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Background: Negative Symptoms of Schizophrenia (NSS) are the primary contributors to poor prognosis in schizophrenia (SCZ),
and immune-inflammatory mechanisms play a pivotal role in their pathogenesis. As non-invasive neuromodulation techniques,
transcutaneous auricular vagus nerve stimulation (taVNS), and transcutaneous electrical acupoint stimulation (TEAS) have been
demonstrated to modulate peripheral inflammation levels in patients with SCZ.

Purpose: This study aims to investigate the independent and synergistic effects of taVNS and TEAS on modulating peripheral
inflammatory factors and ameliorating negative symptoms in patients with NSS.

Patients and Methods: This study employs a single-blind, randomized, sham-controlled, 2x2 factorial design. A total of 108
participants will be randomly allocated in a 1:1:1:1 ratio to four groups: taVNS plus TEAS, active taVNS plus TEAS, sham taVNS
plus TEAS, and sham taVNS plus sham TEAS. The interventions will be administered for 30 minutes per session on alternate days for
4 weeks, followed by a 4-week follow-up period. The primary outcome is the change from baseline in peripheral inflammatory
cytokine levels at weeks 4 and 8.

Results: Recruitment is ongoing.

Conclusion: The study protocol aims to investigate the pre- and post-treatment changes in peripheral inflammatory cytokines among
patients with NSS, with a specific focus on the correlation between symptom severity and alterations in inflammatory levels, thereby
providing a biological rationale to guide clinical treatment.

Keywords: schizophrenia, negative symptoms, transcutaneous auricular vagus nerve stimulation, transcutaneous acupoint electrical

stimulation, peripheral inflammatory cytokines, factorial design

Introduction
Schizophrenia (SCZ) is a severe psychiatric disorder. The negative symptoms of schizophrenia (NSS), centrally
characterized by avolition, anhedonia, blunted affect, and social withdrawal, are critical factors leading to long-term

disability and social marginalization' and represent the primary cause of poor functional outcomes in SCZ.>"
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Epidemiological data indicate that up to 60% of patients experience prominent negative symptoms during the disease
course. Notably, over half of these individuals require long-term clinical intervention due to the severity of these
symptoms, imposing a substantial economic burden on their families and society.*’

Currently, antipsychotics still primarily target the dopaminergic system, yet they offer limited improvement for
negative symptoms.® Furthermore, they are frequently associated with adverse effects such as extrapyramidal symptoms,
weight gain, and abnormal glucose and lipid metabolism,” which severely compromise patient medication adherence and
long-term prognosis.

In the search for effective intervention targets for NSS, recent studies have revealed the significant role of immune-
inflammatory mechanisms in the onset and development of these symptoms.® ' Meta-analyses have demonstrated''
that among pro-inflammatory cytokines, interleukin-1p (IL-1p), interleukin-2 (IL-2), interleukin-6 (IL-6), and tumor
necrosis factor-a (TNF-a) exhibit a moderate positive correlation with the severity of negative symptoms.
Mechanistically, elevated peripheral inflammatory factors can trigger neuroinflammation, which subsequently disrupts
dopaminergic reward circuits'? and impairs motivational integration,'* ultimately exacerbating negative symptoms.'*
Therefore, exploring intervention strategies capable of effectively inhibiting peripheral inflammation is of significant
importance.

Transcutaneous auricular vagus nerve stimulation (taVNS) and transcutaneous electrical acupoint stimulation
(TEAS), as derivative non-invasive electrical stimulation techniques, have been demonstrated to modulate peripheral
inflammation levels in SCZ. Previous studies have shown'” that taVNS can significantly reduce the levels of IL-2, IL-6,
IL-1B, and TNF-a in patients with treatment-resistant SCZ, with the reduction in TNF-a being significantly correlated
with the improvement of negative symptoms following treatment. The underlying mechanism may involve the activation
of the cholinergic anti-inflammatory pathway, which inhibits the release of pro-inflammatory cytokines by central

microglia and peripheral macrophages, thereby attenuating systemic inflammation'> !’

