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Abstract

Objective: To systematically evaluate the short-term and long-term effects of electroconvulsive
therapy (ECT) on cognitive function in adolescents with major depressive disorder (MDD), and to
explore the regulatory effects of different cognitive dimensions and combined esketamine. Meth-
ods: Databases including PubMed, Embase, Cochrane Library, CNKI, and Wanfang Data were searched
for randomized controlled trials (RCTs) and cohort studies on ECT for adolescent MDD from incep-
tion to October 30, 2025. Inclusion criteria involved patients aged 10~19 diagnosed with MDD and
provided standardized cognitive assessment data. Quality was assessed using the Cochrane risk of
bias tool and the Newcastle-Ottawa Scale (NOS). Meta-analysis was performed using RevMan 5.3
and Stata 16.1 software. Results: Six studies involving 584 patients were finally included. Meta-
analysis results showed: (1) There was no statistically significant difference in short-term (within
10 days after treatment) global cognitive function compared with baseline (SMD = -0.04, 95% CI:
-0.35 to 0.26, P = 0.79). (2) Long-term (more than 1 month after treatment) global cognitive func-
tion significantly improved compared with baseline (SMD = 0.63, 95% CI: 0.43 to 0.83, P < 0.0001).
(3) Subgroup analysis showed that the difference between the esketamine-combined anesthesia
group (SMD = 0.27) and the conventional anesthesia group was not statistically significant (P =
0.08). (4) Regarding cognitive dimensions, executive function significantly improved after treat-
ment (P = 0.03), and attention showed an improving trend (P = 0.06), while spatial memory and
verbal memory were mildly inhibited in the short term (P < 0.05). Conclusion: ECT does not cause
global cognitive impairment in adolescents with MDD in the short term. Although it causes tempo-
rary fluctuations in specific memory domains, long-term follow-up shows it helps improve overall
cognitive levels, especially executive function. Combined esketamine anesthesia requires further
investigation regarding its potential role in cognitive outcomes, as current evidence is inconclu-
sive.
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MDD & 5804 BR T A4 R AN 140 1) R R 22— (1] [2]. AT A EdE R, hEE
FIRAEAG Y 2 B2 BT, HOE AR UG R34 T N3] [4]. S % GERIFTHIAR 25 A0 BRI T 2 1 1 7
%, B AR S LU T A4 R R IR MR (TRD) [5]. Faries S8 RGN R, W THD
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SR, JRAEYTRURY), ECT 18 LE G DR HRH S AN TG EORBE 77, HAZOHERE T ECT 2%/
S0FRE RN AN T3 AR S REA T (W AZ 8B  2# 2IRE R %) [7] [8]. BEAESET ECT A0
RITERIM Meta 7007 2 SEE T RN BOR 2 TN 55 /D EEUE, SEE R DL BRAHEE 2 D4 [9]
[10]. Guo %5415t A\ MDD &35 IR 50 &K, ECT JaJi S P SEAZAEIC I AN 2 ST REJTH0 R BE, (BHAT I
R Kb 2 38 5 E A T U7 A BT [11]

% J8 BT DA RN IEAL T S A 8 B R0 F AR R 2 A AR 22 T I, R R R R T
BB BNATTEAS IR 22 5 [12]-[14] . /DI 0] SEPE & 75 RE SR AL BE s N RTIR R RE 1?2 Bl R E i)
K2 A5 A BEBIURR 2 H AT R Z A0 X — R AR i SR LR R . BhAh, BTSRRI SR
WS (5 LA 4R 22 R 1 FH 1) 3 R) UG TR 2 S BE R ECT MAFIRIER, 7R 2 IR PR G [ #4 s [15]-
[17]. LRI GEEITE N N-H 3-D-R LR ZAR(NMDA)EGUR, AMUEEPSETINAER, Bt Lk
L FE WA R N A M SRR M 2 T [15] [18]-[20]. Tk, AR BRI Meta 4047, FEEHHT
(f) RCT MIBAFIRE TS, FRGEPE ECT X/ 4 MDD HE 4 WA KA s Th e sem, 355 FEAR [ A0
YEFE SRR 2 25, B NIRIKEEAE P ECT (197 30 &2 A PSR AL A5 IE B2 FE 4

