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New combinations or alternative therapies for major depressive disorder (MDD) are necessary. Intradermal acupuncture (IA) shows
promise but requires further investigation regarding its efficacy, safety, and mechanisms. Conducted across 3 centers from November
2022 to January 2024, our randomized controlled trial included 120 participants with moderate to severe MDD, divided into the
selective serotonin reuptake inhibitors (SSRIs), SSRIs plus sham IA (SSRIs + SIA), and SSRIs plus active IA (SSRIs + AlA) groups.
Acupuncture groups received 10 sessions over 6 weeks at Shenmen (HT7), Neiguan (PC6), Sanyinjiao (SP6) and Taichong (LR3)
bilaterally, followed by a 4-week follow-up. The primary outcome was changes in Hamilton Depression Rating Scale-17 (HAMD-17)
scores at week 6. Furthermore, healthy controls (HCs) and MDD patients underwent magnetic resonance imaging (MRI) scans for
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functional connectivity (FC) analysis. After 6 weeks of treatment, the SSRIs + AIA group showed a greater reduction in HAMD-17 score
than the SSRIs + SIA group (MD, —4.9 [Cl, —7.6 to —2.2], P < 0.001) and SSRIs group (MD, —5.1 [Cl, —7.8 to —2.3], P < 0.001). No serious
adverse events occurred. SSRIs + AlA resulted in lower incidences of palpitations (vs.SSRIs + SIA: OR, 0.1% [Cl, 0.0-1.0%]; vs. SSRIs: OR,
0.1% [Cl, 0.0-0.7%]; P < 0.05), somnolence (vs.SSRIs + SIA: OR, 0.1% [CI, 0.0-0.9%]; vs.SSRIs: OR, 0.1% [Cl, 0.0-0.7%)]; P < 0.05), and nausea
(vs.SSRIs + SIA: OR, 0.1% [Cl, 0.0-1.0%)]; vs. SSRIs: OR, 0.1% [Cl, 0.0-0.9%]; P < 0.05). MDD patients showed abnormal FCs, and IA

enhanced FCs between striatum and frontal_inf_tri, and striatum and cerebellum in the MRI study. Overall, IA as adjunctive therapy

provides clinical efficacy and safety for MDD, and it may exert antidepressant effects by modulating striatal FCs.
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INTRODUCTION

Major depressive disorder (MDD) is characterized by persistent
sadness and cognitive impairment, severely impacting daily function-
ing and potentially leading to self-injury and suicide [1, 2]. Selective
serotonin reuptake inhibitors (SSRIs) exert antidepressant effects by
promoting neuroplasticity or increasing 5-hydroxytryptamine (5-HT)
levels and are recommended as first-line treatments for MDD across
all age groups [3-5]. However, more than two-thirds of patients with
MDD fail to respond after the initial antidepressants use [6]. It is
necessary to adjust treatment regimens in combination with new
therapies to address delayed onset, insufficient response, persistent
functional impairments, drug resistance, withdrawal syndromes,
relapses, and side effects associated with SSRIs [7-9].

Acupuncture is one such alternative or complementary therapy
available. Clinical trials have reported significant effects of
acupuncture in reducing MDD severity, alleviating somatic
symptoms and improving sleep quality [10-12]. Compared to
manual or electroacupuncture, intradermal acupuncture (IA) offers

advantages such as ease of operation, sustained stimulation, and
minimal disruption to daily activities [13]. However, only a limited
number of studies have reported the positive effects of IA on MDD
[14, 15], and high-quality clinical trials on IA are lacking.

In addition, the antidepressant mechanism of IA for MDD
remains unclear. While several theories on the pathogenesis of
MDD exist, the most widely accepted involves 5-HT imbalance,
which posits that reduced 5-HT levels increase susceptibility to
MDD [1, 16]. Seed-based functional connectivity (FC) is one of the
prevalent methods for analyzing functional magnetic resonance
imaging (fMRI) data, and is often used to characterize the
synchronicity between specific brain regions and others [17, 18].
The dorsal raphe nucleus (DRN) and median raphe nucleus (MRN),
key brain regions responsible for 5-HT production, are linked to
the neurophysiological mechanisms underlying MDD, with FC
alterations between these and subcortical regions playing a
significant role [19]. Recent studies suggest that the MRN and DRN
mediate the anxiolytic and antidepressant effects of acupuncture.
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For instance, Yang et al. demonstrated that acupuncture improves
anxiety-like behaviors by modulating serotonin transporter activity
in the DRN [20]. Saiyin et al. found that acupuncture was able to
improve depressive-like behavior by regulating BDNF mRNA
expression in MRN [21]. Additionally, previous study by our team
have shown that 5-HT in the DRN is involved in mediating the
analgesic and antidepressant effects of electro-acupuncture [22].

Another prominent theory involves the dysfunction of dopa-
mine reward circuits. Dopaminergic pathways, particularly those
involving the ventral tegmental area (VTA) and striatum, are
thought to contribute to the abnormal affective states and
behaviors observed in MDD [8, 23, 24]. MRI studies have shown
structural and functional abnormalities in the striatum are closely
linked to MDD onset and severity [25, 26]. Wang et al. have
reported changes in striatum-based FC in MDD patients following
acupuncture, suggesting that acupuncture exerts antidepressant
effects by modulating corticostriatal reward/motivation circuitry
[27]. Furthermore, evidence from animal study indicates that
acupuncture positively influences anxiety- and depression-like
behaviors by regulating neural adaptations within reward circuits
in atopic dermatitis mice [28]. In summary, while the antidepres-
sant effects of acupuncture appear to involve both the 5-HT and
dopamine systems, there remains a lack of neuroimaging
evidence that specifically links IA to specific alterations in brain
regions associated with these neurotransmitter systems.

Therefore, we designed a multicenter, prospective, randomized
controlled trial (RCT) to observe the clinical efficacy and safety of
IA intervention for MDD, and subsequently explored the cerebral
mechanism underlying the antidepressant effects of IA using FC
analysis of fMRI, focusing on the striatum, VTA, MRN and DRN as
region of interests (ROIs).

MATERIALS AND METHODS

Study design

This RCT was performed in 3 clinical centers from November 2022 to
January 2024, and we followed the Consolidated Standards of Reporting
Trials (CONSORT) reporting guideline. This study was reviewed and
approved by the Medical Ethics Committee of the Third Affiliated Hospital
of Zhejiang Chinese Medical University (approval number: ZSLL-KY-2022-
001-01-01), and study protocol has been published [29]. All participants
provided written informed consent. This study was registered in and the
ClinicalTrials.gov (Identifier: NCT05720637).

Participants

Participants were recruited, screened and diagnosed by uniformly trained
professional psychiatrists according to the International Classification of
Diseases 10th Edition (ICD-10) [30]. Inclusion criteria were participants with
moderate to severe MDD moderate (score of 17-23) to severe MDD
(score=24) based on the Hamilton Depression Rating Scale-17 (HAMD-17)
score [31], between the ages of 18 and 60 years, and administration of
SSRIs at least 6 week. Exclusion criteria includes non-monophasic
depression, drug or alcohol addiction, severe internal conditions and
tumors, positive suicidal tendency, and previously treated with 1A or
participating in other clinical trials. Healthy controls (HCs) with HAMD-
17<7 and no history of any psychotic disorders were included. All
participants who received MRI scans were right-handed and free of
contraindications to MRI. More details are shown in eTable 1.

