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A deep learning model for the diagnosis of first—episode schizophrenia
and grading of EEG abnormalities using EEG signals

Shui Lili, Liu Chenchen, Li Yumin
(Third People's Hospital of Fuyang, Fuyang 236000, China)

[Abstract] Background Schizophrenia is a highly heterogeneous disease with different clinical subtypes. Artificial
intelligence technology represented by deep learning models has provided considerable benefits for the electroencephalogram (EEG)
—based schizophrenia diagnosis, treatment and research, however, to date little research has been conducted regarding any of these
benefits among Chinese schizophrenic patients. Objective To investigate the application of deep learning techniques utilizing EEG
parameters for the diagnosis of first—episode schizophrenia and grading of EEG abnormalities in patients, with the aim of contributing
to improved clinical diagnosis and treatment strategies for the disorder. Methods From January 2020 to January 2023, a total of 130
patients with first—episode schizophrenia who met the diagnostic criteria of International Classification of Diseases , tenth edition (ICD-10),

and attended at the Third People’s Hospital of Fuyang, along with 150 health checkup examinees, were enrolled. All of them
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underwent EEG examination. An optimized long short—term memory (LSTM) deep learning model was developed utilizing EEG
signals. Ten—fold cross—validation method was employed to evaluate the model’s performance. The dataset was then split into two
components: a training set (90%) for LSTM model development and a test set (10%) for validation. The accuracy, recall rate,
precision, Fl-score, schizophrenia diagnosis and EEG abnormality grading were used as evaluation indicators, and the results of the
proposed model were compared to the assessments made by experienced psychiatrists. Results For schizophrenia diagnosis, the
modeling group achieved the following performance metrics: precision (94.40+3.03)% , recall rate (94.30+3.23)% , accuracy
(94. 60+2. 22)%, and Fl-score (94.20+2.20)%. In the validation group, the corresponding metrics were precision (90. 90+2. 85)%,
recall rate (92.20+1. 14)%, accuracy (92.20+1.69)%, and Fl-score (91.50+1.78)%. Statistical analysis revealed no significant
differences between the LSTM diagnostic model and the experienced psychiatrists in terms of precision, recall rate, accuracy, and F1-
score for schizophrenia diagnosis (y’=1.500, 0.750, 2.722, 1.056, P>0.05). The modeling group demonstrated an accuracy rate of
(91. 71%1. 73)% in grading EEG abnormalities. For Grade 1 abnormalities, the modeling group reported a precision of (96. 40+2.39)%,
a recall rate of (94.77+1.40)% , and an Fl-score of (95.55+1.14)%. In the case of Grade 2 abnormalities, the precision was
(85.89+2.04)% , the recall rate was (88. 10+6. 18)% , and the Fl-score was (87.06+3.12)%. For the more severe Grade 3
abnormalities, the modeling group’s precision was (79. 61%7.33)% , the recall rate was (81.79+9.87)% , and the Fl-score was
(80. 41+6.79)%. Additionally, the validation group exhibited an accuracy rate of (85. 61+6. 16)%. The precision, recall rate, and
Fl-score for Grade 1 abnormalities were (91.43+6.25)% , (92.64+9.65)% and (91.56+4.83)% , respectively. For Grade 2
abnormalities, these metrics were (71.17£19.02)% , (77.64+17.24)% and (71.88%11.33)% .
abnormalities, the precision was (90. 00+21. 08)%, the recall rate was (80. 00+25. 82)%, and the Fl-score was (81. 67+19. 95)%.

In the case of Grade 3

There was no significant difference in the accuracy, recall, accuracy and F1 value between LSTM model and senior doctors in
evaluating the abnormal degree of EEG in schizophrenia (x’=0. 098, 0. 036, 0. 020, 0.336, P>0.05). The LSTM model takes
less time to diagnose schizophrenia and EEG abnormalities than senior doctors, and the differences were statistically significant
(1=57.147, 43.104, P<0.01). Conclusion The study utilizes an EEG-based LSTM deep learning model for diagnosing first—
episode schizophrenia and grading EEG abnormalities, and the model not only matches the performance of experienced psychiatrists
but also significantly reduces the time required for diagnosis.