2. #IRE I
2.1, MHER TR

AW TR G PRISMA 2020 575, FCL7E PROSPERO [H B R VP43 M1 & 58 B A (4
M5: CRD420251238496). it 5iHL#iZ& PubMed. Embase. Web of Science. scopus. sycINFO. Cochrane
Library DL A ERIM . 55 8RR 4e5 B e . R EAMIR S GRS R 41 . POl R ‘W
WyE¥RIT” « “HOE” L CHEFEMAGE” « IANFIThRE” . “9diZ” L “BUTIDIRR” & SRR A
¥&: “Electroconvulsive therapy” , “ECT” , “Adolescent” , “Teenager” , “Depression” , “MDD” ,
“Cognition” , “Memory” , “Executive function” Z&, ¥R A& L% 2025 4 10 H 30 H.

2.2. MANSHRIFHE
GONBRE: (1) BFSORT R 458 10~19 %, 754 ICD-10 5k DSM-5 £ Wi bRk i) MDD % (2) i
. 5% ECT: (3) 45JRbhR: WA REALAOMIZ L EL % (1 MOCA, MMSE %), HIRHE T IHI7 Al

S BB U B A S B B GOME AR 22) o NGB — 0 WThnitE, 5% Guo ZEAHICHTTL, AW 70K A4S
JRE XN ECT fT 45 3R 10 KN, KIAG /e SCNITRRES R 1 N A BLE[11]; (4) FRFU2EAY: RCT A1BAS

W
HEBRbRdE: (1) Zhik. RGN, DRERE: (2) BEAR. BIEAZEMHIT; (3) JhTMmIECr)
W

2.3. ZIRHEAS RETEMN

H 2 ZWF 50 E ML 34T SCERTRE AT B RN, TRkt FE A anad oy 5, WS SR 3 44 R AR I 0
W AR CR: F—1EHE. REEM. FAE. . TG, TR, BIE TR A
5 T B R BEVTIN A5 . %HF 4 NBERLA BRI (RCT), &M Cochrane Ui 4 T B SEAT VAT, 125 b6
HUFHIF=4 . lCka. BiEZE 7 N,

2.4. GtER®
¥ H RevMan 5.3 fil Stata 16.1 S 4F#EAT 40 i+ 0 M. I IAEIIED T HZRE, K brEIL 5522 (SMD)
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L3 5% B A X [H(CY RN . SR PER . KA 1PgtitE, % 12<50%, KA EERNAER; 25 12
>50%, RHIBEHLEONAERY , It — 038 1 . 2H 70 My s 70 B T 4R R MR . AR e . SRATIR <
K ) Egger’s k. HAFEMf(P < 0.05), RABIAMERATIRIE . Fra i U, s Kk o=
0.05.

3. R
3.1. XEERERSHANTTIFE

WIKLERAT 820 FeSCHR, L. WIS TR, WA 6 Fm =i 7t (Wang 55, Yang 55, Du
S, Hu %, P8, MRIAE) [8] [21]-[25], SCHRK R SRt e I 1. JL¥8 K 584 445 /D 4E %,
BRI CIREE B, HERAEMN L, HYONIEERRN BRI PNETT R EEARHE )
# 1.

HIREEIG RS EIRI SR =820
(FEEMEFZHRS RS 11, FE
AR 18, TSEUEE: 20, 4EEHUE
JE: 9. Pubmed: 103, Embase: 273,
Web of Science: 85, Cochrane Library:

39, scopus: 249, sycINFO: 13)
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Figure 1. Flow diagram of the literature screening process
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Table 1. Characteristics of the included studies
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2005 % (FEHIE) 15.75 +1.28 MDD ) X HIAE CANTAB 7:;1 j\g
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A 160 1523 £0.19/ ECT + HUIHEZ vs - . BITE 2
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3.2. FEEREITFMN
4 Cochrane MU PEA% T B (BHXF RCT)IPEN 45 R, AN 9 B0 ARt F s (14 2) o
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8 K
N 9
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N s I
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Figure 2. Assessment of risk of bias using the Cochrane tool. (A) Risk of bias summary: judgments
for each risk of bias item for each included study (green = low risk, yellow = unclear risk, red = high
risk); (B) Risk of bias graph: percentages of risk across all included studies for each domain
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3.3. ECT g\ BIThaE

