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Background: Although numerous studies have explored acupuncture for
alleviating Parkinson'’s disease (PD) symptoms, specific methods focusing on
reducing anxiety in these patients are lacking. Preliminary research indicates
that acupuncture may improve anxiety in patients with Parkinson's; however,
high-quality evidence is lacking. Therefore, we conducted a meta-analysis and
trial sequential analysis (TSA) to assess the efficacy of acupuncture in managing
anxiety symptoms in PD.

Methods: We systematically searched eight databases for randomized
controlled trials (RCTs) evaluating the efficacy of acupuncture for the treatment
of anxiety in patients with PD. Primary outcomes were measured using
the Hamilton Anxiety Scale (HAMA) and the Self-Rating Anxiety Scale (SAS).
Secondary outcomes included the Parkinson’s Disease Questionnaire-39 (PDQ-
39) and the Unified Parkinson’s Disease Rating Scale (UPDRS). Risk of bias
was assessed using the Cochrane RoB 2.0 tool, and certainty of evidence was
assessed using the GRADE system. The Trial Sequential Analysis (TSA) was used
to assess the sufficiency of the evidence.

Results: Our meta-analysis included 14 studies. The Manual acupuncture (MA)
+ routine drug treatment (RDT) group improved more than the RDT alone
group. MA was more effective than sham acupuncture. MA+ traditional Chinese
medicine (TCM) was also more effective than TCM. Auricular therapy (AT)
was not as effective as control therapy (CT). The Electroacupuncture (EA) +
routine drug treatment (RDT) group was not as effective as RDT. PDQ-39 and
UPDRS subgroup analysis showed that the acupuncture group had better clinical
efficacy than CT. The GRADE assessment rated the overall certainty of evidence
for anxiety outcomes as low, PDQ-39 as very low and UPDRS as low. TSA
results indicate insufficient evidence; further high-quality RCTs are needed to
substantiate these findings.

Conclusion: Our analysis suggests that MA combined with RDT may help
ameliorate anxiety in PD patients, although the evidence is weak due to low
quality RCTs. EA and AT showed no significant effects, highlighting the need for
more rigorous studies with better controls and longer follow-up. The potential
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of acupuncture for PD-related anxiety should be considered with caution until
stronger evidence becomes available.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/.

KEYWORDS

Parkinson’s disease, anxiety symptoms, acupuncture, meta-analysis, randomized

controlled trial

1 Introduction

Parkinson’s disease (PD) is a common neurodegenerative
disorder, typically characterized by motor symptoms such as
tremor, bradykinesia, and rigidity (Du et al., 2021). Nevertheless,
it has become increasingly evident that non-motor symptoms,
particularly anxiety, are exerting an increasingly pivotal influence
on the overall impact of the disease (Armstrong and Okun, 2020). It
is estimated that approximately one-third of individuals diagnosed
with PD also present with anxiety. This has been demonstrated
to exacerbate motor symptoms and significantly impair quality of
life (Overton and Coizet, 2020; Broen et al., 2016). Concurrently,
anxiety has been demonstrated to exacerbate the severity of
PD symptoms, affecting patients mood, cognition and social
functioning (Dissanayaka et al., 2010). Neuroimaging research
(Li and Xu, 2024) has also explored the connection between
anxiety-related brain regions in patients with PD. Individuals with
PD often show decreased sizes in the medial prefrontal cortex
and anterior cingulate cortex and orbitofrontal cortex, which are
regions associated with anxiety. These findings further confirm
the association between anatomical changes in the fear circuit and
the occurrence of anxiety disorders in patients with PD. However,
dysfunction of the fear circuit is not the only mechanism explaining
the high prevalence of anxiety in PD. Functional studies indicate
that Parkinson’s anxiety is also related to the striatum, as well as
dopaminergic and noradrenergic pathways, including alterations in
the basal ganglia circuits and the cortico-striato-thalamo-cortical
circuits. Despite the high prevalence of anxiety in PD, its severity
is frequently underestimated, and treatment is often inadequate.
It is therefore evident that further research is required in order to
develop more effective treatment strategies.

Abbreviations: PD, Parkinson's disease; TSA, Trial sequential analysis; RCTs,
Randomized controlled trial; SMD, Standardized mean difference; MD,
Mean difference; ClI, Confidence interval; RIS, required information size;
AT, Auricular therapy; CT, Conventional therapy; EA, Electroacupuncture;
MA, Manual Acupuncture; SA, Sham acupuncture; RDT, Routine drug
treatment; TCM, Traditional Chinese medicine; HAMA, Hamilton Anxiety
Rating Scale; SAS, Self-Rating Anxiety Scale; PDQ-39, Parkinson’s Disease
Questionnaire-39; UPDRS, Unified Parkinson’'s Disease Rating Scale;
PROSPERO,

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-

International Prospective Register of Systematic Reviews;

Analyses; TSMB, trial sequential monitoring boundaries; GRADE, Grading
of Recommendations Assessment, Development, and Evaluation; 5-HT,
5-hydroxytryptamine; HPA, hypothalamic-pituitary-adrenal; GV, Governing
Vessel; GB, Gallbladder Meridian.
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The efficacy of conventional pharmacological interventions in
treating anxiety symptoms associated with PD is limited, and they
may have adverse effects and complications. A study demonstrated
that although antidepressant medications have some therapeutic
effects on patients with PD, they have minimal efficacy in treating
anxiety disorders (Liu et al, 2013). In addition, the long-term
use of these medications may result in adverse effect (Troeung
etal, 2013). Moreover, drugs such as levodopa, which are primarily
used to improve motor symptoms, have a limited effect on anxiety
disorders and may cause motor complications with prolonged
administration (Armstrong and Okun, 2020). Consequently, there
is a growing interest in complementary and alternative therapies
that demonstrate integrative efficacy and minimal side effects.