[Keywords] Deep learning model; EEG; Schizophrenia; Diagnosis; Abnormality grading; Long short—term memory model
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Table 2 LSTM model for schizophrenia diagnosis in validation group

4 ) RTE(%)  HBR(%)  WERREE(%)  F (%)
1 94. 00 94. 00 93. 00 94. 00
2 92. 00 92.00 93. 00 92.00
3 93.00 93. 00 93. 00 93.00
4 85. 00 92.00 89. 00 88. 00
5 93.00 93. 00 93. 00 93.00
6 91. 00 91. 00 93. 00 91. 00
7 92.00 92. 00 93. 00 92.00
8 87. 00 93. 00 89. 00 90. 00
9 90. 00 90. 00 93. 00 90. 00
10 92.00 92.00 93. 00 92.00
SEYIME 90.90+2.85  92.20+1. 14 92.20+1.69 91.50+1.78

R3 ISIMERE S B EITHHS RASE b8
Table 3  Comparison of LSTM model and experienced psychiatrists

in schizophrenia diagnosis
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Table 1 LSTM model for schizophrenia diagnosis in modeling group SRR 99.00 96.00 97.50 97.50
— LSTM K17 92.40 92. 60 91. 40 91.50
41 B KERREE(%) HIE(%) HERE(%)  FE(%) .
X 1. 500 0.750 2.722 1. 056
1 93. 00 98. 00 96. 00 95. 00
P 0.221 0.387 0.099 0.304
2 94. 00 98. 00 96. 00 96. 00
Tl e 5 g =6h IO EEa
o s e e 23 ISTMAREIRT R A EEC RETRRIE
U ACHIFEHE S 1) LSTM BEG 534 WA BB e
S0 900 900 SN0 g e EEG S BB (91, 71
7 0. 00 94. 00 92.00 2.00 N N .
? ’ 7 (94. 77+1. 40)% , F {4 (95. 55+1. 14) % , 3] —
8 100. 00 97. 00 99. 00 99. 00 N N ;
FEHAJE O (85. 89+2. 04)% , 41 [] R (88. 10+6. 18) %,
9 97. 00 88. 00 93.00 92. 00 N L N
F {5 N (87.06%3. 12)% , 2 51 = A5 1 & (79. 61+
10 97. 00 91.00 95.00 94. 00
7.33)% , 3 [l # (81.79+9. 87)% , F, & 47 (80. 41+
SEXGME 94.40+3.03  94.30+3.23  94.60+2.22  94.20+2. 20
6.79)%. W34,
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Table 4 LSTM model for grading EEG abnormality of schizophrenia in modeling group
M (%) AW (%) B F {f(%)
g : WERIE (%)
K — P g = 50— g — A= 95— 2= 9=
1 96. 15 82. 14 90.91 96. 15 88. 46 76.92 92. 31 96. 15 85.19 83.33
2 96. 00 89.29 80. 00 94. 74 86. 21 92.31 92.37 95.36 87.72 85.71
3 100. 00 85.71 80. 00 91.78 96. 77 92.31 93. 16 95.71 90.91 85.71
4 97.37 85.71 76.92 96. 10 85.71 83.33 92.31 96. 73 85.71 80. 00
5 93.33 86. 21 75. 00 94. 56 83.33 75.00 89. 66 93.96 84.75 75.00
6 98. 59 83.33 90. 00 94. 59 96. 77 75.00 93. 16 96. 55 89.55 81. 82
7 95.83 87.10 71.43 94.52 87.10 76.92 90. 60 95.17 89. 10 74.07
8 98. 61 87.50 76.92 95.95 93.33 76.92 93. 16 97.26 90. 32 76.92
9 95. 89 86. 67 85.71 93.33 86. 67 100. 00 92.31 94. 59 86. 67 92.31
10 92.21 85.19 69. 23 95.95 76. 67 69. 23 88.03 94. 04 80. 70 69.23
S 96.40+2.39 85.89+2.04 79.61+7.33 94.77+1.40 88.10+6.18 81.79+9.87 91.71+1.73 95.55+1. 14 87.06+3.12 80.41+6.79
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Table 5 LSTM model for grading EEG abnormality of schizophrenia in validation group

Wi (%) 71 (%) N F 1 (%)

