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[Abstract] Objective To explore the differences existing in the auditory mismatch negativity (MMN) amplitude and latency
between children with attention deficit hyperactivity disorder (ADHD) and normal children, and to probe into the significance of
MMN latency and amplitude for assessing the auditory perception and attention level in ADHD children and normal children.
Methods On December 1, 2022, a systematic search was performed in PubMed, Embase, Cochrane Library, China National
knowledge Infrastructure (CNKI) , Wanfang Data Knowledge Service Platform and VIP databases to identify all well qualified
literature focusing on MMN of ADHD children, then the valid data relevant to MMN amplitude and latency were extracted. The
Newcastle-Ottawa Scale (NOS) was used to assess the quality of the included studies, and Stata 20.0 was employed for Meta—
analysis. Results A total of 9 qualified studies comparing ADHD children (n=170) against healthy controls (n=159) were finally
included. Among the included literature, there were 18 matched pairs of MMN amplitude data and 10 matched pairs of MMN latency
data at different recording sites. Meta—analysis denoted that ADHD group resulted in potentials of slightly lower MMN amplitude
(WMD=-0. 334, 95% CI: —1. 426~0. 758, P=0. 549) and notably longer MMN latency (WMD=14.768, 95% CI: 4. 660~24.876, P
=0. 004) compared to control group, and the Bgger’s funnel plot did not reveal any publication bias. Conclusion Compared with
healthy controls, ADHD children have longer MMN latency, suggesting that the auditory perception and attention level of ADHD
children may be reduced.
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Figure 1 Flow chart of literature screening
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AzzamZ1920104F B 15/15 10/5 - 7.4 - - 2500 2580 - 80 6
T HM20174 E 30030 22/8 15/15 10. 4 - Cz 1000 1500 - - 8
WREI20184E  hE 25122 23/2 11/11 5.1 106.6/117.3 Fz/Cz 1000 1050 100 80 8
RATEAE20074E hE 37/30 20/17 16/14 10.6 - Cz - - - - 8

125



http : //www. psychjm. net. cn

PUJIKS #h BAE 2023 4E45 36 355 20

2.
" bR SRR K
M DDA A e 10 SR M R e O NOS
o 4 Qpited K TSR 7 i FOL .
4y A ik [ (ADHDA] N CORRE TR
(BAHE) (BAd) (%) (ADHDAURTIEAL) (Fu/P2/Cz) M iR i
IR ) (db)  (5)
(Hz) (Hz) (ms)
GomesZ20134F  ZE[E 12/11 10/2 8/3 9.1 - Fz 1000 1000 450 75 7
1000 350
1400 200
1200 200
Winsberg % 711997 4F [ 14/14 NA NA 9.9 99.79/118.21 Fz 1000 1024 25 75 7
50
H: ADHD, 14 5 11 Z sh FE B s NOS, 4R 3 /R — 18 AL SCHR i PP A e
%2 ADHDASXIERLE MMN & &K 18 5 &K HA
Table 2 Amplitude and latency of each point of MMN between ADHD group and control group
. WARY] (ms) PR (uV)
Ak = — —
ADHD 41 pogitektl 7 5 ADHD 41 X R (A=
el -6.50+2. 90 -5.40+2. 90 Fz
Oades 5571996 41 250. 00+50. 00 278. 00+50. 00 Fz
-1.20+2. 90 -1.90+2. 90 Pz
. -0.20+2. 10 -2.00+2. 10 Fz
Rothenberger 25#/2000 4F 177. 00234. 00 141. 00£24. 00 -
-0. 40£1. 90 -1.90+1. 90 Cz
198. 75+26. 48 174. 44+21. 71 Fz 5. 66+5.27 7.57+4. 58 Fz
Yamamuro %2016 4 197.95+22. 13 173. 66+18. 73 Cz 4.48+4.58 6.30+4. 08 Cz
200. 38+26. 12 175. 4022. 57 Pz 3.96+3. 09 5.25+3. 81 Pz
Azzam 212010 4F 182. 00+39. 00 157. 00£6. 00 - 7. 00+1. 00 9. 00+3. 00 -
T HM2017 45 206. 60+18. 07 184.37+24.28 Cz 8.27+2.05 5.27+3.30 Cz
. 1. 16+3. 20 —0.98+3. 14 Fz
WEE2020184F - - - '
-0. 59+3. 39 -2.61£2. 68 Cz
S B4 132007 4R 209. 00+26. 00 190. 00+22. 00 Cz 8.80+1.70 5.20+2. 10 Cz
-2.40+1. 86 -3.742.70 Fz
—2.22+2.50 -3.23+1. 34 Fz
Gornes%'MZOI.’aflE - - -
—2.42+2. 41 ~1.56+2. 40 Fz
-0.75+2. 72 -1.24+1.92 Fz
) i) 130. 89+25. 20 146. 15+25. 40 Fz -5.00+5. 10 —6. 54+4. 50 Fz
Winsherg %5-°'1997 4=
122. 65+30. 90 136. 33+31. 90 Fz -5.17+4. 30 —4.19+3.20 Fz

W ADHD, 3 £ s BB
2.3 ADHD A5 XtERZE MMN i Mg F0 4K B LL &5 1Y
Meta T4 R

YA 9 0 SCHR T RS T ADHD 41 550 B2
MMN % i (9 85 3 , 245 ADHD 20 170 5] %} BE 2 159
i, 5 SCHkHA B S M (P=83. 2%, P<0. 01) , 5k
FHBENLR N AR 2400 1 )5 L 454 W7~ , ADHD 41
MMN P B AR T4 HR AL (H 25 S oGt 278 (WM D=
-0.334,95% CI:~1. 426~0. 758,P=0. 549) . L&l 2,

7 RaTREICER AR 45 T ADHD LS X IR 4
MMN 78 PR 30 1 %5040 L 256 ADHD 41 133 i) X B4l
126491, £ SCHREA v EE R P (F=69. 1%, P<0. 01),
K BEHLRN BT A IR0 i, 258 W7 , ADHD
R A K, 22 5 A4 G it 22 5 L (WMD=
14.768,95% CI:4. 660~24. 876,P=0.004), VLK 3.