and subsequently alleviating
negative symptoms. Similarly, TEAS not only reduces IL-2 and IL-6 levels in patients with first-episode
schizophrenia'® but also regulates cytokine expression in patients with late-pregnancy depression.'® It primarily exerts
its anti-inflammatory effects by driving somato-autonomic reflexes, such as the vagal-adrenal axis.’>*' Although both
taVNS and TEAS demonstrate promising therapeutic potential, their clinical efficacy remains limited, akin to other single
neuromodulation modalities. Research indicates that combining taVNS with other neuromodulation techniques may yield
greater therapeutic outcomes than standalone treatments. For instance, a mechanistic study by Sun et al'® revealed that
the concurrent application of taVNS and transcranial direct current stimulation significantly enhanced the activation of
central neural networks in healthy subjects. Furthermore, evidence shows that combined interventions integrating taVNS
with electroacupuncture exhibit significant efficacy in alleviating depression comorbid with chronic pain.'” Therefore, it
is reasonable to hypothesize that the combined use of taVNS and TEAS may generate complementary effects, thereby
enhancing overall therapeutic efficacy.

Building upon these previous findings, the present study employs a 2x2 factorial design to investigate the independent
and synergistic effects of two interventions, TEAS and taVNS, on peripheral inflammatory cytokine levels in patients
with NSS. Furthermore, we aim to explore whether the severity of NSS correlates with changes in peripheral
inflammatory cytokine levels, ultimately seeking to provide a biological basis for guiding clinical treatment.

Material and Methods
Study Design and Objectives

A randomized, sham-controlled 2x2 factorial design is adopted in this study, in which participants, outcome assessors,
and statisticians are blinded to the group allocation. The proposed trial period is from January 30, 2026, to June 30, 2026.
All participants will be randomly assigned in a 1:1:1:1 ratio to one of four groups: taVNS plus TEAS, taVNS plus sham
TEAS, sham taVNS plus TEAS, or sham taVNS plus sham TEAS. Each participant will receive treatment every
other day for 4 weeks, followed by a 4-week follow-up period. Clinical scale assessments will be conducted at baseline
and at weeks 2, 4, 6, and 8. Blood samples will be collected at baseline, week 4, and week 8 (Table 1 and Figure 1).
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Table | Standard Protocol Items

Items Baseline Period | Treatment Period | Follow-Up Period
Time Point Baseline Week 2 | Week 4 | Week 6 | Week 8
Enrolment:

Eligibility screen:

Inclusion and exclusion criteria x

Sign the informed consent x

Randomization X

Interventions:

taVNS plus TEAS —>

taVNS plus sham TEAS —>

Sham taVNS plus TEAS —

Sham taVNS plus sham TEAS «—>

Assessments:

PANSS-T x x x x x
PANSS-FSNS x x x x x
PANSS-FSPS x x x x x
SANS x x x x x
CDSS x x X x x
CGI-S x x x x x
Response rate x x x x
Blood collection x X x
Adverse events x X x x
Compliance X

Blinding x

Satisfaction x

Notes: Adverse events will be graded according to the Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0.

Abbreviations: taVNS, transcutaneous auricular vagus nerve stimulation; TEAS, transcutaneous electrical acupoint
stimulation; SANS, scale for the assessment of negative symptoms; PANSS-FSNS, positive and negative syndrome scale-
factorial score of negative symptoms; PANSS-FSPS, positive and negative syndrome scale-factorial score of positive
symptoms; PANSS-T, positive and negative syndrome scale-total; CDSS, calgary depression scale for schizophrenia; CGI-
S, Clinical Global Impression-Severity.

