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[(HE] BH BHRILEMHLOHTNGA TR 2016 L (DLURRAR “JLDER” ) %50 E % 5 i
(autism spectrum disorder, ASD) 4 & H IR ¢ (global developmental delay, GDD) F4 55 BE B H: B 5 48 B o
Tk P 18~48 A ASD (n=277) HIGDD (n=415) BILABITEN S, RHILOERIPAGMH L E
ERZE) . WEAEsh, ENEES . EF . S T BRI 6 REEX IR B K-, FHRRS MR R AL R
(developmental quotient, DQ) A3 EFRAEARAE MEE, N S A HLES 2] (machine learning, ML) Varss 3t
PRI, THR& P RA S I 0 R VR B . RBUEFIRE R . BBR EoRTTh DQ [RIITE 54502648
VRS —ANRHIEREE T, BLAEME P E R DQ BRANRHIERT , 32 iERf Ik 5 78.90%; 4 E 7174 DQ 5K
PR . RIS I RIS 5 e B IR DM EIAE I, e e B R 86.71% . 4518 MLAHLOEREEARL
IX5> ASD M1 GDD JLE ; #E7R47 28 DQ7E ML il d 22 4E 1075 HAWRAAE I 5 RE A 55 3 S A MR B, Xl IR &
B, HEBRSE ASD AL GDD JL# A — & (s B XS HMH.

[RELRILRIZRR, 2023, 25 (10): 1028-1033]
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Differential diagnosis of autism spectrum disorder and global developmental delay
based on machine learning and Children Neuropsychological and Behavioral Scale
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Mechatronics and Control Engineering, Shenzhen University, Shenzhen, Guangdong 518060, China (Zhao Z, Email:
zzhao@szu. edu. cn); Developmental-Behavioral Pediatrics, Shenzhen Bao'an Women's and Children's Hospital,
Shenzhen, Guangdong 518102, China (Ma L-Y, Email: maliya226(@gqq.com)

Abstract: Objective To investigate the efficacy and required indicators of Children Neuropsychological and
Behavioral Scale-Revision 2016 (CNBS-R2016) in the differential diagnosis of autism spectrum disorder (ASD) and
global developmental delay (GDD). Methods A total of 277 children with ASD and 415 children with GDD, aged 18-
48 months, were enrolled as subjects. CNBS-R2016 was used to assess the developmental levels of six domains, i.e.,
gross motor, fine motor, adaptive ability, language, social behavior, and warning behavior, and a total of 13 indicators on
intelligence age and developmental quotient (DQ) were obtained as the input features. Five commonly used machine
learning classifiers were used for training to calculate the classification accuracy, sensitivity, and specificity of each
classifier. Results DQ of warning behavior was selected as the first feature in all five classifiers, and the use of this
indicator alone had a classification accuracy of 78.90%. When the DQ of warning behavior was used in combination
with the intelligence age of warning behavior, gross motor, and language, it had the highest classification accuracy of
86.71%. Conclusions Machine learning combined with CNBS-R2016 can effectively distinguish children with ASD
from those with GDD. The DQ of warning behavior plays an important role in machine learning, and its combination
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with other features can improve classification accuracy, providing a basis for the efficient and accurate differential

diagnosis of ASD and GDD in clinical practice.

[Chinese Journal of Contemporary Pediatrics, 2023, 25(10): 1028-1033]
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P E 3% 2R B 6% (autism spectrum disorder,
ASD) 2—KULIHACRENG . HEZINAT N . 24k
Wi A AFIE R R L B AT . ASD RS 2 TAH
R 2% (global developmental delay, GDD) TEAE A B
SRR ER . ASDRBILAEES ». s . st
ST AR EAFEA R R I K F i E . 1 GDD &
JURIB AL AT e AL A B B RE O RAESE R, X
M RIS LA S IR . L, Ay
HERG Y ASD 5 GDD BA 2 R S

2016 4F- 4 LRI BNTE 0~6 & LM 2R H
R AR FABTTIf g LB A 220 AT AR
AR 20160 (LUREFR “JLOERER" ), ZER
AR RAF L H UL ORI T A s
AT RBEX (LURIFR “ERITNEEX” ), BEW%
ARSI B LEE A ASD JLEE 7, SR, JF R
FEAUE A 2% WY IZRE X RE A 2400 ASD 5 GDD JLE
AR, BRAT HEE X RELL 77% (4 HERA FE 45
B ASD M GDD JLEE ™, SRTT, H i R A B
FHABRE X E A7 B T %5 ASD F1GDD JL#

