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Abstract 

Bac kgr ound: Emotional symptomatology is a hallmark of de pr ession. Antide pr essant often fail to effecti v el y target emotional blunt- 
ing, while acupuncture, by contrast, has emerged as a pr omising alternati v e. Howev er, the exact electrophysiologic mechanisms re- 
main unclear. This study aimed to investigate how acupuncture influences emotional reactivity in youth with self-reported depressive 
symptoms. 

Methods: A modified oddball paradigm incorporating a negati v e emotional valence deviant, combined with ev ent-r elated potential 
anal ysis, w as used to measure emotional reactivity before and after intervention. Seventy individuals exhibiting depressive symp- 
toms in the previous 2 w eeks, w ere r andomly assigned to either a verum or sham acupuncture group. Electroencephalogram data 
from 59 participants were analyzed following preprocessing and quality assessment. Occipital P1, N170, frontal N1, N2, and parietal 
P3 components were extracted. The Positi v e and Negati v e Affect Schedule (PANAS) was completed after each oddball session. The 
Massac husetts Gener al Hospital Acupunctur e Sensation Scale (MASS) w as completed after each interv ention session. 

Results: The MASS Index was significantly higher in the verum group . Ho wever, significant increases in occipital P1, N170, frontal N1, 
N2, and parietal P3 amplitudes for high-negati v e, mild-negati v e, and neutral pictures wer e observ ed after the intervention in both the 
verum and sham groups, with no significant difference between the groups. Additionally, both groups induced PAN AS c hanges, and 

positi v e effect changes wer e significantl y corr elated with N170 and P1 (in response to high-negati v e pictur es) changes in the sham 

group. 

Conclusion: Acupunctur e alter ed emotional r eacti vity in youth with de pr essi v e symptoms, highlighting its potential role, albeit pos- 
sib l y non-specific, in de pr ession pr ev ention and tr eatment. 

Ke yw ords: de pr ession; emotional r eacti vity; ERP; oddball; non-specific effect 
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Introduction 

Depression, a major global mental health issue, affects over 300 
million people worldwide, c har acterized by persistent mood dis- 
turbances, decr eased inter est, and anhedonia, with the potential 
for pr ogr ession to suicidal thoughts in se v er e cases (Friedric h,
2017 ; World Health Organization, 2017 ). Emotional dysfunction is 
a k e y feature of de pr ession, with the r elationship between emo- 
tionality and major de pressi ve disorder (MDD) persisting even af- 
ter accounting for initial depression severity (Morris et al., 2009 ).
A growing body of research suggests that depression is associated 

with a general reduction in response to positive and negative emo- 
tional stimuli, exhibiting a pattern known as emotion context in- 
sensitivity (Bylsma et al., 2021 ; Rottenberg et al ., 2005 ; Rottenberg,
2017 ). Notabl y, depr ession impairs emotional r eactivity, e v en in 

subthreshold states (Li et al., 2023 ; Moran et al., 2012 ). This pattern 

of reduced emotional reactivity, often termed emotional blunting,
serves both as a symptom and as a risk factor (Bylsma et al., 2021 ; 
Dell’Acqua et al., 2023 ), playing a k e y role in the development of 
de pressi ve disorders. 
Recei v ed: 24 October 2024; Revised: 25 Mar c h 2025; Accepted: 3 April 2025 
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Pharmacother a py, primaril y with selectiv e ser otonin r euptake
nhibitors (SSRIs), is the main treatment for depression (Brown et
l., 2019 ; Flint and Banerjee, 2024 ; Hetrick et al., 2021 ; Kruizinga
t al., 2021 ). Ho w e v er, it has limitations, including low response
ates , dela yed therapeutic effects, and adverse side effects (Arroll
t al., 2005 ; Rush et al., 2003 ). Notably, around half of patients with
epr ession r eport emotional blunting as a side effect of antide-
ressants (Goodwin et al., 2017 ). Even with significant symptom
eduction, studies using the startle modulation paradigm show 

hat pharmacother a py does not normalize emotional responses 
n comparison to healthy contr ols (Dic hter et al., 2004 ). While emo-
ional numbing is recognized in depr ession, e vidence suggests it
an also result from monoaminergic antide pressants (Good win et
l., 2017 ). Pronounced emotional blunting is associated with less
atisfactory symptom r emission, a mor e negativ e perception of
ne’s condition, and potential treatment discontinuation (Good- 
in et al., 2017 ). Other Western a ppr oac hes, suc h as psyc hother-
py, offer significant benefits by facilitating emotional process- 
ng without the side effects associated with medication (Cuijpers 
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Table 1: Demogr a phics. 