Recruitment

Participants will be recruited from the inpatient department of a psychiatric hospital. Trained psychiatrists will conduct
rigorous screening of the participants. For those who meet the eligibility criteria, the psychiatrists will provide further
explanations regarding the study procedures, objectives, potential benefits, and possible adverse events, while also
informing them of their right to withdraw from the study at any time. Individuals who fully comprehend the trial details

and agree to participate will sign a written informed consent form before randomization.
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| Participant recruitment I
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Figure | Study flowchart and intervention diagram. Following baseline assessments of clinical scales and inflammatory markers, 108 eligible patients will be randomized into
four groups (n=27 per group). The study includes a 4-week treatment phase followed by a 4-week follow-up phase, with scheduled assessments to monitor clinical
symptoms and peripheral inflammatory factors levels.

Abbreviations: CDSS, Calgary Depression Scale for Schizophrenia; CGI-S, Clinical Global Impression-Severity; CRF, Case Report Forms; CRP, C-reactive protein; IL-If,
Interleukin-1; IL-2, Interleukin-2; IL-6, Interleukin-6; PANSS-FSNS, Positive and Negative Symptom Scale-Factor Score for Negative Symptoms; PANSS-FSPS, Positive and
Negative Syndrome Scale-Factorial Structure of Positive Symptoms; PANSS-T, Positive and Negative Syndrome Scale-Total; SANS, Scale for the Assessment of Negative
Symptoms; taVNS, transcutaneous auricular vagus nerve stimulation; TEAS, transcutaneous electrical acupoint stimulation; TNF-a, Tumor necrosis factor-a.

Inclusion and Exclusion Criteria

Inclusion criteria: (1) A diagnosis of schizophrenia as defined by the DSM-5; (2) Between 18 and 65 years of age;**(3)
Clinically stable for at least 4 weeks before enrollment, and receiving a stable dose of antipsychotic medication
(excluding patients taking antidepressants) for at least 4 weeks, with the dosage remaining unchanged throughout the
intervention period; (4) A score of > 24 on the Positive and Negative Syndrome Scale-Factor Score for Negative
Symptoms (PANSS-FSNS) (N1: blunted affect, N2: emotional withdrawal, N3: poor rapport, N4: passive/apathetic social
withdrawal, N6: lack of spontaneity and flow of conversation, G7: motor retardation, G16: active social avoidance), and
a score of > 4 on at least two of the three core negative symptom items (N1, N4, N6);>* (5) Written informed consent was
obtained from the patient or their legally authorized representative.

Exclusion criteria: (1) A score of > 19 on the Positive and Negative Syndrome Scale-Factor Score for Positive
Symptoms (PANSS-FSPS) (P1: delusions, P3: hallucinatory behavior, P5: grandiosity, P6: suspiciousness/persecution,
G9: unusual thought content), and a score of > 4 on two or more of the five PANSS-FSPS items;'® (2) A total score of > 6
on the Calgary Depression Scale for Schizophrenia (CDSS);** (3) Comorbid psychiatric disorders such as depression,
anxiety disorders, obsessive-compulsive disorder, and bipolar disorder, or neurological disorders such as epilepsy; (4)
Severe medical conditions, including severe cardiovascular, hepatic, or renal diseases, or organic brain disease; (5)
Alcohol or other substance dependence or addiction; (6) Suicidal tendencies or violent behavior; (7) Auricular defor-
mities and other auricular disorders; (8) Treatment with antibiotics, anti-inflammatory drugs, or hormones within the past
month; or having an acute infectious or acute inflammatory disease within the past 4 weeks; or concurrent chronic
inflammatory diseases, autoimmune diseases, etc; (9) Presence of implanted electronic devices that may interfere with or
be affected by TEAS/taVNS equipment, such as cardiac pacemakers, medication pumps, cochlear implants, or implanted
brain stimulators; (10) A history of TEAS/taVNS treatment within the past 6 months; (11) Skin lesions, damage, or
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infection at the intended treatment site; (12) Females who are pregnant, lactating, planning to conceive, or within 6
months postpartum.

