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Development and Validation of a Prediction Model for the Severity of Hearing Loss in Infant and
Toddler Based on IT-MAIS
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[Abstract] Objective To establish and validate a multimodal prediction model for the degree of hearing loss in infants and young
children based on the Infant-Toddler Meaningful Auditory Integration Scale (IT-MAIS) in combination with objective audiological indicators
and perinatal risk factors. Methods According to the screening criteria, 553 infants aged 0-6 months who had completed audiological
diagnostic tests and the IT-MAIS were enrolled. Based on the results of tone-burst auditory brainstem response (ABR), the subjects were
divided into three groups according to the degree of hearing loss as the outcome variable: normal-mild, moderate, and severe. Risk factors
affecting the degree of hearing loss were analyzed. Univariate and multivariate logistic regression were used to screen independent variables,
establish the prediction model, and construct a nomogram. The discrimination of the model was assessed using the receiver operating
characteristic (ROC) curve; calibration was verified by calibration plots; and clinical utility was explored by decision curve analysis (DCA).
Results Seven predictive factors were screened to construct the model and form a nomogram, including advanced maternal age (P=0.004),
family history of permanent childhood hearing loss (P=0.001), presence or suspicion of a syndrome or genetic disorder associated with
hearing loss (P<0.001), distortion product otoacoustic emissions (P<0.001), and total IT-MAIS score (P<0.001). After validation, the area
under the curve for distinguishing moderate and above hearing loss and severe-profound hearing loss was 0.904 (95%CI: 0.876-0.932) and
0.954 (95%CI: 0.930-0.978), respectively. Notable consistency was observed between the predicted probabilities and the actual probabilities,
with mean absolute errors of 0.014 and 0.011. Within a certain range, the model had practical value in identifying populations at risk for
different degrees of hearing loss. Conclusion The prediction model for the degree of hearing loss in infants and young children established
in this study demonstrates acceptable discrimination, predictive ability, and clinical applicability, providing a scientific basis for the early
identification of children with hearing loss and for promoting early detection and early intervention.
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s (mean (SD)) 3.61(1.47) 3.88(1.65) 3.98(1.47) 0.122
e 7 126(60.3) 58(54.7) 43(55.8)
HEAICE) £ 83(39.7) 48(45.3) 34(44.2) 0588
. W 202(96.7) 102(96.2) 76(98.7)
RLER() BRI 7(3.3) 4(3.8) 1(13) 0.593
o re £ 4% 207(99.0) 105(99.1) 77(100.0)
AR DU%) v 2(1.0) 1(0.9) 0(0.0) 0.691
28~36+f 21(10.0) 10(9.4) 6(7.8)
(%) 37~41+J 181(86.6) 94(88.7) 71(92.2) 0.499
>42 4 7(3.3) 2(1.9) 0(0.0)
<2500 ¢ 23(11.0) 9(8.5) 6(7.8)
A 1 (%) 2500 g~4000g  179(85.6) 92(86.8) 68(88.3) 0.877
4000 g 7(3.3) 54.7) 33.9)
L \ & 196(93.8) 101(95.3) 64(83.1)
AR TACE) B 13(6.2) 54.7) 13(16.9) 0.004
o Wi 122(58.4) 48(45.3) 38(49.4)
HE PR e 87(41.6) 58(54.7) 39(50.6) 0.068
e i 98(46.9) 41(38.7) 34(44.2)
T ITE%) i 111(53.1) 65(61.3) 43(55.8) 0.382
N % 204(97.6) 100(94.3) 66(85.7)
PCHL L (%) H 5(2.4) 6(5.7) 11(14.3) 0.001
gt < o & 162(77.5) 74(69.8) 63(81.8)
NICUfEFERIL S R (%) B 47(22.5) 32(30.2) 14(18.2) 014
_ ¥ 204(97.6) 106(100.0) 75(97.4)
TORCH (%) f 5(2.4) 0(0.0) 2(2.6) 0-265
. % 182(87.1) 99(93.4) 73(94.8)
CFA @& H EFFH BT (%) i 27(12.9) 7(6.6) 4(5.2) 0.067
. & 207(99.0) 105(99.1) 76(98.7)
VLBW(%) 0 210 109) 03 0.964
N " % 168(80.4) 84(79.2) 64(83.1)
B LB AT SR ML (%) H 41(19.6) 22(20.8) 13(16.9) 0-801
e b 208(99.5) 106(100.0) 77(100.0)
T I A B R M R (%) 5 10.5) 0(0.0) 0(0.0) 0.645
e % 199(95.2) 99(93.4) 76(98.7)
BEILZB) G 10(4.8) 7(6.6) 1(1.3) 0.234
. o F* 177(84.7) 86(81.1) 66(85.7)
B LR (%) f 32(15.3) 20(18.9) 11(14.3) 0.642
e 5 207(99.0) 101(95.3) 77(100.0)
T IUREE S A E(%) f 2(1.0) 54.7) 0(0.0) 0.025
I Z 0 (i P B35 25 4 sl VB K (%) G 209(100.0) 106(100.0) 77(100.0) -
. " e % 206(98.6) 105(99.1) 65(84.4)
ARSI BEA ST A 48 A E BB % (%) p2 3(1.4) 100.9) 12(15.6) <0.001
it 122(58.4) 2(1.9) 0(0.0)
DPOAE(%) it 87(41.6) 102(96.2) 75(97.4) <0.001
Eika] 0(0.0) 2(1.9) 2(2.6)
N R, H 207(99.0) 104(98.1) 47(61.0)
PR B AR (%) % 2(1.0) 2(1.9) 30(39.0) <0.001
IT-MAIS j45) [mean (SD)] 24.47(1425)  20.74(13.12) 7.71(8.94) <0.001
FEEEE &t P40 PCHL R B A AE SN SWriRE 4ot Bk ac2)4.2%0Y G5 AR 4 )L b 3 % sl