Randomization and blinding

One hundred and twenty patients with MDD were randomly allocated by
SPSS 25 (SPSS Inc., Chicago, IL, USA) software in a 1:1:1 ratio into 3 groups:
only SSRIs, SSRIs plus sham IA (SSRIs+ SIA) and SSRIs plus active IA
(SSRIs + AIA). Randomization was stratified by gender and age with a block
size of 6. An independent assistant then placed the random numbers in
sealed envelopes and provided them to participants after the baseline
assessment. Participants, outcome assessors and statisticians were blinded
to the group allocation, while acupuncturists were not. As for the MRI
study, randomization and blinding were not applicable. 20 patients with
MDD and 20 gender- and age-match HCs were enrolled [32, 33].
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Procedures
Instructions for SSRIs use were the same in all 3 groups (20 mg/d for
fluoxetine, paroxetine and citalopram, 10 mg/d for escitalopram, 50 mg/d
for sertraline and 100 mg/d for fluvoxamine). To ensure stable antidepres-
sant treatment, participants have been on SSRIs for at least 6 weeks prior
to inclusion in this trial. For those not previously receiving SSRIs, the dose
was adjusted to the recommended level. If poor tolerance to the initial SSRI
occurred, the psychiatrist adjusted the prescription according to the
medication protocol, switching to an alternative SSRI before inclusion. The
participant’s antidepressant regimen was stabilized throughout the trial.
Patients in the SIA and AIA groups received acupuncture treatments for
approximately 6 weeks, once every 72 h and then removed with 1 day of
break, for a total of 10 times. The SIA and AIA were produced by the same
company (SEIRIN Co., Japan) with same appearance, but the SIA has a thin
silicone pad in the center instead of a needle body. Acupoints Shenmen
(HT7), Neiguan (PC6), Sanyinjiao (SP6) and Taichong (LR3) were selected
bilaterally according to our previous research [19, 34], and the locations of
the acupoints were shown in eTable 2. Patients in the AIA group were
instructed to press each acupoint 3-4 times a day for 1 min at 4-h intervals,
with as much stimulation as could be tolerated, while patients in the SIA
group were not pressed. What's more, patients did not receive any other
antidepressants beyond SSRIs, but temporary administration of sedative-
hypnotics was allowed if necessary, and all patients were instructed to
keep medication diaries.

Clinical outcomes
The primary outcome was defined as a reduction in the HAMD-17 score at
the 6th week relative to baseline.

The secondary outcomes were changes in scores from baseline to each
measurement point (at the 3rd, 6th and 10th week) on the Self-Rating
Depression Scale (SDS) and Pittsburgh sleep quality index (PSQI) [35-37].
Changes from baseline in HAMD-17 total and five factor scores (anxiety/
somatization, cognitive impairment, retardation, sleep disturbance and
weight) [38] at the 3rd and 10th week were also reported. Additional
outcomes were |IA compliance rate ([actual treatment times/total
treatment times] x 100%, 6th week), IA blind success rate (6th week)
and adverse events (AEs) rate (10th week). Details of all AEs in this study
were recorded on the case report file (CRF) throughout the treatment and
follow-up periods, and patients were managed properly and timely.
Besides, acupuncture expectancy (5-point method) was assessed at
baseline, whereas acupuncture compliance (compliance rate = (actual
treatment times/total treatment times) x 100%) and blinding were
assessed at the end of treatment.

fMRI procedures and data acquisition

The non-repeated event-related (NRER) paradigm was applied in this MRI
study [39, 40]. HCs underwent only a 8 min rs-fMRI scan, while patients
with MDD underwent 8 min rs-fMRI scans respectively before and after the
first AIA stimulation. Acupoints were selected consistent with the trial, and
the order of stimulation was PC6, HT7, SP6, and LR3, from right to left (all
taken bilaterally), with a stimulation time of 1 min for each acupoint and a
stimulation frequency of 60 times per minute. Every MDD patient received
a total of 8 minutes of continuous AIA stimulation before undergoing the
second rs-fMRI scan. All AIA stimulation was performed by two
standardized trained acupuncturists, and all MRI scans were operated by
the same professional radiologist, and participants were given uniform
instructions: lie flat and relaxed, keep eyes closed but stay awake. The
experimental paradigm was shown in eFig. 1.

Images were obtained by a 3.0 Tesla MR scanner (GE Discovery MR750, GE
Healthcare, Chicago, IL, United States). Structural images were acquired by
3D T1BRAVO sequence: time of repetition (TR)=8.2ms, time of echo
(TE) = 3.2 ms, flip angle = 12, field of view (FOV) = 256 mm X 256 mm, matrix
= 512 x 512, and slice thickness = 1 mm. Resting state functional data was
obtained via echo-planar T2*-weighted image (EPI) for 240 time points in the
sequence: TR = 2000 ms, TE = 35 ms, flip angle = 90, slice thickness = 5 mm,
slice gap = 1 mm, FOV =256 mm X 256 mm, and matrix = 64 X 64.

To investigate the role of the dopamine reward pathway and the 5-HT
system in mediating the antidepressant effects of IA, we chose the
striatum, VTA, DRN and MRN as region of ROIs for the FC analysis. The
striatum is subdivided into six subregions: inferior ventral caudate/nucleus
accumbens (VSi), superior ventral caudate (VSs), dorsal caudate (DC), dorsal
caudal putamen (DCP), dorsal rostral putamen (DRP), and ventral rostral
putamen (VRP). All ROIs were defined based on previous studies [41-43] as
shown in eTable 3.
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Clinical data analysis

On the basis of our preliminary pre-experiment, it was predicted that the
mean reduction in HAMD-17 for each group at the end of the intervention
would be 12.1, 9.7, and 9.5 with standard deviations of 2.7, 3.7, and 3.2,
respectively. When a = 0.05, 1-f = 0.9 and the sample sizes of the 3 groups
were equal, a sample size of 32 per group was calculated using the PASS
15 software (NCSS LLC., Kaysville, UT, USA). Estimating a dropout rate of
20%, a total of 120 patients (40 patients per group) were enrolled in the
study. Missing data from scale assessments were filled in using the last
observation carried forward (LOCF).

Normally distributed continuous variables were presented as means and
SDs, and binary or ordinal variables were described as numbers and
percentages. Differences between the 3 groups were evaluated by the one
factorial ANOVA test, repeatedly measured data were assessed by the two-
way repeated measures ANOVA test, the Bonferroni test and mean
difference (MD) with 95% confidence intervals (95% Cls) were used in
pair-wise comparisons between any two groups. Effect sizes were
calculated using Cohen’s d, with 0.2, 0.5, and 0.8 considered small,
moderate, and large, respectively. The Chi-square (x°) test and odds ratio
(OR) with 95% Cls were used for the categorical variables. All analyses were
carried out by using the SPSS 25.0 software (IBM Corporation, Armonk, NY,
USA), and statistical significance was defined as a value of P < 0.05.