Withdrawal Criteria

(1) Participants mistakenly enrolled who do not meet the inclusion criteria; (2) Participants with poor compliance, or
those who voluntarily withdraw during the treatment period; (3) Use of concomitant treatments prohibited by the study
protocol.

Termination Criteria
(1) Participants who experience severe adverse reactions during the study and are deemed unsuitable for continued
participation; (2) Participants whose condition deteriorates, necessitating an adjustment to the treatment regimen.

Random Allocation and Blinding

Eligible participants will be randomized in a 1:1:1:1 ratio into one of four groups: taVNS plus TEAS, taVNS plus sham
TEAS, sham taVNS plus TEAS, or sham taVNS plus sham TEAS. The randomization sequence will be generated by an
independent statistician using SPSS version 28.0 (IBM Corp., Chicago, IL, USA) and concealed in sequentially
numbered, opaque, sealed envelopes. Following informed consent regarding the randomization procedure, an indepen-
dent researcher—uninvolved in either data collection or intervention delivery—will draw an envelope to determine each
participant’s group assignment. To further ensure methodological rigor, all treatments will be administered in separate
rooms to prevent information exchange among participants. The participants, treating psychiatrists, outcome assessors,
and statisticians, will be strictly blinded to the group allocation. Although the acupuncturists will be unblinded to the
treatment assignments, they will not participate in any subsequent outcome assessments or data analysis. To optimize
blinding efficacy, participants will be informed upon enrollment that they may not experience any overt sensation during
the stimulation. Upon completion of the treatment phase, all participants will be asked to guess whether they received the
taVNS or TEAS intervention, thereby assessing the success of the blinding procedure.

Intervention

Treatments will be administered by certified acupuncturists with at least 3 years of clinical experience. All acupuncturists
will undergo standardized training to ensure complete familiarity with the study protocol. Participants will continue
taking their pre-enrollment antipsychotic medication throughout the study period. taVNS and TEAS will be administered
simultaneously every other day for 30 minutes per session over 4 weeks, followed by a 4-week follow-up period (Table 1
and Figure 1).

Electrode Placement and Device Settings: Earbud-type electrodes (TES-M3-M-01; Wearable Brain—Computer
Interface and Intelligent Rehabilitation Technology Innovation Laboratory, Xidian University, and Guangzhou Institute
of Technology, China) will be applied to the left cymba conchae and tragus (Figure 1). The device will be programmed
with a pulse frequency of 25 Hz, a 250 ps pulse width, and a 30-second on/off cycle. The current intensity will be
adjustable from 0.1 to 3 mA in 0.1 mA increments. Through repeated measurements, the target stimulation intensity will
be individually titrated to the exact midpoint between the participant’s sensory and pain thresholds.

taVNS: The current will be ramped up at a rate of 0.1 mA/s until reaching the target intensity within the initial
30 seconds. This stimulation level will be maintained for 29 minutes, followed by a gradual ramp-down to zero at the
identical rate.

Sham taVNS: While electrodes will be positioned at the same anatomical sites, actual electrical delivery will be
restricted to the beginning and the end of the treatment session. Utilizing the identical ramp-up and ramp-down rates, the
current output will last for less than 1 minute at each of these two time points to ensure effective blinding.

Acupoint Selection and Preparation: Bilateral Neiguan (PC6), Shenmen (HT7), Zusanli (ST36), and Taichong (LR3)
will be targeted (Table 2), located according to the WHO Standard Acupuncture Point Locations. Following routine
disinfection, an SDZ-II electroacupuncture device (Suzhou, China) will be used, with anodes placed on PC6 and ST36,
and cathodes on HT7 and LR3.