t-test Verum ( n = 29) Sham ( n = 30) Difference P 

Age (years) 25.1 (24.1, 26.1) 23.6 (22.5, 24.7) −1.5 ( −3.0, −0.0) 0.044 ∗
CES-D 21.5 (20.1, 22.9) 22.9 (21.4, 24.4) 1.4 ( −0.7, 3.5) 0.189 
GAD-7 5.8 (4.4, 7.2) 6.0 (4.4, 7.6) 0.2 ( −2.0, 2.4) 0.850 
PSQI 14.7 (11.9, 17.5) 15.7 (13.7, 17.7) 1.0 ( −2.4, 4.5) 0.560 

Fisher’s exact test Odds r a tio P 
Male 10 10 1.0 (0.3, 3.5) 1.000 
Acu Naïve 10 15 0.5 (0.2, 1.7) 0.295 
Married 2 1 2.1 (0.1, 130.9) 0.612 

Mann–W hitne y U test U statistic P 
Education 409 0.644 
– Postgraduate 3 4 
– Under gr aduate 19 20 
– Below 7 6 

Note: Measurement are data described by mean (95% confidence interval); count data are described by counts. 
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t al., 2020 ), although this typicall y r equir es substantial time and
atient enga gement. Physical ther a pies also show pr omise; tr eat-
ents such as transcranial magnetic stimulation have demon-

trated efficacy (Miron et al., 2021 ; Xiao et al., 2024 ), yet some pa-
ients experience mild adverse effects including headache. Ex-
rcise interventions can effectively reduce de pressi ve symptoms
Correia et al., 2024 ), but patient motivation often presents a signif-
cant barrier. Given the diverse benefits and challenges associated
ith existing ther a pies, ther e r emains an ongoing need to explore
lternativ e ther a peutic options. 

In this context, acupuncture has emerged as a promising com-
lementary a ppr oac h, with gr owing e vidence supporting its ben-
fits in addressing depression (Armour et al., 2019 ; Li et al., 2023 ;
aseem et al., 2023 ; Ravindran et al., 2016 ; Smith et al., 2018 ),
rompting calls for further research into its therapeutic advan-
a ges (NICE, 2022 ). Neur oima ging studies suggest that acupunc-
ur e’s antidepr essant effects may be mediated by the frontal lobe
nd limbic system (Fang et al., 2009 ; Wong et al., 2023 ; Zhang J
t al., 2021 ), areas critical for emotional processing (Joseph, 1992 ;
edoux, 1998 ). Ther e ar e also reports of single-session acupunc-
ur e pr oducing immediate effects on the left dorsolater al pr e-
rontal cortex (left-DLPFC) in patients with major de pressi ve disor-
er (Zhang T et al., 2021 ), indicating acupuncture’s ability to influ-
nce emotional functions. Ho w e v er, explor ation of acupunctur e’s
mpact on emotional reactivity in depression remains in its early
tages. 

The primary aim of this study was to investigate the effect of
cupuncture on emotional reactivity in young individuals with
elf-re ported de pressi ve symptoms. To this end, we employed a
isual oddball task with concurr ent electr oencephalogr am (EEG)
 ecording. This par adigm, sim ulating natur al emotional occur-
ences within a non-emotional cognitive context (Delplanque et
l., 2005 ; Yuan et al., 2007 ), r eliabl y elicits attention-related N2 and
ognition-related P3 components sensitive to emotional variabil-
ty (Lou et al., 2016 ; Yuan et al., 2009 , 2012 , 2021 ). Notably, previ-
us r esearc h has observ ed that the P300 component decreases in
imodal oddball tasks among individuals with MDD (Nan et al.,
018 ). Mor eov er, N1 decr eases in r esponse to emotional pictur es in
dolescents with de pressi ve emotional tendencies (Wang Q et al.,
022 ), and thus we also anal yzed earl y components such as P1, N1,
nd N170. We hypothesized that depressed individuals exhibit re-
uced sensitivity to natur all y occurring negative emotional stim-
li. By assessing pre- and post-acupuncture changes, with sham
cupuncture as a control, we aimed to explore the therapeutic
otential of acupuncture in modulating emotional reactivity in
epression. 

aterials and methods 

articipants 

he study was a ppr ov ed by the Ethics Committee of the Guang-
ong Provincial Hospital of Traditional Chinese Medicine, China

ZF2023-026-01). A cohort of 70 individuals with depr essiv e symp-
oms in the past 2 weeks, but without a clinical diagnosis of de-
r ession, wer e r ecruited both online and offline. Depr essiv e symp-
oms were assessed using the Center for Epidemiologic Studies
epression Scale (CES-D) (Radloff, 1977 ), and participants with
 score of 16 or higher wer e included. Giv en the fr equent co-
ccurrence of depression, anxiety, and insomnia (Freeman et al.,
020 ; Pearson et al., 2006 ; Yang et al., 2023 ), and the ov erla p-
ing neural mechanisms between sleep wakefulness and stress-

nduced wakefulness (Ren et al., 2018 ; Zhao et al., 2022 ), scores
rom the Generalized Anxiety Disorder-7 scale (GAD-7) (Kroenke
t al., 2007 ) and Pittsburgh Sleep Quality Index (PSQI) (Buysse et
l., 1989 ) were collected for comprehensive assessment. Eleven
articipants were excluded due to discomfort during the exper-

ment (two participants), narcolepsy (one participant), and poor
ata quality (eight participants, identified online and offline). The
emaining 59 participants (29 in the verum group and 30 in the
ham gr oup), a ged 20–31 y ears, w er e included in the anal ysis . T he
emogr a phics of the two groups are shown in Table 1 . 