FC analysis

MRI data were preprocessed using statistical parametricplotting software
(SPM12) and the DPARSF toolbox (both implemented by MATLAB R2016b,
Math Works, Inc., Natick, MA, USA). The default preprocessing pipeline was
used for seed-to-voxel FC analysis. The frist 10 volumes were discarded for
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stabilization of the initial signal, then slice timing and head motion
correction were performed for the remaining volumes. Data from
participant with head movement greater than 2.0 mm translation or 2.0°
rotation were removed in futher analysis. Then, the data were normalized
to the Montreal Neurological Institute (MNI) template, smoothed with a
6-mm Gaussian kernel, and processed by regression, detrending and band-
pass filtering (0.01-0.08 Hz). Two-sample T-test was applied to examine the
ROI seed-based FC differences between MDD patients and HCs. Paired T-
test was used to detect the regulation patterns of the ROl in MDD patients
before and after AIA intervention. The contrast map was corrected using
Gaussian random field (GRF, with voxel P < 0.05, cluster P < 0.05).

RESULTS

Baseline characteristics

In this RCT, a total of 208 MDD participants were screened, 120
(57.7%) eligible participants were randomly assigned and included
in the intention-to-treat (ITT) analysis, 109 (90.8%) completed half
of the session and were included in the modified ITT (mITT)
analysis, and 106 (88.3%) completed the session and follow-up
assessment. Fourteen MDD participants (5 in the SSRIs group, 4 in
the SSRIs + SIA group, and 5 in the SSRIs + AIA group) dropped
out of the trial, and the dropout rates in the 3 groups were not
statistically different (shown in Fig.1). Anxiety disorders accounted
for the highest proportion of MDD comorbidities at 68.3%,
followed by sleep disorders at 57.5% (shown in eTable 4). The
mean age of the study population was 32.1 years, mean disease

Patients screened (n=208)

Not randomised (n=88)

N

i

i Ineligible (some for more than one reason): 72

: Current diagnosis of comorbid bipolar disorder: 10
Current diagnosis of positive suicidal tendency: 15

Randomised (n=120)

Previously treated with IA or fear of it: 21
Refused to take SSRIs or insufficient time: 44
Declined randomization: 16

SSRIs (n=40)

SSRIs+SIA (n=40)

SSRIS+AIA (n=40)

Completed 1/2 session at week 3 (n=36)
Withdrew (n=4)
Considered ineffective: 2

Withdrew (n=3)

Completed 1/2 session at week 3 (n=37)

Considered ineffective: 1

Completed 1/2 session at week 3 (n=36)
Withdrew (n=4)
Considered ineffective: 1

Failured to follow the prescription: 1
Private reasons: 1

Failured to follow the prescription: 1
Private reasons: 1

Private reasons: 2
Intolerable IA-induced pain: 1

|

Completed the session at week 6 (n=35)
Withdrew (n=1)
Failured to follow the prescription: 1

Completed the session at week 6 (n=36)
Withdrew (n=1)
Considered ineffective: 1

Completed the session at week 6 (n=36)

Completed follow-up at week 10 (n=35)

Completed follow-up at week 10 (n=36)

Completed the session at week 6 (n=35)
Withdrew (n=1)
Lost contact: 1

Included in ITT analysis (n=40)

Included in ITT analysis (n=40)

|

Included in ITT analysis (n=40)

Fig. 1 Trial flow chart. SSRIs indicates selective serotonin reuptake inhibitors, SIA indicates sham intradermal acupuncture, AlA indicates

active intradermal acupuncture and ITT indicates intention-to-treat.
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Table 1. Baseline characteristics in the RCT.

Characteristics SSRIs (n =40) SSRIs + SIA (n =40) SSRIs + AlA (n =40) All participates (n = 120)
Age (years), mean (SD) 35.2 (13.0) 31.2 (10.8) 30.0 (10.8) 32.1 (11.7)
Sex, no. (%)
Female 31 (77.5) 32 (80.0) 32 (80.0) 95 (79.2)
Male 9 (22.5) 8 (20.0) 8 (20.0) 25 (20.8)
BMI (kg/m3), mean (SD) 21.1 (2.4) 21.8 (3.4) 21.0 (2.7) 21.3 (2.9)
Education, no. (%)

Primary and secondary 19 (47.5) 16 (40.0) 19 (47.5) 54 (45.0)
Tertiary and above 21 (52.5) 24 (60.0) 21 (52.5) 66 (55.0)
Course of disease (months), mean (SD) 28.7 (43.5) 22.3 (34.5) 24.3 (26.5) 25.1 (35.3)

Use of SSRIs, no. (%)
Fluvoxamine 15 (37.5) 14 (35.0) 16 (40.0) 45 (37.5)
Fluoxetine 7 (17.5) 10 (25.0) 7 (17.5) 24 (20.0)
Sertraline 8 (20.0) 9 (22.5) 10 (25.0) 27 (22.5)
Escitalopram 9 (22.5) 7 (17.5) 6 (15.0) 22 (18.3)
Paroxetine 1 (2.5) 0 (0.0) 1(2.5) 2 (1.7)
Acupucture expectation score, mean (SD) 2.8 (1.0) 3.1 (0.9) 3.2 (0.8) 3.0 (0.9)
HAMD-17 score, mean (SD) 21.1 (3.6) 20.1 (3.7) 21.5 (4.4) 20.9 (3.9)
SDS score, mean (SD) 68.3 (7.8) 66.8 (8.0) 72.7 (9.0) 69.2 (8.6)
PSQI score, mean (SD) 15.4 (4.4) 15.3 (3.9) 14.7 (3.5) 15.1 (4.0)

RCT randomized controlled trial; SSRIs, selective serotonin reuptake inhibitors, SIA sham intradermal acupuncture, AIA active intradermal acupuncture, BMI
body mass index, HAMD-17 Hamilton Depression Rating Scale-17, SDS Zung Self-Rating Depression Scale, PSQI Pittsburgh Sleep Quality Index.

duration was 25.1 months, and mean acupucture expectation was
3.0 points. Overall, similar baseline characteristics among the 3
groups are shown in Table 1. In addition, 38 (31.7%) believed that
IA would be very effective in MDD symptom improvement, with
no significant difference among 3 groups (shown in eTable 5).

The MRI study included 20 patients with MDD and 20 HCs
matched for age and gender (shown in eTable 6), of which 17
patients with MDD completed both pre- and post-IA intervention
MRI scans, and 20 HCs completed one MRI scan (shown in eFig. 2).
In addition, 2 patients with MDD were excluded from the final
analysis because of large head motions.

Clinical outcomes

The mean change in HAMD-17 total score relative to baseline after
6 weeks of treatment was —9.6 (SD, 4.9) for SSRIs + AIA group,
—4.8 (SD, 4.6) for SSRIs + SIA group, and —4.6 (SD, 4.7) for SSRIs
group. The participants who received SSRIs + AIA had a greater
reduction in HAMD-17 total score than that in the SSRIs + SIA
group (MD, —4.9 [Cl, —7.6 to —2.2]) and SSRIs group (MD, —5.1 [Cl,
—7.8 to —2.3]) (shown in Table 2).