Journal of Inflammation Research 2026:19 hetps: 5
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Table 2 Location of Acupoint in the Trial

Acupoint Location
HT7 (Shenmen) On the anteromedial aspect of the wrist, radial to the flexor carpi ulnaris tendon, on the palmar wrist crease
PCé6 (Neiguan) On the anterior aspect of the forearm, between the tendons of the palmaris longus and the flexor carpi radialis, 2 B-cun

proximal to the palmar wrist crease
ST36 (Zusanli) On the anterior aspect of the leg, on the line connecting ST35 with ST41, 3 B-cun inferior to ST35
LR3 (Taichong) On the dorsum of the foot, between the first and second metatarsal bones, in the depression distal to the junction of the

bases of the two bones, over the dorsalis pedis artery

TEAS: The device will be set to a 50 Hz frequency and a 0.2 ms + 30% pulse width. Current intensity will be
gradually increased until achieving a “strong but comfortable” level, which will be maintained for 30 minutes.

Sham TEAS: While using the same acupoints and 30-minute duration, the current will be quickly lowered to the
minimal sensory threshold within 30 seconds, and then ramped down to 0 over the following 15 seconds. To ensure
effective blinding, the device’s operational cues (flashing indicator lights and sounding buzzer) will continue functioning
throughout the session without delivering any actual electrical stimulation.

To ensure the integrity of the blinding, the sham taVNS and sham TEAS interventions are identical to the active
interventions regarding device appearance, electrode placement procedure, duration, and setting. These sham protocols
have been well-validated in previous studies, demonstrating sensory similarity to active stimulation and high sham
credibility.'>> Furthermore, participants will be informed at enrollment that they may or may not experience sensations
during the stimulation.

Sample Size

The sample size estimation was based on the primary biological outcome: the change in peripheral TNF-a levels from
baseline to week 4. Referring to the variance parameters from a previous trial involving patients with treatment-resistant
schizophrenia predominantly presenting with negative symptoms'> (where TNF-a levels decreased from 380.47 + 52.74
to 306.28 + 42.34 pg/mL after treatment), and considering that the non-TRS patients included in this study possess better
neuroimmune plasticity and greater potential for downregulation, we set the expected effect size for the targeted main
effect at a medium-to-large level (Cohen’s f'= 0.30). The sample size calculation was performed using G*Power software
based on a two-way analysis of variance. The parameters were set as follows: a two-tailed significance level of 0.05,
a statistical power (1-p) of 0.80, a numerator degree of freedom of 1, and 4 groups. A minimum of 90 participants is
required to effectively detect this effect. Accounting for an anticipated dropout rate of approximately 15%, at least 27
patients are required per group, resulting in a final planned recruitment of 108 patients.

Assessments

The primary outcome measure of this study is the change in serum concentrations of C-reactive protein (CRP) and
inflammatory cytokines (IL-1p, IL-2, IL-6, and TNF-a)) from baseline at weeks 4 and 8. Fasting venous blood samples
(2 mL) will be drawn by a nurse. The samples will be allowed to stand at room temperature for 20 minutes, followed by
centrifugation at 3000 rpm for 10 minutes at 4°C. The separated serum will then be immediately stored in a —80°C
freezer.

The secondary outcomes include: (1) Score changes from baseline to weeks 2, 4, 6, and 8 on the PANSS-FSNS,
PANSS-FSPS, Scale for the Assessment of Negative Symptoms (SANS), Positive and Negative Syndrome Scale total
score (PANSS-T), Calgary Depression Scale for Schizophrenia (CDSS), and Clinical Global Impressions-Severity (CGI-
S) scale, as well as the treatment response rates at these four time points; (2) Safety and compliance evaluations,
encompassing the continuous recording of adverse events throughout the entire study period, the monitoring of
participant treatment compliance, and treatment satisfaction surveys; (3) Trial quality assessment, evaluating the success
rate of the blinding procedure at the conclusion of the study.
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The PANSS is widely used to assess symptom severity in patients with schizophrenia. The scale consists of 30 items
divided into three domains: positive symptoms, negative symptoms, and general psychopathology. Each item is rated on
a 7-point scale ranging from 1 (absent) to 7 (extreme). Specifically, the PANSS-FSNS—which comprises items N1, N2,
N3, N4, N6, G7, and Gl6—is utilized to comprehensively evaluate the patients’ negative symptoms of
schizophrenia.zf”27 The PANSS-FSPS—which comprises items P1, P3, P5, P6, and G9—is utilized to comprehensively
evaluate the patients’ positive symptoms.*® The PANSS Total Score (PANSS-T) represents the sum of all item scores and
is utilized to assess the overall symptom severity of the patients.?’