VT4EK, MLAF2%>] (machine learning, ML) ¥
JRZ N R 4R R ASD TG A AT ATZ W Y i
BPERT TSR AL TRl P EbR EE A
25258 ML T ASD Ry fi & Fg e, JF345 1
REFHRCR ™, R T MLTEGG AT ASD J7 [ Y 5%
KPERE. SR, HAR MLTE ASD 732577 TH A9 v FH L
%, AH H AT NS AR A B BTN H] ML 321X
53 ASD FIGDD JL2# . AHF5E B 1EF T ML A FIE
LA R P LE FE bR BEA SO %] ASD F1 GDD L
i, JFRUEE R T e br e i ML e ik
o A EE SRR, A ASD 5 GDD JLEE By PR %
SR LB S

1 ARSI

1.1 WRIFH

[n] B 1 16 B 2019—2022 4F 5 12 T IR I T 52 4
X AAZ g B L O AT MR E R T2, FEPIR
Wi ASD 5 B4l GDD 1 18~48 H % JL# R Al 5T
X5, FEARILALE 277 1) ASD Fi1415 41 GDD JL 3,

FiAr LB AR 2 o A 25

ASDZHANAFRE: (1) TEAHXAERRAR 55 .08
fBHPE , 22 B EREAEGGILELTITH
P AR A e BEORS PR RS2 W S e 3T T EE 5 R
(Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition, DSM-5) H' ASD (2 Wikrifi: " #4714
25 (2) JLEIUMIE P E #52  (Childhood Autism
Rating Scale, CARS) 184323043, HERbruE: AW
AR B EUR AR (BT e k) L.

FAl GDD LA AR : (1) TEAE DX FE R 55
ORI YRS, 222 A IR BEAEYUNLE &
BAT WAL 4 4% I DSM-5 Hf GDD 2 Wik 1 ik
7012 (2) 2L B & & 48R A TR 3 1T
MEkEWwE, WEAEFEH (developmental quotient,
DQ) <7074r; (3) Joik4EZ RGVER S, N
5 B ™ AR B TR B U PEAS Y HEBRARIE . AR
ASD . A W] H ARk B BB BR B (AR 5 3t
&) myEL.

A5 L 2k TR YT 5222 X4 &)y PR Ak B =
fEHE 2 R 2 ATt (LLSC-2021-02-7-14-KS) 5 f# L
FACH HIERLEZ 51T, JFEEAERE .

1.2 JLOERITFM

H1 H A L0 2 BT I 7 I 5 A8 Lk
Fr—X—H M, R RS T T R
VEFRHERGI , X ZIXFFE Iz 5l KWAizsh, b
BIRETT . HHE . HatT KB RA T N 6 RAEX 1)K
7RRE T . B REX AYSE R TR 1 FRR
FADQ (DQ=156 7 /5 Br H 1% x 100) £ &t L 28
AN " BAPHAE A B 1380814
RIRIZ sh 8 i . KAz sh e . 3 I RE 1 8 i
WE R . AL TN L R R,
LR RIZZDQ. HEAzshDQ. & EES DQ. i
HHEESI DQ. AT N DQ. EIRIT R DQ. LRG
DQ.

1.3 HiE%

B ILO R HHATIEE R, ] LA
Wi LB AR RE R sAR, M DQ R ik B
e, g2 )Ll g RIPAR I L & F AR 2248
B —ROR U, R A AR 1) S
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AN R BRE, ANEAERBERIEN T8
SR, ST MLy F 2 TAR R A 9ol 51703
2, BRDQAL, ABFFENE WA e brz —IA
TR . PR, MLk AR AR 0% D b B s AR Ry
692 (BHIREL) x 13 CRREED) MHERSE,
1.4 MLiZ#E

B ML Y #2732 55 B 7 MATLAB . (2021a)
HSE I o A BIESE SR T AL AE S HE ] AL (support
vector machine, SVM) . 2& 14 H 5] 7 #r  (linear
discriminant analysis, LDA) . P HL £ #& (random
forest, RF) . #E£ii2%#>) (ensemble learning, ENS) #l
KiT4 (K-nearest neighbor, KNN) 57 FA¢) ML 43
KRBT HAL S, DARE K A0 50 KR
B2 AP DIV S e

