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Abstract

Objective: Depression is a common mental disorder characterized by persistent low mood, loss of
interest, and cognitive impairment, which significantly impairs patients’ quality of life and social
functioning. Although current antidepressant treatments—such as pharmacotherapy and psycho-
therapy—are widely used, challenges remain, including substantial inter-individual variability in
treatment response and notable side effects. Therefore, exploring safe and effective alternative or
adjunctive therapies has become a key focus in current research. Acupuncture, a core component
of traditional Chinese medicine, has recently demonstrated potential in alleviating depressive symp-
toms. Functional near-infrared spectroscopy (fNIRS), a non-invasive and highly portable neuroimag-
ing technique, offers unique advantages in evaluating the neural mechanisms underlying acupunc-
ture interventions for depression. This paper aims to systematically review fNIRS-based research find-
ings to elucidate the neural mechanisms of acupuncture in treating depression and its effects on key
brainregions. Methods: Literature on acupuncture for depression combined with fNIRS-based brain
functional assessment was retrieved from databases including PubMed, CNKI, and Wanfang. Start-
ing from the technical principles of fNIRS, we analyzed its capacity to monitor changes in oxyhemo-
globin concentration across different brain regions before and after acupuncture, thereby reflect-
ing alterations in local cortical activation. Existing studies were synthesized to explore how acu-
puncture may exert antidepressant effects by modulating functional connectivity between the pre-
frontal cortex (PFC) and the limbic system. Furthermore, current findings were summarized and
analyzed across multiple dimensions, including patterns of regional brain activation, network con-
nectivity reorganization, and clinical symptom improvement. Results: Multiple studies have con-
sistently reported hypoactivation in the prefrontal cortex (PFC)—particularly the left dorsolateral
prefrontal cortex (DLPFC)—in individuals with depression. Following acupuncture intervention,
patients exhibited significant clinical improvement, accompanied by increased oxyhemoglobin con-
centration and enhanced activation in these regions as detected by fNIRS. Notably, during emotional
recognition or working memory tasks, activation in the left DLPFC was markedly elevated, suggesting
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that acupuncture may help restore normal function in this critical area. Moreover, fNIRS studies
indicate that acupuncture may enhance functional connectivity between the PFC and limbic struc-
tures (e.g., amygdala, hippocampus) and improve the coordination between the default mode net-
work (DMN) and the salience network (SN), thereby bolstering emotional regulation. For instance,
stimulation of Baihui (GV20) combined with Shenmen (HT7) demonstrated superior efficacy in en-
hancing PFC activation and optimizing brain network integration compared to other acupoint com-
binations. Conclusion: fNIRS provides an objective and quantifiable tool for investigating the neural
mechanisms of acupuncture in depression, holding strong promise for clinical application. It not
only captures localized changes in cortical activation induced by acupuncture but also reveals its mod-
ulatory effects on large-scale brain network dynamics. With ongoing advances in portable fNIRS
hardware and analytical methodologies, its role in acupuncture research for depression is poised
to expand significantly, offering robust scientific evidence to support the broader integration of ac-
upuncture into psychiatric practice.

Keywords

fNIRS, Acupuncture, Depression, Brain Functional Imaging, Neural Mechanisms, Prefrontal Cortex

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

FIHBAE(Major Depressive Disorder, MDD)J& — M ARFEE G074 . DSBRIFGR . BEAR AT S 5 ) F %
JRZ IR ) WA P RRERS, P2 S AR 1) AR i AR D Re . SRt R DA G, A 2.6 12
NZ R, SN SEEREN EE RN Z —[1][2]. TEK, FE 2 E A E T A8k, JHRE
MRImZE R EIHEaS, JUHAT DEMPEER AR R . REPHIEAYALLEGYT Z N, |
AT MR ZE S R, BIERI WS I Z 55 8, R T IR R 22 A ) B AREE BT [31-5].

PR AR SR B, IARRE R R AR S 2 AN X B D e S i S A OC,  JUH R AT#I K )2 (Prefrontal
Cortex, PFC) A -4% g5 S 4107 o] 55 X I () #4838 Bl R A A DA o HoRZ O B LRI (6] e, 40
A A 1 )25 (DLPFC)FE AT Dh fie 518 28 A 15 il S BV E L, LD BRIk SS 5 S5 A Rz il e /0 N B AN i1k 1%
AR (7], BEAL, BRAEIZUM L5 (DMN) 5 58 5 X 4% (SN) 2 [F] I E B2 X Bl ) 2 08, $om fAIAE
WM MBS RE . R, DIREMIT 2 /MG B (ENIRS)VE A —F AR ANV T 58 R 15
FoR, RIS AR & T BRSNS, ERrompt 7o H 8% 250E 8], &
AR, BRI R e A E 2 TS R T PR UK . SRR IR, R R
i PR 2857, LA SRARANACEEIR 0 1o AR SCH R L5 IARIE T INIRS BORVEANEF & AR E 1 0F 50 1
Ji& s TR HOT SR o X T B 1 s S L AE AR 2 ML