The treatment response rate will be defined as the proportion of participants who achieve a >20% reduction in the
PANSS-FSNS score from baseline.”?

The SANS is widely utilized to assess negative symptoms in patients with schizophrenia. The scale encompasses
a total of 24 items categorized into five distinct subscales: affective flattening/blunting, alogia, avolition, anhedonia/
asociality, and attention impairment. Scoring for each item ranges from 0 (normal) to 5 (severe).*”

Serving as a standardized instrument to assess current illness severity, the CGI-S evaluates the patient’s medical
history, major symptoms, and functional impairment. This comprehensive assessment is quantified using a 7-point scale,
ranging from 1 (normal, not at all ill) to 7 (extremely ill).>'

Applicable across all stages of the disorder, the CDSS is specifically designed to isolate and evaluate depressive
symptoms in patients with schizophrenia. The instrument comprises nine items: depression, hopelessness, self-
depreciation, guilty ideas of reference, pathological guilt, morning depression, early wakening, suicide, and observed
depression. Each item is rated from 0 (absent) to 3 (severe).*?

To promote participant retention and complete follow-up, researchers will maintain regular communication with
participants and their primary physicians. If a participant decides to discontinue the trial interventions (taVNS/TEAS)
early, they will still be encouraged to attend the scheduled assessment visits (at weeks 6 and 8) to collect the primary and
secondary outcome data (eg, blood samples and PANSS scores) for the intention-to-treat analysis, provided they have not
withdrawn their consent.

Statistical Analysis

Statistical analyses will be conducted according to the intention-to-treat principle. Normally distributed continuous
variables will be reported as means = standard deviations (SD), whereas non-normally distributed data will be presented
as medians and interquartile ranges (IQR). Categorical variables will be expressed as frequencies and percentages. For
missing data, we will assume the data are missing at random and handle them using multiple imputation. To evaluate the
robustness of our results against potential departures from the random and missing-not-at-random assumption,
a sensitivity analysis will be performed under the assumption of missing not at random. For repeated measures data
that meet the assumptions of normality and homogeneity of variance, mixed-effects models will be employed; if these
assumptions are not met, generalized linear mixed models will be utilized. The models will include “Time”, “taVNS”,
“TEAS”, and all their interaction terms as fixed effects. Baseline outcome values and the concurrent antipsychotic dosage
(calculated as olanzapine equivalents®) will be included in the models as pre-specified covariates to adjust for potential
pharmacological confounding. The three-way interaction will be tested first; if significant, simple main effects at weeks 4
and 8 will be further analyzed. If non-significant, the models will proceed to evaluate two-way interactions and ultimately
assess the independent main effects of taVNS and TEAS. Post-hoc analyses will be performed based on the character-
istics of the outcome data, with multiple comparisons corrected using either Dunnett’s or Tukey’s test. The correlations
between inflammatory cytokines and clinical scale scores will be assessed using Pearson’s correlation or Spearman’s rank
correlation, depending on the data distribution. All hypothesis tests will be two-sided, and a P-value < 0.05 will be
considered statistically significant. Furthermore, blinding efficacy will be assessed by calculating the guess rate and
Bang’s Blinding Index.

Data Management
To ensure the highest standards of accuracy, completeness, and authenticity, all research personnel will undergo
standardized training before study initiation. All participant information will be maintained under strict confidentiality.
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Original data will be gathered by psychiatrists at pre-specified time points using validated questionnaires and clinical
assessment tools, with all findings documented in Case Report Forms (CRF). To minimize entry errors, two independent
research assistants, uninvolved in the clinical procedures, will perform double data entry for secure electronic storage.
Following data collection, statistical analyses will be executed by professional statisticians. The Ethics Committee, which
maintains no conflict of interest with the project, will conduct periodic reviews of trial progress and CRF integrity,
reserving the right to modify or terminate the study if necessary. All primary clinical data will be archived for a minimum
of five years following the publication of the study results.