rocedure 

pon arrival, participants provided informed consent. As shown
n Fig. 1 , an intervention session was conducted betw een tw o task
essions. Each task session began with a 5-min rest period with
y es closed, follo w ed b y the oddball task. The Chinese version
f the Positive and Negative Affect Schedule (PANAS) (Huang et
l., 2003 ; Watson et al., 1988 ) was used to measure immediate
motions at the end of each task session. During the interven-
ion session, participants r eceiv ed either verum or sham acupunc-
ure . T he Chinese version of the Massachusetts General Hospital
cupuncture Sensation Scale (MASS) (Kong et al., 2007 ; Yu et al.,
012 ) was completed at the end of the intervention session, and
he MASS Index was calculated using all 12 terms of the scale.
he study emplo y ed a 2 × 2 × 3 mixed design, with interven-
ion type (verum vs. sham acupuncture) as a between-subject fac-
or, and task session (pr e-interv ention vs. post-interv ention) and
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Figure 1: Study pr ocedur e. 

Figure 2: Trial structure and stimulus samples. 

 

 

w  

i  

p
v  

1  

P  

b
w  

w  

b  

m

E
p
B
(  

e  

w  

M  

d  

n
a  

s  

c
c
n  

μ  

r

p  

b
p  

c  

m  

w  

a  

p  
emotional intensity (high-negati ve, mild-negati ve, and neutral) as 
within-subject factors. 

Oddball task 

A modified oddball task was conducted in accordance with estab- 
lished protocols (Delplanque et al., 2005 ; Yuan et al., 2007 ). The task 
comprised four bloc ks, eac h containing 100 trials (55 standard and 

45 de viant pictur es). A consistent natur al scene of a cup served as 
the standard stimulus throughout the experiment (Fig. 2 ). Deviant 
stimuli consisted of 90 pictures sourced from the Chinese Affec- 
tiv e Pictur e System (Bai et al., 2005 ), categorized by emotional in- 
tensity into three groups: 30 high-negative, 30 mild-negative, and 

30 neutral pictures. Each block presented 15 pictures per emo- 
tional intensity category. Blocks 3 and 4 repeated the full set of 
de viant pictur es fr om earlier bloc ks. As shown in Fig. 2 , eac h trial 
began with a 300-ms fixation cross, follo w ed b y a blank screen 

lasting r andoml y between 500 and 1500 ms. Subsequently, the pic- 
tur e was pr esented for 2000 ms. P articipants wer e instructed to r e- 
spond as r a pidl y and accur atel y as possible: the “F” k e y with their 
left index finger for standard stimuli and the “J” k e y with their 
right index finger for deviant stimuli. Stimulus presentation order 
was full y r andomized per participant. The standard pictur e in the 
practice was the same as that in the formal experiment while de- 
viant stimuli were neutral pictures that were not presented in the 
subsequent experiment. The picture was assessed for its valence 
and arousal on a nine-point scale with a large sample of Chinese 
participants in a pr e vious surv ey (Long et al., 2015 ). 

Intervention 

One licensed individual deliv er ed acupunctur e. He had mor e than 

5 years of clinical experience and attended training before recruit- 
ment. P articipants r eceiv ed either v erum or sham acupunctur e 
with their eyes closed. As illustrated in Fig. 3 , a device resembling 
a plastic tube, similar to the Park device (Park et al., 1999 ), was 
used to ensure blinding during the pr ocedur e. In the v erum gr oup,
acupuncture was sequentially administered at the right LR3 (Tai- 
chong), left LR3, right LI4 (Hegu), and left LI4 acupoints (Fig. 3 ),
hic h hav e been shown to alle viate depr ession symptoms in clin-
cal trials (Li et al., 2018 ; Wen et al., 2018 ; Wu et al., 2024 ). For each
oint, a single-use sterile Huatuo acupuncture needle (pure sil- 
er , 0.25 mm diameter , 40 mm length) was inserted to a depth of
.5–2 cm and r otated bidir ectionall y to ∼180 ◦ at 60 Hz for 1 min.
 articipants then r ested for 10 min with the four needles in place
efore the acupuncturist removed them. The sham group under- 
ent a similar pr ocedur e, but blunt-tipped needles were used
ithout skin penetration. At each acupoint, a single tap on the
lunt needle’s tail was followed by a 1-min wait with no further
anipulation. 