RIVERAAESGE N, mill ™ i R A iR A A (5
ARG W B, S B AR LR B i 5, (g R LR

PENT DR AT REMEIN, 52 A AR L, B
4y LG LN T35 29 65% T Tt e 3R, K%

Bt (e A8 b sk PR B Mg (%), S8 T D41

488 HEMTHIES RERF RS 20265 (524%5) 58

ﬁﬁ”ﬁﬁ?ﬁ'ﬁittfﬂﬁémo K R RAMEZMACOA

TMir , 5 B Rtk ), e AR M 2k oe ZARBEREIIT , 18 {5 A
I&tﬂt R ZIRER . 2 OE 3 T A LR HEA T U515
KB WK EAFTESRSER 50T HiAH L8 A 1 Bt (L i
MHBRfER Rl 3R 2 —  HRBGE S InRE 4Ch 2.978 %,



Chinese Scientific Journal of Hearing and Speech Rehabilitation

I RS

23 VIZRAERASA [RIRR BEWT D #1921 35 logistic [ 4 43 By

TRE %= B SE OR 95%CI P
A 1.01 0.48 2.73 1.08~7.10 0.034"
# PCHL 5 Ji 1.20 0.55 3.32 1.15~10.00 0.026"
TTE SRS SWF I 2otz A1 s (5 1.42 0.71 4.15 1.11~18.93 0.033
et 7 TR E IR 2.66 0.65 14.36 4.46~60.32 <0.001
IT-MAIS [t 4E % 0.67 0.11 1.96 1.60~2.45 <0.001"
IT-MAIS -0.09 0.01 0.91 0.89~0.94 <0.001"
DPOAE i it 474 0.75 114.59 33.30~725.81 <0.001
14 :95%CL, 95% BEAF X [, *Fm P<0.05
0 10 20 30 40 50 60 70 80 90 100
Gor : ; : : : , ' :
ity ; .
0.5 1 1.5 2 25 3 35 4.5 5 55 6 65 7
ITMAIS 55 r T T T T T T 1
80 705 60 50 40 30 20 10 0
e ﬂf
i
JLHERAHENT 1 BER 5% L —
y i #
TEAEBRBEAT SRR ek & i i ﬁ
I
R AR SR : !
Gl it
DPOAE r !
ik
Ay r T T T y " T T ; T T T T T )
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
IR DTSR 0.61 011 0.'3 015 0.'7 0.|95 0.69
TR RE-HAR DTSR O.bl 071 0i3 0;5 0.'7 0.|95 0.,99

