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[ Abstract] Objective To explore the efficacy of electroencephalographic (EEG) biofeedback combined
with repetitive transcranial magnetic stimulation ('TMS) in depressive disorder adolescents with non-suicidal self-
injury (NSSD) behavior. Methods From March 2021 to February 2023, 100 depressive disorder adolescents
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with NSSI behavior in the Shijiazhuang Eighth Hospital were selected as participants. According to the random
number table method, patients were divided into control group and combination group, with 50 cases in each
group. Control group was treated with rTMS, and combination group was combined with EEG biofeedback on
the basis of rTMS. The clinical efficacy of two groups of patients was analyzed. Sleep quality was evaluated using
the Pittsburgh Sleep Quality Index (PSQI), and sleep parameters [ sleep latency (SL), sleep efficiency (SE),
actual total sleep time (TST) ] and serum factors [ melatonin (MT), brain-derived neurotrophic factor (BDNF),
glial-derived neurotrophic factor (GDNF) ] were measured before and after treatment. The Hamilton Depression
Scale (HAMD-24), Hamilton Anxiety Scale (HAMA), and Ottawa Self-Injury Scale (OSI) were used to assess
the patients’ mental cognition. The Short Form 36 (SF-36) was used to assess the patients’ quality of life, and the
Treatment Emergent Symptom Scale (TESS) was used to evaluate adverse reactions. Results The total clinical
effective rate of combination group 90.00% was higher than that of control group 74.00%, and the difference
was statistically significant (P < 0.05). Before treatment, there was no statistically significant difference in
PSQI score, SL, SE, and TST between the two groups of patients (P > 0.05). After treatment, the PSQI score
and SL of combination group were lower than those of control group, while SE and TST were higher than those
of control group, and the differences between the two groups before and after treatment were also statistically
significant (P < 0.05). Before treatment, there was no statistically significant difference in the levels of MT,
BDNF, and GDNF between the two groups of patients (P > 0.05). After treatment, the levels of MT, BDNF,
and GDNF increased in both groups, and combination group had higher levels of MT, BDNF, and GDNF than
control group, and the differences between the two groups before and after treatment were also statistically
significant (P < 0.05). Before treatment, there was no statistically significant difference in HAMD . HAMA and
OSI score between the two groups of patients (P > 0.05). After treatment, the HAMD-24 , HAMA and OSI score
of combination group were lower than those of control group, and the differences between the two groups before
and after treatment were also statistically significant (P << 0.05). Before treatment, there was no statistically
significant difference in the scores of each dimension of SF-36 between the two groups (P > 0.05). After
treatment, the SF-36 scores of combination group were higher than those of control group in all dimensions, and
the differences between the two groups before and after treatment were also statistically significant (P < 0.05).
After treatment, the TESS scores of control group and combination group were (1.65 + 0.40) and (1.71 + 0.45),
respectively, with no statistically significant difference (:=0.705, P > 0.05). Conclusions The combination of
'TMS and EEG biofeedback has a good therapeutic effectiveness in depressive disorder adolescents with NSSI
behavior, which can significantly improve patient symptoms, enhance brain neural signaling, improve sleep
quality and quality of life, and is safe and reliable.

[ Key words] Adolescent; Depressive disorder; Sleep quality; Electroencephalographic
biofeedback; Repetitive transcranial magnetic stimulation;  Non-suicidal self-injury behavior

Fund program: Medical Science research of Hebei Province Project Plan (20241462)

- 845 -

VRIS R TAE B A —Fh , IIVARAE 5 mT fiE
BAE A A% A 193 (non-suicidal self-injury, NSSI) 174,
NSSUZFEAMRAE B A F AR B BT 0%
A MBI, BRSSP itk , 2B
FLFRINEE | EI05 B bk L ki Sk & A 4T A 24, R
ZFEE LA HRE IR Bk Lo B R L L
O AT S NSSIAT R A R AR, A BB Rk
22.1%", /04 NSSIH T LAZS W S 697 &,
IR I A R S LR A T k. L, 3 T-A
R IEYT F B HEE Y (TMSE—FAERA
A Ao 2 R R 3 a3 R I BE T 3
Mzl AR, B JO0 L eI, Sl g 2
IO P T 28 RS M SR G AT I PRVA YT (TS
FEIRTT PVAIRE 7 T AT 7 2L A5 BB EBIE, IF3R15
TTZ AR, (B LEE | 5 /04 AR R F T
MR, o T35 D AFAIARRE £ NSSIAT R Y

