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Abstract

Background: Pharmacological treatment for adolescent depression is limited in safety and efficacy. Acupuncture treatment for depres-
sion has been endorsed by the World Health Organization. This study aimed to analyze the efficacy and mechanisms of acupuncture
in treating adolescent depression. Methods: An 4-week clinical trial was conducted from February 1, 2022 to June 30, 2024 at three
hospitals. Patients aged 12 to 18 years were divided into three treatment groups: Manual acupuncture (MA), antidepressants (ADM),
or acupuncture combined with antidepressants (MA+ADM). The 24-item Hamilton Depression scale (HAMD-24) scores, serum neu-
rotransmitters levels, and resting-state functional magnetic resonance imaging (RS-fMRI) data were assessed at baseline (week 0) and
after treatment (week 4). Results: After a 4-week intervention, both the MA and MA+ADM groups showed significant improvement in
HAMD-24 scores. The MA+ADM group experienced more improvement, particularly in addressing somatization and sleep disorders.
The study revealed that acupuncture increased serum levels of 5-hydroxytryptamine (5-HT), kynurenic acid, dopamine noradrenaline,
adrenaline, L-histidine, and picolinic acid in adolescents with depression. Acupuncture was also found to regulate the excitability of
depression-related brain regions (frontal lobe, caudate nucleus, anterior cingulate, and paracingulate gyri) and the functional connectivity
of depression-related circuits (limbic-cortical-striatal-pallidal-thalamic circuit and hate circuit). Furthermore, significant negative corre-
lations were observed between week 0 and week 4 HAMD-24 scores and up-regulated serum levels of 5-HT and dopamine. Scores were
positively associated with increased amplitude of low-frequency fluctuations and regional homogeneity values. Conclusions: Acupunc-
ture improves adolescents’ depressive mood and sleep quality and alleviates somatic symptoms by modulating neurotransmitters levels
and brain activity. Clinical Trial Registration: No: ChiCTR2200056171. https://www.chictr.org.cn/showproj.html?proj=151197.
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1. Introduction

Adolescent depression has become the second lead-
ing cause of death among teenagers [1], with a prevalence
of approximately 16% [2]. About 29% of these individu-
als exhibit suicidal ideation and 11% have attempted sui-
cide [3]. The disorder imposes a tremendous socioeco-
nomic and clinical burden, as patients often experience cog-
nitive decline, reduced learning efficiency, substance abuse
and suicide [4,5]. Current studies propose that the depres-
sion results from multiple factors, specifically: (1) imbal-
ance of monoamine neurotransmitters; (2) the brain struc-
ture and function reorganization hypothesis; and (3) dys-
function of the hypothalamic-pituitary-adrenal (HPA) axis
[6]. However, the pathogenesis of adolescent depression
and the biomarkers for predicting recurrence and evaluat-

ing efficacy are unclear. Moreover, the increase in drug va-
riety forms an ever increasing “treatment-prevalence para-
dox” [7]. Therefore, finding safe and effective therapies is a
compelling issue. Current guidelines provide evidence for
the use of acupuncture in combination with medication for
the treatment of adult depression, while adolescent depres-
sion primarily relies on psychotherapy and/or fluoxetine as
the main treatment methods [8]. However, the efficacy and
adherence of both therapies are limited, and concerns about
medication tolerance and suicide risk persist [9,10].

The 2024 guidelines from the American Medi-
cal Association clearly recommend incorporating non-
pharmacological therapies into depression management
[11]. Acupuncture has been acknowledged by the World
Health Organization since 2002 as an effective non-drug
therapy for depression. Accumulating evidence suggests
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that acupuncture is beneficial for various types of depres-
sion [12,13]. Furthermore, acupuncture has the potential
to both enhance patient response to antidepressants and
reduce their side effects [14–16]. However, research on
acupuncture for adolescent depression remains relatively
scarce. One pilot study found that three weeks of auric-
ular acupuncture reduced repetitive self-injurious behavior
in eight adolescents with depression, although it did not im-
prove their depressive mood [17]. Other studies are lim-
ited to case reports and protocol explorations, employing
interventions such as intradermal acupuncture and transcu-
taneous auricular vagus nerve stimulation, and lack clinical
data and mechanistic research on the efficacy of traditional
manual acupuncture [18–21]. A recent study shows that
acupuncture alters the emotional responses of youth with
self-reported depressive symptoms, suggesting the poten-
tial of acupuncture in adolescent depression [22]. There-
fore, there is a need to conduct multi-center clinical trials to
evaluate the efficacy of acupuncture for adolescent depres-
sion and to explore its mechanisms of action, which would
provide valuable contributions to this field.

To address these issues, this study has two main ob-
jectives: (1) to evaluate the clinical efficacy of manual
acupuncture (MA), antidepressant medication (ADM), and
manual acupuncture combined with antidepressant medica-
tion (MA+ADM) on adolescent depression using the 24-
item Hamilton Depression scale (HAMD-24) scores be-
fore and after treatment; (2) to explore the mechanisms of
acupuncture treatment through a multidimensional analysis
approach. Specifically, we compared the levels of serum
neurotransmitters (such as tryptophan, tyrosine, and his-
tidine) between the MA group and healthy control group
(HCs). This comparison aimed to identify metabolic path-
ways associated with depression. Subsequently, we as-
sessed the changes in serum neurotransmitters levels in the
MA group before and after treatment to determine whether
acupuncture could normalize these pathways. Then, we
evaluated the changes in neuronal activity and functional
connectivity in the brain using resting-state functional mag-
netic resonance imaging (RS-fMRI) data from the MA
group before and after treatment. Additionally, we con-
ductedMendelian randomization (MR) analysis using large
public databases to investigate the potential causal relation-
ship between fMRI and depression risk.

2. Materials and Methods
2.1 Study Design and Patients

This clinical study was conducted at the Second Af-
filiated Hospital of Zhejiang Chinese Medical University,
the First Affiliated Hospital of Wenzhou Medical Univer-
sity and Wenzhou Seventh People’s Hospital from Febru-
ary 1, 2022 to June 30, 2024. The study patients included
patients with depression who fulfilled the following crite-
ria: (1) Age between 12 to 18 years; (2) Meeting the criteria
of International Classification of Diseases 10 (ICD-10); (3)

Score of HAMD-24 greater than 20 points; (4) Agreement
on informed consent signing; (5) Received a stable dose of
antidepressantmedication for at least four weeks prior to the
start of the study in the groups of ADM andMA+ADM. Ex-
clusion criteria included: (1) Secondary depression caused
by drugs or organic psychosis; (2) Pregnant or lactating pa-
tients; (3) Treatment with antibiotics, steroids, or immuno-
suppressive agents two weeks before the assessment; (4)
Severe suicidal or self-abusive tendencies; (5) Serious dis-
ease (such as heart, lung, liver, kidney dysfunction and in-
fectious diseases).