2. $HIRTFA TR OARTAE
2.1. NIRS FF 4§ &3 X BiER sy

AR, DhREMELZLAMC TS BRAR(EINIRS) e 2 N T4 2 T HUMARAE (BT ST, JC AR PPAli 45 2 ik
DXCBERIR S 5 T R I R LT HT 5o AT TUR I, HIVHIAE 58 3 3 3 A7 72 BT A B2 J= (Prefrontal Cortex,
PFC), ol 2 S T4 B2 2= (DLPFC) ) D BE IR I B [9]. 1 — XIRAENE 45 47 . AT FE AA
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FIRTEE R AAERBEAE T, AR Bk s 7 5 TR 25 08 o S R BREAE 0 T RS DIA 2% [10]. JHIL {NIRS #&
DA MZEE A (oxy-Hb)REEAR L, BFFLN GAIL, 25 RIGIT )G, BFER) PFC XIBCERILH 23K
IR, JUHRAE S AR IR B B AR SR S5, DX i AR 2l T IR M AL . IR S ANMUAEL
FEAS SRR b, 30 SRR AT 55 T A0 IS L PR ) A R P A 22 (8] 70 A4 AE [ 117 [12] PRI, NIRS 3%
AR 7R B G AR S DX PR R 42 2R 14 1 2 AR -

2.2. SRBEPHRWEEEOMRIER

Bk S G X it o, SAICRE IS0 J 2 AN ThRE 2% 2 [ e 5L, b BRIAEE 30 2% (Default Mode
Network, DMN). #4721 ;X 4% (Executive Control Network, ECN)F1 5 i % 2% (Salience Network, SN) D) g
RTINS 1 ZE AR LA 13]. INIRS WFFC AR, 2 Al AR IE I 1 553 L6 0 2% [1] ) 58 HL R ROk sk
IBTMAECAE A [14]. BEFUMERKIL[15], SFRVIERATHIN [ JZ 5% REMNB % D)2 [P DhEe
B, WO HAMTIREEE T AR MR E. WA, ARRERTT RO A vs FE. B vs 2
FHAE R TII S Sh & R — 2 M ZER[16][17]. B, A E 2 (GV20) B & # T JHT) KT
HoAm e O7 2, SR R T PFC IS /K-FIF k3 DMN 5 SN Z (A Hr (18], XL RIME ],
INIRS AU REAHFEET 2 51 L 0 SR I D RE AR 4k, 320 RE 4 7 o) 8 A o o9 22 4% VR A BILRL, SRt BT
FIHIRE R o 2B AR 1 J13CHF .

3. INIRS &R B9 RITHNER R
3.1. REXEEMEESERERINXR

KREFET DhRe L 2L 3 U (INIRS) IR FE 32 B, B9 T T AT S 25 5O FIVRIAE B8 2 A i PR IR
FEA Bt R 7 o X A2V B A 3G [ 19 Forpr, 72 ()3 MUl i i 57 J2 (Dorsolateral Prefrontal Cortex, DLPFC)
VRt 8 VR 1 NPT 42 ] IR A% 0 X33, S AP AR A B T2 A A2 PEAL LA ST R0 1) B 2 A b 5
Y201 WEFER IR 21 ], FEH L B BT RIGIT J5 , BB AL 58 S 25 R AR A2\ FE 55 1, 720l DLPFC
DX 3 (1) 4L LT 2 T (oxy-Hb) K P S 35 T iy, 7 Jm) B i LR A AP 2 5 B 0 i B F IR, XA i X 38
TE R T 5 DU RN AR B R (HAMD) V4 1 T B 52 2 2 SO DG, 2 BH I D) RE A 525 e RRE IR o408 2 T
FFAER VIR [22]. BbAh, FEAE G IR FLIRAT S5, B 1 o DX g S A5 2t 8 e - o] B2 K, I
AN TR AT REAT Bl T E 08 R R R 4 I AL (23]

3.2. TEEEHEBNRGEILE

B 1 JR 0 I D0 B 28, INIRS A T84~ 1B 200 Kk D RE M 28 T EH . AT R R
B, SARE B R AT E AT AT B 2 (PFC) 54 KRG (A% ) 2[RI DhREIEHIRTS, 1iiX— 2k
BRRAS W REREI MR 45 T Re I [24]. #HR TS, INIRS £2lE] PFC 5 Rk S X 2 8] 1) Dy ke
HERE IO, SRR AT R VK A OGS A 4K T S 0 B 1) B R MR R FE B AR MR T (2510 AL, TS
S EE N2 (DMN) PATH 1 25 (ECN) 5 R 2 2% (SN) Z [B] (U B4 5 B8 1A T e, R IR X 4%
(DR R A PG SR 26] . 3 i 99 4 J2 TH0 1) 2 20 P R S i 1 SR AR S 4 R RE D I s, 8
SCREEFRAEM 2212 07 TH T AED L -