A1 FRm AR TS & A

FEREST TR R AR FRi 5 b, ABFIEBRAN A 2 BE
FEBFFE R TIE B FANT J7 4505 B BE AR G O L™ 301 F G R 3%
VAT I3 % % W e o 5B AN T W A2 T IT-MAIS
o IT-MAIS 15355 B T BEWT 1451 J A B I ifi
WEAR AT , AN TR AR B th S5 S e 28 Aoy 70 AR X
BT 0 Dl f U , Hokag FIEIRTT I, e AN Ay
RGN, S V) SR AL R A A R S
TR F3 455 , B 2K HE nT REAR A £ - RIWT A [R) R, 4H 4n
RWT Ty A5 0 B 5 TR AR SR, v BERT g 4510k SR WY
B, 5 BEREME RSN T D455

AU LTI ) 2 KT, TT-MAIS (L fE 2
Hr i —A A, TS T R oAt 2 WA il
M 1R T 2 L SR . Ll S lal
TR eI, R S B HE AR A B e R B 22 12T, LA
HM g R A ] A e B IR, T AS [R] e HE 0T 0 454
FRHIHESR . AE51| 2 P A TR A 15 50 2R 4 Tl A 2 ) b
53 B 25 ik, B TGCE oy 0 SR BT 5 B e PPy, 7
e bt 5 # R R DA bW g 45 K o RE AR T
R ZI B, 15 HH B2 4l L2 A6 A [ A2 L WY 3 4512 AL
B PN o T A [ 7288 i PO AN [ B 40 65 2R 52 ) B 2% BF
57 o DRI LA 38 A v E TR DA W7 ) 45 2 o i o )T

8 =R
ooy AR R

ISR ABE 2 A . Ri%14-3.6 A KRINES) L,
BEORAH AR 39S,/ PCHL KR 8, KK I T3
i TR RE R RL , A RIS M 45 R 5. 7 SLC26A44 2168 4>
G 4 9848 %0 W7 Jy ik DPOAE il if , IT-MAIS 7553
9.4 4y , HHRBE 1 7R, 3.6 A*} 2920 53, IT-MAIS £5 5
Xt Jof £ 87 43, PCHL 5 Jik S0 5% . 24 17 4y, A7 1E 507 J1 33
KA S IB AL R L2 20 43, 6 7A 35 ToRasE I R .24
50 4y , DPOAE il it f ¥ £ 65 43, e 2085y 24 259 43, %t
IO 5% A Hp B e DA _E-WT 0k RS 99% , % A o A
T IR IR L 98%, [RIL, rTLATRMIIZ SR 4 LAk
AR B R UL _EWT ik, R AR E T )
PRI IR AR 7 , R BSOS RTEA 7T 2415 R SR 21
A TIE 8 He ST A0 TS R B AT 90 3IE L 23 B PRAN R 7Y
WX 5y JBE A o B I PR A RE . 5 2R I 7 i T 4SS 7Y X
53 WA BE B DA g 461 4 o R T W B 42k 19 AUC
45 Bl 0.904 F110.954, MAE 43 31125 0.014 F10.011, 72 HA
A AL T AS [RIRR EWT 0 B2k BRI B RE s, HLELA
RAFRITMIGE . SRR & A 2, B T8 T
PRI AR B R A %ot I R Sk BT G Bh . PR, SR FH PR 5y
B itk £ 5 12: 26 W, 125 OIS 28 T 7 — v 1 (1 A 238 X [l 4
FRRI R . T 2% & A BRI BT WL (R

HER RS REMFREEHE138H1489



I R WF 52

Chinese Scientific Journal of Hearing and Speech Rehabilitation

100 p

80F

60

R (%)

40

— A, B L BT

20 — gt - R
— RERE, PR L LT
) Wi, T T

0 0 20 40 60 80 100

145 52 B (%)
A2 BA R 5 REAED AMENIROC L&

% |
(=}
3 S
=
@
o«
-
o — KefE(E
<= ---- FAHAE
o 7
=3 %
T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0

T (F B L)

176 A R ULT R4y LT S i, 8 4 FHPFAl 5 %0
AR 1 2 1 BB TR AN 5 Ay By 1T B2 40y LT g Ak ™ B
Fe HE T A8 HRAERI TN T A,

4.2 RS R PPk

AW HAFEAN R ZAE, B, IT-MAIS P g T3
MR, Ho Aoy A PR A AN wT ke S b 52 B 4h LA R
AP FETE B EL WA I 28 0 S BT e TR 20
W20 RUE AT CL A K R B b b A P A
DA (BT o 56 2 3 BEHEE A , W] RE X A5 Y ARG o
FEHETH . AR E SIAFRENL R B PR R, HE— P
PRIETR 2, . Hk, ABFFORRL I 45 )5 R OGTE R BT
T3 R HE , BT g 45 2 x5 U5 B 7 R o ATTA Jan
R BAFAE—E R TT-MAIS {Ufg 28 L H AR