Acupuncture represents a fundamental aspect of traditional
Chinese medicine. At present, acupuncture is primarily employed
in the treatment of neurological disorders, musculoskeletal and
connective tissue diseases, cancer, and cardiovascular conditions
(Lu et al., 2022). The theoretical basis for acupuncture’s efficacy in
the treatment of anxiety can be traced back to its regulatory effect
on the neurotransmitter system. Prior research has demonstrated
that acupuncture can alleviate anxiety-related symptoms by
regulating the balance of neurotransmitters, including serotonin
(Wuetal., 2024), norepinephrine (Zhao et al., 2017), and dopamine
(Chen et al,, 2023; Wu et al,, 2022). Furthermore, acupuncture has
been shown to alleviate the anxiety response triggered by stress by
modulating the hypothalamic-pituitary-adrenal (HPA) axis (Zheng
et al, 2024). In light of these mechanisms, the utilization of
acupuncture in the management of anxiety associated with PD
is theoretically supported. Recent studies have demonstrated that
acupuncture is an efficacious treatment for anxiety disorders in
patients with PD (Gu et al,, 2023; Chao, 2023; Zhang et al., 2022;
Fan et al., 2022).

Although preliminary studies have been conducted on the
application of acupuncture, the quality of the existing evidence
is inconclusive. Furthermore, there is a paucity of studies on
PD-related anxiety. In order to address this research gap, this
study employs a systematic review and meta-analysis, combined
with a trial sequential analysis, to provide the first comprehensive
assessment of the efficacy of acupuncture for the treatment of
anxiety in Parkinson’s disease. The aim is to establish a more robust
evidence base for future clinical treatment.

2 Methods
2.1 Study registration

This
Items  for

followed  the
Systematic

study Preferred  Reporting

Reviews and  Meta-Analyses
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(PRISMA) guidelines (Page et al, 2021) and adhered
to the PRISMA checklist. It was approved by the
International Prospective Register of Systematic Reviews
(PROSPERO) on 9 March 2024 wunder registration
number CRD42024518431.

2.2 Search strategy

An extensive literature search was conducted using eight
databases until 1 March 2024. The databases included four
in English (Cochrane Library, PubMed, Embase, Web of
Science) and four in Chinese (China Biology Medicine,
VIP, Wanfang Data and CNKI). We retrieved publications
from all countries and languages, covering various article
types. Additionally, we specifically searched for meta-analyses
concerning acupuncture treatment for PD. The search utilized

» «

key terms such as “Parkinson,

anxiety,” “acupuncture,” “RCTS,”
and “meta-analyses.” A detailed search strategy is provided in

Supplementary material 1.

2.3 Literature selection

We applied the following set of inclusion criteria during
the report selection process (Zhang J. et al., 2024). Inclusion
criteria: (1) Type of study: Individuals were diagnosed with
PD based on established diagnostic criteria, including the MDS
clinical diagnostic criteria for PD (Postuma et al., 2015), the
Chinese guidelines for the treatment of PD (second edition;
Cheng, 2009), Clinical criteria for diagnosing PD in China (China
Medical et al., 2019; Parkinson’s et al., 2016), and the accuracy of
clinical diagnosis of idiopathic PD (Rajput, 1993). (2) Intervention:
acupuncture treatment, including acupuncture alone or combined
with Routine drugs treatment (RDT) or control therapy (CT). (3)
Comparison: no treatment, sham acupuncture (SA), RDT or CT.
(4) The primary outcomes of the study were assessed with the
Hamilton Anxiety Scale (HAMA; Hamilton, 1959) and the Self-
Rating Anxiety Scale (SAS), which measure anxiety symptoms
using specific metrics. The PD Questionnaire (PDQ-39) was
used to evaluate the quality of life as a secondary measure. (5)
Study design: Randomized controlled trials (RCTs). Language
restrictions are English and Chinese. Studies were excluded if
they only reported the response rate or lacked data for effect
size estimates. Exclusion criteria (Zhang J. et al., 2024): (1) Trials
with acupuncture therapy in the control group, (2) Repetitive
experiments, (3) Studies involving animal experiments, (4) Studies
with incomplete data.

2.4 Data extraction

After the search was completed, the retrieved documents were
imported into EndNote X9 software. After eliminating duplicates,
two reviewers independently examined the titles and abstracts
of 41 articles (Wu, Z.N, and Liu, C) to exclude 24 studies that
clearly did not meet the inclusion criteria. The complete texts
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of the remaining studies were reviewed again to determine if
the articles satisfied the inclusion criteria. Data extraction was
performed by two researchers, capturing details such as the primary
author, publication year, sample size, randomization technique,
and grouping; participant specifics like gender, age, and illness
duration; details on interventions like quantity, acupuncture
locations, and EA settings; results data; follow-up results and
duration; and any adverse events. In case of disagreements,
a third reviewer, Xiaofeng Wu, was brought in to make a
final decision.