A total of 150 adolescents diagnosed with depression
and 50 age- and sex-matched HCs were recruited from lo-
cal schools and communities via advertisements. The study
was approved by the ethics committee of the Second Af-
filiated Hospital of Zhejiang Chinese Medical University
(2021-KL-075-01), the First Affiliated Hospital of Wen-
zhouMedical University (KY2021-123) andWenzhou Sev-
enth People’s Hospital (2022-Y26). All patients and their
legal guardians provided written informed consent. The
study registration code number (ChiCTR2200056171) was
recorded with the Chinese Clinical Trial Registry (study
registration date February 1, 2022).

2.2 Intervention

All patients were grouped according to their will-
ingness. Patients in the MA group received a 30-minute
treatment three times per week for four weeks. Treat-
ment was performed by licensed acupuncturists with more
than five years’ experience. The acupuncture prescription
was semi-standardized. The obligatory points were Bai-
hui (DU20), Yintang (EX-HN3), Zhongwan (RN12), Qihai
(RN6), Tianshu (ST25 bilateral), Neiguan (PC6 bilateral),
Zusanli (ST36 bilateral) and Taichong (LR3 bilateral). In
traditional Chinese medicine (TCM) theory, DU20, EX-
HN3 and PC6 are commonly used to calm the spirit (Shen)
and regulate mental disorders. RN12, RN6, ST25 and ST36
are key acupoints to regulate the Middle and Lower Jiao,
helping to restore Qi balance and support digestion, which
is considered essential for emotional stability. LR3 is a ma-
jor Liver meridian point, often used to soothe Liver Qi stag-
nation, a core pattern of depression. Together, these points
form a classical prescription to harmonizeHeart, Liver, and
Spleen, calm the Shen, and promoteQi circulation-key ther-
apeutic strategies in managing depression from a TCM per-
spective. Adjunct acupoints were individualized by two
senior TCM physicians-each with over five years of clini-
cal experience-based on syndrome differentiation in accor-
dance with TCM theory. Key TCM syndrome differenti-
ation criteria are summarized in Supplementary Table 1.
Qimen (LR14 bilateral) was used for the syndrome of liver
qi stagnation, Xingjian (LR2 bilateral) for the syndrome of
stagnated qi transforming into fire, Fenglong (ST40 bilat-
eral) for the syndrome of qi stagnation causing phlegm re-
tention, Shaohai (HT3 bilateral) and Xinshu (BL15 bilat-
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eral) for the syndrome of lack of heart spirit, Xinshu (BL15
bilateral) and pishu (BL20 bilateral) are used for the syn-
drome of heart-spleen deficiency. Shenshu (BL23 bilateral)
and Taixi (KI3 bilateral) for the syndrome of yin-deficiency
and fire-hyperactivity. Disposable sterile acupuncture nee-
dles (0.25 × 40 mm, Hwato Brand, Suzhou, China) were
used. The topographic mapping of acupuncture points are
shown in Supplementary Fig. 1 Patient counts for each
syndrome differentiation and antidepressant are provided in
Supplementary Table 2.

In this study, antidepressant therapy was restricted to
Selective Serotonin Reuptake Inhibitors (SSRIs) only (flu-
oxetine, escitalopram, and sertraline), with all prescriptions
and dosing overseen by board-certified psychiatrists. In
principle, no medication changes or dose adjustments were
permitted during the trial period. Prior to initiation, re-
search assistants provided thorough education on the impor-
tance of adherence; during the study, regular follow-ups and
assessments were conducted to monitor each participant’s
medication use, with reminders and interventions promptly
delivered to those exhibiting poor adherence.

2.3 Measures
2.3.1 Clinical Assessments

HAMD-24 scores were assessed by board-certified
psychiatrists with over five years of clinical experience in
the diagnosis and treatment of adolescent depression. Both
clinicians held national licensure in psychiatry and were re-
sponsible for evaluating the severity of depression at base-
line (week 0, W0) and after treatment (week 4, W4). HCs
were assessed according to HAMD-24 only atW0 to ensure
they were not in depressive mood. Seven factors, were as-
sessed, including: anxiety/somatization, cognitive impair-
ment, sleep disturbance, retardation, weight, diurnal vari-
ation and feelings of despair. Higher scores indicate in-
creased depression.

2.3.2 Enzyme-Linked Immunosorbent Assay (ELISA)
Analysis

Blood samples were collected from 28 patients with
depression at baseline and after treatment, while 28 HCs
were randomly selected for blood samples collected at
baseline. Serum samples were obtained after centrifugation
(3000 rpm, 20 min) and immediately stored at –80 °C.
Human ELISA Kits 5-Hydroxytryptamine (5-HT, CSB-
E08363h, CUSABIO, Wuhan, Hubei, China), Dopamine
(DA, CSB-E06888h, CUSABIO, Wuhan, Hubei, China),
4-Aminobutyric acid (GABA, EHJ-11108, HUIJIA
BIOTECHNOLOGY, Xiamen, Fujian, China) were used
to measure levels of the serum neurotransmitters, including
5-HT (ng/mL), DA (ng/mL) and GABA (µmol/g).

2.3.3 Neurotransmitters Analysis
Eight patient serum samples were collected before and

after treatment and eight HC serum samples were sent for

ultra high performance liquid chromatography (UHPLC)
and mass spectrometry (MS) analysis. All 23 different neu-
rotransmitters were analyzed. The information of 23 neu-
rotransmitters is shown in Supplementary Table 3. All
serum samples were analyzed with the UHPLC-MS/MS
system (ExionLC™ AD UHPLC-QTRAP® 6500+, AB
SCIEX Corp., Boston, MA, USA). Processing parameters
are given in the Supplementary Material.