WF5T TR /D, i AR W R I VR T AR
(AN AR ity Ei 5 06 sl A T X R TR I 2, AT A
BB TG EED ), rTMS RO AR W R T e
BN T34 — 8 57 3, (B AE T RORANE, &8
A3 RERERAAT B0 s, R TR AR A N
FHRTTRC, SRt v P ARAE £ 1) B AR S A 77 ot 2
BEBTIIARTY ik FET I, ARBFIRIERE 100 Bl fE A
NSSI T A DAEIARIE B R4, 2047 ' TMS
5 AR ORI GR T B RCR ROt S A R BT
R I Jo B R

— XR 5

LSRN T 2021 453 A —2023 422 A L
FEAZETS N\ ERLRTT B 100 645 NSSI TR
AAERNARAE BB B NI XS 4, MR PG BENLEL 7321k 4%
X HEZH R & 445 S0 8. AR5 L 3R15 A &K
M\ B BE B2 240 B ZE 51 b (TR B4t 2020-



- 846 - PR SR DA 2024 4F 12 A 20 H 25 24 555 1248 Journal of Neuroscience and Mental Health, December 20, 2024, Vol.24, No.12

12-028), HAFGEM S N 51 Y0 ik o8 58 7% HLIW)
AT AIARRIE: (D4R 12 ~ 18 %5 (2) £ & AR AE
BRI, BHSIAREE 5 (3) HBU A S |
Pk DIEIEAE NG A 4517 05 (4 HAMD-24 143 >
205375 (5) IR IT R 4 F N R FIHOR R . BLIARZS .
HEBRARAE : (1) A0 0 A5 45 FRE B 7 5 (2) HoAh 2
RURPRE PPESS 5 (3) PEREME AL PEB A 5 (4) T BLIE
PRI AR PERR 3 5 (5) 32 3CAk S AR sZ i
AT R ; (6) A H A AWM ; (7) MELIEEZ
AWFIIRIT IR o

23897 Tk (D) X BRALUR F TMS IR YT o R
HRFRRONS, Lk BRI HEATHRAE . By TMS 2851
1 ) P AL (R A 8., A5 Magneuro100) F1%) ] 38 £
BT SR A 22 T A M R I R o X3, 35 AT
10 Hz, 80% iz 3l SME , FRIRFFEES s, 2IRER
i RIBE 20 s, AT 40 U, BRI SR, HHRYT
8 Jilo (2) BRA AL rTMS VA YT I LAty L 15C-73 o Hha A=
PR BRIAYT . RE RN, IRREETIE 1835 AR I

LA ) S B (AL AT A B IRBHE A IR A W LS

FreeMind-G) ti W 545 B 7 00T 58 3k a7
B, SRR S SR, MR A AR 52 T R
TSREE, PEAT o o 0 PEAYTEEE . IR (Al
730 min P, B JEEIT 40, IRTT 8 JH