2.5 Quality assessment

The potential for bias in the literature was evaluated using
Cochrane RoB2.0 (Sterne et al., 2019). Each RCT was assessed
based on six criteria: the randomization procedure, unexpected
interventions, missing outcome data, measurement outcomes,
reported findings, and overall assessment. A study was classified
as low risk if the methodology was appropriate, well-explained,
and clear. Conversely, it was deemed high risk if the method
was unclear or problematic. Two investigators (Wu, X.F and
Huang, F) independently assessed these factors and consulted
a third investigator (Vicky Chan) to resolve any differences
if necessary.

2.6 Statistical analysis

Statistical analysis of the included RCTs was performed using
the R “metaphor” package. We assess the effect size by comparing
the differences after treatment in each group. Continuous data
were presented as mean difference (MD) or standardized mean
difference (SMD) with 95% confidence intervals (CI), considering
I? and P-values to assess heterogeneity. When 12 exceeded 50%,
or P was <0.01, indicating significant heterogeneity, a random
effects model was utilized; otherwise, a fixed effects model was
applied. Subgroup analysis was conducted to identify sources of
variability. Sensitivity analysis was performed using leave-one-out
analysis to test the robustness of the findings. Each study was
systematically excluded one at a time to evaluate its impact on the
meta-analysis. In order to enhance the robustness of the results, this
study employed the use of trial sequential analysis (TSA). TSA is
a statistical method that integrates the traditional interim analysis
of RCTs with meta-analysis. In comparison to traditional meta-
analysis, TSA is capable of more effectively controlling random
errors and type I errors (false positives) through the establishment
of the required information size (RIS) and the trial sequential
monitoring boundaries (TSMB). TSA was performed using TSA
0.9.5.10 beta (https://www.ctu.dk/tsa/) to calculate the RIS and
TSMB. TSA assesses the sufficiency of the extant evidence by
calculating the requisite cumulative sample size at a specified o
(0.05) and B (0.2) level. Once the accumulated sample size reaches
or exceeds the RIS, it indicates that there is sufficient evidence
to draw a definitive conclusion. In the event that this is not the
case, it is necessary to conduct further high-quality studies in
order to verify the results. The use of TSA was selected in order
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FIGURE 1
Flow chart of the PRISMA.

to circumvent the potential for random errors to be introduced
by the process of repeated analysis, thereby ensuring that the
resulting conclusions are statistically more valid. By establishing
a boundary value and the requisite amount of information, TSA
offers a more straightforward assessment of the sufficiency and
robustness of the evidence, thereby enhancing the credibility of the
research conclusions.

2.7 Certainty of the evidence

The certainty of evidence was assessed using the Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE; Guyatt et al., 2008) framework. Evidence levels were
categorized as high, moderate, low, or very low based on five
components: risk of bias, inconsistency, indirectness, imprecision,
and other factors.

Frontiersin Aging Neuroscience 04

3 Results
3.1 Study selection

Figure 1 shows the PRISMA flowchart for literature screening.
We retrieved 59 records from the database. Before filtering, we
deleted 18 duplicate records. After screening the titles and abstracts,
we selected 41 articles for full-text review after excluding 24 articles
based on the inclusion criteria. During the full-text review, three
reports were excluded, a total of 45 out of 59 articles were excluded.
Finally, 14 articles were included in this meta-analysis and the
detailed reasons are shown in the flowchart. For the diagnosis
of PD, the MDS clinical diagnostic criteria for PD were used in
one study (Fan et al., 2022). For the diagnosis of PD, the Chinese
Guidelines for the Treatment of PD (second edition) were used in
five studies (Gu et al., 2023; Song, 2021; Bai, 2021; Zhu, 2020; Hu,
2018; Xu, 2017), and the Clinical Criteria for the Diagnosis of PD
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in China were also used in six studies (Gu et al., 2023; Chao, 2023;
Zhang et al., 2022; Li L. et al., 2021; Deng, 2021; Liu, 2020). And for
the diagnosis of PD, the accuracy of clinical diagnosis of idiopathic
PD was used in two studies (Chen, 2018; Wang et al., 2015).

3.2 Study characteristics

3.2.1 Patients

Table 1 summarizes the fundamental details of the included
studies. All 14 articles were studies conducted in China between
2015 and 2024. Out of these, two were published in English and the
other 12 in Chinese. The total number of eligible cases was 1,175,
with 592 in the experimental group and 583 in the control group.

3.2.2 Acupuncture interventions

The studies included various interventions, including manual
acupuncture (MA; Gu et al,, 2023; Fan et al, 2022; Song, 2021;
Bai, 20215 Zhu, 2020; Hu, 2018; Deng, 2021), electroacupuncture
(EA; Zhang et al.,, 2022; Li L. et al., 2021; Liu, 2020; Chen, 2018;
Wang et al., 2015), and auricular acupuncture (AT; Chao, 2023; Xu,
2017). Some study groups received AT along with psychological
care, while others were treated with EA combined with Routine
drugs treatments (RDT). MA was used in combination with RDT
in some cases, while other groups received only MA or MA
with traditional Chinese medicine (TCM) in several studies. The
number of acupoints used ranged from 4 to 10, and most studies
followed specific protocols. Treatment duration ranged from 9 days
to 6 months, with only one study including follow-up.

3.2.3 Control measures
AT was compared with CT in 2. MA was compared with SA in
1, TCM in 2, RDT in 4. EA was compared with RDT in 5.

3.3 Risk of bias

Among the analyzed RCTs, six were found to have a moderate
or low risk of bias, while eight had a high risk of bias, primarily
related to randomization or outcome measurement (Figures 2, 3).