2.3.4 Mendelian Randomization
Data on depression (n = 53,313 cases and n = 394,756

controls) were obtained from the FinnGen Biobank (https:
//doi.org/10.5281/zenodo.5775047). RS-fMRI data were
obtained from Zhao et al. [23] in the UK Biobank (UKB)
sample, which includes 191 phenotypes (75 amplitude traits
that reflect regional spontaneous neural activity, 111 pair-
wise functional connectivity (FC) and 5 global FC). To en-
sure the accuracy of MR analysis, single-nucleotide poly-
morphisms significantly associated with RS-fMRI pheno-
types were used as instrumental variables (p < 5 × 10−8).
Sensitivity and leave-one-out analyses are given in the Sup-
plementary Figs. 2–4.

2.3.5 fMRI Analysis
MRI images of 11 patients were scanned before and

after treatment on a SIEMENS 1.5T MRI system (Avanto,
SQ engine, Siemens, Erlangen, Germany). Magnetization
prepared rapid gradient echo sequence was used to obtain
high-resolution 3D-T1WI anatomical images (parameters
given in the Supplementary Material). Acquisition of
both sequences required about eight minutes. During the
MRI scan, patients were instructed to close their eyes, re-
main awake, stay relaxed, avoid thoughts and not move
their head.

The RESTplus v1.24 (maintained at http://www.rest
fmri.net/forum/restplus) software package based on MAT-
LAB R2017b (The MathWorks, Inc., Natick, MA, USA)
was used for data preprocessing. Amplitude of low fre-
quency fluctuations (ALFF), regional homogeneity (ReHo)
and FC analysis were performed (procedures given in the
Supplementary Material).

The brain regions with statistical differences in ALFF
and ReHo values before and after acupuncture treatment
were as follows: for ALFF, the right middle frontal gyrus
(MFG.R), right superior frontal gyrus (SFG.R), right gran-
ular dorsolateral prefrontal cortex (dlPFC.R), right anterior
cingulate and paracingulate gyri (ACG.R); for ReHo, the re-
gions included MFG.R, SFG.R, dlPFC.R, ACG.R, the right
caudate nucleus (CAU.R); and for MRI analysis, the re-
gions were the temporal lobe, superior frontal gyrus (SFG),
precuneus, angular and cingulate gyri. These regions were
taken as regions of interest (ROI), and the peak value of
ALFF and ReHo was at the position (33, 45, 33). In addi-
tion, for FC analysis, left superior frontal gyrus medial area
8 (SFG.L.7.1) (–5, 15, 54), left superior frontal gyrus me-
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Fig. 1. Clinical study flowchart. HCs, healthy controls; MA, manual acupuncture; ADM, antidepressant medication; HAMD-24, 24-
item Hamilton Rating Scale for Depression; 5-HT, 5-hydroxytryptamine; DA, dopamine; GABA, 4-aminobutyric acid; fMRI, functional
magnetic resonance imaging.

dial area 6 (SFG.L.7.5) (–6, –5, 58), right superior frontal
gyrus medial area 6 (SFG.R.7.5) (7, –4, 60) and left poste-
rior parietal thalamus (THA.L.8.5) (–16, –24, 6) were also
taken as ROIs [24]. Spherical regions with a six mm radius
were taken as seed points to conduct the whole-brain FC
analysis.

2.3.6 Statistical Analysis

Statistical analyses were performed using SPSS 23.0
(IBM SPSS Statistics for Windows, Version 23.0, IBM
Corp., Armonk, NY, USA). Continuous variables were first
evaluated for normality using the Shapiro-Wilk test and
for homogeneity of variance using Levene’s test. Vari-
ables meeting both criteria are presented as mean ± stan-
dard deviation (SD), while others are expressed as median
(interquartile range [IQR]). For two-group comparisons of
independent samples, Student’s t-test was applied to nor-
mally distributed data and the Mann-Whitney U test to
non-normal data; paired observations were analyzed using
paired t-tests or Wilcoxon signed-rank tests as appropriate.
Categorical variables are reported as counts (percentages)
and compared via the chi-square test or Fisher’s exact test.

Baseline clinical characteristics across all four groups
(HCs, MA, ADM, MA+ADM) were compared. HAMD-
24 total and factor scores at W0 and W4 were compared
among the three patient groups (MA, ADM, MA+ADM):
continuous measures satisfying ANOVA assumptions were
analyzed by one-way analysis of variance with Tukey’s

HSD post-hoc correction; otherwise, the Kruskal-Wallis
H test with Dunn’s post-hoc correction was used. Pair-
wise comparisons of categorical variables were Bonferroni-
adjusted. Spearman’s rank correlation assessed relation-
ships between HAMD-24 scores and serum neurotransmit-
ters levels, ALFF values, and ReHo values. Differences
and correlations will be considered statistically significant
at a p-value < 0.05. Gaussian random field theory (GRF)
was used for multiple comparisons in neuroimaging data
(voxel-level p-value < 0.05, cluster-level p-value < 0.05,
two-tailed test).

3. Results
3.1 Demographic and Clinical Characteristics of patients

A total of 150 depressed adolescents and 50 matched
HCs were recruited (Fig. 1). The demographic and clinical
characteristics of all individuals are summarized in Table 1.
HAMD-24 scores and disease duration of patients were not
significantly different among the three intervention groups.
Statistically significant differences (p < 0.001) were found
between patients and HCs across family problems, inter-
personal relationship/emotional problems and other events
(including economic problem, traumatic life events and
seasonal variation). No significant difference was found
among the four groups for age, sex, bodymass index (BMI),
somatotype, educational attainment, smoking status, alco-
hol consumption and study/work problems.
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Table 1. Characteristics of study patients.
Characteristics HCs (n = 50) MA (n = 50) ADM (n = 50) MA+ADM (n = 50) p-valuea

Age, M (P25, P75), y 16.0 (14.75, 17.00) 16.0 (15.00, 17.00) 16.0 (14.00, 17.00) 16.0 (15.00, 17.00) 0.837
Sex, n (%) 0.423
Male 21 (42.00) 15 (30.00) 15 (30.00) 14 (28.00)
Female 29 (58.00) 35 (70.00) 35 (70.00) 36 (72.00)

Duration of depression, mean (SD), y NA 1.91 (1.23) 2.08 (1.21) 1.68 (0.84) 0.194b