EN IR S RS S 1R TIANG =t I K
FEVEFE 7 B T il ML AR RS, 38 3 feff FH i )
FRIEZERE, A R AERRETS B[R] B0 N 1Y B
PR RUERR B AR TEAH A

N T B KRB B D T R i U e, A
WS AE ML Y1 ZAR R R AR R e S5 BA — 28 L
E - CREUCHN ) — RO IR A ) ik
IR HERG R . R AR S B AR oy 2R AR T
Bragbr. AR E S AR 4 IR 2028 B Bl
FEARR A 23 b U N IERA X 23 ASD #Y A E G
JIP A ASD NE A 3 b 5 A TERA X 43 GDD
BB B GDD AKU E L
1.5 FitFESH

R JH SPSS 26.0 B AFREAT LT 0 b o IR A
TR ORNTIR = prifE e (x £5) Rox, W4
(] L AR FHPIAEAS eAG 50 s AR IR A B 5Ok
b i (oIl ) (M (Q,, 05) ] oK,
ZH (8] Fb %% K F Mann-Whitney U 55 . THEC7 B
BB (%) Fon, WHIRTLECR ] 2 Kk
22 1] £ B A 4 55 ASD 1Y 37 32k 3 B AR RRAE i &
(receiver operator characteristic curve, ROC i),
it h< Fmfe (area under the curve, AUC), P
<0.05 42ERA G L.
2 4R
21 WARIL—MBRLE
ARAFFEIPA 692 1B IL, Ttk 526 1, Lotk

166, H{i A4 H K248 (223, 27.5) TH.
ASD 2027715, GDD4H 41541, WigH ) LY S g

(?=0.198, P=0.656) FI A4 H# (7=0.198, P=
0.647) e ZEFHTGIHE L.
22 MWAHEBILILLERIFELERILE
ASD 01 GDD H & LK iz sh B 1% . 18 1 RE
TR BT RIS . A ST R L ER
K. KizshDQ. MAEsDQ. ERRE S DQ.
HHRESIDQ. #EEITANDQ. EIRITNDQ. LA
DQ Ml 2 %A gt % & L (P<0.05),

1,

*1 ASDHES5GDDAZILILLERITALERILE
(M (0,, 0,), 7]

s GDD4 (n=415) ASD4] (n=277) ZfH PfH
JIBFER  21.0(19.5,24.0) 21.0(18.0,24.0) -1.762 0.078
KAz s 16.5(15.0, 18.0) 15.0(13.5,16.5) -6.303 <0.001
IERIAE A 19.5(17.0,21.0) 17.5(14.0,19.5) —-6.913 <0.001
EFHESER 13.5(11.0,16.5) 10.08.0,12.0) —12.132 <0.001
AT A 15.0(12.0, 18.0) 12.5(10.5,15.0) -8.458 <0.001
BORFTNEW 17.3(15.3,19.2) 15.4(13.6,17.0) -8.584 <0.001
KIZFHDQ  88.0(80.0,97.0) 84.0(77.0,94.5) -2.184 0.029
KzEsiDQ  68.0(61.0,74.0) 62.0(56.0,69.0) -6.718 <0.001
WEIWEESIDQ  79.0(69.0, 86.0) 71.0(60.0,79.0) -7.650 <0.001
EFRESIDQ  55.047.0,63.0) 41.0(35.0,49.0) —13.209 <0.001
H2ATHDO  59.0(52.0, 67.0) 56.0(48.0,66.0) -3.068 0.002
ERITADQ  4.000,9.0) 23.0(12.0,32.0) -16.913 <0.001
LA DQ 71.0(64.0,76.0) 63.0(57.0, 68.0) —10.804 <0.001