3.4 Primary outcomes

We assessed the anxiety levels of patients with PD receiving
acupuncture treatment using two different scales: the HAMA and
the Self-Rating Anxiety Scale. The combined heterogeneity was
very high (I = 93%). Sensitivity analysis confirmed the persistent
high heterogeneity (Supplementary material 2). We conducted a
subgroup analysis to address this, considering that different
acupuncture methods might be responsible.

341 ATvs. CT
This subgroup analysis included two studies demonstrating
high heterogeneity, with an I* value of 98%. Using a random
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effects model, the results showed no significant difference in efficacy
between the AT and CT groups.

3.4.2 EA+ RDT vs.RDT

This subgroup analysis included five studies with high
heterogeneity (I> = 93 %). Consequently, a random-effects model
was applied, and the results indicated no significant difference in
efficacy between the EA+RDT and RDT groups (SMD = —0.64,
95% CI = —1.51 - 0.22; Figure 4).

3.4.3 MA + RDT vs. RDT

This subgroup analysis included four studies, with a
heterogeneity of I = 66%. A random-effects model was utilized,
and the results indicated a significant difference in efficacy between
the MA+RDT and RDT groups (SMD = —1.77, 95% CI =
—2.19-—1.34; Figure 4).

3.44 MAvs. SA

SA was utilized as the control group in only one study within
this subgroup. The results suggested a significant difference in
efficacy between the MA and SA groups (MD = —2.41, 95% CI =
—3.06 - —1.75; Figure 4).

345 MA+ TCMvs. TCM

This subgroup analysis included two studies with no
heterogeneity (I*> = 0%). Consequently, a fixed effects model
was utilized, revealing a notable disparity in efficacy between the
MA+TCM and TCM groups (SMD = —0.8, 95% CI = —1.12 -
—0.48; Figure 4).

3.5 Secondary outcomes

3.5.1 PDQ-39

Following the sensitivity analysis (Supplementary material 3),
three studies were incorporated into this examination, revealing a
diversity of I* = 58%. A random effects model showed a significant
variation in efficacy between the acupuncture and control groups
(SMD = —4.77,95% CI = —8.11 - —1.42; Figure 5).

3.5.2 UPDRS

After the sensitivity analysis (Supplementary material 4), we
excluded one article, resulting in the inclusion of three studies with
an I” heterogeneity of 0%. Consequently, a fixed effects model was
employed, revealing a t significant difference in efficacy between the
acupuncture and control groups (MD = —3.55, 95% CI = —4.91 -
—2.18; Figure 6).

3.6 TSA

TSA was used to improve the reliability and robustness of the
cumulative evidence. TSA combines interim analyses from classical
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TABLE 1 Characteristics of the included studies.

References Randomization Sample Average age Intervention Duration Frequency Acupoints Outcomes
(mean =+ SD) (Week)
Fan et al. (2022) SPSS TG =32 TG = 61.03 (+£9.80) = MA SA MA 8 Thw GV 24, GV 29, HT7, SP HAMA, PDQ39,
CG=32 CG = 62.66 (+£6.94) 6, EX-HN1 UPRDS
Deng (2021) RML TG =53 TG=6512+512 | MA+TCM | TCM | MA 4 MA:Fiw; TCM:Bid ST36, ST40, LR3, LI4, HAMA, UPRDS
CG=53 CG =65.12+5.12 GV20, GB20, EX-HNI,
GV29,CV24
Hu (2018) RD TG =55 TG=6642+478 = MA+4RDT | RDT | MA 24 MA:Qd;TCM:Bid GB20, BL10, GB12, SAS, PDQ39
CG=55 CG = 66.60 = 4.82 GV15
Gu et al. (2023) NR TG =52 TG=5137+726 | MA+RDT | RDT | MA 12 MA:Fiw; TCM:Qd GV20, GV29, EX-HN1, HAMA, UPRDS
CG =51 CG = 52.07 £ 7.56 PC6, HT7, GB40, PC7
Song (2021) RML TG =62 TG =72.64 £2.50 MA+RDT CT MA 4 MA:Fiw;HBOT:Qd Dance tremor control HAMA
CG=62 CG =72.53 £ 2.56 area, LI4, LI11, TE5, KI7,
ST36, SP6
Li L. et al. (2021) RML TG =50 TG=6156+751 | EA+RDT RDT | EA 8 EA:Qd;RDT:Bid GV20, EX-HN1, LR3, SAS
CG =50 CG = 6249 £7.53 HT7, L14, SP6, Anmian
Chen (2018) CE TG =30 TG =67.07+875 | EA+RDT RDT | EA 8 EA:Fiw;RRT:Fiw GV20,GV14 HAMA
CG=29 CG =63.28 +8.78
Zhang et al. RML TG =43 TG=61.8+4.6 EA+RDT RDT EA 4 EA:Fow;RDT:Tid Dance tremor control HAMA, PDQ39
(2022) CG=43 CG=622+43 area, GV2, EX-HNI,
GB20, EX-B2
Chao (2023) RML TG =50 TG=70.02+427 | AT CT AT 4 Fod TF4, AT3, 41, CO13, SAS, PDQ39
CG =50 CG = 69.73 £ 4.92 CO10, AT2.3,4 i
Xu (2017) NR TG =51 TG=718+53 AT CT AT L5 Fod AH6a, TF4, CO15, SAS
CG=52 CG=732+49 co12
Liu (2020) RD TG =30 TG =59.31+ 13 EA+RDT RDT | EA 4 MA:NR;RDT:Qd EX-HN1, GV20, GB20, HAMA
CG=30 CG = 54.55 + 1.21 GVl6, LR3
Bai (2021) PG TG =29 TG = 46-78 MA+RDT | RDT | MA 2 MA:Qd:RDT:Qd GV20, GV29, GB20, HAMA
CG=29 CG = 45-79 EX-HN22, CV6, CV12,
ST25, PC7, SP6
Wang et al. (2015) RD TG =28 TG =62.1+87 EA+RDT RDT | EA 8 EA:Tow;RDT:Tid GB20,L14,GV14,GV16 | HAMA
CG =20 CG=59.1+124
Zhu et al. (2022) RD TG =27 TG=742+5.1 MA+TCM | TCM | MA 2 MA:Trw;RDT:Qd GV20, EX-HN1, GV29, SAS
CG=27 CG=73.6+53 HT7, SP6

