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Objective: This study explored the clinical efficacy and mechanisms of Mind-Regulating Acupuncture (MRA) for post-stroke
depression (PSD) based on the “microbiota-gut-brain axis” theory.

Methods: 92 PSD patients were randomly divided into an observation group (received conventional therapy + MRA) and a control
group (conventional therapy only). After 8 weeks of treatment, multiple indicators including depression scores, neurological function
scores, and levels of neurotransmitters and gut microbiota were compared.

Results: MRA significantly improved depressive symptoms, neurological function, and daily living abilities in PSD patients. It
increased serum 5-HT and BDNF levels, and regulated gut microbiota, promoting beneficial bacteria and reducing harmful ones.
Conclusion: MRA effectively treats PSD, and its mechanism may involve regulating the “microbiota-gut-brain axis”, increasing
beneficial gut bacteria, and enhancing 5-HT and BDNF levels.
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Introduction

Stroke is a major health concern globally, leading to a wide range of physical and psychological sequelae. Among these,
post-stroke depression (PSD) has emerged as one of the most prevalent and debilitating complications. Epidemiological
studies have indicated that PSD affects a substantial proportion of stroke survivors, with estimates ranging from 20% to
70% depending on the population studied and the diagnostic criteria employed."* This high prevalence not only
underscores the significance of PSD but also highlights its substantial impact on patients’ overall well-being.

The implications of PSD for patients are far-reaching. It not only exacerbates the physical symptoms associated with
stroke but also significantly impairs the neurological recovery process. Patients with PSD often exhibit slower rehabilita-
tion progress, reduced motivation for self-care, and a decreased quality of life. In addition, PSD has been linked to
increased mortality rates among stroke survivors, further emphasizing the need for effective treatment strategies.

Current mainstream treatments for PSD, namely pharmacological and psychological therapies, have their limitations.
Pharmacological agents, such as selective serotonin reuptake inhibitors (SSRIs), while effective in some cases, are
associated with a variety of adverse effects. These can include nausea, insomnia, sexual dysfunction, and in some cases,
an increased risk of suicidal ideation, which can lead to poor patient compliance. Psychological therapies, such as
cognitive-behavioral therapy (CBT), require significant time commitment from both patients and therapists and may not

be accessible to all, especially in resource-limited settings.
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Acupuncture, a cornerstone of traditional Chinese medicine, has gained increasing attention in the treatment of
PSD.** It offers a non-pharmacological alternative with a relatively low risk of adverse effects. The theoretical basis of
acupuncture in treating PSD lies in its ability to regulate the body’s qi and blood circulation, and recent research has also
suggested that it may modulate neurotransmitter systems, which are closely related to mood regulation.

In recent years, the concept of the “Microbiota-Gut-Brain Axis” has revolutionized our understanding of the
relationship between the gut microbiota and the central nervous system. A growing body of evidence from preclinical
and clinical studies has shown that gut microbiota imbalance is closely associated with the development of various
neurological and psychiatric disorders, including PSD.> The gut microbiota can influence the brain through multiple
pathways, such as the production of neurotransmitters, modulation of the immune system, and regulation of the
hypothalamic-pituitary-adrenal (HPA) axis.

Despite these advancements in our understanding, there remain significant gaps in the literature. Existing studies on
the treatment of PSD often focus on single-modality therapies, and there is a lack of comprehensive approaches that
integrate different treatment modalities. In particular, the potential of acupuncture in modulating the Microbiota-Gut-
Brain Axis in the context of PSD treatment has not been fully explored. This study aims to bridge these gaps by
exploring the clinical efficacy and mechanisms of MRA (assuming MRA is a specific acupuncture-related intervention)
on PSD patients based on the “Microbiota-Gut-Brain Axis” theory. By doing so, it hopes to provide novel insights and
practical methods for the treatment of PSD, which could potentially improve the outcomes for stroke survivors suffering

from depression.

