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diseases due to its potential immunomodulatory effects. This systematic review
evaluates the therapeutic potential of VNS in autoimmune diseases by critically
appraising findings from human clinical studies. This systematic review was con-
ducted in accordance with the PRISMA guideline, with a comprehensive litera-
ture search performed in Ovid, Cochrane, and PubMed databases up to July 2024.
Studies focusing on VNS in patients with autoimmune diseases were eligible,
and the quality of study was assessed using the QualSyst tool. Of the 53 papers
identified for full-text assessment, 19 studies met the eligibility criteria. Findings
suggest that VNS is a promising adjunctive therapy for Crohn's disease and rheu-
matoid arthritis, showing potential to alleviate symptoms and modulate immune
responses. The efficacy and safety of VNS vary widely across studies, highlighting
the complex nature of autoimmune diseases and the diverse mechanisms of VNS
action. Future research should prioritize large-scale, randomized controlled tri-
als with standardized protocols to further elucidate the efficacy, long-term safety,
and optimal parameters of VNS across various autoimmune conditions.
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1 | INTRODUCTION diseases affecting millions worldwide, contributing to high

morbidity and diminished quality of life (Campbell, 2014;

Autoimmune diseases, characterized by the immune sys-
tem's aberrant attack on the body's own tissues, pose a
significant clinical challenge due to their chronic nature
and complex pathophysiology. Rheumatoid arthritis (RA),
Crohn's disease (CD), multiple sclerosis (MS), and type
1 diabetes mellitus (T1DM) are among the autoimmune

Conrad et al., 2023). Current therapeutic approaches pri-
marily focus on alleviating symptoms and modulating
immune responses. However, many patients continue
to experience inadequate disease control and treatment-
related side effects, underscoring the need for novel ther-
apeutic strategies (Fugger et al., 2020; Shams et al., 2021).
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Vagus nerve stimulation (VNS) has emerged as a
promising therapeutic approach for autoimmune dis-
eases. Initially developed for epilepsy and later approved
for treatment-resistant depression (Nemeroff et al., 2006;
Uthman et al., 2004), VNS has garnered attention for
its role in modulating the immune system through
the cholinergic anti-inflammatory pathway (Pavlov &
Tracey, 2017; Tracey, 2009). This pathway leverages the
vagus nerve's capacity to reduce the production of pro-
inflammatory cytokines through activation of «,-nicotinic
cholinergic receptors, thereby attenuating inflammatory
responses without compromising overall immune func-
tion (Pavlov & Tracey, 2017; Tracey, 2009). However, the
exact mechanism by which VNS modulates the immune
system is not well understood and may involve the activa-
tion of brain regions responsible for immune regulation
(Jin et al., 2024) via stimulation of vagal afferent fibers.

VNS can be delivered via two primary methods: invasive
VNS (iVNS) and transcutaneous VNS (tVNS). iVNS involves
the surgical implantation of a pulse generator connected to
the left cervical vagus nerve, while tVNS provides a noninva-
sive alternative by delivering electrical stimulation through
the skin, targeting either the auricular branch in the outer
ear or the cervical region of the neck (Howland, 2014; Shao
et al., 2023). While iVNS has demonstrated efficacy, it carries
surgical risks such as infection and device-related complica-
tions. In contrast, tVNS offers a more convenient and safer
option, although its therapeutic protocols are less standard-
ized, necessitating further research to optimize its applica-
tion across various clinical indications.

Preclinical studies and clinical trials have supported the
potential of VNS in managing autoimmune diseases. For ex-
ample, in animal models, VNS has demonstrated the ability
to modulate peripheral immune responses and reduce dis-
ease severity in conditions such as inflammatory bowel dis-
eases (IBD) and RA (Caravaca et al., 2022; Levine et al., 2014;
Meregnani et al., 2011). Similarly, multiple human studies
have reported improvements in patient-reported outcomes
in conditions such as CD (Bonaz et al., 2016; D'Haens
etal., 2023; Sinniger et al., 2020) and RA (Drewes et al., 2021;
Koopman et al., 2016; Marsal et al., 2021), further highlight-
ing the potential of VNS to enhance the quality of life for
patients with autoimmune conditions.