126

2.4 AL

T VAL ADHD L5 X B2 [R) 3 S5 o7 A5
MMN 3% IR i 25 5, AT WA M. B3 Fz.Cz. Pz
DI RRA AR s i, e 4 4, 25 2 B0 DL T 4

6 Jis SCHRT "> R T Fa A6 5 1 MMN % 1
Bl , 045 ADHD f8 L 88 il , XF HR 21 84 14i] , 4% SCHik
ST 5 L (P=4. 2% ,P=0. 402) . % H][#]
RE RN AR T A 38N i Je , 45 SR 7R, ADHD 41 Fz
A7 5 B9 MMN 3 08 4K F XF IR 41, 22 5% 4 it 2
= X (WMD=-0.490, 95% CI:-1.170~0. 190,
P=0.158).,

2 i SCHRT RS T P AL S MMN % I 258, 2
15 ADHD H£ JL 26 9] , %} FE2H 26 f51] , 4% SCHik 5 i v G
Giit25 8 X (P=0,P=0.738) . K JH [ 5 8500 R4



N e N .
DU IS f A 2023 455 36 34 211 http : //www. psychjm. net. cn
Study %
D WMD (95% Cl) Weight
Fz :
Robert D. Oades (Fz) (1996) - + 1.100 (-1.220,3.420)  5.37
Aribert Rothenberger (Fz) (2000) _‘_: -1.800 (-3.555, -0.045) 6.00
Kazuhiko Yamamuro (Fz) (2016) < . -1.910 (-5.567, 1.747)  3.95
Jingxue Pan (Fz) (2018) —to- 0.180 (-1.635,1.995) 593
Hilary Gomes (Easy-Duration) (2013) _O—IL— -1.340 (-3.251, 0.571) 583
Hilary Gomes (Hard-Duration) (2013) ——r—t— -1.010 (-2.631,0611) 6.14
Hilary Gomes (Easy-Frequency) (2013) —:—0— 0.860 (-1.107, 2.827) 577
Hilary Gomes (Hard-Frequency) (2013) — -0.490 (-2.402, 1.422) 583
Bertrand G. Winsberg (Short) (1997) - - -1.540 (-5.103,2.023)  4.04
Bertrand G. Winsberg (Long) (1997) - g 0.980 (-1.828, 3.788) 483
Subtotal (I-squared = 4.2%, p = 0.402) C:- -0.490 (-1.170,0.190) 5368
1
. 1
Pz !
Robert D. Oades (Pz) (1996) - -0.700 (-3.020, 1.620) 537
Kazuhiko Yamamuro (Pz) (2016) - . -1.290 (-3.860, 1.280)  5.09
Subtotal (I-squared = 0.0%, p = 0.738) <::> -0.965 (-2.687, 0.757)  10.47
1
= 1
Cz 1
Aribert Rothenberger (Cz) (2000) —_— -1.500 (-3.088, 0.088)  6.17
Kazuhiko Yamamuro (Cz) (2016) g : -1.820 (-5.033, 1.393) 4.40
Li Ding (Cz) (2017) 1 —_— 3.000 (1.610, 4.390) 6.36
Jingxue Pan (Cz) (2018) —_— -2.020 (-3.758, -0.282)  6.01
Lihui Wu (2007) 1 —_— 3.600 (2.670, 4.530) 6.75
Subtotal (I-squared = 93.0%, p = 0.000) <:> 0.387 (-2.218,2.992)  29.69
1
1
= 1
HANNAN AZZAM (2010) _0_: -2.000 (-3.600, -0.400) 6.16
Subtotal (I-squared = .%, p = .) B -2.000 (-3.600, -0.400) 6.16
1
= !
Overall (I-squared = 83.2%, p = 0.000) <> -0.334 (-1.426,0.758)  100.00
NOTE: Weights are from random effects analysis :
T T
-5.57 0 557
3 = Fod
B2 ADHD A 533ERE MMN KB Meta 5347 7R 7 B
Figure 2 Meta—analysis forest map of MMN amplitude in ADHD group and control group
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1
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|
Overall (I-squared = 69.1%, p = 0.001) <> 14.768 (4.660, 24.876) 100.00
‘
NOTE: Weights are from random effects analysis :
s
T T

E—]e; ADHD 5 3B 4H MI\ZN BRI Metaﬁffﬁ;’i;
Figure 3 Meta—analysis forest map of MMN latency between ADHD group and control group
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Study %
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Li Ding (Cz) (2017) : —_— 3.000 (1.610, 4.390) 6.36
Jingxue Pan (Fz) (2018) —;—0— 0.180 (-1.635, 1.995) 593
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Bertrand G. Winsberg (Short) (1997) : -1.540 (-5.103, 2.023) 4.04
Bertrand G. Winsberg (Long) (1997) E 0.980 (-1.828, 3.788) 483
Overall (I-squared = 83.2%, p = 0.000) <> -0.334 (-1.426, 0.758) 100.00

T
NOTE: Weights are from random effects analysis i

T T
-5.57 0 5.57

B4 ADHD B 53FBRAIEFALA MMN K 1EHI Meta 53 #7 7% 7 B

Figure 4 Meta—analysis forest map of MMN amplitude of recorded sites between ADHD group and control group
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