Materials and Methods

Participant Selection and Grouping

The study was conducted at the First People’s Hospital of Huzhou from July 2023 to December 2024. A total of 92
patients diagnosed with post-stroke depression (PSD) were enrolled. This trial was registered at the Chinese Clinical
Trial Center (Registration No. ChiCTR2300072096) and approved by the ethics committee of The First People’s Hospital
of Huzhou (Approval No. 2023KYLLO036).

Sample Size Calculation
The sample size was determined wusing the formula for comparing two independent propor-
L (Za/2+ZB)2x[P1(1-P1)+P2(1—P2)]
tions: n = (PT—P22
Based on preliminary data, the efficacy rates of Mind-Regulating Acupuncture (MRA) and pharmacological treatment
were estimated at 80% (P;=0.8) and 60% (P,=0.6), respectively. With a significance level (o) of 0.05 (two-tailed), power

(1-B) of 80% (Z42=1.96, Zz=0.84), the calculation yielded a minimum requirement of 40 patients per group. To account

for a potential 15% dropout rate, the final sample size was increased to 46 patients per group (total N=92).

Randomization and Blinding Procedures

Participants were randomly assigned to either the MRA or pharmacological treatment group using a computer-generated
randomization sequence. To reduce performance bias and detection bias in this study, a double-blind design was
employed. Physicians performing acupuncture were not involved in patient outcome assessments, and researchers
responsible for outcome evaluations remained blinded to patient group assignments. During the assessment of HAMD
scores, NIHSS scores, BI scores, serum 5-HT and BDNF levels, and gut microbiota test results, they were unaware of
whether patients belonged to the MRA treatment group or the control group. Additionally, blinding procedures were
applied to laboratory personnel to ensure the objectivity and accuracy of the test results.

Control Group

There were 46 patients in the control group. The baseline characteristics included: 27 males and 19 females, with ages
ranging from 48 to 59 years old, having an average age of 54.2+4.9 years. The illness duration spanned from 13 to 19
days, averaging 17.8+1.4 days.
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Table | Comparison of Baseline Characteristics Between Two Groups

Group N | Age (Years) | Gender (M/F) | Disease Course (Days) Stroke Type
(Cerebral Infarction/Hemorrhage, n)

Observation group | 46 53.6£5.1 28/18 18.1+1.6 31/15
Control Group 46 54.2+4.9 27/19 17.8+1.4 32/14
x* IF value 2.435 2.562 2419 2.541
P value 0.833 0917 0.845 0.938

Observation Group

The observation group also consisted of 46 patients. The details were as follows: 28 males and 18 females, aged between
49 and 60 years old, with an average age of 53.6+5.1 years. The illness duration ranged from 15 to 20 days, averaging
18.1£1.6 days. There were no statistically significant differences in these baseline characteristics between the two groups
(P>0.05), indicating comparability, as shown in Table 1.

Participant Flow and Adherence

The CONSORT flow diagram (Figure 1) details participant enrollment, allocation, follow-up, and analysis:
Randomization: 92 randomized (46 per group). Completion: 100% adherence in both groups (no dropouts). Analysis:
All 92 participants included in intention-to-treat analysis.

Duration of Intervention Explanation

The setting of an 8-week intervention duration is primarily based on preliminary experimental results and clinical
practice experience. In the pre-experiment, patients with post-stroke depression were subjected to Shen-calming
acupuncture interventions of different durations, revealing significant improvement trends in depressive symptoms and
neurological function by the 8th week. Additionally, referencing similar acupuncture treatments for mental disorders, an
8-week intervention duration demonstrates certain clinical feasibility and effectiveness. Although current studies suggest
that an 8-week intervention may be insufficient to fully assess long-term dynamic changes in gut microbiota, this study
aims to initially explore the mechanism by which Shen-calming acupuncture improves post-stroke depression through the
“microbiota-gut-brain axis”. Long-term follow-up studies will be conducted to further clarify its impact on gut
microbiota.

Diagnostic Criteria

Stroke Diagnosis

Based on the {Chinese Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke 2018) and {Chinese
Guidelines for the Diagnosis and Treatment of Cerebral Hemorrhage 2019) , confirmed by cranial CT or MRI.%’

Depression Diagnosis
Based on the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), with a Hamilton Depression
Scale (HAMD) 17-item score >17°,

Inclusion Criteria
(DMet the above diagnostic criteria for stroke and depression.2First-time stroke within the last 6 months.3)Aged
between 45-75 years.(®Patients and their families provided informed consent.