A

TEAL 4 G5 SCHRIY 6 TR, BENLSN AR /3 M 7R, ECT Va7 T FEEs sRANZ, SOt 4H o i Al
EIThfE 5 R H 2 5 L 4E it 7 X [SMD = —0.04, 95% CI (—0.35, 0.26), Z = 0.26, P = 0.79] (/4] 3). X%& M
BRI R R, BARGFERE I TR E(12 = 76%), (HARRIFARRIH B3 1A mn .

WK WY LIt/ S- i) Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. 95% CI V. 95% ClI
Wang 2025 23.7 1.01 50 24.06 0.82 50 16.3% -0.39[-0.78, 0.01] ™
Yang 2025 2288 3.06 130 2391 3.37 130 19.6% -0.32 [-0.56, -0.07] -
fhiz:8t 2025 (1) 27.58 1.26 40 2748 13 40 15.4% 0.08 [-0.36, 0.52] e
fR%8t 2025 (2) 279 1.13 40 2735 1.19 40 15.2% 0.47[0.02, 0.91] ™
fhi7 8t 2025 (3) 27.78 1.27 40 27.23 141 40 15.2% 0.46 [0.01, 0.90] ™~
241 2025 2332 23 81 2426 2.68 81 18.2% -0.37 [-0.69, -0.06] il
Total (95% CI) 381 381 100.0%  -0.04[-0.35,0.26] *

Heterogeneity: Tau? = 0.11; Chi? = 20.89, df = 5 (P = 0.0008); I> = 76%
Test for overall effect: Z = 0.26 (P = 0.79)
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Figure 3. Forest plot showing changes in short-term global cognitive function following ECT
[ 3. ECT JA77 R 1E HAZE (A FNTh RE U RO AR A [E

34. RRWESHIEDI

A
Funnel plot
o 4
w
8
g
©
©
5]
B |
I °
%)
N A °
° [
‘el
&
T T T
- 0 5
Hedges's g
Pseudo 95% CI @ Studies
Estimated 05,
B
Funnel plot
o 4
[Te}
8
s
R
°
@
Bo
s+ .
@
N A °
° o [}
w
&
T T T
-5 0 5
Hedges's g

Pseudo 95% CI @ Observed studies
Estimated 0p, ® Imputed studies

Figure 4. Assessment of publication bias. (A) Original funnel plot showing asymmetry in
the distribution of studies; (B) Funnel plot adjusted using the trim-and-fill method: orange
dots represent imputed virtual studies, indicating a symmetrical distribution after adjustment
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U R R AEEA X RRIE(E 4(A)). Egger's Bt R EIR: P =0.024, $RESIHFRENIRE
ffis. N TIRIEZIR MR ENE, RATRHIESHETANE . AT R FREA 1 BUBII L. SN 10E9F
BN E N SMD = —0.13 [95% Cl: —0.44, 0.17], EARZLNAENE 1] 7 A%, 1H 95% CI3E & 0, Z=FAKkAR
LG5 S(E 4(B)). X BiEs 7“0 B E BN RIRE” X 45T .

35. EASHT: HEEZHEIR IR

TES AT R A RN B e, FRAT T 2 B B (0 R R PR (12 = 76%) . T8 Ik B AR BRI (1] 5), FRATTR BLR
% B ) = SRR 3 o A AT RE A B B4 %4 (SMD > 0), X5 Wang 2025 K ZE {15 2025 250 5t iR on
RN SR BE R B BOE AR AT O LG o DA B X M s i SR, FRATT PR AZ R T S AT RO &
KRBT 2025 FIWFFUMARFE R A T ICE “ 3R] SEUIER 7 AT BRI 3 48T BEAE SRR AT T 4R 3L
a) SRR AF 79 NMDA SZAR$E 4777 W] BEH A b 28 DR 3P M e 30 5% s w58k O T JRATTHE 0 JRR 1 24 W) F) 22
SRl Refe TS R UL ORI . DRG, RATEAR T 008 “AE SR S 7 5 “ORAE A 3R
JEHE " WA AT o0 AR BN R SR S ER4L: SMD =-0.18 [95% CI: —0.51, 0.14]; ffi
L E A2 : SMD = 0.27 [95% CI: —0.11, 0.66]. V411A] 2 53 R IA H e i3 8 3 /K (P = 0.08). &
LA SRR ZH (OB R T IR, (R EAE X RS T oA, $on H AT M AN Re b e FAE ECT i
RO T A AR RN D RE BT AR T, A7 TR B ORRE A B AL R 00 0 — 20 060 TR TG 5 JRR T SR () S B