Overall, the HAMD-17, SDS and PSQI scores decreased over
time. Significant differences across groups were observed in
HAMD-17 and SDS scores at the 3rd, 6th, and 10th week (P < 0.05)
(shown in Table 2). The improvement of the anxiety/somatization
and retardation factor scores in the SSRIs+ AIA group were
significantly better than those of SSRIs + SIA (at the 6th and 10th
week) and SSRIs group (at the 6th week) (P <0.05) (shown in
eTable 7). Similar to the change in HAMD-17 total score,
SSRIs + AIA achieved greater reductions in SDS scores than
SSRIs + SIA (MD, —10.8 [Cl, —16.0 to —5.6) and SSRIs (MD, —12.3
[Cl, —17.4 to —7.1) at the 6th week. The inter-group difference in
PSQI was not statistically significant at any time (P> 0.05). Intra-
group comparisons showed that HAMD-17 and SDS scores were
significantly decreased compared to their respective baselines in
all 3 groups since the 3rd week (P> 0.05). In terms of changes in
PSQI scores, significant differences were observed earlier in the
SSRIs + AIA group (at the 3rd week) than other groups (both at the
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6th week) (shown in Table 2). Throughout the trial, patients were
allowed to take comorbid medications temporarily, and the most
common sedative-hypnotics were Alprazolam and Oxazepam
(shown in eTable 8) For other outcomes, there were no
statistically significant differences in blind evaluation, and IA
compliance among the 3 groups (P < 0.05) (shown in eTable 9).

No serious adverse events were recorded. Compare to SSRIs +
SIA and SSRIs, SSRIs+ AIA resulted in a lower frequency of
palpitations (vs.SSRIs + SIA: OR, 0.1% [Cl, 0.0-1.0%]; vs.SSRIs: OR,
0.1% [Cl, 0.0-0.7%]), somnolence (vs.SSRIs + SIA: OR, 0.1% [Cl,
0.0-0.9%]; vs.SSRIs: OR, 0.1% [Cl, 0.0-0.7%]), and nausea
(vs.SSRIs + SIA: OR, 0.1% [Cl, 0.0-1.0%]; vs.SSRIs: OR, 0.1% [Cl,
0.0-0.9%]) (shown in Table 3).

rs-FC results
Compare with HCs, patients with MDD showed significantly
decreased FC between Striatum and left Frontal_Inf_Orb, right_-
Frontal_Mid_Orb, left Frontal_Sup_Orb, left Frontal_Sup, left
Frontal_Sup_Medial, left Precuneus, bilateral Occipital_Mid, right
Insula and right Rectus, and increased FC between Striatum and
left ParaHippocampal, right Paracentral_Lobule, left Postcentral,
left Frontal_Inf_Tri, right Cerebelum_6, left Lingual and bilateral
Frontal_Mid. With the VTA as RO, FC increased between left VTA
and left Precuneus, as well as right VTA and left Postcentral.
Additionally, FC increased between DRN and left Precentral, also
between MRN and right Frontal_Inf_Orb, and decreased FC
between right Cerebelum_4_5 (shown in eTable 10, Fig. 2).
Comparison of pre-IA and post-IA results revealed that IA
decreased FC between Striatum and left Cerebelum_9, right
Frontal_Inf_Tri, as well as between right VTA and right Caudate; IA
increased FC between DRN and right Calcarine, and decreased FC
between MRN and left Frontal_Sup_Orb (shown in eTable 11, Fig. 2).

DISCUSSION
Our RCT results showed that AIA had strong effects on MDD
symptoms, particularly anxiety/somatization and retardation (as

Neuropsychopharmacology (2025) 50:1075 - 1083
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Table 3. Adverse events.

Adverse events, no. SSRIs SSRIs + SIA SSRIs + AIA SSRIs + AIA vs. SSRIs, SSRIs + AIA vs.
(%) (n=40) (n=40) (n=40) OR (95% CI) SSRIs + SIA, OR (95% CI)
Serious adverse 0 (0.0) 0 (0.0) 0 (0.0) _ _

events

Tiredness 1(2.5) 1(2.5) 0 (0.0 NA NA

Dizziness 1(2.5) 2 (5.0) 1 (2.5) 1.0 (0.1-16.6) 0.5 (0.0-5.6)
Headache 2 (5.0) 1 (2.5) 2 (5.0) 1.0 (0.1-7.5) 2.1 (0.2-23.6)
Palpitations 9 (22.5) 7 (17.5) 1 (2.5)%* 0.1 (0.0-0.7) 0.1 (0.0-1.0)
Dry mouth 1(2.5) 0 (0.0) 1(2.5) 1.0 (0.1-16.6) NA

Tremor 0 (0.0) 0 (0.0) 1 (0.0) NA NA

Sweating 1 (2.5) 1 (2.5) 0 (0.0) NA NA
Somnolence 9 (22.5) 8 (20.0) 1 (2.5)* 0.1 (0.0-0.7) 0.1 (0.0-0.9)
Insomnia 7 (17.5) 6 (15.0) 6 (15.0) 0.8 (0.3-2.7) 1.0 (0.3-3.4)
Nausea 8 (15.0) 7 (17.5) 1 (2.5 0.1 (0.0-0.9) 0.1 (0.0 to 1.0)
Acupoints pain 0 (0.0) 0 (0.0) 1 (2.5) NA NA

SSRIs selective serotonin reuptake inhibitors, SIA sham intradermal acupuncture, AIA active intradermal acupuncture, OR odds ratio.

*P < 0.05 vs. SSRIs group; *P <0.05 vs. SSRIs -+ SIA group.

measured by the HAMD-17), outperforming both SIA and SSRIs.
The changes in the SDS total score mirrored the trends observed
with the HAMD-17. Although all groups exhibited improvements
in sleep quality (as measured by the PSQI), no significant
differences were observed among the 3 groups at any time point.
Importantly, no serious adverse events were reported in any
group, and the AIA group experienced markedly fewer adverse
events, such as palpitations, fatigue and nausea, compared to
other groups. High treatment compliance, exceeding 90%, was
observed in the acupuncture groups. These findings indicate that
AIA provides therapeutic effects beyond the placebo effect, and
this combined therapy showed superior antidepressant efficacy,
faster response time, and greater safety compared to SSRIs alone.

Previous systematic reviews have highlighted the positive
effects of acupuncture on MDD [11, 12, 44]. An 8-week non-
randomized trial reported significant reductions in HAMD-24 total
scores, anxiety/somatization and desperation factor scores in an
electroacupuncture plus SSRIs group compared to SSRIs alone
[45]. Comparable benefits of electroacupuncture on anxiety/
somatization, retardation and sleep disturbance have been
documented [10]. AIA, a form of superficial acupuncture, shows
similar antidepressant effects. Notably, Noda et al. reported AIA
improved Beck Depression Inventory scores in MDD patients
compared to SIA [14]. Wang et al. also found that SDS total scores,
HAMD-17 total scores and sleep factor scores were significantly
lower in the AIA group than in the SIA group after a 2-week
intervention [15]. Our study aligns with these findings, showing
significant improvements in SDS and HAMD-17 scores, particularly
in anxiety/somatization and retardation. However, AIA did not
significantly improve sleep quality, as measured by both the
HAMD-17 sleep factor and PSQI scores. This may be due to
differences in acupoint selection,as AIA at auricular acupoints is
reported to affect sleep through vagus nerve stimulation [15, 46].
Additionally, the depth of needling in our study differed from that
used in manual or electroacupuncture in other studies, which may
have influenced the results. The therapeutic benefits of AlA
emerged at week 3 and persisted until week 10, indicating a
potential prolonged effect, consistent with other studies showing
sustained benefits of auricular acupuncture [46].