=

0.8

0.6

(=S

IR
0.4

52

0.2

0.0 0.2

0.4 0.6 0.8 1.0
TR (R B LA W)

F 3 AR AR 2
JE RE M &I T Bootstrap B 253 E B WA 1000 KT Z AR, T B3R £ K 0.014, A Z n=388, a: BRI FRM]
W B A L AR e R W LR b B R TR AR R TR A A v X

a
wv
=
<
(=)
on
8 S
&
#d
S
<
{ <]
w)
=} T T T T N
0.0 0.2 0.4 0.6 0.8 1.0
o IR B A

e

—rE L, T
85 AR, O
‘ — LW e, KT
=
=3
§ S
& 0
e g ’\
S |
R, \/
o. w T ER T 1
0.0 0.2 0.4 0.6 0.8 1.0
e DRSS [ MR

4 BER K 58 FIAR L A AR R 69 W R e SR 4%
AR A TR bR VA B AR 69 16 R SRl 2R b AR A TR A E T B 16 R A R

490 FEMHIES RERF RS 20265 (524%5) 58



Chinese Scientific Journal of Hearing and Speech Rehabilitation

I RS

I SCRE S, (A B L S R R B T BRitbz
B, AHIGE R AU OBFSE , (R N RS IE , ELTEIoT o 45t
SR T A R BRI A AR 45 S B M A 7
S, MR — PP KA RTF L Fu AR TN
YR, AW T PRI P RE , DASYIR MELAR Fr AT (8]
B2 &H LT H R RIS IR (R (bl

ATFGTIE A 1 7 9 e e PR 35 T g 2 LK
IT-MAIS 53, A IR T 2 B i R T 2, -2
SRR AT . 1524 LT 461 0 A o s
RO IR 3 50T D B Al A0 T Bl £ 1, &
FTEAS R AR 210 D R AL, A B) T = i id
AL EEE T5 I T .

2% 3k

[ Fscde, SLiLSE, BUANE . 8 )L B 4h JLWT 04515 [0]. v 4 4h £
{d, 2004, 19(22): 122-124.

[2] GBD 2015 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived
with disability for 310 diseases and injuries, 1990-2015: a systematic
analysis for the Global Burden of Disease Study 2015[J]. Lancet
(London, England), 2016, 388(10053): 1545-1602.

[31  HHOR, Skleh, MR, 4 OB AE LV D0 A2 5 IS Mfs e R i %
BERVE Sy HTLI]. BT 27 T 5 TR 2k, 2021, 29(2): 158-161.

[4] Kral A, O'Donoghue GM. Profound deafness in childhood[J]. The New
England Journal of Medicine, 2010, 363(15): 1438-1450.

[5] Tomblin JB, Harrison M, Ambrose SE, et al. Language Outcomes in
Young Children with Mild to Severe Hearing Loss[J]. Ear and Hearing,
2015, 36 (Suppl 1): 76S-918S.

[6] Kral A, Kronenberger WG, Pisoni DB, et al. Neurocognitive factors in
sensory restoration of early deafness: a connectome model[J]. The
Lancet. Neurology, 2016, 15(6): 610-621.

[7] Marschark M, Shaver DM, Nagle KM, et al. Predicting the Academic
Achievement of Deaf and Hard-of-Hearing Students From Individual,
Household, Communication, and Educational Factors[J]. Exceptional
Children, 2015, 81(3): 350-369.

[8] Khairy MA, Abuelhamed WA, Ahmed RS, et al. Hearing loss among high-
risk newborns admitted to a tertiary Neonatal Intensive Care Unit[J]. The
Journal of Maternal-Fetal & Neonatal Medicine, 2018, 31(13): 1756-1761.

[9] Lieu JEC, Ratnaraj F, Ead B. Evaluating a prediction model for infant

hearing loss[J]. The Laryngoscope, 2013, 123(11): 2873-2879.