3. WP TR LSRR : (1) — B BoRA . H
Frieit, WM TR G — TR, R4 51
JARE L AR AR S AL A T

T (2) EEYFRR bR  ERR YT 8 JAl 5 R RS 748«

A, A In RINAR & A Vit T HEAH 2 [ HAMD-
24153 < 841, I8 K 4E A 15 72 F2(The Ottawa Self-
Injury Inventory, OSD "' ¥/ MR 2 4% 15 A &%, i
e RAEARAT 2 G2 fife , (EAT3A R BE AR e F AT ol
(HAMD-24 P43 8 ~ 2043, OSIET43FEAR 1 90) 5 TEAK,
S WIIAR b A 0347 9 A Hh Bk 35 (HAMD 35 >
2047, OSIEA3BEAR 040) o A 0% (%) =( 3+ A 30
K/ EBIEL x 100%., (3) IREST 38 bn. DHER
JEETEAT + {5 DG 2% CR B AR 5 i 45 450 3 (Pittsburgh
Sleep Quality Index Scale, PSQI) " P4 f F AT HT |
IRYT 8 J S I BERRAR B , 3521 43, 3 B0BR 25 0 25 Ik
HR T s . OBENRS AL : i 1 2 T B AR I A (A
O A ER L, S YH-2000A) 460 58 #3697 11
1RYT 8 JHl 5 W HEHIR TE R 40 (sleep latency, SL). HEHRAL
%(sleep efficiency, SE). 3L SR E] (actual total
sleep time, TST), QIMLIE K ¥ RELEIBITHT A
I 8 Ju] JE YRR ML, B0 I b3, P IBAHER A 5 Mg o v

A2 £ 37 11 775 48 2 K (melatonin, MT), BDNF | i i
5 i 255 5% A F-(glia-derived neurotrophic factor,
GDNF) 7K F-. @H A HUIR 2L . SR I HAMD-24
HAMA | OSLFASG S FRITHT 1697 8 B A R HA
HME B, HAMD-24: &t Hamilton T 1960 45 4 il ,
12 AL A FE R (RS A 1 £ L AR £
JEE B IEREIR | B8 | 4 B IR 3 R, o)
B0 ~2043) AR BT (3HH 0 ~ 243) ., N AIBE AT (i 2
R AR OB AR B S AR A | i PO AR
S GE SE R I H 20, 4B 0 ~2243). H IR AB k()
H0~247) IRZE(H AR TS 45 . TAE RIS HR IR 52
FVERE IR ZH BT, 43 0 ~ 1453 i AR 3 5Py A Bz R
HE | BRI AN R AN B ZH A, RO ~ 6.0) A BRI (rh
AE ) IR 2, 4 R ) B A, S (B0 ~ 1243)
244 J5 Ho BLS IR S 0 W AR GE 7™ o 7R
AIPRME, B3 5657 R <847, N TCHARAE
AR BT >200, RSP AR RE; Sy >
3543, Al g R U EADAR T AR AHT ST i R R
Cronbach’s o 2 %4} 0.814, HAMA : H Hamilton T
1959 4 Gt , AUHGER L OB | Bk L T L JRHR LA
THRE . AR BE LS AR AR A PR IE IR, 3144
% H, RHO0~450 5P 418, K5y 5645,
T, B < TR IR, B = 1400
A GRS i AR IR R
Cronbach’s o Z%040.870, OSI I L H 15
REVERIAT M3 T IR A OGRS 2R A 1Y )5
URAFAE | BELIEAT B Sh ALK P45 A U5 AR B
fite BEANFRHRMO~ 400 5HIFIME, By 1284,
Sy ROBLTES YL NSSUAT M 5™, FEA RS T %
I 1) Cronbach’s o %N 0.855, &4 it ¥
Al PR R AR E A 13 2 (36-item Short Form Health
Survey. SF-36) A A TSI 167 88 49
A 3G i E . SF-36 42 H1 Ware £ Shelbourne T 1992 7
Stewartse fff il i) B 57 45 Jp ¢ & 2% 10 36 AL & T
Ko i RALFE— AR K57 SRS A
{5 AT RE IR BE | A FRPLAE | AR PHIARE 81>
T3 AT VAL BT PE S 100 43, o 5 AR
Frfe B IEAOC, TEAHFSY H1iZ 5 £ 1 Cronbach's o
FHH0.905, @A RSN SR AT R B i 3
(Treatment Emergent Symptom Scale, TESS) 2Dt
BRI B R S BT A o), 2k 34
AL O ~ AZT57, S BuB R BEIAS RSN 8™ 8

4. 580205 RG22 SPSS 25.0 47
PR AL B, R OB K-SRI K 75 A IE 800 i,



PN SR DA 20244 12 A 20 H 5 24 555 12 Journal of Neuroscience and Mental Health, December 20, 2024, Vol.24, No.12 - 847 -