. [ASD] fR7SE 3% R B At ; [GDD] & m Ak TR %,
[DQ] K&

2.3 MLZZASD5GDDEILHER

5 Tt ML 2328 85 14 43 28 B 155 Bl R 0 80 14 728
femizsfk, W 1. XFF ENS/2E4R, FREECN 1
BF, WERGEE N 78.90% (REHE: 82.67%, Fr5)E:
76.39%) , #EVE T R R R FT I DQ. %S
A B ERA T R 86.71% (RIKE . 83.75%, H¢5t
JiE . 88.67%), MiHIALE A NFRIE: ZR1T A DQ,
LORTT N . RiZsh B AE TR I3 % . XF
T KNN 7325 8%, FRAE50h L BF, dEa AU
64.31% (REE . 98.56%, FF5RE. 41.45%). 4
FRAE B T 200, MEWH B R 77.89% (R B .
T437%, ¥R 80.24%) . fdi [ 6 PHFAE I HETH
JEfcmr, AM8121% (REE: 74.73%, ¥ .
85.54%), X6 PFHIESTIIE: BERITADQ. IEFH
fEJ1DQ. KAz AL . EARE IS . Kiz g
DQ FHE S eI, SVM. LDA FI RF 432528 B9 i
T B BRI EROA 77 A /N X F SVM 4r 2,
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i 6 NFRIE R MER B S, 9 79.77% (CRELEE .
70.76%, FpSEEE . 85.78%), X 6 MNFRAE Sy 2
ORTTNDQ. EFRENDQ. #&FTHDQ. EE
AE SIS . RS ANz Bh R W FGE N fE R G . X T
LDA 43 25ds . R 7 R AE 0 o B e,
79.91% (REJE . 68.59%, ¥, 87.47%), X
TARHE S 0 . R DQ. I F AR IR 1
AT ADQ. KizshDQ. WA RE IR . KEdliE
BRI AL AT MR . ST RF 4288, S
AN REAE B ME AR B e, M 79.19% (R BUEE -
70.04%, 5. 85.30%), iX 8 ANFAESF B
ERTRDQ. ST A . KigsiDQ. Kidtia
DQ. AT HDQ. BRI . EE T
BHMZEA DQ. WL 1, #2, ENS/MAM K
AUC A E] T 0909 (P<0.001), H A 4280
AUCHIKTF0.85 (P<0.001), XFHIRTEA ISR
PERES R IR 4, IR 2. 5402t dne s 0 13
TR A RERE LR 3.

0.90 F - SVM
0.88 ENS: 86.71% et
0.86 —ENS
ok LY aw KNN

082 |
080 |
0.78
076 |
074l
072t
070} ;
068 |
066 |
0.64 |
0.62 |

SVM:79.77% RF:79.19%

R 2

FEEL
B S SRS ERER Rk (5% S
AT I S S (40 SR B B T A AR AL A AR Ak, BRI R
B FIZ SRR S MERRRE . [SVM] kL, [LDA] £tk
FIHIAT; [RF] BEHLAEMR; [ENS] £52E>); [KNN] K-U248.

®2 SNMLOEBHRSHEME. REENFRE

P ggﬁ WL RO R T

AL (%) (%) (%) A
SVM 6 79.77 70.76 85.78 0.876
LDA 7 79.91 68.59 87.47 0.875
RF 8 79.19 70.04 85.30 0.850
ENS 4 86.71 83.75 88.67 0.909
KNN 6 81.21 74.73 85.54 0.863

TE: [SYM] KFFRAAL; (LDA) ZEFEABIAT: (RF) FGAL

A [ENS] B 2) 5 [KNN] K-248.

i

—SVM
—LDA
—RF

—ENS

0.8F 4 ——KNN

0.6F

0.4

0.2

0 0.2 0.4 0.6 0.8 1.0

1455

E2 SVM. LDA. RF. ENSFTIKNN S HEBEFH %k
AER XS AL ROC &k [SVM] i fbl; [LDA] £
HEHIHT; [RE] BEALEMG [ENS] #ER2%>) 5 [KNN] K245,

£33 BMNMLOYEBNESEBETAREBEE ()
. SVM il LDA il REFN  ENSTHN KNN il
g;} 2851 2R 51 5 ZA 5 251
7" ASD GDD ASD GDD ASD GDD ASD GDD ASD GDD
ASD 196 81 190 87 194 83 232 45 207 70
GDD 59 356 52 363 61 354 47 368 60 355

e [SVM] SZHFmesdl; [LDA] ZebEFIBI5Hr; [RF] ML
FEbh; [ENS] #Ei2#>); [KNN] K-3r46; [ASD] JIMGRE 1% 2 f
i#; [GDD] 4wk FHRE.