. 2.
PR3 i o
WARYENIT N WA TERHIT Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV. 95% Cl
A 3 e
Wang 2025 237 1.01 50 24.06 0.82 50 16.3% -0.39[-0.78, 0.01] ™
Yang 2025 22.88 3.06 130 23.91 3.37 130 19.6% -0.32[-0.56, -0.07]
ffi#Bt 2025 (3) 27.78 1.27 40 2723 11 40 15.2% 0.46 [0.01, 0.90] ™
216 2025 2332 23 81 2426 2.68 81 182% -0.37 [-0.69, -0.06] -
Subtotal (95% Cl) 301 301 69.4%  -0.18 [-0.51,0.14] *

Heterogeneity: Tau? = 0.08; Chi? = 11.16, df = 3 (P = 0.01); ?=73%
Test for overall effect: Z = 1.11 (P = 0.27)

A1 3 ) S

f12:34 2025 (1) 27.58 1.26 40 2748 13 40 15.4% 0.08 [-0.36, 0.52] e
L8 2025 (2) 279 113 40 2735 1.19 40 15.2% 0.47[0.02, 0.91] I
Subtotal (95% CI) 80 80 30.6% 0.27 [-0.11, 0.66]

Heterogeneity: Tau? = 0.03; Chi* = 1.51, df = 1 (P = 0.22); I* = 34%
Test for overall effect: Z = 1.39 (P = 0.17)

Total (95% CI) 381 381 100.0% -0.04 [-0.35, 0.26]
Heterogeneity: Tau? = 0.11; Chi? = 20.89, df = 5 (P = 0.0008); I> = 76%

Test for overall effect: Z = 0.26 (P = 0.79)

Test for subaroun differences: Chi2 = 3.15. df = 1 (P = 0.08). |2 = 68.3%
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Figure 5. Forest plot of subgroup analysis stratified by the type of anesthetic agent
B 5. BT REFZHA R R I 4H 53 47 AR AR E

3.6. FERNAHI%ER S

XA R EN AR I 2H 70 B s BAT DhRBTEVRYT JE B4 A 123 235 (SMD > 0, P = 0.03); &)
EAR R OR H IE [ EGE 1A (SMD > 0), (H2ZEFREG T =B E KT, (ML R P =0.06). Lk,
FACAZ AN E T2 I R IR M T R %A(SMD < 0, P > 0.05), 1 TAEICIZ. AbFLEE . & f
FE2 NI R W2 22 (1] 6).

AR SEHY VAR BE Y i Std. Mean Difference Std. Mean Difference

_Study or Mean SD Total Mean SD Total Weight V. 95% ClI IV, 95% ClI

Du 2025 (1) 46.31 8 72 4719 811 72 34.0% -0.11[-0.44, 0.22]

Du 2025 (2) 43.55 10.51 71 49.07 9.32 71 33.6% -0.55[-0.89, -0.22] -

Hu 2025 -19.95 1386 60 -21.73 16.01 60 32.4% 0.12 [-0.24, 0.48]

Total (95% CI) 203 203 100.0% -0.18 [-0.57, 0.20]