Most studies have proved that manual or electroacupuncture
for MDD accelerates SSRI onset and significantly reduces adverse
effects [12, 47]. Our findings provide such evidence for IA
intervention for the first time. By week 3, reductions in HAMD-
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17 and SDS scores in the AIA group exceeded those in the SSRIs
group at week 6 (HAMD-17: —5.2 vs. —4.6; SDS: —11.1 vs. —4.7).
Although there were no significant difference in PSQI scores
among the three groups, the AIA group showed a therapeutic
advantage at week 3 compared to the baseline, earlier than the
other two groups. Furthermore, the AIA intervention significantly
decreased the incidence of palpitations, fatigue and nausea,
possibly due to sympathetic and vagus nerves modulation via the
median nerve at acupoint PC6 [48]. Only one case (2.5%) in the
AlA group experienced intolerable pain at the acupoints, with no
adverse events such as dizziness, hematoma, and bleeding, which
are common with traditional acupuncture, indicating that AlA is a
safer therapy. In summary, our RCT provided strong evidence for
the efficacy and safety of AIA for MDD.

Our study explored the potential cerebral mechanisms under-
lying the antidepressant effects of AlA, focusing on the dopamine
reward and 5-HT systems. Dopamine, primarily originating from
the midbrain VTA, projects to the prefrontal cortex and the limbic
system (nucleus accumbens, NAc; also known as VSi) [49, 50]. The
DRN and MRN, rich in 5-HT, also plays a crucial role in regulating
emotions, cognition, behavior, and motivation. Hyperactivity in
specific brain regions is associated with the onset and progression
of MDD, including the left parahippocampal, left hippocampus,
left amygdala, and left medial orbital frontal gyrus [51]. Our study
found that compared to HC, patients with MDD show increased
FCs between the striatum, VTA, DRN and MRN and regions in the
frontal, parietal, temporal lobes, or the cerebellum, which are
involved in emotional regulation and social cognition. Notably,
enhanced FC between the striatum and frontal_inf_tri was
attenuated following AlA intervention, suggesting the striatum-
prefrontal cortex circuit was modulated by AIA. In addition, the
cerebellum, traditionally associated with motor control, is increas-
ingly recognized for its role in cognitive and emotional processing
of negative stimuli [52]. Abnormal cerebellar activity is frequently
observed in MDD, and cerebellar dysfunction can lead to
emotional and behavioral abnormalities [53]. Current theories
propose that the cerebellum regulates emotions through
cerebellar-cortical or cerebellar-limbic system circuit [54]. Zhang
et al. found that hypothalamo-cerebellar-amygdala circuit might
alleviate movement-dependent anxiety, underscoring the
cerebellar-limbic system’s role in emotion regulation [55].
Consistent with this, we observed that the cerebellar-limbic
system (striatum) circuit mediated the antidepressant effects of

Neuropsychopharmacology (2025) 50:1075 - 1083
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Fig. 2 Striatal functional connectivity. MDD indicates major depressive disorder, HC indicates healthy controls, IA indicates intradermal
acupuncture, VRP indicates ventral rostral putamen, DC indicates dorsal caudate, VSi indicates inferior ventral caudate/nucleus accumbens, L

indicates left, and R indicates right.

AlA. Specifically, MDD patients showed enhanced FC between the
striatum and cerebellum compared to HCs, which decreased
following AlA intervention. Additionally, AIA also modulated FC of
VTA, MRN and DRN, though further research is required to confirm
their roles in AlA’s antidepressant effects.

Acupuncture has been shown to produce sustained effects, with
neural responses persisting for several minutes after needle
removal [56]. Price et al. confirmed that the analgesic effects of
acupuncture actually peak some time after the needle has been
removed [57]. Consequently, research on these sustained effects,
particularly using NRER design, has gained prominence [40, 58].
Wei et al. demonstrated that electro-acupuncture induced
stronger and broader brain responses in MDD patients 15 minutes
after needle removal (sustained effects) than during needling
(instant effects) [59]. The sustained effects of acupuncture refer to
short-term neural responses occurring within minutes to tens of
minutes after needle removal, typically associated with improve-
ments in mood and cognitive function. Long-term effects, on the
other hand, involve neuroadaptive changes that develop over
extended periods, potentially leading to lasting alterations in brain
structure and function. For instance, Wang et al. found that
acupuncture modulates FC between the amygdala and anterior
cingulate cortex, contributing to long-term improvements in MDD
[60]. Despite differences in time scales and physiological
mechanisms, both sustained and long-term effects significantly
improve MDD symptoms by moderating neural network function
and structure. In this study, we adopt an NRER-based design to
explore the sustained effects of IA on MDD, laying the groundwork
for future research on its long-term effects. Future research will
systematically compare the instant, sustained, and long-term
effects of IA to clarify its central mechanisms in MDD.

Limitations

First, the treatment period and follow-up time were relatively
short, leaving the long-term antidepressant effect of AIA
combination therapy unknown. Second, we did not analyze SSRIs

Neuropsychopharmacology (2025) 50:1075 - 1083

dosage as a variable, potentially limiting the generalizability of our
findings. Third, in fMRI studies, factors such as pain or visual
disturbances from AIA could influence brain activity, but placebo
or SIA were not selected for negative control in this study. Fourth,
many MDD patients declined a second MRI scan after the 6-week
intervention, necessitating a shift to a NRER design, which may
differ from long-term effect studies.

CONCLUSIONS

Combining AIA with SSRIs effectively alleviated depressive symp-
toms, with favorable treatment adherence and safety. Compared to
SSRIs alone, the combination effectively accelerated the onset of
SSRI effects and reduced adverse effects. Furthermore, MDD
patients exhibited FC abnormalities in brain regions associated
with the dopamine reward and the 5-HT system, and the striatum-
frontal cortex (frontal_inf_tri) and cerebellar-limbic system (stria-
tum) circuits appear to mediate the antidepressant effects of AlA.

DATA AVAILABILITY

Due to ethics restrictions, the data supporting the results of this study are not
publicly available, but they are available to the applicant upon reasonable request to
the corresponding author: shaoxiaomei@zcmu.edu.cn.

REFERENCES

1. McCarron RM, Shapiro B, Rawles J, Luo J. Depression. Ann Intern Med.
2021;174:ITC65-ITC80. https://doi.org/10.7326/AITC202105180.

2. Garcia-Montero C, Ortega MA, Alvarez-Mon MA, Fraile-Martinez O, Romero-Bazan
A, Lahera G, et al. The problem of malnutrition associated with major depressive
disorder from a sex-gender perspective. Nutrients. 2022;14:1107 https://doi.org/
10.3390/nu14051107.

3. Matsushima Y, Terada K, Kamei C, Sugimoto Y. Sertraline inhibits nerve growth
factor-induced neurite outgrowth in PC12 cells via a mechanism involving the
sigma-1 receptor. Eur J Pharmacol. 2019;853:129-35. https://doi.org/10.1016/
j.ejphar.2019.03.032.

SPRINGER NATURE

1081


https://doi.org/10.7326/AITC202105180
https://doi.org/10.3390/nu14051107
https://doi.org/10.3390/nu14051107
https://doi.org/10.1016/j.ejphar.2019.03.032
https://doi.org/10.1016/j.ejphar.2019.03.032

X. Wu et al.

1082

20.

21.

22.

23.

24,

25.

. Sanchez C, Reines EH, Montgomery SA. A comparative review of escitalopram,

paroxetine, and sertraline: Are they all alike? Int Clin Psychopharmacol.
2014;29:185-96. https://doi.org/10.1097/YIC.0000000000000023.