FRIEL + heifE2E (R £ ) i, ALIH] HOBER A ST A
A K5 THRCTORHIIEL . 0 B %) o, AT
FLECR I x s, SUNES , AP < 0.05 R4
SHIE -8

- =
_\én

L AL — TRt e . PRAL R AR |
B FRE . ZECE IR PIERFRE KRk AT
ZiEM A, 2R TR (P >0.05), BfA
A, W1,

R AR AAE AT T ARG 5

— TR A
o G VAN
R v xs) 1527251 1585+2.63 1.128 0262
S B(%) ]
% 23(46.00) 26(52.00)
0360  0.548
‘S 27(54.00)  24(48.00)
it (H , v xs) 9.63+2.64 886+232 1.549 0.125
ZHEERGEE, x£s) 856+2.19 881275 0503 0616
SRR EE [ 1(%) ]
iR 16(32.00) 17(34.00)
g 25(50.00)  22(44.00) 0422 0.810
HE 9(18.00) 11(22.00)
FEEAENE[ (%) ]
E20) 31(62.00)  35(70.00) 0713 0398
W 19(38.00) 15(30.00) T
AT [ (%) ]
= 23(46.00) 20(40.00)
0.367  0.545
= 27(54.00) 30(60.00)
2. W2 BB I IR T A% b« 1565 LI PR B 3K

R TR, 2R A SR X (P<0.05), LE&k2,

&3 WAMMAAEAREAGT T

R2 WAMAAEAAE A DT ARG
I R RL LA [ 491(%) ]

EAE 71l 144 AL FER e Tk BARCE
X RR2H 50 12(24.00)  25(50.00) 13(26.00) 37(74.00)
B 50 16(32.00) 29(58.00)  5(10.00)  45(90.00)
XA - - - 4336
P1E - - - 0.037

3. A BB AT R I RS o A AT,
WG2H 58 % PSQIF4) . SL. SE . TST [b4%, 2= R8s
TR (P> 0.05); 16IT5 , BEA2H PSQLIFESY . SL
fIRFXHEL, SE| TST =X B4, HNdliayraifa
ZH W, ZRA IR L (P <0.05), W33,

4. 20 BB B VAT R A LT R L8 JRYT R,
PIZH 35 13 MT . BDNF . GDNF /K- L%, 25 534
TG 7 (P> 0.05); iG¥7 )5, 4L MT ., BDNF
GDNF /KX 7 5, BE& 4 MT . BDNF ., GDNF 7K
WImFXIREA, H4URIT TR 2 E i, 258
AHRITH#EX(P<0.05), W4,

5. PHLH B IR YT R AR AR L8 TR
Hii, W20 HAMD-24 . HAMA . OSI¥F43 e, 276
Giit2E B (P> 0.05); {BIT )5, A 4 HAMD-24
HAMA | OSIPF43 b, AR TFXF B4R, HL4Ia T RS
ZHIE, ZRBA 5T E X (P <0.05), &S,

6. AL - IR YT A G AR T R A Uk : TRYY
i, WiZH SF-36 &5 4E B2 PFo7 Lh iR, 22 R Iegiit2r i X
(P> 0.05); J&I7 )5 , Be A2l SF-36 45 4k FE 704 v T

XFREH , HWA IR Y Al G 228 e, 2R A ST
HEU(P<0.05), WFE6,
TP BB N RN A L8 RIT )R, X HR

2H HB % TESS TE43 47(1.65 + 0.40) 43, B4 4H TESS 1

AR IIVHIAE J R T IR T LR (v £ )

a5 _— — Iisc?l(ﬁ}) — fL\(mm)

JRITH BITIE ZH TR BITIE EMH
popiE| 50 15.92 +3.68 10.85 +2.89 5.07 £1.37 64.59 + 17.08 31.37+9.22 33.22+3.56
B 50 1634 £4.15 8.16+2.11 8.18+1.24 64.77 + 17.85 23.24 + 631 41.53+4.28
Hl 0.535 5316 11.901 0.052 5.145 10.555
Pii 0.594 <0.001 <0.001 0.959 <0.001 <0.001