4. TR SRR SRS
4.1. INIRS AR ER MR R ESHRARPRERLR

JEDIRENMEIL ZL AN BRAR (INIRS) RIHATIE M i 52 PEAF MRS5S P s S L 3, AE4T 2T TR
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E BT P B R 8, AR BOR R IR IR AN AL, T AE S R RS B A A -

B, S FERAR. INIRS B25 (8] 40 Re 708 5 75 EOR R P(Z 1~3 em), At LUK B X 53 AH 4T i X
(L AMIFT A 52 2 DLPFC SR8 4MURTEIT K )2 VLPFO) IS 2 5 o X0 T4 R A 70 A ik B e ks
SE AL K 4T K ) B8 73 DX 4D 5 M ) BBk 1

FR, RINTRFERZ PR INIRS 3 ZEERM RN B 2% 2 (B H AR 2~3 em), ToEA SRS, i
LERBING RAG MM ERGE) . BATEE K E - U R2E D ReERNEENRES WSS, H
B HIEUEYE, 5 S SWUHIHER I R

=, 55 H%EHEE T, INIRS /55 552 0F, PP, BRI ki sh & R . 44
VR AE P R RO B AN L AT BRI E AR R (I T Mk Bh) TR 5INPT, R R ™
& B TRAL B (A0 /NI e . PCA/ICA £, IBEhGIERTER), ¥ W sl fn &t

VY, Lo A TR AN S SR INIRS A TR D AR B N 45 (41 DMN. SN), (B H I iE A
WG FHRFEARYY, 5 SENSmINERmZE. 5 MRI AL, NIRS 784 W 4% @ a2 K

PRES ISR T BE IR s 5 BEG ML, LI A1) HF R BURGEH KAE R <10 Hz), HMECLFEA RIF R HIR
HALAR G BN -

5 fMRI #HLE, fNIRS B 172 ARGEE SR o, EEAEASRE m. SUVE B AR B3
% 5 EEG ML, fNIRS HATHARIIA I EALRE Sy, (EI E] 20 HEPE AU R 3 TR U PEA 2. BRIk,
FEATF RYTHWAHLEIWE T, INIRS SIS & F T BZBaE M FIB R 55 U5 A S L ) 21 25 M il AR i AR
PREE T BT RO A, T0ANE TR G 2R 5 2 Ao R 2 i (X BRI

4.2. EEISKRELEIATRIEERSTEIL

SR AEAL Y INIRS-5F R B TP : BIEG — B CALE AL (WK 3D sEALAX) #1032 E(FE N1
SFRFENME) . RS (UNEL Stroop. n-back) KX HHE FAL EE R AL (HEFFE (4 Homer3. NIRS-SPM 5§
MNE-NIRS %55 TEA), DU .

KIE “HREZHE” mE TR BT MR AR BEG ZFAIBHRT, TIL/eRZ% INIRS-EEG [F)25R
AR RIFFR AR RN 27]. BlE0, EEFRIE 2(GV20)H 25 il S INIRS Iiish 112415 5 5aih &
theta (S RIAZIFE ), LASEEN “23(8] - I 1A) 7 SUAERE it . bR O HE/ A, & H T T 1838

HEZN R - BN DIRE” B RS HE VA AR . ERUAE I PR TT H N R R FHIE 3 B (Can AR A< Y vs
OPRERY), FRE Z SR INIRS AVIbs Y. B, HisE nlfeR A4 M DLPFC KBS i = 4=
% - PFC DhReRE S, 5 WA RERIN )i A AR (G HEVE o I ML 28 5% 2] (40 SVML. EIRRZE M 25 ) i) . “AiE
B - Mg o 2RE%, PO R OT RIR LR KR -

PRE INIRS 5 S PE R T 7. FIH (NIRS SER B 8 PFC B0 /KT, shas B et ofil s 2 5
BFI1A] (4024 oxy-Hb kP& BRI HED), TERC “HI - &t - AR P3N, A EIR TR I RS HE R I8
b IR T

Zi b, INIRS {EEFRIGITIARAERE 7E i B AT B AR A e L 5y, (S b 2 ST AE R e fseoR
A FHEBAFI B b B PR R SRS 5 R RIS 2, INIRS HE “HHD
BAETR” AR “PHHRR SRR R

EHEWH

AW RS “LURE” B8 TR ——SBAFHPEAWEANA R IR TR, R “lks”
B H TR—— &AL i 2 B R v RIS
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