. Boaden K, Tomlinson A, Cortese S, Cipriani A. Antidepressants in children and

adolescents: meta-review of efficacy, tolerability and suicidality in acute treat-
ment. Front Psychiatry. 2020;11:717 https://doi.org/10.3389/fpsyt.2020.00717.

. Jha MK, Rush AJ, Trivedi MH. When discontinuing SSRI antidepressants is a

challenge: management tips. Am J Psychiatry. 2018;175:1176-84. https://doi.org/
10.1176/appi.ajp.2018.18060692.

. Horowitz MA, Taylor D. Tapering of SSRI treatment to mitigate withdrawal

symptoms. Lancet Psychiatry. 2019;6:538-46. https://doi.org/10.1016/52215-
0366(19)30032-X.

. Schuch FB, Vancampfort D, Richards J, Rosenbaum S, Ward PB, Stubbs B. Exercise

as a treatment for depression: a meta-analysis adjusting for publication bias. J
Psychiatric Res. 2016;77. https://doi.org/10.1016/j.jpsychires.2016.02.023.

. Carvalho AF, Sharma MS, Brunoni AR, Vieta E, Fava GA. The safety, tolerability and

risks associated with the use of newer generation antidepressant drugs: a critical
review of the literature. Psychother Psychosom. 2016;85:270-88. https://doi.org/
10.1159/000447034.

. Zhao B, Li Z, Wang Y, Ma X, Wang X, Wang X, et al. Can acupuncture combined with

SSRIs improve clinical symptoms and quality of life in patients with depression?
Secondary outcomes of a pragmatic randomized controlled trial. Complement Ther
Med. 2019;45:295-302. https://doi.org/10.1016/j.ctim.2019.03.015.

. Yang NN, Lin LL, Li YJ, Li HP, Cao Y, Tan CX, et al. Potential mechanisms and

clinical effectiveness of acupuncture in depression. Curr Neuropharmacol.
2022;20:738-50. https://doi.org/10.2174/1570159X19666210609162809.

. Armour M, Smith CA, Wang LQ, Naidoo D, Yang GY, MacPherson H, et al. Acu-

puncture for depression: a systematic review and meta-analysis. J Clin Med.
2019;8:E1140 https://doi.org/10.3390/jcm8081140.

. Chen L, Li M, Fan L, Zhu X, Liu J, Li H, et al. Optimized acupuncture treatment

(acupuncture and intradermal needling) for cervical spondylosis-related neck
pain: a multicenter randomized controlled trial. Pain. 2021;162:728-39. https://
doi.org/10.1097/j.pain.0000000000002071.

. Noda Y, lzuno T, Tsuchiya Y, Hayasaka S, Matsumoto K, Murakami H, et al.

Acupuncture-induced changes of vagal function in patients with depression: a
preliminary sham-controlled study with press needles. Complement Ther Clin
Pract. 2015;21:193-200. https://doi.org/10.1016/j.ctcp.2015.07.002.

. Wang H, Liu XR, Wu XJ, He TZ, Miao D, Jiang JF, et al. Additional value of auricular

intradermal acupuncture alongside selective serotonin reuptake inhibitors: a
single-blinded, randomized, sham-controlled preliminary clinical study. Acupunct
Med. 2021;39:596-602. https://doi.org/10.1177/0964528421997155.

. Monroe SM, Harkness KL. Major depression and its recurrences: life course

matters. Annu Rev Clin Psychol. 2022;18:329-57. https://doi.org/10.1146/
annurev-clinpsy-072220-021440.

. Zhang J, Wu X, Nie D, Zhuo Y, Li J, Hu Q, et al. Magnetic resonance imaging

studies on acupuncture therapy in depression: a systematic review. Front Psy-
chiatry. 2021;12:670739 https://doi.org/10.3389/fpsyt.2021.670739.

. Song Y, Xu W, Chen S, Hu G, Ge H, Xue C, et al. Functional MRI-specific alterations

in salience network in mild cognitive impairment: an ALE meta-analysis. Front
Aging Neurosci. 2021;13. https://doi.org/10.3389/fnagi.2021.695210.

. Han S, He Z, Duan X, Tang Q, Chen Y, Yang Y, et al. Dysfunctional connectivity

between raphe nucleus and subcortical regions presented opposite differences
in bipolar disorder and major depressive disorder. Prog Neuropsychopharmacol
Biol Psychiatry. 2019;92:76-82. https://doi.org/10.1016/j.pnpbp.2018.12.017.
Yang TY, Jang EY, Ryu Y, Lee GW, Lee EB, Chang S, et al. Effect of acupuncture on
Lipopolysaccharide-induced anxiety-like behavioral changes: involvement of
serotonin system in dorsal Raphe nucleus. BMC Complement Altern Med.
2017;17:528 https://doi.org/10.1186/512906-017-2039-y.

Saiyin CK, Ai LY, Song ML, Luo T, Zhao J, Aru N, et al. [Mongolian medicine three
acupoints balance needling improves depressive behavior by regulating p11/
tPA/BDNF pathway and miRNA-16 of hippocampus and middle raphe nucleus in
depression model rats]. Zhen Ci Yan Jiu. 2021;46:742-50.

Wu YY, Jiang YL, He XF, Zhao XY, Shao XM, Sun J, et al. 5-HT in the dorsal raphe
nucleus is involved in the effects of 100-Hz electro-acupuncture on the pain-
depression dyad in rats. Exp Ther Med. 2017;14:107-14. https://doi.org/10.3892/
etm.2017.4479.

Knowland D, Lim BK. Circuit-based frameworks of depressive behaviors: The role
of reward circuitry and beyond. Pharmacol Biochem Behav. 2018;174:42-52.
https://doi.org/10.1016/j.pbb.2017.12.010.

Cao JL, Covington HE, Friedman AK, Wilkinson MB, Walsh JJ, Cooper DC, et al.
Mesolimbic dopamine neurons in the brain reward circuit mediate susceptibility
to social defeat and antidepressant action. J Neurosci. 2010;30:16453-8. https://
doi.org/10.1523/JNEUROSCI.3177-10.2010.

Auerbach RP, Pagliaccio D, Hubbard NA, Frosch I, Kremens R, Cosby E, et al.
Reward-related neural circuitry in depressed and anxious adolescents: a human

SPRINGER NATURE

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

connectome project. J Am Acad Child Adolesc Psychiatry. 2022;61:308-20.
https://doi.org/10.1016/j.,jaac.2021.04.014.

Tan A, Costi S, Morris LS, Van Dam NT, Kautz M, Whitton AE, et al. Effects of the
KCNQ channel opener ezogabine on functional connectivity of the ventral
striatum and clinical symptoms in patients with major depressive disorder. Mol
Psychiatry. 2020;25:1323-33. https://doi.org/10.1038/s41380-018-0283-2.

Wang Z, Wang X, Liu J, Chen J, Liu X, Nie G, et al. Acupuncture treatment
modulates the corticostriatal reward circuitry in major depressive disorder. J
Psychiatr Res. 2017;84:18-26. https://doi.org/10.1016/j.jpsychires.2016.09.014.
Yeom M, Ahn S, Jang SY, Jang JH, Lee Y, Hahm DH, et al. Acupuncture attenuates
comorbid anxiety- and depressive-like behaviors of atopic dermatitis through
modulating neuroadaptation in the brain reward circuit in mice. Biol Res.
2022;55:28 https://doi.org/10.1186/540659-022-00396-0.