SE(%) TST(min)
4150 B ——— — ——— —

TRYTH RITE P bEvagil BIT IR P
Xif BR 4 50 51.42+1532 70.84 = 20.56 19.42 + 3.96 263.50 £57.07  375.13+85.37 111.63 +12.38
B 50 52.06 = 15.79 79.74 + 22.39 27.68 + 4.63 26524 £60.25  421.54+90.22 156.30 = 17.64
il 0.206 2.070 9.587 0.148 2.642 14.657
Pl 0.837 0.041 < 0.001 0.882 0.010 < 0.001

T4 : PSQI T 2% B MM BT 5 80t 3% 5 SL MENRTEAR Y ; SE MEARZSCHE ; TST SRR ST 1]



- 848 - MZPERG SR T A2 2024 4F 12 A 20 H 45 24 355 12 Journal of Neuroscience and Mental Health, December 20, 2024, Vol.24, No.12

R4 PR ASE AT T AR IR 7R IR K U R £ )

T NfT(ng/L) _ _ BD?\IF(ng/ml) _ _ GD?VF(pg/ml) _
bEvigill HIT)E PN TR HIT)E Pl TR HIT)E #(H
SHHEZL 50 1658 +3.69 27.85+£7.62 1127+322 2035+622 3145+7.82 11.10+£242 3135+8.19 39.80+ 1032 8.45+121
BEAH 50 17.17+4.05 32.86+8.63 15.69+3.64 1987+571 40.94=8.53 21.07+4.95 31.03+8.07 46.39+12.64 15.36+2.74
il 0.761 3.077 6.431 0.402 5.799 12.795 0.197 2.856 16313
PiE 0.448 0.003 <0.001 0.689 <0.001 <0.001 0.844 0.002 <0.001
4. MT 4R ; BDNF i Pl 208 32 K F s GDNT JIe i i B 332 A 7
x5 WAMEAAE BRGNS DEIERE BRI I E R ARG B (4, X £ 5)
o HAMD-24 HAMA 08I
bEpadil] BITIE 28 BITHT BT IR 214 bl BITIE 214
XLl 50 33.64+9.67 17.54+£4.56 16.10+2.61 35.89+10.62 13.57+4.01 22.32+322 104.31+26.32 50.15+10.62 54.16 +9.31
A4 50 34.18+9.87 11.38+3.07 22.80+537 34.46+9.61 9.45+286 25.01+338 104.99+26.70 43.39 +8.43 61.60+ 10.07
ol 0.276 7.942 7.935 0.706 5915 4.075 0.128 3.525 8.836
Pl 0.783 <0.001 <0.001 0.482 <0.001 <0.001 0.898 0.001 <0.001
VE : HAMD-24 24 S50 R AGVATRE 2% s HAMA {85 R 45 3 5 OST IR AR F it
F6 WA IE AN AT i A IAEE BB E A TG BT A R (G, x + 5)
aml — B HETR L i AR AP
BRI WIT)E 224 bEERgil) WITE PIE HBITHT BIT)E ZEMH
XHEBZH 50 52.67+11.34 71.37+18.63 18.70+2.16 55.81+9.42 69.44+1641 13.63+2.95 59.67+13.05 76.73+20.51 17.06 +2.16
A4 50 52.06+10.87 79.85+19.75 27.79£4.52 56.04+9.98 76.47+17.03 2043 +3.77 60.07 +13.53 85.66+21.33 25.59 = 3.63
ol 0.275 2.209 12.831 0.119 2.102 10.045 0.150 2.134 14.279
Py 0.784 0.030 <0.001 0.906 0.038 <0.001 0.881 0.035 <0.001
- CiRURiEE ARl 4 EKEH g
EEagil] BITIE 24 EEaill BITIE Z{H RITHT BT 2{H
FHHRL4L 50 51.64=10.37 70.80 £17.25 19.16+322 52.86+ 11.68 73.68 = 19.05 20.82=3.71 54.55+8.54 7234:15.89 17.79 £2.11
A 50 52.29+10.64 78.53£18.13 2624 +£5.14 5243 +11.23 83.94+21.35 31.51+522 5528+9.03 81.36+16.70 26.08 +4.26
2z 0.309 2.184 8.254 0.188 2.535 11.803 0.415 2.767 12.331
PIH 0.758 0.031 <0.001 0.852 0.013 <0.001 0.679 0.007 <0.001
- 2 - ek
am LA : — LA :
TRITH BITIE 28 M=y agili BITIE 28
XTHEZH 50 60.04 + 15.41 78.55+22.36 18.51+3.33 58.22+16.12 74.92 +19.17 16.70 +2.04
BAEY 50 60.63 = 15.90 88.19 +25.07 27.56 £ 4.11 57.68 = 15.75 83.65 +21.26 25.97 £3.79
il 0.188 2.029 12.098 0.169 2.156 15.229
PiH 0.851 0.045 <0.001 0.866 0.033 <0.001