BMI, mean (SD), kg/m2 20.72 (2.66) 20.89 (3.45) 20.57 (3.30) 20.18 (3.07) 0.707
Somatotype, n (%) 0.895
Thin 11 (22.00) 13 (26.00) 11 (22.00) 15 (30.00)
Normal 31 (62.00) 28 (56.00) 33 (66.00) 27 (54.00)
Overweight/Fat 8 (16.00) 9 (18.00) 6 (12.00) 8 (16.00)

Educational attainment, n (%) 0.849
Junior high school and below 18 (36.00) 16 (32.00) 18 (36.00) 13 (26.00)
Senior high school 23 (46.00) 24 (48.00) 26 (52.00) 28 (56.00)
College and above 9 (18.00) 10 (20.00) 6 (12.00) 9 (18.00)

Smoking status, n (%) 0.910
Not smoking 45 (90.00) 43 (86.00) 44 (88.00) 45 (90.00)
Smoke regularly 5 (10.00) 7 (14.00) 6 (12.00) 5 (10.00)

Alcohol consumption, n (%) 0.253
No alcohol 42 (84.00) 42 (84.00) 47 (94.00) 46 (92.00)
Drink regularly 8 (16.00) 8 (16.00) 3 (6.00) 4 (8.00)

Stressful events, n (%)
Family problems 12 (24.00) 32 (64.00)∗ 39 (78.00)∗ 33 (66.00)∗ <0.001
Study/work problems 36 (72.00) 42 (84.00) 39 (78.00) 43 (86.00) 0.290
Interpersonal relationship/Emotional
problems

17 (34.00) 33 (66.00)∗ 29 (58.00) 32 (64.00)∗ 0.004

Other events 16 (32.00) 31 (62.00)∗ 30 (60.00)∗ 29 (58.00) 0.008
HAMD-24 scoresc, mean (SD) 4.22 (1.89) 27.70 (10.63) 26.82 (5.85) 28.14 (9.33) 0.749b

SD, standard deviation; BMI, body mass index. a Calculated using a one-way analysis of variance (p-value based on the Tukey adjustment
in pairwise comparison based on data distribution) or Chi-square test (p-value based on the Bonferroni adjustment in pairwise comparison).
b HCs group were not analyzed with other three groups. c Score range is from 0 to 76, with higher scores indicating more serious depression.
∗p < 0.05 compared with HCs group.

3.2 HAMD-24 Scores and HAMD-24 Factor Scores of
Adolescents With Depression

Table 2 presents the pre- and post-treatment changes
in HAMD-24 total and factor scores for all patients. There
was significant reduction (p < 0.001 for all) in HAMD-
24 scores and factor scores in all three groups. Compared
with the post-MA group, patients in the post-MA+ADM
group had significantly lowerHAMD-24 scores (p= 0.021).
Moreover, significant reductions in anxiety/somatisation
and sleep disturbance scores were observed in the post-
MA+ADM group compared with the post-MA and post-
ADM groups (p < 0.001), while no significant difference
were found among the three groups in the remaining five
factor scores (cognitive impairment, retardation, weight, di-
urnal variation and feelings of despair).

3.3 Serum 5-HT, DA, GABA Levels in Adolescents With
Depression Versus HCs

Patients in the ADM and MA+ADM groups included
in this study had been taking different types and doses of

antidepressants for at least one month. Antidepressants are
known towork by altering neurotransmitters levels andmay
have a greater effect on serum neurotransmitters levels [25].
Therefore, this study focused on the detection of serum neu-
rotransmitters levels in the HC and MA groups to observe
the effect of acupuncture treatment on serum neurotrans-
mitters.

Table 3 shows serum levels of 5-HT, DA and GABA
in HCs and adolescents with depression in the MA group
before and after acupuncture treatment. Compared with
patients in the pre-treatment group, 5-HT and DA serum
levels were significantly increased in patients in the post-
treatment group (p< 0.001), although the serum 5-HT lev-
els were still lower than those in the HCs group (p< 0.05).
Note that patients in the pre-treatment group showed lower
5-HT and DA serum levels than those of the HCs group
(p < 0.001). No significant difference was found in serum
DA levels between the post-treatment and HCs groups (p
> 0.05). Neither was any significant difference found in
GABA concentration among the groups.
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Table 2. HAMD-24 scores of adolescents with depression during the study.
Outcome Measure MA (n = 50) ADM (n = 50) MA+ADM (n = 50) F/H p-valuea

HAMD-24 scoresc, mean (SD)/median
(quartile 1-quartile 3)
Week 0 27.70 (10.63) 26.82 (5.85) 28.14 (9.33) 0.289 0.749b

Week 4 17.00 (12.00, 25.00)∗### 16.76 (6.09)### 13.60 (6.46)### 8.741 0.013
Seven factor scores of HAMD-24
Factor 1: Anxiety/Somatisation
Week 0 7.00 (5.00, 8.00) 6.66 (1.85) 6.70 (3.02) 0.113 0.945
Week 4 4.50 (3.00, 6.00)∗∗∗### 4.54 (1.57)∗∗∗### 2.00 (1.00, 4.00)### 33.276 <0.001

Factor 2: Cognitive impairment
Week 0 6.00 (3.00, 8.00) 4.90 (2.31) 6.00 (2.99) 3.928 0.140
Week 4 3.00 (2.00, 6.00)### 3.00 (2.00, 5.00)### 3.00 (1.75, 5.00)### 3.141 0.208

Factor 3: Sleep disturbance
Week 0 3.22 (1.76) 4.00 (2.00, 5.00) 3.50 (2.00, 5.00) 2.313 0.315
Week 4 3.00 (2.00, 4.00)∗∗∗### 2.00 (1.00, 3.00)∗∗∗### 0.50 (0.00, 2.00)### 56.559 <0.001

Factor 4: Retardation
Week 0 5.00 (3.75, 7.00) 5.00 (4.00, 6.00) 5.30 (2.11) 1.357 0.507
Week 4 3.00 (2.00, 4.00)### 3.00 (2.00, 4.25)### 3.00 (2.00, 4.00)### 2.874 0.238

Factor 5: Weight
Week 0 1.00 (0.00, 1.25) 1.00 (1.00, 1.00) 1.00 (0.00, 1.00) 0.524 0.769
Week 4 0.00 (0.00, 0.00)### 0.00 (0.00, 0.00)### 0.00 (0.00, 0.00)### 1.956 0.376