MacPherson H, Altman DG, Hammerschlag R, Youping L, Taixiang W, White A,
et al. Revised STandards for Reporting Interventions in Clinical Trials of Acu-
puncture (STRICTA): extending the CONSORT statement. PLoS Med.
2010;7:21000261 https://doi.org/10.1371/journal.pmed.1000261.

Organization WH. ICD-10: international statistical classification of diseases and
related health problems: tenth revision. World Health Organization; 2004. https://
iris.who.int/handle/10665/42980. Accessed 7 May 2024.

Zimmerman M, Martinez JH, Young D, Chelminski |, Dalrymple K. Severity clas-
sification on the Hamilton Depression Rating Scale. J Affect Disord.
2013;150:384-8. https://doi.org/10.1016/j.jad.2013.04.028.

Qiu K, Jing M, Sun R, Yang J, Liu X, He Z, et al. The status of the quality control in
acupuncture-neuroimaging studies. Evid Based Complement Alternat Med.
2016;2016:3685785 https://doi.org/10.1155/2016/3685785.

Hayasaka S, Peiffer AM, Hugenschmidt CE, Laurienti PJ. Power and sample size
calculation for neuroimaging studies by non-central random field theory. Neu-
roimage. 2007;37:721-30. https://doi.org/10.1016/j.neuroimage.2007.06.009.

Tu M, Xiong S, Lv S, Wu X, Hu H, Hu R, et al. Acupuncture for major depressive
disorder: a data mining-based literature study. NDT. 2023;19:1069-84. https://
doi.org/10.2147/NDT.S405728.

Dunstan DA, Scott N, Todd AK. Screening for anxiety and depression: reassessing
the utility of the Zung scales. BMC Psychiatry. 2017;17:329 https://doi.org/
10.1186/512888-017-1489-6.

Zung WW. A self-rating depression scale. Arch Gen Psychiatry. 1965;12:63-70.
https://doi.org/10.1001/archpsyc.1965.01720310065008.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry
Res. 1989;28:193-213. https://doi.org/10.1016/0165-1781(89)90047-4.

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry.
1960;23:56-62. https://doi.org/10.1136/jnnp.23.1.56.

Qin W, Tian J, Bai L, Pan X, Yang L, Chen P, et al. FMRI connectivity analysis of
acupuncture effects on an amygdala-associated brain network. Mol Pain.
2008;4:55 https://doi.org/10.1186/1744-8069-4-55.

Duan G, Chen Y, Pang Y, Feng Z, Liao H, Liu H, et al. Altered fractional amplitude
of low-frequency fluctuation in women with premenstrual syndrome via acu-
puncture at Sanyinjiao (SP6). Ann Gen Psychiatry. 2021;20:29 https://doi.org/
10.1186/512991-021-00349-z.

Di Martino A, Scheres A, Margulies DS, Kelly AM, Uddin LQ, Shehzad Z, et al.
Functional Connectivity of Human Striatum: a resting state fMRI study. Cerebral
Cortex. 2008;18:2735-47. https://doi.org/10.1093/cercor/bhn041.

Richter A, Kramer B, Diekhof EK, Gruber O. Resilience to adversity is associated
with increased activity and connectivity in the VTA and hippocampus. Neuro-
Image: Clinical. 2019;23:101920 https://doi.org/10.1016/j.nicl.2019.101920.

Wang X, Ni X, Ouyang X, Zhang Y, Xu T, Wang L, et al. Modulatory effects of
acupuncture on raphe nucleus-related brain circuits in patients with chronic neck
pain: a randomized neuroimaging trial. CNS Neurosci Ther. 2024;30:214335
https://doi.org/10.1111/cns.14335.

Smith CA, Armour M, Lee MS, Wang LQ, Hay PJ. Acupuncture for depression.
Cochrane Database Syst Rev. 2018;3:CD004046 https://doi.org/10.1002/
14651858.CD004046.pub4.

Yang X, Gong W, Ma X, Wang S, Wang X, Guo T, et al. Factor analysis of elec-
troacupuncture and selective serotonin reuptake inhibitors for major depressive
disorder: an 8-week controlled clinical trial. Acupunct Med. 2020;38:45-52.
https://doi.org/10.1136/acupmed-2017-011412.

de Oliveira Rodrigues DM, Menezes PR, Machado Ribeiro Silotto AE, Heps A,
Pereira Sanches NM, Schveitzer MC, et al. Efficacy and safety of auricular acu-
puncture for depression. JAMA Netw Open. 2023;6:€2345138 https://doi.org/
10.1001/jamanetworkopen.2023.45138.

Liu Y, Feng H, Mo Y, Gao J, Mao H, Song M, et al. Effect of soothing-liver and
nourishing-heart acupuncture on early selective serotonin reuptake inhibitor
treatment onset for depressive disorder and related indicators of neuroimmu-
nology: a randomized controlled clinical trial. J Tradit Chin Med. 2015;35:507-13.
https://doi.org/10.1016/50254-6272(15)30132-1.

Neuropsychopharmacology (2025) 50:1075 - 1083


https://doi.org/10.1097/YIC.0000000000000023
https://doi.org/10.3389/fpsyt.2020.00717
https://doi.org/10.1176/appi.ajp.2018.18060692
https://doi.org/10.1176/appi.ajp.2018.18060692
https://doi.org/10.1016/S2215-0366(19)30032-X
https://doi.org/10.1016/S2215-0366(19)30032-X
https://doi.org/10.1016/j.jpsychires.2016.02.023
https://doi.org/10.1159/000447034
https://doi.org/10.1159/000447034
https://doi.org/10.1016/j.ctim.2019.03.015
https://doi.org/10.2174/1570159X19666210609162809
https://doi.org/10.3390/jcm8081140
https://doi.org/10.1097/j.pain.0000000000002071
https://doi.org/10.1097/j.pain.0000000000002071
https://doi.org/10.1016/j.ctcp.2015.07.002
https://doi.org/10.1177/0964528421997155
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.3389/fpsyt.2021.670739
https://doi.org/10.3389/fnagi.2021.695210
https://doi.org/10.1016/j.pnpbp.2018.12.017
https://doi.org/10.1186/s12906-017-2039-y
https://doi.org/10.3892/etm.2017.4479
https://doi.org/10.3892/etm.2017.4479
https://doi.org/10.1016/j.pbb.2017.12.010
https://doi.org/10.1523/JNEUROSCI.3177-10.2010
https://doi.org/10.1523/JNEUROSCI.3177-10.2010
https://doi.org/10.1016/j.jaac.2021.04.014
https://doi.org/10.1038/s41380-018-0283-2
https://doi.org/10.1016/j.jpsychires.2016.09.014
https://doi.org/10.1186/s40659-022-00396-0
https://doi.org/10.1371/journal.pmed.1000261
https://iris.who.int/handle/10665/42980
https://iris.who.int/handle/10665/42980
https://doi.org/10.1016/j.jad.2013.04.028
https://doi.org/10.1155/2016/3685785
https://doi.org/10.1016/j.neuroimage.2007.06.009
https://doi.org/10.2147/NDT.S405728
https://doi.org/10.2147/NDT.S405728
https://doi.org/10.1186/s12888-017-1489-6
https://doi.org/10.1186/s12888-017-1489-6
https://doi.org/10.1001/archpsyc.1965.01720310065008
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1186/1744-8069-4-55
https://doi.org/10.1186/s12991-021-00349-z
https://doi.org/10.1186/s12991-021-00349-z
https://doi.org/10.1093/cercor/bhn041
https://doi.org/10.1016/j.nicl.2019.101920
https://doi.org/10.1111/cns.14335
https://doi.org/10.1002/14651858.CD004046.pub4
https://doi.org/10.1002/14651858.CD004046.pub4
https://doi.org/10.1136/acupmed-2017-011412
https://doi.org/10.1001/jamanetworkopen.2023.45138
https://doi.org/10.1001/jamanetworkopen.2023.45138
https://doi.org/10.1016/s0254-6272(15)30132-1

48. Zhao Q, Zhang S, Zhao H, Zhang S, Dai Z, Qian Y, et al. Median nerve stimulation
prevents atrial electrical remodelling and inflammation in a canine model with
rapid atrial pacing. Europace. 2018;20:712-8. https://doi.org/10.1093/europace/
eux003.