Risk Management

Participants will continue their prescribed antipsychotic treatments under the supervision of their primary physicians.
Safety will be closely monitored, with all adverse events encountered during the trial being thoroughly evaluated and
recorded in the CRF. Specifically, the severity of all adverse events will be graded according to the Common
Terminology Criteria for Adverse Events version 5.0, which classifies events on a 5-point scale: Grade 1 (Mild),
Grade 2 (Moderate), Grade 3 (Severe), Grade 4 (Life-threatening), and Grade 5 (Death). In the event of an adverse
event (typically Grade 3 or higher), appropriate medical intervention will be provided immediately and sustained until the
condition is resolved or effectively managed. Furthermore, any adverse events will be promptly documented and reported
to the Institutional Review Board within 24 hours.

Discussion

NSS constitutes a core symptom cluster of SCZ. The resulting social withdrawal and avolition severely impair patients’
self-care capacity and lead to a significant deterioration in their quality of life."** In recent years, the peripheral
inflammation hypothesis has gained considerable attention. Accumulating evidence suggests that chronic peripheral
inflammation is closely associated with the pathogenesis of schizophrenia and is considered one of the core pathological
mechanisms underlying negative symptoms.'"'? Clinical observations reveal that patients exhibit significantly elevated
levels of systemic inflammatory markers (eg, CRP) and multiple pro-inflammatory cytokines (IL-1p, IL-2, IL-6, TNF-a)
compared to healthy controls.**° Furthermore, the aberrant expression of the latter four demonstrates a moderate
positive correlation with the severity of negative symptoms.'' At the pathophysiological level, excessive peripheral pro-
inflammatory cytokines can compromise the integrity of the blood-brain barrier and infiltrate the central nervous
system,”” thereby directly activating cerebral microglia. Once activated, microglia not only release massive amounts
of cytokines (such as TNF-a and IL-1f) to induce an inflammatory cascade,*® but also trigger the aberrant activation of
the complement system. This mediates inappropriate synaptic pruning, further exacerbating the disruption of neural
circuits.>® Such central neuropathological damage, driven by peripheral inflammation, can ultimately lead to structural
and functional impairments in key brain regions such as the prefrontal cortex, which manifest clinically as negative
symptoms including apathy and alogia.*® Given the close correlation of CRP, IL-1p, IL-2, IL-6, and TNF-a with negative
symptoms, as well as their roles as key effector molecules in the aforementioned immune cascade, this study selected
these five peripheral inflammatory markers for measurement, aiming to evaluate their dynamic changes before and after
the intervention.

As non-invasive neuromodulation techniques, taVNS and TEAS can effectively avoid medication-induced adverse
effects while exerting targeted anti-inflammatory effects through neuro-immune axes such as the cholinergic anti-
inflammatory pathway. The theoretical foundation of taVNS is based on the innervation of the auricle by the auricular
branch of the vagus nerve; therefore, transcutaneous stimulation of this region can achieve effects comparable to those of
implantable vagus nerve stimulation.*' The vagus nerve is not only central to autonomic regulation but also plays
a pivotal role in immune modulation via the cholinergic anti-inflammatory pathway. Studies have demonstrated**** that
acetylcholine released from vagal nerve terminals specifically binds to a7 nicotinic acetylcholine receptors on the surface
of immune cells, thereby effectively inhibiting the activation of central microglia and peripheral macrophages. This
process significantly downregulates the release of multiple pro-inflammatory cytokines, including TNF-a, IL-1p, and IL-
6, thereby blocking the cascade amplification of the systemic inflammatory response at the molecular level. TEAS
combines the advantages of traditional acupuncture and electrical nerve stimulation. By integrating the therapeutic effects
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of both without puncturing the skin, it effectively circumvents acupuncture-related risks of infection, bleeding, and pain,
thereby generally yielding higher patient adherence.*> Research indicates that the stimulation of ST36 and LR3 can
activate the vagal-adrenal axis via somatosensory afferent pathways, suppressing peripheral systemic inflammation and
subsequently blocking the trans-barrier transmission of inflammatory signals to the central nervous system.*®*’
Concurrently, the stimulation of PC6 and HT7 can modulate the vagus nerve and the hypothalamic—pituitary—adrenal
axis, inhibiting central microglial activation as well as the levels of IL-1B and TNF-o, thus ameliorating the central
neuroinflammatory microenvironment.***’ Based on these mechanisms, we selected these four sets of acupoints—ST36,
LR3, PC6, and HT7—for the intervention.