Factor 6: Diurnal variation
Week 0 1.00 (0.00, 2.00) 1.00 (0.00, 1.00) 1.00 (1.00, 2.00) 5.622 0.060
Week 4 0.00 (0.00, 1.00)### 1.00 (0.00, 1.00)### 1.00 (0.00, 1.00)### 2.110 0.348

Factor 7: Feelings of despair
Week 0 5.00 (3.00, 6.00) 4.00 (3.75, 6.00) 4.64 (2.27) 0.109 0.947
Week 4 3.00 (2.00, 4.00)### 2.50 (2.00, 3.00)### 3.00 (2.00, 4.00)### 1.274 0.529

a Kruskal-Wallis H test was used to compare the three groups. b Aone-way analysis of variance (p-value based on the Tukey adjustment
in pairwise comparison based on data) was used to compare the three groups. c Score range is from 0 to 76, with higher scores indicating
more serious depression. ∗p < 0.05, ∗∗∗p < 0.001 compared with MA+ADM group. ###p < 0.001 compared with the same group in
week 0.

3.4 Neurotransmitters Analysis Revealed Significant
Differences Between Adolescents With Depression and
HCs

Based on literature [6], we focused on four neu-
rotransmitters pathways closely associated with depres-
sion: the tryptophan-5-HT, tyrosine-DA/noradrenaline
(NE), histidine-histamine (HisA), and glutamate-GABA
pathways. Initial ELISA results revealed significant dif-
ferences in 5-HT and DA levels both between and within
groups, underscoring their potential role in adolescent de-
pression. To further investigate whether acupuncture mod-
ulates a broader spectrum of neurotransmitter pathways,
we subsequently conducted targeted UHPLC-MS/MS anal-
ysis of 23 neurotransmitters in serum samples collected
at W0 and W4 from 8 HCs and 8 patients who re-
ceived MA treatment. Eighteen kinds of neurotransmit-
ters were identified, of which 10 showed significant dif-
ference among three groups (Fig. 2), including 5-HT, DA
(found in section 3.3). When compared to HCs group, the
pre-treatment group showed distinctly lower level in serum
5-HT, 5-hydroxyindole-3-acetic acid (5-HIAA), kynurenic
acid (KynA), NE, L-histidine (His) and acetylcholine chlo-

ride (Acetyl-CoA). After treatment, the serum 5-HT, KynA,
DA, NE, adrenaline (E), His and picolinic acid (PA) lev-
els increased compared to the pre-treatment group. The
serum 5-HIAA and Acetyl-CoA levels of post-treatment
were significantly lower, while serum DA and HisA lev-
els of the post-treatment were higher, compared with those
in HCs group. No difference was detected in GABA, L-
tryptophan, DL-kynurenine (Kyn), L-tyrosine (Tyr), lev-
odopa, L-glutamic acid (Glu), L-glutamine and xanthurenic
acid.

3.5 Mendelian Randomization Reveals Causal Links
Between Depression and RS-fMRI Phenotypes

An MR analysis found that increased FC between the
temporal lobe and inferior frontal gyrus (IFG) reduced the
risk of depression (Inverse-Variance Weighted Odds Ratio
(IVW OR) = 0.88, 95% Confidence Interval (CI): 0.80–
0.96, p = 0.004). Additionally, it was found that enhanced
neural connection activity in SFG and IFG was associated
with a lower risk of depression (IVW OR = 0.79, 95% CI:
0.68–0.92, p = 0.003). Further analysis revealed that higher
FC of the temporal lobe, frontal lobe or supplementary mo-
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Fig. 2. Serum levels of neurotransmitters in healthy controls and patients with depression before and after acupuncture treatment.
(a) Eleven kinds of neurotransmitters involved in tryptophan metabolism. (b) Five kinds of neurotransmitters involved in histidine and
glutamate metabolism. (c) Seven kinds of neurotransmitters involved in tyrosine metabolism. The neurotransmitters within blue boxes
were detected. #p< 0.05, ##p< 0.01 when compared with the pre-treatment group; ∗p< 0.05, ∗∗p< 0.01, ∗∗∗p< 0.001 when compared
with HCs. W0, pre-treatment group; W4, post-treatment group. The arrows represent biochemical conversion relationships among
neurotransmitters in the corresponding metabolic pathways. Trp, L-tryptophan; Kyn, DL-kynurenine; KynA, kynurenic acid; 5-HIAA,
5-hydroxyindole-3-acetic acid; XA, xanthurenic acid; Acetyl-CoA, acetylcholine chloride; PA, picolinic acid; Tyr, L-tyrosine; DOPA,
levodopa; NE, noradrenaline; E, adrenaline; His, L-histidine; Glu, L-glutamic acid; HisA, histamine; Gln, L-glutamine.

tor area and frontal lobe was inversely related to depres-
sion risk (IVW OR = 0.81, 95% CI: 0.72–0.92, p = 0.001).
Conversely, it was discovered that increased FC between
precuneus, angular gyrus or cingulate and temporal lobe el-
evated the risk of depression (IVW OR = 1.17, 95% CI:
1.03–1.32, p = 0.012). It is also noted that higher connec-
tivity in the global measure of the default mode network
(DMN) was associated with a heightened risk of depression
(IVW OR = 1.06, 95% CI: 1.00–1.13, p = 0.044). Finally,
findings indicated that increased activity in the calcarine,

lingual or cuneus and paracentral or postcentral regions was
linked to a decreased risk of depression (IVW OR = 0.93,
95% CI: 0.87–1.00, p = 0.040) (Fig. 3).

3.6 Longitudinal RS-fMRI Changes Following
Acupuncture Treatment

Compared to the pre-treatment group, patients af-
ter treatment showed significantly lower ALFF and mKc-
cReHo values in MFG.R, SFG.R, dlPFC.R, and ACG.R
(Fig. 4a,b, Table 4). Additionally, the mKccReHo value
of the CAU.R in the post-treatment group was significantly
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Table 3. Serum levels of 5-HT, DA and GABA in healthy controls and adolescents with depression before and after acupuncture
treatment.

