, 13(1): 10. DOI: 10.1186/513040-020-00222-x.

Hira MT, Razzaque MA, Angione C, et al. Integrated multi—omics
analysis of ovarian cancer using variational autoencoders[J]. Sci
Rep, 2021, 11(1): 6265. DOI: 10.1038/s41598-021-85285-4.
Shao W, Zuo Y, Shi YY, et al. Characterizing the survival—
associated interactions between tumor—infiltrating lymphocytes
and tumors from pathological images and multi-omics data[J].
IEEE Trans Med Imaging, 2023, 42(10): 3025-3035. DOI:
10.1109/TM1.2023.3274652.

Pan L, Wang X, Liang Q, et al. DEDUCE: Multi—head attention
decoupled contrastive learning to discover cancer subtypes based
on multi—omics data[J]. Comput Methods Programs Biomed, 2024,
257: 108478. DOI: 10.1016/j.cmph.2024.108478.

Sun Q, Cheng L, Meng A, et al. SADLN: self-attention based
deep learning network of integrating multi-—omics data for cancer
subtype recognition[]J]. Front Genet, 2023, 13: 1032768. DOI:
10.3389/fgene.2022.1032768.

41

42

43

44

46

47

48

49

Chin J Pharmacoepidemiol, AUG. 2025, Vol. 34, No.8

Wen G, Li L. MMOSurv: Meta-learning for few—shot survival
analysis with multi—omics data[J]. Bioinformatics, 2024, 41(1):
btae684. DOI: 10.1093/bioinformatics/btae684.

Huang HH, Shu J, Liang Y. MUMA: a multi—omics Meta—learning
algorithm for data interpretation and classification[]J]. IEEE ]
Biomed Health Inform, 2024, 28(4): 2428-2436. DOI: 10.1109/
JBHI.2024.3363081.

Finn C, Abbeel P, Levine S. Model-agnostic Meta—learning for
fast adaptation of deep networks[C]. International conference on
machine learning. PMLR, 2017: 1126-1135.

Geschwind DH, Levitt P. Autism spectrum disorders:
developmental disconnection syndromes[J]. Curr Opin Neurobiol,
2007, 17(1): 103-111. DOI: 10.1016/j.conb.2007.01.009.

Lord C, Elsabbagh M, Baird G, et al. Autism spectrum disorder[J].
Lancet, 2018, 392(10146): 508-520. DOI: 10.1016/S0140-
6736(18)31129-2.

Heinsfeld AS, Franco AR, Craddock RC, et al. Identification of
autism spectrum disorder using deep learning and the ABIDE
dataset|[J]. Neuroimage Clin, 2018, 17: 16-23. DOI: 10.1016/
j-nicl.2017.08.017.

He H, Garcia EA. Learning from imbalanced data[J]. IEEE
Trans Knowl Data Eng, 2009, 21(9): 1263-1284. DOI: 10.1109/
TKDE.2008.239.

Wang S, Wang S, Wang Z. A survey on multi-omics—based cancer
diagnosis using machine learning with the potential application
in gastrointestinal cancer[J]. Front Med (Lausanne), 2023, 9:
1109365. DOI: 10.3389/fmed.2022.1109365.

Harrell FE. Regression modeling strategies: with applications
to linear models, logistic and ordinal regression, and survival

analysis, 2nd edition[M]. Cham: Springer, 2015: 63-102.

Wi H: 2024 4E 12 F 24 H &R HE: 2025 4F 04 7 30 H
A b M EBEE

https://ywlxbx.whuznhmedj.com/


https://pubmed.ncbi.nlm.nih.gov/37668621/
https://pubmed.ncbi.nlm.nih.gov/21786105/
https://pubmed.ncbi.nlm.nih.gov/21786105/
https://pubmed.ncbi.nlm.nih.gov/39026322/
https://pubmed.ncbi.nlm.nih.gov/39026322/
https://pubmed.ncbi.nlm.nih.gov/28509388/
https://pubmed.ncbi.nlm.nih.gov/32863885/
https://pubmed.ncbi.nlm.nih.gov/33737557/
https://pubmed.ncbi.nlm.nih.gov/37159321/
https://pubmed.ncbi.nlm.nih.gov/39504713/
https://pubmed.ncbi.nlm.nih.gov/36685873/
https://pubmed.ncbi.nlm.nih.gov/39563482/
https://ieeexplore.ieee.org/document/10432939
https://ieeexplore.ieee.org/document/10432939
https://pubmed.ncbi.nlm.nih.gov/17275283/
https://pubmed.ncbi.nlm.nih.gov/30078460/
https://pubmed.ncbi.nlm.nih.gov/30078460/
https://pubmed.ncbi.nlm.nih.gov/29034163/
https://pubmed.ncbi.nlm.nih.gov/29034163/
https://ieeexplore.ieee.org/document/5128907
https://ieeexplore.ieee.org/document/5128907
https://pubmed.ncbi.nlm.nih.gov/36703893/