IG, Interventional Group; CG, Controlled Group; NR, Not Reported; RML, Random Number List; CE, Closed Envelope; SPSS, SPSS Randomly Divided; RD, Randomly Divided; PG:Parity grouping; MA, Manual Acupuncture; EA, Electroacupuncture; AT, Auricular
Therapy; SA, Sham Acupuncture; RDT, Routine Drug Treatment; TCM, Traditional Chinese Medicine; CT, Conventional Therapy; Qd, Once A Day; Bid, Twice A Day; Tid, Thrice A Day; Thw, Three Times A Week; Fod, Four Times A Day; Tow, Tow times a week;
Trw, Three times a week; Fow, Four times a week; Fiw, Five Times A Week; Siw, Six Times A Week; DW, Dilatational Wave; IW, Intermittent Wave; CW, Continuous Wave.
[O: MDS clinical diagnostic criteria for Parkinson’s disease. [: Chinese guidelines for the Treatment of Parkinson’s disease. U: Clinical criteria for diagnosing Parkinson’s Disease in China. 0: Accuracy of clinical diagnosis of idiopathic Parkinson’s disease.
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RCTs with cumulative effect sizes from meta-analyses. It effectively
controls for random errors and type I errors (false positives)
that can result from repeated analyses, thereby controlling for
random errors and type I errors (false positives). TSA ensures
statistically valid results by setting a RIS, which is similar to the
sample size estimate in individual RCTs. If the cumulative evidence
does not reach these thresholds, it indicates that more research is
needed to further validate the results. The Z curve (blue line) in
the figure demonstrates the dynamic alteration in the cumulative
effect size, which gradually approaches the effect boundary (green
line) as additional studies are incorporated into the analysis. The
red vertical line denotes the quantity of information (603 cases)
necessary to achieve the TSA. The figure illustrates that definitive
conclusions can be drawn when the cumulative number of studies
and sample size reach the RIS (Figure 7).

3.7 GRADE

This review assessed the effectiveness of acupuncture for
anxiety disorders using the GRADE system and PDQ-39 and
UPDRS scores. For anxiety disorders, a review of 14 randomized
controlled trials found that acupuncture had a significant effect on
reducing anxiety levels, with an SMD of 1.08 (95% CI = 1.57-0.59).
Following the GRADE downgrading rules, we found that there
were problems with the treatment effect of the acupuncture group
in three articles, and there was high heterogeneity. In addition,
some of the possible intervals on the anxiety improvement scale
were wide, but the sample size was large enough to make the
rating serious. Therefore, the evidence rating for this outcome
was low. The PDQ-39 and UPDRS were rated very low and low,
respectively, and the specific reasons for this are also shown in the
graph (Figure 8).

4 Discussion

Anxiety in PD may be associated with neurochemical
changes in PD, including imbalances in neurotransmitters such
as dopamine, 5-hydroxytryptamine (5-HT), and norepinephrine
(Khatri et al., 2020). The 5-HT system has seven main receptors
and a total of 15 subtypes. If some of the receptors or subtypes
in this system are lost or altered, this can have a significant
impact on the non-motor symptoms of PD (Muioz et al., 2020).
The activation or blockade of 5-HTR4 in the limbic prefrontal
cortex has been demonstrated to improve anxiety-like behavior in
rats with PD (Liu et al., 2021). Activation of 5-HT2C receptors
in lateral habenular nucleus has been demonstrated to induce
or enhance anxiety-like behavior in rats, with this effect being
mediated by changes in the levels of monoamine neurotransmitters
in relevant brain regions (Han et al, 2016). Furthermore, the
ethology of anxiety in PD may be associated with inflammation.
Studies have indicated a potential correlation between elevated
levels of TNF-o and reduced levels of IL-10 in the amygdala (Ma
et al., 2021).