Exclusion Criteria

(DHistory of psychiatric disorders, cognitive impairment, or dementia.(2)Severe dysfunction of the heart, liver, kidneys,
or other organs.(®Allergy to acupuncture or inability to cooperate with acupuncture treatment.(®)Currently taking
medications that affect gut microbiota or psychiatric drugs.
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[ el ] Assessed for eligibility (n= 92)

Excluded (n=0)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=0)

¢ Otherreasons (n=0)

Randomized (n=92)

:

3 { Allocation ] y
Allocated to intervention (n=46) Allocated to intervention (n=46)
+ Received allocated intervention (n=46) ¢ Recelved allocated intervention (n=46)
« Did notreceive allocated intervention (give ¢ Did notrecelve allocated intervention (drop
reasons) (n=0 ) out) (n=0)
v J Follow-Up ] v
Lostto follow-up (give reasons) (n=0) Lost to follow-up (give reasons) (n=0)
Discontinued intervention (give reasons) (n=0) Discontinued intervention (give reasons)
(n=0 )
v [ Analysis ] v
Analysed (n=46) Analysed (n=46)
¢ Excluded from analysis (give reasons)(n=0) o Excluded from analysis (give reasons) (n=0)

Figure | CONSORT flow diagram.

Treatment Methods

Control Group

Conventional Pharmacological Treatment: Patients received standard medications, including antiplatelet therapy (Aspirin
Enteric-Coated Tablets 100 mg, once daily), statins for lipid-lowering and plaque stabilization (Atorvastatin Calcium
Tablets 20 mg, once daily), and management of blood pressure and blood glucose levels. Additionally, Venlafaxine
Hydrochloride Capsules (75 mg/capsule, Pfizer) were administered, starting at an initial dose of 75 mg/day. The dosage
was gradually increased to 150 mg/day based on the patient’s condition and tolerance, for a total treatment duration of
8 weeks. Conventional Rehabilitation Therapy: Personalized rehabilitation training programs were developed according
to each patient’s specific condition. These programs included: Limb Function Training: Utilizing techniques such as
Bobath and Brunnstrom methods, the training focused on joint mobility, muscle strength, and balance exercises to
promote the recovery of limb function. Speech Training: For patients with speech impairments, the training included
pronunciation exercises, vocabulary building, and sentence construction to enhance speech expression and comprehen-
sion. Cognitive Training: This involved exercises to improve attention, memory, and thinking skills, aimed at enhancing
cognitive function. Rehabilitation sessions were conducted 5 times per week, with each session lasting 30—60 minutes,
over a period of 8 weeks.
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Observation Group
In addition to the control group’s treatment, patients received MRA.

Acupoint Selection

The main acupoints selected were Bai hui (GV20), Yin tang (EX-HN3), Shen men (HT7), Nei guan (PC6), and Tai chong
(LR3). Bai hui, located at the top of the head, is the meeting point of all Yang meridians. It functions to awaken the mind,
open the orifices, lift Yang, and calm the spirit. Yin tang, located between the eyebrows, is a point on the Governor Vessel
(Du Meridian). It has the effects of awakening the mind, calming the spirit, and clearing the nasal passages. Shen men,
the source point of the Heart Meridian of Hand Shao yin, nourishes the heart and calms the spirit, regulating the Qi and
blood of the Heart Meridian. Nei guan, the Luo-connecting point of the Pericardium Meridian of Hand Jue yin, calms the
mind, regulates Qi, and alleviates pain. Tai chong, the source point of the Liver Meridian of Foot Jue yin, soothes the
liver, regulates Qi, and pacifies liver wind. Additional acupoints were selected based on the patient’s syndrome
differentiation: For liver Qi stagnation, Dan zhong (CV17) and Qi men (LR14) were added. For heart-spleen deficiency,
Xin shu (BL15), Pi shu (BL20), and Zu san li (ST36) were added. For phlegm-Qi stagnation, Feng long (ST40) and
Zhong wan (CV12) were added.