Group
Serum neurotransmitters levels

5-HT (ng/mL) DA (ng/mL) GABA (µmol/g)

HCs (n = 28) 237.09 (46.01) 58.50 (17.69) 1.44 (0.26)
pre-treatment (n = 28) 111.88 (35.53, 225.70)∗∗∗ 25.87 (12.42)∗∗∗ 1.46 (1.30, 1.75)
post-treatment (n = 28) 177.71 (59.32, 289.56)###∗ 47.81 (24.42)### 1.30 (1.23, 1.49)
All data were expressed as mean (± standard deviation, SD) or median (quartile 1-quartile 3).
###p < 0.001 compared with the pre-treatment group; ∗p < 0.05, ∗∗∗p < 0.001 compared with
HCs group. HCs, Healthy Controls.

Fig. 3. Forest plot of the causal association between RS-fMRI and depression. SNP, single-nucleotide polymorphisms; OR, odds ra-
tio; MR,Mendelian randomization; IVW, inverse variance weighted; CI, confidence interval; RS-fMRI, resting-state functional magnetic
resonance imaging.

reduced (Fig. 4b, Table 4). These results suggest that the ex-
citability of the above brain regions would be reduced after
acupuncture treatment.

In agreement with the partial aforementioned MR es-
timates, the post-treatment patients exhibited increased FC
between the temporal lobe and IFG, SFG and IFG, as well
as between the temporal lobe and the frontal lobe, when
compared to their pre-treatment state (Table 5).

For ROI-whole brain connectivity (Fig. 4c, Table 5),
post-treatment patients showed decreased FC when com-
pared to pre-treatment in terms of MFG.R connectivity
with clusters including the right inferior parietal lobule
(IPL.R), right precuneus (PCUN.R) and right temporal
lobe. These regions showing significant changes after
acupuncture treatment are mainly within the DMN, which
was a causal risk factor for depression in this MR analysis.
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Table 4. Brain regions with significant ALFF and ReHo differences in adolescents with depression before and after acupuncture
treatment.

Coordinate regions Cluster size Peak T value
MNI coordinate (mm)

X Y Z

ALFF
MFG.R, SFG.R, dlPFC.R, ACG.R 456 –3.8082 33 45 33

ReHo
MFG.R, SFG.R, dlPFC.R, ACG.R, CAU.R 358 –3.6502 33 45 33

ALFF, the amplitude of low-frequency fluctuations; MNI, Montreal Neurological Institute; Gaussian random
field (GRF) correction, voxel-level p < 0.05, cluster-level p < 0.05, two-tailed test. ReHo, regional homo-
geneity.

Table 5. Functional connectivity differences in adolescents with depression between before and after acupuncture treatment.

ROI Coordinate regions Cluster size Peak T value
MNI coordinate (mm)

X Y Z

STG.L.6.4 IFG, Frontal Gyrus (MR related FC) 512 4.2077 –42 21 12
STG.L.6.6 IFG, Frontal Gyrus (MR related FC) 189 3.7442 –33 36 –21
SFG.R.7.7 IFG (MR related FC) 235 3.5071 –18 30 –27

MFG.R
IPL.R, PCUN.R, right temporal lobe (DMN)

446 –4.1908 48 –51 36
(MR related FC)

SFG.L.7.1
IFG (MR related FC)

869 3.8338 42 9 –6
INS.R, PUT.R (hate circuit)

SFG.L.7.5
IFG (MR related FC)

255 3.9593 –42 24 –3
INS.L, PUT.L (hate circuit)

SFG.R.7.5
IFG (MR related FC)

310 4.604 –30 39 –9
INS.L, PUT.L (hate circuit)

THA.L.8.5 PUT.R, right limbic lobe, right frontal lobe, SFG.R
(orbital part), CAU.R, PAL.R (LCSPT circuit)

177 –3.993 27 9 –6

STG.L, left superior temporal gyrus; IFG, inferior frontal gyrus; PCUN.R, right precuneus; DMN, default mode network; PAL.R,
right pallidum; LCSPT, limbic-cortical-striatal-pallidal-thalamic.

Another area with decreased FC was located in the
left posterior parietal thalamus (THA.L.8.5) area extend-
ing into the right putamen (PUT.R), right limbic lobe,
right frontal lobe, right caudate (CAU.R) and right pal-
lidum (PAL.R). These structures are predominantly compo-
nents of the limbic-cortical-striatal-pallidal-thalamic (LC-
SPT) circuit. Post-treatment patients exhibited enhanced
bilateral SFG connections with insula (INS) and putamen
(PUT), which are primarily part of a hate circuit.

3.7 Correlations Between HAMD-24 Scores and Serum
5-HT Levels, Serum DA Levels, ALFF Values and ReHo
Values of Adolescents With Depression

Spearman correlation analysis was used to further ex-
plore correlations between HAMD-24 scores and serum 5-
HT levels, serumDA levels, ALFF values and ReHo values
of patients with depression (Fig. 5). It was found that the
HAMD-24 scores of patients at W0 and W4 showed signif-
icant negative correlations with up-regulated serum 5-HT
andDA levels, while they had a positive correlationwith the
ALFF and ReHo values of SFG.R, dlPFC.R and ACG.R.

4. Discussion
This study shows that a four-week course of acupunc-

ture significantly improves depressive symptoms in de-
pressed adolescent patients. The efficacy likely arises from
increased serum levels of 5-HT, DA, KynA, NE, E, His
and PA, decreased functional connectivity in the DMN and
LCSPT networks and strengthened connectivity in a hate
circuit. Furthermore, HAMD-24 scores are closely corre-
lated with 5-HT, DA, ALFF and ReHo. No serious adverse
events were reported in our study.