@ — — - —— fERE (%) — —

G- g g mE— g g gy— g g

1 83.33 100. 00 50. 00 100. 00 71.43 100. 00 84. 62 90.91 83.33 66. 67

2 87.50 75.00 100. 00 87.50 75.00 100. 00 84. 62 87.50 75.00 100. 00

3 100. 00 66. 67 100. 00 90. 00 100. 00 100. 00 92. 31 94.74 80. 00 100. 00

4 85.71 80. 00 100. 00 100. 00 80. 00 50. 00 84. 62 92.31 80. 00 66. 67

5 100. 00 40. 00 50. 00 70. 00 100. 00 50. 00 71.43 82.35 57.14 50. 00

6 100. 00 66. 67 100. 00 100. 00 100. 00 50. 00 92. 31 100. 00 80. 00 66. 67

7 90. 00 50. 00 100. 00 90. 00 50. 00 100. 00 84. 62 90. 00 50. 00 100. 00

8 90. 00 100. 00 100. 00 100. 00 66. 67 100. 00 92. 31 94.74 80. 00 100. 00

9 88. 89 66. 67 100. 00 100. 00 66. 67 50. 00 84. 62 94. 12 66. 67 66. 67

10 88. 89 66. 67 100. 00 88. 89 66. 67 100. 00 84. 62 88. 89 66. 67 100. 00
SR 91.43+6.25 71.17+19.02 90.00+21.08 92. 64+9. 65 77.64+17.24 80.00+25.82 85.61+6. 16 91.56+4. 83 71.88+11.33 81.67+19.95
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Table 6 Comparison of LSTM model and experienced psychiatrists
in grading EEG abnormality

A KEWE(%) BIE%) WERE(%)  FE%)
R A 79. 50 77.06 93. 50 78.20
LSTM A7 84. 44 83.33 83.33 83.91

X 0. 098 0. 036 0. 020 0. 336
P 0. 754 0. 850 0. 888 0. 562

®7 LSTMEE 5 A TSWMEEC R % 2 BT AR LR (7s,5)
Table 7 Time efficiency comparison between LSTM model

and experienced psychiatrists in grading EEG abnormality
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LTI Wi o PE FNS WSCR AR T

UEAEA , VR B 2 2 H R R kg i o3 40 1 A 40012

312

VT RS WG 7 SR A TR L L RIS W AT, R T
EEG B LR B A5 55 22 B B0 (9 TR 3 2 o) AR
P A iGN, LSTM i it 4 1 EEG 15 5 1Y
B RRAE , T U0 BB 3 S B i e IR K, 2
HER 5 90% LA 115 45 BBl 28 190 4 DU 1K DA 3
IR B AZ 3 O A R | FH 5 4 55 45 4 S R
TIE, % Bl S TOKS b 40 SR40E 55 AU A S5 58 1 I
A, T i 22 TN 246 3 3k A A kg [XC [) ) B 3 42 1 G
2, IR £ BRI ) 45 5 i A i R S A
BLAI"7 o FEIRYT 7 I, TR 2% > 3 3k 40 BT 1 IS B
Vi, AT T50I0 404 A 24 W T R0 R AR X
B, A PR T 25 SR AR A oAb, sk 2y 2] 50k
TEBE T ARAGIANAT A a7 1 T TSR w3 i S
S3 AT BTG T RE S T BRI L sh AR T
FsR B, AP E T EEG A 45 % iy TR T
LSTM HE B2 (4 3 B 2 2 AU, 5 FH TR 4 43 2408 1)
Wi EEG 58 B8 B AT 55U . ZE S 12 W
J7 1T, LSTM A5 780 F 05 #4340 12 Wt %) i 2
91. 40% . A 915} 92. 60% K& T Ky 92. 40% . F, &
H91. 50, BRI S REAR T = AR BE BRI 12
Wi S (25 55 e84 L (P>0. 05) .

AHIFFE e PE LSTM AE %0 I 45 2R 4, 32 Bk



PR Bl BAE 2025 AE5S 38 55 43

http : //www. psychjm. net. cn

LT s () P 50 B0 1 R R A BE A B AR AR
ML F > I, LSTM 3 1t | T #5 LI ] 7 250H 4
EEG {55 W I KRR & &R o Supakar 55 5L F
LSTM ALY | YEXT 45 i)KE #4340 f8 5 F1 39 44 {t B
NI EEG EG HEAT AL BRI L5 )5 | A5 8043 5] 445
T 98% F193. 67% WY HEMG B, 5 AW 58 45 R H23k .
Shalbaf 4 XRG4 2LREREIR EEG {55 2E1 7/ Nk AR
it 45 )5, % F CNN: AlexNet , ResNet-18 . VGG-19
Fl Inception—v3 PU A 155 B4 3 47 91 2 , 45 1 BoR
ResNet—18 £ &1 12 Wy A #ft 4 24 5 19 e 0 B2 o
(98.60+2.29)% . 1E 55 FFFHPY B A 58 b, 38 2o X
EEG B8 72458 — 4k i Sai R — 24 o 35 3 N WL £ 1)
M, B & @ ST 1Y AlexNet . ResNet . 25 55 % 2% Fil
Attention J5 15 KRG B 43 240 12 W 9 E B B2 23 1) R
73.3%.80. 0% .73. 3% .86. 7%, X Jo: 4> Bl 5% vp
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