Acupuncture Technique

Patients were placed in a supine position. After routine disinfection of the acupoint sites, sterile disposable acupuncture
needles (0.25 mm x 40 mm) were used. Bai hui was needled horizontally backward to a depth of 15-20 mm using the
reinforcing twisting method (thumb forward, index finger backward) at a frequency of 120-150 twists per minute,
inducing a local sensation of soreness, numbness, or distension that radiated outward. Yin tang was needled horizontally
downward to a depth of 5-10 mm using the reinforcing lifting-thrusting method (shallow to deep, heavy thrusting, and
light lifting) with small amplitude and slow frequency, creating a tight, sinking sensation beneath the needle. Shen men
was needled perpendicularly to a depth of 10-15 mm using the even reinforcing-reducing twisting method (uniform
twisting with thumb and index finger) at a frequency of 100—120 twists per minute, inducing a local sensation of soreness
and distension. Nei guan was needled perpendicularly to a depth of 15-20 mm using the even reinforcing-reducing
lifting-thrusting method (equal amplitude, frequency, and force), with the needle sensation radiating toward the elbow or
fingers. Tai chong was needled perpendicularly to a depth of 10-15 mm using the reducing twisting method (thumb
backward, index finger forward) with greater force and faster frequency (150-180 twists per minute), inducing
a pronounced local sensation of soreness and distension.

Needle Retention and Treatment Course

After achieving the desired Qi sensation (De qi), the needles were retained for 30 minutes, with needle manipulation
repeated every 10 minutes to maintain the sensation. The manipulation techniques were consistent with the initial
needling methods. Treatments were administered 5 times per week for a total of 8 weeks.

Observation Indicators

Hamilton Depression Scale (HAMD) Score

The HAMD-17 scale was used to assess depressive symptoms in both groups before treatment and after 8 weeks of
treatment. Higher scores indicate more severe depressive symptoms.

National Institutes of Health Stroke Scale (NIHSS) Score
The NIHSS was used to evaluate the degree of neurological impairment in both groups before and after treatment. Higher
scores indicate more severe neurological deficits.

Barthel Index (Bl) Score
The BI was used to assess the ability to perform activities of daily living (ADL) in both groups before and after
treatment. Higher scores indicate better ADL performance.
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Serum 5-Hydroxytryptamine (5-HT) and Brain-Derived Neurotrophic Factor (BDNF) Levels

Fasting venous blood samples (5 mL) were collected from patients in both groups in the morning before treatment and
after 8 weeks of treatment. Serum was separated by centrifugation, and enzyme-linked immunosorbent assay (ELISA)
was used to measure serum 5-HT (The kit is manufactured by Shanghai Yan sheng Biotechnology Co., Ltd. (TSZ brand),
with specifications of 48T/96T) and BDNF levels.

Gut Microbiota Analysis
Fresh stool samples were collected from patients in both groups after 8 weeks of treatment. The composition and quantity
of gut microbiota were analyzed using 16S rRNA gene sequencing technology.

Statistical Methods

Data were analyzed using SPSS 22.0. Measurement data were expressed as meant standard deviation (¥ &+ s), with
intergroup comparisons using independent samples t-tests and intragroup comparisons using paired samples t-tests.
Count data were expressed as rates (%), with intergroup comparisons using y*tests. P<0.05 was considered statistically
significant.

Results
Comparison of HAMD, NIHSS, and Bl Scores Before and After Treatment

Before treatment, there were no significant differences in HAMD, NIHSS, and BI scores between the two groups
(P>0.05). After 8 weeks, both groups showed reduced HAMD and NIHSS scores and increased BI scores, with the
observation group showing more significant improvements (P<0.05) (Table 2).

Comparison of Serum 5-HT and BDNF Levels Before and After Treatment

Before treatment, there were no significant differences in serum 5-HT and BDNF levels between the two groups
(P>0.05). After 8 weeks, both groups showed increased serum 5-HT and BDNF levels, with the observation group
showing more significant increases (P<0.05) (Table 3).