Given that both taVNS and TEAS may possess antidepressant effects, the CDSS is employed for monitoring during
the screening and intervention phases to control for potential confounding factors. Regarding the stimulation frequency,
an every-other-day protocol was adopted. This approach minimizes the risk of adverse reactions and ensures patient
adherence while avoiding over-stimulation, thereby guaranteeing the safety and stability of the study procedures. In
summary, this study represents the first randomized controlled trial to explore the peripheral inflammatory mechanisms
underlying the combined use of taVNS and TEAS in patients with NSS. This combined intervention strategy holds
promise for overcoming the limitations of monotherapy, thereby providing novel theoretical and clinical evidence for the
treatment of NSS. Notably, this combined therapy is characterized by its user-friendly operation, compact equipment, and
minimal adverse reactions. These features confer significant advantages for mobile applications, making them suitable
for inpatient, outpatient, and even community settings. Consequently, it can significantly enhance clinical flexibility and
patient adherence, demonstrating broad prospects for clinical application.

However, this study protocol has several limitations. First, the therapists are not blinded, which may affect the
objectivity of the treatment outcomes. To minimize potential bias, strict blinding will be implemented for both the
clinical assessors and data analysts, thereby maximizing the objectivity of the efficacy evaluations. Second, as a single-
center trial conducted in China, the external validity and generalizability of our findings are inherently limited by
cultural and clinical practice variability. Specifically, the high cultural familiarity and acceptance of acupoint-based
therapies (such as TEAS) among the Chinese population may elevate treatment expectations, which could substantially
amplify the placebo response in both the active and sham intervention groups. Therefore, future validation through
multi-center, cross-cultural cohorts is fundamentally warranted. Finally, our exploration of inflammatory mechanisms
has certain limitations. First, the assay panel primarily focuses on specific pro-inflammatory cytokines (eg, CRP, IL-1p,
IL-2, IL-6, and TNF-a), which cannot fully capture the complex immune-inflammatory network. Second, to minimize
patient burden and prevent high dropout rates in this vulnerable NSS population, blood sampling is restricted to
baseline, Week 4, and Week 8. This infrequent sampling precludes the capture of early biological response dynamics.
Future in-depth investigations should incorporate multi-dimensional neuroimmune markers and more frequent sam-
pling time points.

Conclusions

In summary, guided by the role of peripheral inflammation, this study protocol outlines a non-invasive combined
intervention strategy for NSS. By dynamically monitoring inflammatory markers before and after the intervention, we
aim to further elucidate the potential correlation between peripheral inflammatory cytokine levels and the severity of
negative symptoms. Ultimately, this approach seeks to provide a reliable biological rationale for the objective clinical
assessment of disease status and the guidance of individualized treatment.

Dissemination Policy
The results of this trial will be completely and transparently reported in peer-reviewed academic journals and presented at
relevant domestic and international scientific conferences.
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CDSS, Calgary Depression Scale for Schizophrenia; CGI-S, Clinical Global Impression-Severity; CRF, Case Report
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