4.1 Acupuncture Improves Depression in Adolescents:
Notable Synergy With Antidepressants

Twelve acupuncture sessions over four weeks reduced
HAMD-24 scores in adolescents with depression and the
synergy with antidepressants is significant. Acupuncture
also alleviates anxiety/somatization and sleep disorders in
depressed adolescent patients, with more pronounced ef-
fects in the MA+ADM group, exceeding those of either
MA or ADM alone. These findings are consistent with re-
cent studies [12,26]. Four weeks of acupuncture signifi-
cantly alleviated depression and insomnia [27], while six
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Fig. 4. Differences of ALFF, ReHo and FC in adolescents with depression before and after acupuncture treatment. (a) Compared
with patients before acupuncture treatment, reduced ALFF values in the MFG.R, SFG.R, dlPFC.R and ACG.R were observed in patients
after treatment. (b) Compared with patients before acupuncture treatment, reduced mKccReHo values in the MFG.R, SFG.R, dlPFC.R,
ACG.R and CAU.R were observed in patients after treatment. (c) Compared with patients before acupuncture treatment, patients after
treatment show two negative connections: between MFG.R and IPL.R (purple line), between THA.L.8.5 and PUT.R (blue line); and
patients before treatment show three positive connections: between SFG.L.7.1 and INS.R (red line), between SFG.L.7.5 and INS.L
(yellow line), as well as between SFG.R.7.5 and INS.L (green line). (a,b) Red and blue denote higher and lower ALFF or mKccReHo
respectively and the color bars indicate the T value from two-tailed tests. ALFF, amplitude of low-frequency fluctuations; ReHo, regional
homogeneity; mKccReHo, mean Kendall coefficient of concordance regional homogeneity; MFG.R, right Middle Frontal Gyrus; SFG.R,
right Superior Frontal Gyrus; dlPFC.R, right dorsolateral Prefrontal Cortex; ACG.R, right Anterior cingulate and paracingulate gyri;
CAU.R, right Caudate nucleus; FC, functional connectivity; IPL.R, right Inferior Parietal Lobule; THA.L, left Thalamus; PUT.R, right
putamen; SFG.L, left Superior Frontal Gyrus; INS.R, right Insula; INS.L, left Insula.
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Fig. 5. Correlations between HAMD-24 scores and (a) serum 5-HT levels, (b) Serum DA levels, (c) ALFF, and (d) ReHo in
adolescents with depression.

weeks of acupuncture combined with SSRIs showed supe-
rior improvements in anxiety, somatization and sleep dis-
turbances when compared to SSRIs alone [14,28]. The syn-
ergistic effect of acupuncture has been preliminarily val-
idated [14,29–31]. Although this study did not include a
predefined medication tapering assessment protocol, psy-
chiatrists reported a faster medication tapering trend among
some patients in theMA+ADM group who voluntarily con-
tinued acupuncture treatment post-trial. This observational
phenomenon requires validation through prospective stud-
ies with standardized tapering protocols.

4.2 Acupuncture Alleviates Adolescent Depression
Symptoms by Regulating Serum Neurotransmitters Levels

Depression is associated with dysregulation in the
neurotransmitters systems, including the serotonin and
dopamine pathways [32]. Results reported here suggest that
acupuncture affected serum neurotransmitters regulation in
adolescents with depression and involved the tyrosine (DA,
NE and E), tryptophan (5-HT, 5-HIAA, KynA and PA) and
histidine (His and HisA) pathways.

These findings are consistent with previous studies.
Specifically, for the tyrosine metabolic pathway, the lev-
els of DA, NE and E could be improved by acupuncture in
depressed patients and animal models [33,34]. These neu-
rotransmitters are frequently found at reduced levels in the
serum of patients diagnosed with depression. Moreover,
PC6 stimulation has been demonstrated to reverse anhedo-
nia and to markedly suppress c-fos expression within the
hypothalamic paraventricular nucleus [35].

For the tryptophan metabolic pathway, the levels of
5-HT, 5-HIAA, KynA and PA of patients before the treat-
ment were lower than those in the HCs group. For instance,
recent studies have found that the levels of PA in plasma
and cerebrospinal fluid were lower in depressed patients
[36–39] and this state had persisted in the cerebrospinal
fluid of patients who had attempted suicide for a duration
exceeding more than two years [40]. The current study
showed that the levels of those transmitters could be sig-
nificantly increased by acupuncture treatment. Further re-
search indicated that the combined stimulation of DU20,
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ST36, and CV12 upregulated the 5-HT system, promoted
gastrointestinal motility, and repaired synaptic damage in
the hippocampus [41]; moxibustion at ST25, CV6, and
DU20 regulated the kynurenine metabolic pathway along
the gut-brain axis, inhibited overactivation of microglia and
neurons in the hippocampus, and improved depressive-like
behaviors [42]. Additionally, electroacupuncture at ST36
and ST25 exerted antidepressant effects by modulating the
gut microbiota and neurotransmitter systems [43]. Finally,
electroacupuncture at LR3 modulated the cerebral kynure-
nine pathway, decreased proinflammatory cytokines and
glutamate release [44].

For the histidine metabolic pathway, it was found that
the level of His in patients before treatment was lower than
that in HCs group and it increased after acupuncture treat-
ment. Studies have shown that His deficiency can be used
as a predictor of moderate depressive symptoms in older
women [45]. In the current study, it was found that HisA
levels tended to be elevated in the pre-treatment group but
were significantly higher after acupuncture treatment when
compared to a HCs group, which may be related to the in-
volvement of HisA in the regulation of brain 5-HT, DA and
NE systems, as well as the immune system [46].

4.3 Acupuncture Modulates Brain Function in Adolescents
With Depression
4.3.1 Acupuncture Suppresses the Functional Activity of
the Frontal Limbic System in Adolescents With
Depression

The RS-fMRI technology measures brain neuron ac-
tivity and synchronicity, aiding in evaluating acupuncture’s
effects on depression. While many studies focus on adults,
adolescent depression may involve different mechanisms
due to incomplete neurodevelopment. Thus, analyzing RS-
fMRI changes in adolescents before and after acupuncture
is crucial. Higher ALFF values represent stronger neuronal
activity and higher ReHo values represent greater synchro-
nization of local neuronal activity. The frontal lobe is an im-
portant part of the cognitive control network and is involved
in emotion regulation and cognitive execution. The ACG is
a limbic structure involved in the processing of emotional
and reward information. The CAU is involved in the brain’s
reward system and is associated with the dopamine system
and its dysfunction causes anhedonia. Depressed patients
have elevated fALFF in the prefrontal lobe, ACG, SFG and
MFG [47]. The current study found that acupuncture de-
creased the ALFF and ReHo values of the MFG.R, SFG.R,
dlPFC.R and ACG.R and also decreased the ReHo value of
CAU.R. These changes mainly occurred in the right cere-
bral hemisphere. A positive correlation between ALFF
and ReHo values and HAMD-24 scores was also found,
suggesting that acupuncture could balance neuronal activ-
ity and local consistency in the aforementioned brain re-
gions of adolescents with depression, which is consistent
with the results of acupuncture treatment for depression in

adults [48,49] and elderly people [50]. Notably, stimula-
tion of LR3might exert antidepressant effects by enhancing
frontal-lobe function [51]. Antidepressants and acupunc-
ture somehow have a consistent regulatory effect on the
SFG and MFG. Additionally, acupuncture also regulates
CAU dysfunction when compared to antidepressants. Such
results support the existing results of the role of the frontal
limbic system in the pathogenesis of adolescent depression
and that acupuncture treatment reverses the abnormal activ-
ity of the frontal limbic system [52].