EG recording and analysis of event-related 

otentials 

rain electrical activity was recorded using a 64-channel amplifier 
eego mylab , ANT Neuro , Berlin, Germany) with CPz as the refer-
nce and a sampling frequency of 1000 Hz. Electrode impedances
 ere maintained belo w 10 k �, and no online filters wer e a pplied.
1 and M2 (mastoids) channels were removed offline . T he EEG

ata were filtered (0.1 Hz high-pass, 50 Hz low-pass, 48–52 Hz
otch), segmented into 3000 ms epochs, and baseline-corrected 

gainst the mean voltage over the 1000 ms preceding picture on-
et. Manual r emov al and spherical interpolation were used for bad
hannels, and noisy epochs were manually excluded. Ocular, mus- 
le, and heart artifacts were removed using independent compo- 
ent analysis (ICA) (Delorme et al., 2007 ). Epochs exceeding ±100
V wer e automaticall y r ejected. The cleaned EEG data wer e then
 e-r efer enced to the common av er a ge. 

Ev ent-r elated potential (ERP) waveforms were time-locked to 
icture onset, spanning 1200 ms, with a 200 ms pre-stimulus
aseline. N2 and P3 components were extracted using princi- 
al component analysis (PCA) (Smith et al., 2003 ). The principal
omponents (PCs) and time windows for N2 and P3 were deter-
ined manually, based on the PCs’ loading (time distribution),
eight (scalp topogr a phic distribution), and prior reports on N2
nd P3 (Lou et al., 2016 ; Yuan et al., 2009 , 2012 , 2021 ). PCA was
erformed with promax rotation, and the top five PCs, explaining
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Figure 3: Operation diagram of acupuncture intervention. 
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5.07% of the v ariance, wer e extr acted. The r emaining PCs, with
mall loadings, wer e consider ed noise . T he extr acted PCs wer e
hen bac k-pr ojected to scalp electr odes (by m ultipl ying compo-
ent loading by component weight). Frontal (averaged Fz, F1, and
2 electrodes) N1 (80–150 ms), N2 (200–300 ms), and occipital (av-
r a ged PO3, PO4, PO5, PO6, PO7, PO8, O1, O2 electrodes) P1 (80–130
s) and N170 (150–190 ms) were measured with PC3 (explained

ariance = 3.02%) and PC5 (explained variance = 0.92%) com-
ined. P arietal (av er a ged Pz, P1, and P2 electrodes) P3 (400–600 ms)
as measured with PC1 (explained variance = 79.03%) and PC3

ombined. 

ta tistical anal ysis 

ata analysis was performed using JASP 0.19.0 and R 4.2.1. Due
o statistically significant age differences between groups, analy-
es were adjusted by including the deviation of age (i.e. age mi-
us grand mean age) as a covariate (Delaney et al., 1981 ). The
ASS Index was analyzed using analysis of covariance (ANCOVA).

ehavioral, PANAS, and ERP data were subjected to three-way
 epeated-measur es ANCOVA, with degrees of freedom adjusted
y the Greenhouse–Geisser correction where necessary. Estimated
arginal means (EMMs) with 95% confidence intervals were cal-

ulated, and simple effect analysis was performed for signifi-
ant interactions, with the Bonferroni method applied for mul-
iple test correction. The correlation between changes in PANAS
nd changes in ERP components was also analyzed. 
esults 

cupuncture sensation (MASS Index) 
erum acupuncture [4.8 (4.1, 5.5)] induced a significantly stronger
cupuncture sensation compared to sham acupuncture [2.5 (1.7,
.2)] [ F (1, 56) = 23.78, η2 

p = 0.274, P < 0.001]. The MASS Index for
ac h gr oup is shown in Fig. 4 . 

ANAS 

ue to a technical issue in web spreadsheet submission, two
ANAS questionnair es fr om the v erum gr oup wer e lost—one fr om
he pr e-stim ulus r eport and the other fr om a separ ate subject’s
ost-stim ulus r eport. Ther efor e, a total of 57 questionnaires (27
rom the verum group and 30 from the sham group) were included
n the following analysis. 

The main effects of session [ F (1, 54) = 10.71, η2 
p = 0.166,

 = 0.002], PANA [ F (1, 54) = 29.59, η2 
p = 0.354, P < 0.001], and

roup [ F (1, 54) = 7.62, η2 
p = 0.124, P = 0.008], along with the two-

ay interaction of session × PANA [ F (1, 54) = 31.54, η2 
p = 0.369,

 < 0.001] and the three-way interaction [ F (1, 54) = 8.32, η2 
p = 0.134,

 = 0.006], were significant. For negative effect (NA), simple ef-
ects sho w ed that group [ F (1, 54) = 5.30, P = 0.025, η2 

p = 0.089],
ession [ F (1, 54) = 29.73, η2 

p = 0.355, P < 0.001], and the interaction
f group × session [ F (1, 54) = 4.05, η2 