I3 (171 +0.45) 43, PR TESS PR L4, 22 7 S8
P2Fa X (1=0.705, P> 0.05).

TS WERIE 32 FBE | 2 I 8] BBl A: 36 A 45 46
Z 5 W B2, AU AR R0 BT R RE ) | A
SRETT L 2SI RE SIS , At 2 i K SR R K
BELAS P, NSSIR & AR MARAE 1Y 1 I I &, —2F
UL (75 AR IR AE 5 b2 B NSSIY Y, T & 2
NSSIAYAMARSE H 5 B 1A 2t L, %%
ORGP R A T A BT A AU T BUAYY B 6 E
B, ¢TMS R 0RO Mt 2 A i T B, R ph 22

FEAL L Wk R A R A W R BT i
3 25 X R AT B A I 2, G ki H O T s v A
PR G, (TMS 50 AR W R B LA
BN T3, G b i 3 B e 2 e S s bk, etk
PRZAE S5, DU ele 38 O I RRE IR, H Are i
Wiz F TS MR R AT R L AR SR
PEA NSSIEY T /DAEIIARAE (5 547 ' TMS 5 i A=
YIRS EIRTT , a5 WR BB 1RYT IR AR ROE
&, BEAR 2 BRI A AT T LA B R mR YT RO,
HA—EMIRKRE X



PN SR DA 20244 12 A 20 H 5 24 555 12 Journal of Neuroscience and Mental Health, December 20, 2024, Vol.24, No.12 - 849 -

A 5% v % BE 24 R B TMS IR 97, BB 4L 1E
rTMS BT R FEAE T I56A i Fe A 1 R BRIRYT , 4553 i
N IRITIR , BB AL PR EAE 8% = T4 R, PSQI
PE45 . SL. HAMD-24 . HAMA . OSIiF-43 34 T %F 18
4, SE., TSTXyEF X4, HAIRIF Al A 228 1
W, ZRYAGIEE (P <0.05), HBRAY
H RIS DL RS MRS A B AR TE R A
TRENE, BT ROREAE, 5 g%
W5 —3 ., DL bR 2 B ik A il Y
WO T BE DI BER R R, A GE T
REE TG R, HE R AT BB ' TMS R A 28
T AL G H A ) R T R A X R A T R 5
YIRS BB G 2, O AR 8O BRITAR 55 £
T A B 1) B BRI 00 L A PR I
ATE TR . IABIE B AR 2 IR AT, X
(55 TR 0 . MTI2—28M 28
K, e N R R AR — 8 R A R B e
A B A S IARAE ) R A AR T,
BDNFFERIGH) {25040 , 2 520 M 4551
ik, 527 2] AeACIIRe A O, A E AL R 80k
PR R, GDNF ZEAE R 2805 514 14 Y ]
i, fEiE T 2o | gt - SRS BEAE R &
B ARG AR S R R AT R P
MT. BDNF ., GDNF 7K-F-34F+ 5, BG4 MT ., BDNF
GDNF /K- ¥ F 3 B4, HL4LIA 7 Al 2 {H 1
B, 2RI E (P <0.05), RAZTHES
IBIT G BB MR 25 AR B IR A TRk . LA
AT RESE: rTMS RIS R i pih 28 A ARG R, A R A=
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s R, ARWFGE N R HUOAESY, LT o 45 SR nl
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BEOMASB T 25 A BLIR 07, Ik SR AR T &
B8 G 7 1A NSSIAT R 7 D AEIIARAE f) EAA
B
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RIS B, ISR S IR han g, i SUBTT AR IS R, I
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