4.3.2 Acupuncture Improves Functional Connectivity of
Depression-related Brain Regions in Adolescents With
Depression

In the MR study reported here, elevated FC between
the temporal lobe and the inferior frontal, superior frontal
and inferior frontal gyri, as well as the temporal and frontal
lobes, were identified as protective factors against depres-
sion. After acupuncture treatment, the FC within these
specified brain regions was observed to have increased.
This study found no significant effect of acupuncture on
the regulation of FC between the precuneus or cingulate
and temporal lobe, which has been found to be enhanced
in depressed patients. No effect of acupuncture was found
on the regulation of neural activities of the calcarine cor-
tex, lingual gyrus, cuneus, postcentral gyrus and precentral
gyrus. It is speculated that this discrepancy may be the re-
sult of participant variability.

The DMN is thought to be involved in emotional and
cognitive function and previous studies have confirmed
over-connectivity within the DMN in depressed patients
[53–57], with similar findings in adolescent depression
[58,59]. The DMN may be a potential target for the treat-
ment of depression, which can be normalized by transcra-
nial magnetic stimulation [60]. MR suggested that in-
creased connectivity of the DMN causes higher depression
risk. In the current study, the FC between the MFG.R and
IPL.R, PCUN.R and temporal lobes were found to be weak-
ened by the acupuncture treatment in depressed patients,
suggesting that acupuncture reduced the connections within
the DMN. Other studies found that electro-acupuncture at
the Baihui point suppressed DMN overactivation [61,62].

The LCSPT circuit is considered to be an important
circuit in the pathogenesis of depression [63]. Structural
and functional changes in LCSPT circuits are likely to be
highly reliable markers of depression diagnosis [64,65].
The amygdala is located in the limbic system and is in-
volved in a variety of emotional processes. When the patho-
logical activity of the amygdala increases, abnormal activ-
ity of the LCSPT circuit might occur [66]. Additionally, it
was found that by cutting off the projection of the amygdala
to the LCSPT circuit, patients with treatment-resistant de-
pression were less likely to relapse into depression [67,68].
It can be seen that there is a close relationship between the
amygdala and LCSPT circuits. This study showed that in
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the resting state of the brain of patients after acupuncture,
the FC of the LCSPT circuit were weakened when com-
pared with that found prior to treatment, including in the
right limbic lobe, right frontal lobe, SFG.R (orbital part),
PUT.R, PAL.R and THA.L, in addition to the amygdala.
Both monoamine-targeted antidepressants and electrocon-
vulsive therapy reverse structural abnormalities in LCSPT
circuits [69–71]. Several studies have even suggested that
regulating the LCSPT circuits may be the central mecha-
nism of acupuncture treatment for depression [29,72,73]. It
is worth mentioning that Glu is an excitatory neurotransmit-
ter that exhibits elevated transmission in the LCSPT circuits
of depressed patients [74], which is consistent with the trend
found here in the mass spectrometry analysis.

When using bilateral SFG as the seed points for whole-
brain FC analysis, this study found that the FC of a hate
circuit was enhanced in adolescents with depression after
acupuncture, mainly involving the functional regions SFG,
INS and PUT. INS and PUT are involved in the percep-
tion of contempt and hate [75,76]. It was first proposed
in 2013 that the FC of hate circuits was weakened in pa-
tients with depression. If the hate circuit is damaged, pa-
tients would have less cognitive control over their emo-
tions and have difficulty in controlling negative thoughts,
such as self-loathing or hatred of external circumstances.
Several subsequent studies have found similar results, in-
cluding a decrease in FC inside the PUT [75,77–81]. Given
that adolescents with depression are prone to resentment, it
is speculated here that changes in a hate circuit may play
an important role in both the pathogenesis and treatment of
adolescent depression and acupuncture may provide a bet-
ter treatment option.

This study preliminarily reveals the potential mech-
anisms of acupuncture in treating depression in adoles-
cents. However, several limitations should be acknowl-
edged. There was no sham acupuncture control group,
making it difficult to isolate non-specific effects. The ef-
fects of acupuncture may be influenced by psychosocial
factors such as patient expectations, doctor-patient inter-
actions, and procedural rituals. Future research should in-
troduce standardized sham acupuncture devices and eval-
uator blinding, quantify patient expectations, and monitor
neurotransmitter and brain function changes to analyze the
specific mechanisms of acupuncture and reduce bias from
placebo effects. Additionally, the limited sample size leads
to insufficient statistical power and a risk of Type II er-
rors, which may affect the accuracy of the results. The
lack of tracking long-term efficacy and changes in biologi-
cal markers also limits the assessment. Subsequent studies
should be conducted within a multi-center, large-sample,
long-follow-up framework, employing rigorous control de-
signs and multimodal biomarker analyses to validate the re-
liability and generalizability of the research findings.

5. Conclusions
In this study, it was shown that acupuncture treat-

ment had a significant effect on depression in adolescents.
Additionally, it was found that four weeks of acupunc-
ture combined with antidepressants was superior to either
acupuncture or antidepressants alone, thus showing sig-
nificant advantages of acupuncture in improving the anxi-
ety/somatization and sleep disorders of patients. The study
showed that acupuncture increased the levels of serum 5-
HT, KynA, DA, NE, E, His and PA in adolescents with
depression, supports a causal relationship between depres-
sion and RS-fMRI and that acupuncture modulates the level
of excitability of emotion-related brain regions (including
frontal lobe, CAU and ACG) and the FC of depression-
related circuits (DMN, LCSPT circuit and a hate circuit).
Further, a correlation was found between HAMD-24 scores
and the mechanism-related objective indicators studied.
Results confirm the efficacy of acupuncture in treating
adolescent depression, suggesting potential mechanisms
through the regulation of HAMD-24 factor scores, serum
neurotransmitters levels and RS-fMRI findings. This pro-
vides a degree of evidence supporting acupuncture as a vi-
able treatment for adolescent depression.
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