The neurobiological mechanisms of acupuncture in the
treatment of anxiety disorders can be described in several ways.
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Firstly, acupuncture has been demonstrated to relieve anxiety
by regulating the neurotransmitter system, particularly the 5-
HT system. Anxiety disorders are associated with hyperfunction
of the 5-HT system, and acupuncture has been demonstrated
to effectively regulate this system, thereby improving anxiety
symptoms with fewer side effects (Yuan et al., 2007). There is
another viewpoint that the potential mechanism through which
acupuncture, 5-HT and anxiety interact may be responsible for
the treatment of anxiety in PD (Yutong et al., 2024). Secondly,
acupuncture has the capacity to regulate the neuroendocrine
system, particularly the HPA axis. Patients with anxiety disorders
frequently exhibit dysfunction of the HPA axis, characterized
by excessive secretion of adrenocorticotropic hormone and
corticosteroids. Acupuncture has been demonstrated to be an
effective method for improving anxiety, while also regulating
hormone levels, particularly when used in conjunction with
pharmacological agents to mitigate adverse effects (Zheng et al,
2024; Zhu et al, 2022). Additionally, acupuncture has been
shown to exert a pronounced regulatory influence on the
immune system. It is well-established that anxiety disorders are
closely associated with immune dysfunction. Acupuncture has
the potential to facilitate the restoration of immune function,
including improvements in chemotaxis, phagocytosis, lymphocyte
proliferation, natural killer cell activity, and superoxide anion
levels (Huang et al., 2015; Arranz et al, 2007). Acupuncture
has also demonstrated beneficial therapeutic effects in the
treatment of PD through mechanisms including oxidative stress-
induced apoptosis, mitochondrial dysfunction, autophagy and
neurotransmitter regulation (Tamtaji et al., 2019; Jia et al., 2017;
Tian et al., 2016; Wang et al., 2013; Zhang et al., 2021). An animal
study found that acupuncture can inhibit TNF-a and promote
the expression of IL-10 in the amygdala to improve the anxiety
symptoms of patients with PD (Ma et al., 2021). The aim of our
study was to provide a comprehensive analysis of the efficacy of
acupuncture in the treatment of anxiety symptoms in patients
with PD.

A sensitivity analysis was initially conducted on the 14 included
articles, with I? values ranging from 90 to 94% across studies and
an overall I” of 93%. This suggests a high degree of heterogeneity
across the studies. Meanwhile, the Tau® values ranged from 0.7
to 0.95, and the Tau values ranged from 0.8 to 0.98, indicating
a significant variability in effect size. The confidence intervals
of the studies did not exhibit exact overlap, further suggesting
variability in the results. First, we also considered the possibility
that the high heterogeneity could be due to differences in the
acupuncture treatment duration (Supplementary material 5). The
results showed that whether the acupuncture treatment duration
was short-term (<4 weeks), medium-term (4-8 weeks), or long-
term (>8 weeks), the acupuncture group was more effective than
the control group in reducing symptoms. However, only the long-
term treatment cycle had relatively low heterogeneity, while the
short-term and medium-term subgroups had high heterogeneity,
which suggests that we need to be cautious when interpreting
the results. Therefore, in the articles included in this study, we
infer that heterogeneity may be due to the treatment regimens in
different studies. A further analysis was therefore conducted on the
interventions in question. The results of the study demonstrated
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Effects of acupuncture on PDQ-39.

that MA combined with RDT exhibited a notable superiority
in reducing anxiety levels in comparison to RDT. MA was
more effective than sham acupuncture. MA+ TCM was more
effective than TCM. However, AT and EA did not demonstrate
a statistically significant difference in improving anxiety in PD
and displayed no significant efficacy when compared to their
respective control treatments. The lack of efficacy of AT and
EA merits further discussion. There may be two reasons for the
insufficient efficacy of auriculotherapy. First, only two studies were
included, which may have affected the reliability of the results
of the meta-analysis. In addition, some studies have found that
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ear stimulation in PD patients mainly acts on gait regulation and
motor-related brain activity (Zhang et al., 2023; Marano et al,
2022), so it is also possible that AT is not effective in improving
anxiety in PD patients. In terms of treating anxiety in Parkinson’s
patients, there was no statistically significant difference between
EA combined with RDT and RDT alone. The first reason may
be that only five articles were included in this paper. The lack
of universality may be due to the limited number of studies
included in this analysis, and the high heterogeneity could not
be reduced through sensitivity analysis. Currently, there is a
paucity of research examining the efficacy of EA in alleviating
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Trial sequential analysis of acupuncture on HAMA.

anxiety in patients with PD. This field of study is characterized
by a number of limitations and gaps in knowledge. In the five
articles included in the review, anxiety was only observed as a
secondary indicator. The scales used were HAMA, which was
relatively simple, and there was a paucity of scales such as the
Beck Anxiety Scale, the Generalized Anxiety Disorder Assessment,
and the Global Anxiety Severity and Impairment Scale. Secondly,
anxiety is a subjective symptom, and the use of EA, a highly
recognized treatment method among the Chinese population, can
readily result in a placebo effect during the course of treatment.
A mechanistic demonstration of the efficacy of EA was absent
in all five included studies. Furthermore, there is currently no
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standardized treatment plan for the improvement of anxiety in PD
patients. The specific operational characteristics of EA, including
the selection of acupuncture points, frequency, waveform and
current of EA, treatment cycle, and operator proficiency, can
all potentially contribute to deviations in experimental results.
Additionally, the design and intervention methods employed in
each experiment are not uniform, which can significantly impact
the reproducibility of experimental outcomes and may also result in
high heterogeneity. Therefore, the existing trial data are insufficient
to confirm that EA combined with RDT can improve these
symptoms in PD patients. A previous meta-analysis of acupuncture
for anxiety management also included only one article on EA
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(Amorim et al., 2018). Conclusions drawn from these limited data
may not be widely applicable. Second, most of the current clinical
studies on EA focus on improving the motor symptoms of PD (Li
et al., 2023), and may be less effective in improving non-motor
symptoms. Furthermore, secondary outcomes were examined,
including the PDQ-39 and UPDRS. The results demonstrated that
acupuncture enhanced the quality of life and alleviated mental
symptoms in PD patients, which is consistent with the findings of
previous comparable meta-analyses (Fan et al., 2022; Zhu, 2020).
However, when interpreting these results, it is essential to consider
the sample size and quality of the studies. With relevance to
safety, it is notable that only one trial (Fan et al., 2022) reported
four adverse reactions to acupuncture, two of which were minor
subcutaneous haematomas and two of which were difficulties in
removing the needle. This highlights the favorable safety profile of
acupuncture treatment.