p = 0.065, P = 0.049] were sig-
ificant. The sham group [Estimate = 4.9, t (54) = 5.373, Cohen’s
 = 0.680, P < 0.001] sho w ed a larger session difference (pre- vs.
ost-session) than the verum group [Estimate = 2.2, t (54) = 2.252,
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Figure 4: MASS Index of each group. The error bars represent represent 
the 95% confidence interval. 
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Cohen’s d = 0.301, P = 0.028]. For positive effect (PA), simple ef- 
fects sho w ed that session [ F (1, 54) = 5.98, η2 

p = 0.100, P = 0.018] 
and the interaction of group × session [ F (1, 54) = 5.91, η2 

p = 0.155,
P = 0.002] were significant. The sham group sho w ed a significant 
session differ ence (pr e- vs. post-session) [Estimate = −2.2, t (54) = 

−3.546, Cohen’s d = −0.299, P < 0.001], but the verum group did 

not. The PA and NA scores for each group in the pre- and post- 
session are shown in Fig. 5 . 

Oddball responses 

No significant differences were found between groups , sessions ,
or intensities for reaction time [578 (555, 602) ms] and accuracy 
rate [99.2% (99.0%, 99.4%)]. 

Occipital P1 

The main effect of session was significant [ F (1, 56) = 8.92, η2 
p = 

0.137, P = 0.004], with larger amplitudes in the post-session [8.1 
(7.0, 9.0) μV] compared to the pre-session [7.6 (6.6, 8.7) μV]. The 
main effect of intensity [ F (2, 112) = 165.98, η2 

p = 0.748, P < 0.001] 
and tw o w ay inter action of gr oup × intensity [ F (2, 112) = 3.27,
η2 

p = 0.055, P = 0.042] were also significant. In the v erum gr oup,
high-negativ e pictur es [8.2 (6.5, 9.8) μV] e voked lar ger P1 ampli- 
tudes than mild-negative pictures [6.4 (4.8, 7.9) μV, P < 0.001] and 

neutr al pictur es [6.5 (5.1, 8.0) μV, P < 0.001]. In the sham gr oup,
high-negativ e pictur es [10.2 (8.6, 11.8) μV] e voked lar ger P1 ampli- 
tudes than mild-negative pictures [8.0 (6.4, 9.5) μV, P < 0.001] and 

neutr al pictur es [7.9 (6.5, 9.3) μV, P < 0.001]. The waveforms and 

topogr a phy of the P1 component are shown in Fig. 6 . 

Occipital N170 

The main effect of session was significant [ F (1, 56) = 5.65,
η2 

p = 0.092, P = 0.021], with larger amplitudes in the post-session 

[ −1.7 ( −1.9, −1.4) μV] compared to the pre-session [ −1.6 ( −1.8,
−1.3) μV]. The main effect of intensity [ F (2, 112) = 151.43, η2 

p = 

0.730, P < 0.001] and tw o-w ay interaction of group × intensity 
[ F (2, 112) = 4.16, η2 

p = 0.069, P = 0.018] were also significant. In the 
v erum gr oup, high-negativ e pictur es [ −1.6 ( −2.0, −1.3) μV] e voked 
arger N170 amplitudes than mild-negative pictures [ −1.2 ( −1.6,
0.9) μV, P < 0.001] and neutr al pictur es [ −1.3 ( −1.6, −0.9) μV,
 < 0.001]. In the sham gr oup, high-negativ e pictur es [ −2.2 ( −2.6,
1.8) μV] evoked larger N170 amplitudes than mild-negative pic- 

ures [ −1.7 ( −2.0, −1.3) μV, P < 0.001] and neutral pictures [ −1.7
 −2.0, −1.3) μV, P < 0.001]. The waveforms and topography of the
170 component are shown in Fig. 6 . 

rontal N1 

he main effect of session was significant [ F (1, 56) = 19.58, η2 
p =

.259, P < 0.001], with larger amplitudes in the post-session [ −5.1
 −5.7, −4.5) μV] compared to the pre-session [ −4.6 ( −5.2, −3.9)
V]. The main effect of intensity [ F (2, 112) = 121.55, η2 

p = 0.685,
 < 0.001] was also significant. High-negative pictures [ −5.6 ( −6.3,
4.9) μV] e voked lar ger N1 amplitudes than mild-negative pic-

ures [ −4.4 ( −5.0, −3.7) μV, P < 0.001] and neutral pictures [ −4.5
 −5.1, −3.9) μV, P < 0.001]. The waveforms and topography of the
1 component are shown in Fig. 7 . 

rontal N2 

he main effect of session was significant [ F (1, 56) = 18.46,
2 
p = 0.248, P < 0.001], with larger N2 amplitudes in the post-
ession [ −7.1 ( −8.0, −6.0) μV] compared to the pre-session [ −6.7
 −7.4, −5.9) μV]. The main effect of intensity was also signif-
cant [ F (2, 112) = 114.58, η2 

p = 0.672, P < 0.001]. High-negative
ictures [ −7.7 ( −8.5, −6.9) μV] evoked larger N2 amplitudes
han mild-negative pictures [ −6.5 ( −7.3, −5.7) μV, P < 0.001]
nd neutr al pictur es [ −6.5 ( −7.2, −5.7) μV, P < 0.001]. The
aveforms and topography of the N2 component are shown in
ig. 7 . 