Beswick R, Driscoll C, Kei J, et al. Which risk factors predict postnatal

hearing loss in children? [J]. Journal of the American Academy of

Audiology, 2013, 24(3): 205-213.

Fitzgibbons EJ, Driscoll C, Myers J, et al. Predicting hearing loss from

10 years of universal newborn hearing screening results and risk factors

[J]. International Journal of Audiology, 2021,60(12): 1-9.

[12] Al-Balas HI, Nuseir A, Zaitoun M, et al. The effects of mode of

delivery, maternal age, birth weight, gender and family history on

screening hearing results: A cross sectional study[J]. Annals of

Medicine and Surgery (2012), 2021, 64: 102236.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Karaca CT, Oysu C, Toros SZ, et al. Is hearing loss in infants associated
with risk factors? Evaluation of the frequency of risk factors[J]. Clinical
and Experimental Otorhinolaryngology, 2014, 7(4): 260-263.

Swierniak W, Gos E, Skarzynski PH, et al. The accuracy of parental
suspicion of hearing loss in children[J]. International Journal of
Pediatric Otorhinolaryngology, 2021, 141: 110552.

Schaefer K, Coninx F, Fischbach T. LittlEARS auditory questionnaire
as an infant hearing screening in Germany after the newborn hearing
screening[J]. International Journal of Audiology, 2019, 58(8): 468-475.
JEEY, ALYETN, FrEFS, 5% . Logistic |1l 91k & ROC fh £k PR IT-
MAIS 15353 FE TR 0~~36 H % %2 4h JLWT J #5J A2 e e RO 12 I (L[]
IV e - RO S S A MR A, 2022, 36(2): 109-114.

rhe N RALFNE LA . 37 A: LT ) G A RS B A9 % [2010]
96 2171, FRE JL#E PRk Ju ik, 2011, 19(6): 574-575.

B 58 . SR ly JUT 45t T Al ] B H D], T A - o R S 35 7 e
Z&E, 2018, 32(12): 886-890.

Butcher E, Dezateux C, Cortina-Borja M, et al. Prevalence of
permanent childhood hearing loss detected at the universal newborn
hearing screen: Systematic review and meta-analysis[J]. PloS One,
2019, 14(7): €0219600.

Lieu JEC, Kenna M, Anne S, et al. Hearing Loss in Children: A Review
[J]. JAMA, 2020, 324(21): 2195-2205.

A AB 255 I . 4R IT-MATS £5 JLE T 1Al v Al DR (L [0]. o
[ET i8S A P 24i,2016,14(4)275-277.

ZEAr, 7 W, WSO, S . 9443 (A JLWT h AR S5 AR BT L] W 2
R B TEPERZE, 2018, 26(6): 661-663.

Al-Gazali LI. A genetic actiological survey of severe childhood
deafness in the United Arab Emirates[J]. Journal of Tropical Pediatrics,
1998, 44(3): 157-160.

Bener A, Eihakeem AAM, Abdulhadi K. Is there any association
between consanguinity and hearing loss[J]. International Journal of
Pediatric Otorhinolaryngology, 2005, 69(3): 327-333.

Fortnum DH, Davis A. Epidemiology of Permanent Childhood Hearing
Impairment in Trent Region, 1985—1993[J]. British Journal of
Audiology, Taylor & Francis, 1997, 31(6): 409-446.

A IR SIREEAE G & e R SR AT = BFZE (D). A AR
iR 72 5 2B, 2014.58-66.

Liang S, Soli SD, Zheng Y, et al. Initial classification of pediatric
hearing impairment using behavioral measures of early prelingual
auditory development[J]. International Journal of Audiology, 2016, 55
(4): 224-231.

Slovik Y,Gorali R,Dizitzer Y, et al. Predicting hearing loss in children
according to the referrer and referral cause[J]. International Journal of
Pediatric Otorhinolaryngology, 2020, 128: 109685.

A2, i MR A Al LA T SOV 4 SR DR AT B R 4
JUBhWT I 3115w T RE K% B RO (L] 0T 2 R = IR 2 6
2017,25(5)517-520.

Wil 7, D M, K AR 55 LB BRI A IR R B 5189 T SNk 1] I
RILFHRE,2025,43(12)971-978.

Wis HER 2026-06—08
1EEIHE] 2026-08-12
RAHEA 2026-08-15
REREE &

HER RS REMFREEE13811491