5 Strengths

To the best of our knowledge, this is the first study to examine
the impact of acupuncture on anxiety symptoms in individuals with
PD. A previous meta-analysis (Li Q. et al., 2022) examined the effect
of acupuncture on non-motor symptoms in people with PD, but did
not address anxiety specifically. Two meta-analyses (Zhang A. et al.,
20245 Zhang Y. et al., 2024) investigated the effect of acupuncture
on reducing anxiety symptoms in people with PD. However,
these studies were limited to English-language articles, resulting
in the inclusion of only two studies. The findings of these studies
indicated that acupuncture may not be an effective intervention
for improving anxiety symptoms in PD patients. Presently, China
is at the vanguard of global clinical acupuncture implementation,
with an increasing number of studies examining the impact of
acupuncture on anxiety symptoms in PD patients. Consequently,
Chinese articles were also incorporated into the meta-analysis.
This study combined the data from 14 eligible studies, which
assessed patients’ anxiety symptoms using the HAMA and SAS
scales, and may provide potential evidence for acupuncture as a
non-pharmacological treatment for improving anxiety symptoms
in PD.
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6 Limitations of included studies

The included studies have several methodological limitations
that may have affected the reliability of the results. These are
summarized below: 1. Insufficient randomization and allocation
concealment. Some trials lacked a detailed description of their
randomization and group concealment procedures, which can
lead to selection bias (Gu et al, 2023; Song, 2021; Hu, 2018).
If the researcher or subject knows the treatment allocation at
the start of the trial, this may affect the balance of the groups
and therefore the reliability of the results. 2. Insufficient blinding.
Only one article used a double-blind design (Fan et al., 2022),
which increases the risk of performance bias and detection bias.
The efficacy of acupuncture treatment may be influenced not
only by the acupuncture manipulation itself, but also by the
expected effects of patients and therapists. Therefore, the lack
of a blind design may have overestimated the effectiveness of
acupuncture. 3. Small sample sizes and inconsistent research
quality. The included studies generally had small sample sizes
(Bai, 2021; Zhu, 2020; Wang et al,, 2015) and some studies
had a risk of bias, such as improper handling of missing data
(Wang et al,, 2015) and insufficient follow-up (only two articles;
Fan et al., 2022; Chen, 2018). This may reduce the statistical
power of the results and increase the risk of false positive or
false negative results. 4. Heterogeneity of intervention methods.
Different studies used different acupuncture methods, such as MA,
EA and AT, and there were differences in stimulation intensity,
selection of acupuncture points and treatment frequency. This
intervention heterogeneity can lead to high heterogeneity of
results, which affects our consistent assessment of the efficacy
of acupuncture. 5. Lack of standardization and variation in
practitioner skills. Inadequate standardization of acupuncture
procedures may lead to differences in skill levels between operators.
This variation may affect the effectiveness and thus introduce
additional variability in results. 6. The possibility of publication
bias (Supplementary material 6). As most of the included studies
were from China and some were not published in international
journals, there is a risk of publication bias. We used the GRADE
tool to assess the quality of the evidence and found that the
overall quality of the evidence was low, suggesting that more
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high-quality studies are needed to confirm these findings in
the future.

/7 Implications for clinical practice

The findings of this study may inform the clinical application
of acupuncture for PD anxiety, providing a reference point for
the development of a future standardized treatment protocol.
Firstly, a summary of the number of acupoints and meridians
utilized in the 14 articles was presented (Figure 9). It is worth
noting that most articles have utilized the Governing Vessel (GV)
and the Gallbladder Meridian (GB), and the majority of articles
employed the use of Baihui points (GV20) and Extraordinary
head and neck point 1(EX-HN1) and Fengchi (GB20). Among the
included studies, GV20, EX-HNT1, and GB20 were chosen because
of their wide application in traditional Chinese medicine theory
and modern research, particularly for anxiety associated with
Parkinson’s disease. In TCM theory, the onset of PD is associated
with liver and kidney yin deficiency, qi and blood deficiency,
and factors such as internal wind, fire, phlegm, and blood stasis.
Treatment usually involves tonifying the liver and kidneys, calming
the internal wind to stop tremors, and replenishing qi and blood.
Anxiety is classified as an “emotional disorder” and is closely
related to disorders of the heart, liver, spleen and kidneys. TCM
treats anxiety by calming the liver, regulating qi, balancing qi and
blood, and balancing yin and yang. GV20 is a key acupoint on
the head, closely related to the “heart spirit” and “brain spirit,”
and plays a role in regulating mental activity and consciousness.
It is highly effective in relieving symptoms such as insomnia,
irritability, and heart palpitations caused by anxiety. Modern
research has shown that acupuncture at GV meridian can affect
mood and cognitive function by regulating the central nervous
system (Jingying et al., 2022; Li H. et al.,, 2022; Xie et al., 2021).
EX-HN1 is often used with GV20 to tonify qi, elevate yang,
invigorate the brain and calm the mind, which is usually used
with GV20 to enhance the sedative and anxiolytic effects by
stimulating multiple acupoints. It has shown good results in the
treatment of anxiety, memory loss, insomnia, etc, and is used
frequently in clinical practice (Li et al., 2021; Liu et al, 2020).
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GB20 has the functions of pacifying the liver, suppressing yang,
dispersing wind and unblocking the meridians. It helps to regulate
emotions. Traditional Chinese medicine believes that emotional
disorders (such as anxiety and fear) are closely related to liver
and gallbladder dysfunction. Therefore, acupuncture at GB20 helps
to relieve liver and gallbladder qi and balance the body’s qi and
blood, thereby regulating emotions. Modern research has found
that acupuncture at GB20 can improve blood circulation, increase
the supply of oxygen to the brain and regulate the secretion
of neurotransmitters (such as dopamine and serotonin), thereby
affecting the balance of the central nervous system (Li et al,
2018; Aroxa et al, 2016). The selection of these acupuncture
points is based on the theory of traditional Chinese medicine that
the liver and gallbladder are associated with emotions, as well
as modern research into the role of acupuncture in regulating
the central nervous system. In particular, in Parkinson’s patients,
neurological abnormalities associated with anxiety symptoms are
thought to be related to traditional concepts such as liver and
gallbladder disharmony and insanity. Acupuncture at these points
can regulate the patient’s neurological and emotional state, thereby
relieving anxiety.