49. Nestler EJ, Carlezon WA. The mesolimbic dopamine reward circuit in depression.
Biol Psychiatry. 2006;59:1151-9. https://doi.org/10.1016/j.biopsych.2005.09.018.

50. Chen W. Neural circuits provide insights into reward and aversion. Front Neural
Circuits. 2022;16:1002485 https://doi.org/10.3389/fncir.2022.1002485.

51. Ma X, Liu J, Liu T, Ma L, Wang W, Shi S, et al. Altered resting-state functional
activity in medication-naive patients with first-episode major depression disorder
vs. healthy control: a quantitative meta-analysis. Front Behav Neurosci.
2019;13:89 https://doi.org/10.3389/fnbeh.2019.00089.

52. Schmahmann JD, Weilburg JB, Sherman JC. The neuropsychiatry of the cere-
bellum - insights from the clinic. Cerebellum. 2007;6:254-67. https://doi.org/
10.1080/14734220701490995.

53. Wang L, Hermens DF, Hickie 1B, Lagopoulos J. A systematic review of resting-state
functional-MRI studies in major depression. J Affect Disord. 2012;142:6-12.
https://doi.org/10.1016/j.,jad.2012.04.013.

54. Zhu X, Yan H, Zhan Y, Feng F, Wei C, Yao YG, et al. An anatomical and con-
nectivity atlas of the marmoset cerebellum. Cell Rep. 2023;42:112480 https://
doi.org/10.1016/j.celrep.2023.112480.

55. Zhang XY, Wu WX, Shen LP, Ji MJ, Zhao PF, Yu L, et al. A role for the cerebellum in
motor-triggered alleviation of anxiety. Neuron. 2024;50896-6273:00007-2.
https://doi.org/10.1016/j.neuron.2024.01.007.

56. Zheng Y, Qu S, Wang N, Liu L, Zhang G, Jiang X, et al. Post-stimulation effect of
electroacupuncture at Yintang (EX-HN3) and GV20 on cerebral functional regions
in healthy volunteers: a resting functional MRI study. Acupunct Med.
2012;30:307-15. https://doi.org/10.1136/acupmed-2011-010123.

57. Price DD, Rafii A, Watkins LR, Buckingham B. A psychophysical analysis of acu-
puncture analgesia. Pain. 1984;19:27-42. https://doi.org/10.1016/0304-3959(84)
90062-9.

58. Duan G, He Q, Pang Y, Chen W, Liao H, Liu H, et al. Altered amygdala resting-state
functional connectivity following acupuncture stimulation at BaiHui (GV20) in
first-episode drug-Naive major depressive disorder. Brain Imaging Behav.
2020;14:2269-80. https://doi.org/10.1007/s11682-019-00178-5.

59. Wei XY, Chen H, Guo C, Tan WL, Zhan SH. The instant and sustained effect of
electroacupuncture in postgraduate students with depression: an fMRI study.
Neuropsychiatr Dis Treat. 2021;17:873-83. https://doi.org/10.2147/NDT.S307083.

60. Wang X, Wang Z, Liu J, Chen J, Liu X, Nie G, et al. Repeated acupuncture treat-
ments modulate amygdala resting state functional connectivity of depressive
patients.  Neuroimage  Clin.  2016;12:746-52.  https://doi.org/10.1016/
j.nicl.2016.07.011.

ACKNOWLEDGEMENTS

We thank all participants and all study partners who participated in the trial.

AUTHOR CONTRIBUTIONS

Concept and design: Xiaomei Shao, Jiangiao Fang and Zhijian Cao. Acquisition,
analysis, or interpretation of data: All authors. Drafting of the manuscript: Xiaoting
Wu, Minggi Tu and Zelin Yu. Critical review: Maosheng Xu, Shuangyi Pei, Yan Shi, Jian

Neuropsychopharmacology (2025) 50:1075 - 1083

X. Wu et al.

Xie and Xinwei Li. Technical or material support: Nisang Chen, Junyan Jin, Siying Qu,
Sangsang Xiong, Jiajia Yang, Jia Wang and Lishu Gao.

FUNDING

The trial was supported by the Zhejiang Provincial TCM Science and Technology
Program-Zhejiang Provincial TCM Modernization Special Project (2022ZX010), and
the Key Programme of Natural Science Foundation of China (NSFC)
(2022YFC3500401).

COMPETING INTERESTS

The authors declare no competing interests.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

This study complied with the declaration of Helsinki and was approved by the
Medical Ethics Committee of the Third Affiliated Hospital of Zhejiang Chinese Medical
University, and all participants provided written informed consent.

ADDITIONAL INFORMATION

Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/541386-024-02036-5.

Correspondence and requests for materials should be addressed to Jiangiao Fang or
Xiaomei Shao.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons

(2 Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

SPRINGER NATURE


https://doi.org/10.1093/europace/eux003
https://doi.org/10.1093/europace/eux003
https://doi.org/10.1016/j.biopsych.2005.09.018
https://doi.org/10.3389/fncir.2022.1002485
https://doi.org/10.3389/fnbeh.2019.00089
https://doi.org/10.1080/14734220701490995
https://doi.org/10.1080/14734220701490995
https://doi.org/10.1016/j.jad.2012.04.013
https://doi.org/10.1016/j.celrep.2023.112480
https://doi.org/10.1016/j.celrep.2023.112480
https://doi.org/10.1016/j.neuron.2024.01.007
https://doi.org/10.1136/acupmed-2011-010123
https://doi.org/10.1016/0304-3959(84)90062-9
https://doi.org/10.1016/0304-3959(84)90062-9
https://doi.org/10.1007/s11682-019-00178-5
https://doi.org/10.2147/NDT.S307083
https://doi.org/10.1016/j.nicl.2016.07.011
https://doi.org/10.1016/j.nicl.2016.07.011
https://doi.org/10.1038/s41386-024-02036-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	The efficacy and cerebral mechanism of intradermal acupuncture for major depressive disorder: a multicenter randomized controlled trial
	Introduction
	Materials and methods
	Study design
	Participants
	Randomization and blinding
	Procedures
	Clinical outcomes
	fMRI procedures and data acquisition
	Clinical data analysis
	FC analysis

	Results
	Baseline characteristics
	Clinical outcomes
	rs-FC results

	Discussion
	Limitations

	Conclusions
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Ethics approval and consent to participate
	ADDITIONAL INFORMATION