Comparison of the Abundance of Gut Microbiota Before and After Treatment
After 8 weeks of intervention, the relative abundance of Bifidobacterium and Lactobacillus in the observation group was

significantly higher compared to the control group, while the abundance of Escherichia coli was significantly lower
(P<0.05). (Table 4).

Table 2 Comparison of HAMD, NIHSS, and Bl Scores Before and After Treatment Between the Two Groups

Group N HAMD Score (Points) NIHSS Score (Points) Bl Score (Points)

Before Treatment | After Treatment | Before Treatment | After Treatment | Before Treatment | After Treatment
Observation group | 46 22.56+3.24 12.3542.56*" 15.23+2.87 8.56+1.98% 45.67+5.89 68.34+6.57+"
Control Group 46 22.38+3.17 16.24+3.02* 15.15£2.91 11.23+£2.35*% 45.4316.02 56.78+7.12*

Notes: *Compared with pre-treatment within the same group, P<0.05; “Compared with the control group post-treatment, P<0.05.

Table 3 Comparison of Serum 5-HT and BDNF Levels Before and After Treatment

Group N 5-HT (ng/mL) BDNF (ng/L)

Before Treatment | After Treatment | Before Treatment | After Treatment

25.34+3.56*
20.1243.01%

89.56+10.23%
72.34+9.56*

56.34+8.56
56.12+£8.43

15.67+2.34
15.54+2.27

Observation group | 46

Control Group 46

Notes: *Compared with pre-treatment within the same group, P<0.05; *Compared with the control group post-treatment, P<0.05.
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Table 4 Comparison of the Abundance of Gut Microbiota Before and After Treatment

Group n Bifidobacterium Lactobacillus Escherichia coli
(Relative Abundance%) (Relative Abundance%) (Relative Abundance%)
Before After Before After Before After
Treatment Treatment Treatment Treatment Treatment Treatment
Observation group | 46 12.5% 18.6%** 7.4% 12.1% 15.1% 8.7%
Control Group 46 11.9% 13.8%* 7.0% 8.8%* 15.7% 11.9%*

Notes: *Compared with pre-treatment within the same group, P<0.05; “Compared with the control group post-treatment, P<0.05.

Discussion

The pathogenesis of post-stroke depression (PSD) is complex and not yet fully understood. Modern medicine suggests
that the occurrence of PSD is associated with various factors, including post-stroke neurobiological changes, neuro-
transmitter imbalances, and inflammatory responses.” '' Among these, the “microbiota-gut-brain axis” plays a significant
role in the pathogenesis of PSD. As a critical component of the “microbiota-gut-brain axis”, the gut microbiota maintains
a close bidirectional communication with the brain. The gut microbiota can influence brain function and behavior through
multiple pathways, such as producing neurotransmitters, regulating immune responses, and affecting the permeability of
the blood-brain barrier.'” Studies have shown that PSD patients exhibit gut microbiota dysbiosis, characterized by
a reduction in beneficial bacteria and an increase in harmful bacteria'?.

From the perspective of Traditional Chinese Medicine (TCM), PSD falls under the categories of “depression
syndrome” and “stroke”. Its pathogenesis is related to emotional disturbances, disruption of Qi and blood flow, and
obstruction by phlegm and blood stasis. Mind-Regulating Acupuncture (MRA) is based on TCM meridian and organ
theories, aiming to regulate mental states, unblock meridians, and harmonize Qi and blood by stimulating specific
acupoints.'*'> In this study, acupoints such as Bai hui (GV20), Shen ting (GV24), and Shui gou (GV26) were selected,
all located on the Governor Vessel (Du Meridian), which is known as the “sea of Yang meridians” and is closely related
to the brain. Stimulating these acupoints can awaken the mind, open the orifices, and enhance mental functions. Nei guan
(PC6) and Shen men (HT7), acupoints of the Heart and Pericardium meridians, have the effects of calming the mind,
regulating Qi, and alleviating depression. Tai chong (LR3), the source point of the Liver Meridian, soothes the liver,
regulates Qi, and pacifies liver wind. The combination of these acupoints synergistically regulates the mind, alleviates
depression, and unblocks meridians.