Acupuncture is one of the most important therapies in TCM
and is widely used in clinical practice. However, the application
and promotion of acupuncture research in the international
academic community still faces many challenges. One of the
most prominent problems is the lack of standardization in
design and implementation. This lack of standardization not
only affects the clinical promotion of acupuncture therapy, but
also limits its scientific validation and application in the field of
medicine. Therefore, regarding the future standardized protocol
for acupuncture treatment of PD anxiety, we recommend the
following: 1. The intervention methods in acupuncture research
need to be standardized. In acupuncture research, factors such
as the selection of acupuncture points, the depth of insertion,
the manipulation technique, and the retention time can directly
affect the therapeutic effect. At present, most clinical acupuncturists
mainly use individualized acupoint selection guided by TCM
theory, but this can lead to differences in acupuncture methods
in different studies, which often makes it difficult to compare
results across studies. In order to improve the repeatability and
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comparability of acupuncture research, acupuncture operations
need to be detailed, standardized and unified in the research
design. Based on the results of this study, we recommend that in
future acupuncture research on the treatment of anxiety-related
symptoms of PD, the acupuncture points selected should focus
on GV and GB as much as possible; 2. The control design in
acupuncture research needs to be standardized as soon as possible.
RCTs are the “gold standard” for clinical verification of acupuncture
therapy, but in acupuncture research, selecting an appropriate
control group is a major challenge. Common control methods
include the use of placebo needles, routine treatment controls or
blank controls. Different control methods can lead to very different
interpretations of the research results. Although some studies have
found that placebo needles may have a placebo effect (Wang, 2024),
they are currently the best control method because they can better
control psychological effects and enhance the internal validity of
the experimental results. Therefore, in the design of acupuncture
studies, it is recommended to select a placebo control group to
ensure the reliability of the results; 3. The evaluation criteria for the
efficacy of acupuncture usually rely on subjective indicators such
as improvement of symptoms and functional assessment, which
are highly subjective. To improve the objectivity of the research
results, it is recommended to combine objective biomarkers
and clinical indicators, such as biochemical test data of serum
inflammatory factors, neurotransmitter levels (Fan et al., 2022);
4. A multi-center, large-sample study design can further improve
the external validity and generalizability of the research results.
Standardizations of data analysis and reporting is also important.
In addition to following conventional statistical methods, special
attention should be paid to the application of advanced statistical
methods such as multiple test correction and effect size analysis
in the statistical analysis of acupuncture studies (Lu et al., 2024).
The use of data sharing platforms should be encouraged to
promote data transparency and academic exchange; 5. Future
clinical research designs should incorporate more rigorous follow-
up feedback to enable the evaluation of the medium- and long-term
efficacy of acupuncture in a more scientific and objective manner,
particularly in the context of chronic neurological conditions such
as PD.

In conclusion, acupuncture shows promise for alleviating
anxiety in PD by targeting key acupoints such as GV20, EX-HNI1,
and GB20, which regulate emotional and neurological function.
However, challenges in standardizing research design, control
groups and outcome measures limit their clinical validation.
Future studies should focus on developing standardized protocols,
incorporating objective biomarkers, using placebo-controlled
RCTs, and conducting multicentre, large-sample trials. Rigorous
follow-up and advanced statistical methods will further increase the
reliability and applicability of the results and promote the global
acceptance of acupuncture for PD-related anxiety.

8 Conclusion

Our analysis suggests that MA holds promise for ameliorating
anxiety in patients with PD, especially when combined with RDT.
However, the evidence supporting these findings is limited by
the overall low quality of the included randomized controlled
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trials RCTs, which reduces confidence in the observed benefits.
In contrast, EA and AT did not show significant efficacy in
reducing anxiety symptoms. This suggests that future studies need
to investigate these methods further, with an emphasis on high-
quality, rigorously designed RCTs that include robust controls,
including sham acupuncture, and longer follow-up periods to assess
long-term outcomes. Until more conclusive evidence is available,
the therapeutic potential of acupuncture for PD-related anxiety
should be interpreted with caution.
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