3 itig

ABFFEGN A 277 1) ASD, 415 %1 GDD, 3692
ZWEFERT SR . Horp ENS 202525 10 B v o S e 15
1 86.71% (RELHEE: 83.75%, FiRJ¥ . 88.67%,
AUC: 0.909), ARG T 557%™ 124
FEA TG B R FH ROC I ZR 0 T O 25 9 (HERR B
7781%, RAE . 75.00%, HFE . 79.80%,
AUC: 0.835)., 4b, Chen%s "' i F ROC £k /)
B 75 B %t 130 451 ASD 186 15 GDD #4743 2%, H4y
FRUERA B R 87.50% (REE : 89.20%, FFRJE -
84.90%, AUC: 0.910). AHFFEIN oSSR L WEAIR
T Chen 55 " 2558 AT REAY IR R A ST HEAC 2 0
K, BRFEA RS A G FHE T pn
WERBEA, MT23HI59 ML B 4320008, DL 4s 3
FW], MLAEYS]ASD F1GDD JL# )7 1 REME IR 1548
A ERR B, HOTREE R AT, XEARCRIGIR I
Py K 2T ASD 5 GDD 4R L T —E S M H.

T HREE RN, Lo R R E 6 KAEX 2
WA LB R & B, (EXFIX 4 ASD Al GDD 2
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Ui, JFHERTA REXERE R HEAE R . AFSORE LG
wmRNKEE . Hdlizsh, ENRES . EE . A
SAT R FVETRAT R 6 KAE X I 1344845 AR A
FRIESE, ENS/RERET 4 MFIE (BRTT 0 DQ.
LORT I . K s ANE TR 1) B,
AT T 86% MIUERA L . IZEE R, IHIR LR
T BN ERAT R . KisshANE & e )1 3 Re X1y
AR, BERHERA AT ASD 1 GDD #EA7 X ), fiE
AR T A R

WEAEWF 5T C 20 0iF B H A& 7R 17 o R X RE 1
BRI ASD F1GDD Y, T ASHIESE & B A fE X
AT DL S5 5] ASD A GDD #2418 Bl . SVM FITKNN 43+
AN B B v A B AR R T 6 VRRIE,  HLUERA
B4 79%, [EIB, LDA Fl RF 432K 887643 4%
U7 ASFN 8 ANRFAERT, o3 AR AT I 78% (1) R
B o ARSI, EoRTTh DQ ZEARIFFT H 3
HEEAMEH, HIRRE S A R85 | A FE g
EORAT R DQ, i ENS 20 B4 (GE BUE /R 17 DQ
ViR o — AN AE S LA 78.90% FOHERR I . LA 45
KW, ZoRAT N BE X FERI ASD Jy T A 55 78 &
FEETAER, (HRERL O R HABRE X A58 hR,
A DL — 2B R TR . X R I A BE X () F5 b
Aede 8] —E R BIER , XX BTk —
SETE TR 5

RUEARBFSER I ML A 77 a4 5 1 %00 ASD Fil
GDD JLEE AR FNAER B, AR A A — 2L R B
Yo Bilhn, wmife . AR E R C LRy
2352 ASD MIGDD [ &A= 1 i FAIGE H s oy
PR BEAE L | IR AOKE IR E BOE 1 LS
BARFARG, FECEK LA ML 1 FRESE
o JE SRS AT LA R R A DA 2 N
F2A(5 E, #E—3m ML 2285 . Hak, L
O FRAE R — PR ST LT Im A, A
THRAE R A TR G . 1 3L T R LR AR R N
B, SR ML 73 100 o 202 YT e i
. REARAFSE R, B AEAR1E ] ASD JLEE 7
TR, Crippa s "7 4 1541 ASD JLE A 15 141
EEILEMADIGE, R LGS S 7 4
TS B REAE, AT LAMER 425 ASD FIE# L
#O(HEREE N 96.70%) o Li %5 "™ ¥ 1445 ASD JL3E
F16 ) EH LB ADISE, 5 Bz 536 BR B AR
FE9NiE s S, ML Y B K 43 28 oE 0 ATk
86.70%. (HAFIEREMIE, D LAFRMFEAR R/,
A FE ARG AR AR B (0 17 0 T 3l e ML 35 H (1)

FRIE R ELAT RAFI 08 . XAk A T ML
N FHF 450 ASD 5 GDD AU 25 11, [al ke mT AT
K F T % W B %5 ASD 5 GDD #2fit— 5 (2
NI

AT R F ML B 53, LD R
Bt 277 451 ASD JL#EH1415 151 GDD )L #8 #E4 7432
T, AT RAFEBINZE R i — B uE SR
TR RE X FERTIN ASD 7 RO B3, I H & BLEK
G HABRE X A8 A5 0T LAARAS 47 i SO AR . il
PRRHE R 4 1) ASD A1 GDD 3243t T Rl 471 5

MBEFRFER. FHEEFRALKEF T,
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