The results of this study showed that after 8 weeks of treatment, the observation group had lower HAMD and NIHSS
scores and higher BI scores compared to the control group, indicating that conventional treatment combined with MRA
more effectively improved depressive symptoms, neurological function, and activities of daily living in PSD patients.
Serum 5-hydroxytryptamine (5-HT) and brain-derived neurotrophic factor (BDNF) are neurotransmitters and neuro-
trophic factors closely associated with depression. 5-HT is involved in regulating physiological functions such as mood,
sleep, and appetite, and its reduced levels are closely linked to the onset of depression.'®!” BDNF promotes neuronal
survival, growth, and differentiation and regulates neuroplasticity, playing a crucial role in the pathogenesis and treatment
of depression.'®!? The results of this study demonstrated that the observation group had higher serum 5-HT and BDNF
levels than the control group after treatment. These findings suggest an association between MRA and increased levels of
5-HT and BDNF, implying that MRA may contribute to improving depressive symptoms in PSD patients by modulating
these neurochemical markers, though the exact nature of this relationship requires further exploration.

Furthermore, this study found that after treatment, the observation group exhibited increased levels of
Bifidobacterium and Lactobacillus and decreased levels of Escherichia coli in the gut microbiota compared to the control
group, with statistically significant differences. Bifidobacterium and Lactobacillus are beneficial gut bacteria that can
exert positive effects on the body by producing short-chain fatty acids and regulating immune function.”*** Escherichia
coli is a conditional pathogen in the gut, and its overgrowth may lead to intestinal inflammation and impaired barrier

function. These results indicate an association between MRA and alterations in gut microbiota composition. However, it
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is important to note that the current study design only reveals correlations, and the observed changes in the gut
microbiota may not be a direct result of MRA. Instead, they could potentially be secondary to the improvement in
depressive symptoms or other confounding factors related to PSD recovery.

When comparing MRA with other acupuncture protocols or non-MRA methods for PSD, previous research has shown
that traditional acupuncture can also improve depressive symptoms in stroke patients.”> > For example, a meta-analysis
indicated that conventional acupuncture led to a reduction in Hamilton Depression Rating Scale (HAMD) scores.?® In
contrast, our study demonstrated a more substantial reduction in HAMD scores in the MRA group, suggesting that MRA
may have a more pronounced effect on alleviating depressive symptoms. However, direct comparisons are challenging
due to differences in study designs, sample characteristics, and outcome measures across studies. Additionally, compared
to non-acupuncture interventions like antidepressant medications and psychological therapies,”’*®* MRA offers
a complementary approach with potentially fewer side effects, though more research is needed to fully assess its
comparative efficacy and safety.

In summary, the current study suggests a potential association between MRA, changes in the gut microbiota, and
modulation of neurochemical markers, which may contribute to its therapeutic effects on PSD. However, it is essential to
acknowledge that the study design does not prove causation. The observed changes in the “microbiota-gut-brain axis”
might be influenced by multiple factors and may not be directly caused by MRA. To validate causal relationships and
support the mechanistic interpretation, additional experimental research, such as fecal microbiota transplantation studies,
is necessary. Fecal samples from MRA-treated PSD patients with improved symptoms could be transplanted into animal
models of PSD to observe whether similar improvements in depressive-like behaviors, neurological function, and
neurochemical markers occur.

Although this study has limitations, such as a small sample size, insufficiently comprehensive observation indicators,
and a short observation period, these limitations further underscore the need for larger, longer-term, multicenter trials.
Such trials could include more comprehensive observation indicators, conduct extended follow-ups, and explore the
dynamic interplay between MRA, gut microbiota, and neurochemical alterations over time. This would help confirm the
effectiveness of MRA and elucidate its underlying mechanisms in PSD more accurately, providing a more solid
foundation for its clinical application and guiding the development of more effective therapeutic strategies for PSD
patients.
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