arietal P3 

he main effect of session was significant [ F (1, 56) = 5.89, η2 
p =

.095, P = 0.018], with larger P3 amplitudes in the post-session
4.2 (3.5, 5.0) μV] compared to the pre-session [3.8 (3.0, 4.6) μV].
he main effects of group [ F (1, 56) = 6.26, P = 0.015, η2 

p = 0.100]
nd intensity [ F (2, 112) = 51.32, η2 

p = 0.478, P < 0.001], as well
s the tw o-w ay inter action of gr oup × intensity, wer e significant
 F (2, 114) = 6.37, η2 

p = 0.102, P = 0.001]. In the v erum gr oup, high-
egativ e pictur es [3.8 (2.1, 5.5) μV] e voked lar ger P3 amplitudes
han mild-negativ e pictur es [3.2 (1.7, 4.7) μV, P = 0.088] and neu-
r al pictur es [3.2 (1.7, 4.6) μV, P = 0.035]. In the sham group, high-
egativ e pictur es [7.2 (5.6, 8.9) μV] e voked lar ger P3 amplitudes
han mild-negativ e pictur es [6.1 (4.5, 7.6) μV, P < 0.001] and neu-
r al pictur es [5.3 (3.9, 6.8) μV, P < 0.001], and mild-negative pic-
ur es e voked lar ger P3 amplitudes lar ger than neutr al pictur es
 P = 0.015]. The waveforms and topography of the P3 component
re shown in Fig. 8 . 

ela tionship betw een PAN AS and ERP 

n the sham gr oup, PA c hanges wer e significantl y negativ el y cor-
elated with occipital N170 (in response to high-negative pictures) 
hanges ( r = −0.39, P = 0.031) and positiv el y corr elated with oc-
ipital P1 (in response to high-negative pictures) changes ( r = 0.39,
 = 0.035), indicating that the more occipital N170 and P1 ampli-
udes increased, the more PA increased. 

iscussion 

n this study, we employed a visual oddball task to sim-
late natur all y occurring thr eatening emotional e v ents to
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Figure 5: PA (positive effect) and NA (negative effect) scale of each group in the pre- and post-session. Error bars represent the 95% confidence interval. 

Figur e 6: Wa v eforms and topogr a phy of the P1 and N170 components. 
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easure the changes in emotional reactivity before and after
 eceiving acupunctur e in young individuals with self-r eported de-
r essiv e symptoms. We found that acupuncture plays a k e y role

n regulating emotional reactivity . Specifically , in ERP-based ex-
eriments, occipital P1 and N170, frontal N1, N2, and parietal P3
a ptur ed emotional effects, whic h wer e primaril y r epr esented by
ncreased amplitudes in response to high-negative stimuli com-
ared to neutral stimuli. The amplitudes of all these early- to late-
tage components were increased after acupuncture, indicating a
r oad r egulatory effect involving m ultiple pr ocessing sta ges. Sur-
risingl y, acupunctur e did not regulate the response to negative
timuli alone; instead, it regulated the response to both negative
nd neutral stimuli equally, indicating a generalized regulatory ef-
ect. Inter estingl y, and contr ary to our initial expectations, sham
cupuncture also exerted a substantial regulatory effect similar
o v erum acupunctur e , suggesting these effects ma y not depend
olely on needle penetration. 
Fr ontocentr al N2 activity observed in the oddball paradigm
s commonly interpreted as a neural marker of oriented atten-
ion, particularl y sensitiv e to unexpected and potentiall y harmful
timuli (Bahm et al., 2017 ; Carretié et al., 2004 ; Clayson et al., 2012 ;
ypriotakis et al., 2020 ; Lou et al., 2016 ; Nagy et al., 2003 ). The P3
omponent reflects cognitive evaluation processes involved in as-
essing the significance of emotional information (Ito et al., 1998 ;
uan et al., 2007 , 2009 ). Contin uous negati ve emotions disrupt
he ability of individuals with depression to recruit cognitive re-
ources effectiv el y, leading to impairments in attentional systems
Holmes and Pizzagalli, 2008 ; Quinn et al., 2018 ; Rock et al., 2014 ;
hao et al., 2020 ; Snyder, 2013 ; Vilgis et al., 2015 ) and cognitive re-
ource allocation (Elliott et al., 2002 ; Gao et al., 2022 ; Joormann and
tanton, 2016 ; Starr et al., 2020 ). This impairment is reflected in
educed N2 and P3 amplitudes (Chen and Li, 2023 ; Dai and Feng,
011 ; Magee et al., 2023 ; el Massioui and Lesèvre, 1988 ; Nan et al.,
018 ; Tang et al., 2011 ; Thomas et al., 2007 ), indicating diminished
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Figur e 7: Wa v eforms and topogr a phy of the N1 and N2 components. 