Heterogeneity: Tau? = 0.08; Chi? = 7.57, df = 2 (P = 0.02); 1> = 74% :4 2 0 2 i

Test for overall effect: Z = 0.95 (P = 0.34) WK SRR
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WK BRI IR WK T Std. Mean Difference Std. Mean Difference
__Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed. 95% CI
Du 2025 (1) 4507 7.32 72 47.07 476 72 36.3% -0.32 [-0.65, 0.01] il
Du 2025 (2) 39.23 12.28 71 4711 841 71 33.9% -0.74 [-1.09, -0.40] -
Hu 2025 7.8 259 60 8.98 226 60 29.8% -0.48 [-0.85,-0.12] -
Total (95% CI) 203 203 100.0%  -0.51[-0.71,-0.31] ¢
Heterogeneity: Chiz = 3.10, df = 2 (P = 0.21); I* = 35% M 2 o 2 4‘1
Test for overall effect: Z = 5.07 (P < 0.00001) WAKBIATT R AR ITIATT R
WK ST R VAR SE MY I Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Du 2025 (1) 45.11 9.8 72 4724 6.21 72 35.8% -0.26 [-0.59, 0.07] |
Du 2025 (2) 43.55 10.51 71 46.59 6.28 71 35.1% -0.35[-0.68, -0.02] b
Hu 2025 14.14 221 60 1523 1.95 60 29.1% -0.52[-0.88, -0.16] -
Total (95% Cl) 203 203 100.0%  -0.37 [-0.56, -0.17] ¢
Heterogeneity: Chiz = 1.11, df = 2 (P = 0.57); 1= 0% 4 2 o 2 t
Test for overall effect: Z = 3.66 (P = 0.0003) HBARRIATTET AT R
WA HRIT R WA 39T i Std. Mean Difference Std. Mean Difference
_Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, 95% Cl 1V, 95% Cl
Du 2025 (1) 46.33 7.57 72 4347 7.31 72 34.0% 0.38[0.05, 0.71] e
Du 2025 (2) 47.46 12.73 71 4523 6.14 71 34.0% 0.22[-0.11, 0.55] il
Hu 2025 -432.06 79.02 60 -416.57 82.07 60 32.0% -0.19 [-0.55, 0.17] |
Total (95% Cl) 203 203 100.0% 0.14 [-0.18, 0.47] L 2
Heterogeneity: Tau? = 0.05; Chi? = 5.56, df = 2 (P = 0.06); I* = 64% 4 2 o j‘
Test for overall effect: Z = 0.87 (P = 0.39) HARTIRITRT AR RIT R
WAKRERIT I WA T I7 I Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI 1V, Fixed. 95% CI
Du 2025 (1) 30.08 10.08 72 2836 9.2 72 35.5% 0.18 [-0.15, 0.50] o
Du 2025 (2) 26.94 9.24 71 25.83 7.37 71 35.1% 0.13[-0.20, 0.46] Id
Hu 2025 16.6 4.68 60 15.31 4.67 60 29.4% 0.27 [-0.09, 0.63] =
Total (95% CI) 203 203 100.0% 0.19 [-0.01, 0.38] .
Heterogeneity: Chi? = 0.34, df = 2 (P = 0.85); 12 = 0% t t t t
Test for overall effect: Z=1.91 (P = 0.06) 4 " 0 2 — 4
’ : : AARSEIRYTHT AR EIRIT R
F
VAR TS M7 i Std. Mean Difference Std. Mean Difference
Study or Subgroup an SD Total an SD_Total Weight d. 95% CI IV, Fixed, 95% Cl
Du 2025 (1) 50.76 8.93 72 49.67 5.49 72 35.6% 0.15[-0.18, 0.47] =
Du 2025 (2) 51.52 12.15 71 47.97 8.09 71 347% 0.34[0.01, 0.67] i
Hu 2025 -6.85 1.12 60 -7.04 1.63 60 29.7% 0.13[-0.22, 0.49] ™
Total (95% CI) 203 203 100.0% 0.21[0.02, 0.41] .
Heterogeneity: Chi? = 0.92, df = 2 (P = 0.63); I? = 0% 4‘1 2 3 2 t
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Figure 6. Forest plots of meta-analyses for different cognitive sub-domains. (A) Working memory;
(B) Verbal memory; (C) Spatial memory; (D) Processing speed; (E) Attention; (F) Executive func-
tion; (G) Orientation; (H) Social cognition
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