Figur e 8: Wa v eforms and topogr a phy of the P3 component. 
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attention and reduced evaluative processing of emotional stimuli.
The current findings suggest that acupuncture may help restore 
these cognitive processing mechanisms, thereby regulating emo- 
tional responses. 

The occipital P1 and its frontal counterpart (frontal N1) peak 
∼100 ms after stim ulation, sensitiv e to the emotional and phys- 
ical properties of the stimuli and influenced by attention. In ad- 
dition, temporal occipital N170 is known to be sensitive to emo- 
tional faces and also indexes emotional processing of complex sit- 
uational pictures (Schettino et al., 2016 ). These components are 
involv ed in earl y visual pr ocessing of emotional stim uli. A r e- 
cent study (Wang Q et al., 2022 ) sho w ed that adolescents with 

self-re ported de pression responded to picture stimuli with signifi- 
antly lo w er N1 (120–190 ms) component amplitude than healthy
ndi viduals. Importantly, the y found no significant interactions,
uggesting that across a wide range of regions (frontal, central,
arietal), for different stimulus types (positi ve, d ysphoric, threat-
ning, and neutral), a gener alized decr ease in N1 activity occurred.
his suggests that people with depression allocate fewer atten- 
ion resources to incoming visual stimuli regardless of emotional 
alence . T he decrease of emotional reactivity in depressed peo-
le may result from reduced generalized visual processing. This 
nding is supported by functional magnetic resonance imaging 
tudies showing that visual cortex function is diminished in MDD
atients (Li et al., 2013 ; Peng et al., 2011 ). De pressi ve disorders
ay ther efor e involv e not only emotional symptoms but also
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undamental changes in information processing. The results of
he current study suggest an effective means to modulate the
isual processing of pictures in young people with de pressi ve
ymptoms. 

The blunted emotional reactivity in depression reflects a gen-
r al disenga gement fr om the envir onment (Bylsma et al., 2021 ).
fter the intervention, the general increase in the amplitude of
RP components fr om earl y- to late-sta ge pr ocessing, in r esponse
o both negative and neutral stimuli, suggests a generalized mod-
latory effect. We suspect that this effect may stem from the
egulation of cortical excitability, attention, and arousal, thereby
estoring an individual’s response to external stimuli. For exam-
le, acupuncture at LR3 or other vision and non-vision-related
cupoints str ongl y activ ates the visual cortex (Liu et al., 2012 ;
hang et al., 2009 ). Mor eov er, acupunctur e and pain stimuli can
nhance both alerting and executive network efficiency in at-
ention networks of healthy individuals (Liu et al., 2013 ). T hus ,
cupunctur e-induced impr ov ements in emotional r eactivity may
 esult fr om modulation of the fr ontoparietal attention network,
nhancing attention to w ar ds external stim uli and their e v aluativ e
r ocessing. Additionall y, acupunctur e has demonstrated rapid an-
idepressant effects by inhibiting M1-ACh receptors on prefrontal
ortex (PFC) GABAergic interneurons, regulating glutamate levels
nd triggering downstream neural mechanisms (Ning et al., 2024 ).
his regulation of the PFC GABA/glutamate balance enhances the
unctional stability of the v entr al tegmental area (VTA) – nucleus
ccumbens (NAc) – medial pr efr ontal cortex (mPFC) network (Li
t al., 2022 ), thereby further modulating motivation-based arousal.
urther r esearc h is warr anted to empiricall y v alidate these poten-
ial mechanisms. 

Deqi, tr aditionall y consider ed a crucial aspect of acupunctur e’s
ffectiveness (Kong et al., 2007 ), has garnered significant interest
n distinguishing between verum and sham acupuncture effects.
n our study, the verum acupuncture group reported significantly
tronger Deqi sensations than the sham group, suggesting a more
oticeable sensory experience (Kong et al., 2007 ). Inter estingl y, de-
pite these differences in sensory perception, the ERP component
 esults wer e r emarkabl y similar in both gr oups. Pr e vious studies
av e explor ed the similarities in stimulus effects between verum
nd sham acupuncture. In clinical acupuncture practice, the sen-
ory discrimination and affective dimensions of social touch are
onsidered important for treatment outcomes (Chae and Olaus-
on, 2017 ). The ther a peutic effects of sham needles , in volving en-
anced tactile stimulation and direct activation of somatosensory
athwa ys , ha v e been extensiv el y documented (Chae et al., 2018 ).
espite the reduced somatosensory input of sham acupuncture
ompared to verum acupuncture, the cognitive aspects of sham
r ocedur es may closel y r esemble those of actual acupunctur e
reatments . T his similarity could explain the comparable efficacy
bserved between sham and verum acupuncture (Lee and Chae,
021 ). T hus , the similar outcomes in our in vestigation ma y arise
rom the activation of shared neural circuits involved in cognitive
rocessing and emotional management. The therapeutic effects
f acupunctur e, whether v erum or sham, may partl y stem fr om
 generalized modulation of the central nervous system, involv-
ng both specific and non-specific effects, rather than solely from
he mechanical effects of needle insertion. The results of the cur-
ent study suggest that although participants reported different
ubjective sensations, the impact of acupuncture on functions in
he brain may be similar, highlighting a more complex interaction
f factors underlying acupuncture’s therapeutic advantages . T his
ighlights the necessity in futur e acupunctur e r esearc h of sys-
ematicall y incor por ating psyc hological fr ame works and assess-
ent measures to elucidate the complex “mind–body–context” in-

er action, whic h is a k e y focus of the “acupuncture psychology.”
or instance, it may be promising to amplify de pressi ve interven-
ion effects by combining acupuncture intervention with other
pdated psyc hother a pies, suc h as automatic emotion regulation

Li et al., 2024 ). 
Changes in self-reported emotions were observed after the in-

ervention in both groups . P ositive emotions were maintained
verum) or increased (sham), while negative emotions decreased
with a greater reduction in the sham group than the verum
roup), indicating an overall improvement in emotional state af-
er interv ention. Unexpectedl y, sham acupunctur e led to better
motional rehabilitation. To simulate the experience of verum
cupunctur e, sham acupunctur e stim ulates surface touc h r ecep-
ors and activates C-tactile fibers (Chae et al., 2018 ). Notably, both
enetr ating and non-penetr ating skin stim ulation can r esult in
elf-reported feelings of pleasure, an effect linked to C-tactile
ouch (Field, 2019 ; Lee et al., 2023 ; Takakura et al., 2013 ), suggest-
ng that surface stimulation with different forms or parameters

ay activate C-tactile fibers and induce related emotional effects.
n fact, sham acupuncture has been widely reported to produce

ood rehabilitation effects similar to those of r eal acupunctur e
Chang et al., 2023 ; Deng et al., 2024 ; Wang L et al., 2022 ; Zhao et
l., 2023 ), and in some cases it may e v en pr oduce better effects
han v erum acupunctur e (Zuc ker et al., 2017 ). We suspect that
he mood impr ov ement observ ed in this study may r esult fr om
he combined effect of the entire acupuncture procedure, influ-
nced by various factors in both verum and sham treatments. For
nstance, v erum acupunctur e may induce str onger anxiety than
ham acupuncture (Yoo et al., 2007 ), which could partially offset
ts mood-impro ving effects . T he current findings do not deny the
fficacy of acupuncture but instead emphasize the importance of
on-specific effects of acupuncture. In particular, intensity depen-
ence of acupuncture treatment has been well established (Liu et
l., 2020 ), and acupuncture should be performed with appropriate
timulation intensity based on actual clinical conditions . T he re-
ults of the current study may suggest that an a ppr opriate, mild
eqi sensation could induce better emotional regulation, and in

he context of emotional blunting, this regulation may be related
o the enhancement of visual processing. 

Attention was drawn to the observed increase in emotional re-
ctivity to negativ e stim uli (measur ed by ERP), alongside a de-
rease in N A in PAN AS scores after the intervention. In this study,
articipants completed a non-emotional task (distinguishing be-
w een standar d and deviant stimuli) that implicitly presented
motional stimuli (in the deviant condition). Participants were not
pecifically instructed to complete the PANAS questionnaire in re-
ation to the negative stimuli of the oddball paradigm; instead,
hey were asked to respond according to their current mood state.
n fact, the oddball task and the PANAS assessment might have
een completed in different contexts . Furthermore , ERP compo-
ents r eflect neur obiological r esponses, while PANAS scor es r e-
ect subjective experience and appraisal. These two aspects de-
ote different facets of emotion that do not necessarily correlate.

t has become incr easingl y clear that facets of emotion across dif-
er ent r esponse domains ar e onl y loosel y coupled (Bylsma et al.,
016 ; Bylsma, 2021 ; Mauss et al., 2005 ). Physiological changes can
ccur without corresponding experiential changes, and vice versa
Kreibig, 2010 ; Yuan et al., 2015 ). Ther efor e, the incr ease in neu-
 al r esponses to negativ e emotional stim uli after the interv en-
ion may not be inconsistent with the decrease in self-reported
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negativ e emotion. Ther e is another possible explanation that self- 
r eported impr ov ement in emotion may r esult fr om br eaking a wa y 
from emotional blunting. 

Conclusion 

Emotional reactivity in youth with depr essiv e symptoms was al- 
tered by acupuncture. Although this effect may be non-specific, it 
still highlights the important role of acupuncture in the pr e v en- 
tion and treatment of depression in youth. 
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