Despite these promising findings, the application of
VNS in autoimmune diseases remains in its early stages,
with many unanswered questions regarding its mech-
anisms of action, optimal stimulation parameters, and
long-term efficacy. The diversity of autoimmune diseases
further complicates the translation of VNS as a universal
treatment modality, necessitating a nuanced understand-
ing of disease-specific responses to vagal modulation.

This systematic review aims to critically assess the
current evidence on the therapeutic potential of VNS in

autoimmune diseases by synthesizing findings from all
published human studies. The primary objective is to evalu-
ate the efficacy and safety of VNS in autoimmune diseases,
identifying gaps in knowledge to inform future research
and clinical practice. Specifically, this review will:

1. Analyze intervention protocols, including stimulation
parameters, duration, and frequency.

2. Examine the therapeutic efficacy of VNS on primary
and secondary clinical outcomes across different auto-
immune diseases.

3. Evaluate the safety profile of VNS in the context of au-
toimmune diseases.

4. Provide guidance for clinical practice and inform fu-
ture research directions.

2 | METHODS

This systematic review was conducted in accordance with
the PRISMA guideline (Moher et al., 2009). This review
explores the therapeutic effects of VNS as an intervention
in autoimmune diseases, incorporating studies published
up to July 19, 2024.

2.1 | Eligibility criteria

Studies were eligible for inclusion if the following crite-
ria were met: (1) participants with autoimmune diseases;
(2) iVNS or tVNS therapy; (3) original research articles,
including randomized controlled trials (RCTs), pilot stud-
ies, observational studies (prospective or retrospective),
case reports, and case series. No restrictions were imposed
based on the participants’ age, gender, or the year of pub-
lication. Only studies published in English were included.
Studies without detailed stimulation parameters were also
included to provide a broader context of the clinical popu-
lations and interventions studied.

The following types of literature were excluded: re-
views, conference abstracts, poster presentations, edito-
rials, commentaries, protocols, and gray literature (e.g.,
dissertations). Additionally, experimental studies that ap-
plied VNS in animal models or healthy individuals were
excluded, focusing the review solely on clinical applica-
tions in human autoimmune disease populations.

2.2 | Information sources

A comprehensive search was performed across three
major databases: Ovid, Cochrane Library, and PubMed,
from their inception to July 19, 2024. Both forward and
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backward citation tracking, along with manual searches,
were used to ensure a thorough identification of relevant
studies. The search strategy combined free-text terms and
subject headings using the format [intervention] AND
[disease] to capture a wide range of relevant studies (see
Table 1). A filter for human studies was applied in Ovid
to exclude animal research. The search included full-text
articles, with no restriction to titles or abstracts, ensuring
a broad and inclusive approach to literature retrieval.

TABLE 1 Search terms used to identify papers related to vagus
nerve stimulation and autoimmune diseases (Ovid).

Intervention Disease

Vagus nerve stimulation Autoimmune disease

Vagal nerve stimulation Rheumatoid arthritis

VNS Systemic lupus erythematosus
Crohn's disease
Ulcerative colitis
Inflammatory bowel disease
Systemic sclerosis
Multiple sclerosis

Type 1 diabetes
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2.3 | Study selection

The selection process involved an initial screening of ti-
tles and abstracts to identify studies that met the eligibility
criteria. All reasons for exclusion were documented and
illustrated in the PRISMA flow diagram (Figure 1). For
studies with uncertain eligibility, discussions were held
between two independent reviewers (Eubi Chan [EC] and
Ali R. Mani [AM]) to reach a consensus. Full-text reviews
were subsequently conducted to confirm the inclusion of
relevant studies, ensuring all decisions were made based
on a comprehensive assessment of the available data.

2.4 | Grading the quality of the studies

The quality of the included studies was independently
assessed by two reviewers (EC and AM) using the
Standard Quality Assessment Criteria for Evaluating
Primary Research Papers (QualSyst) for quantitative
studies. The QualSyst tool consists of 14 criteria, each
scored on a scale from zero to two, with an option to
mark an item as “not applicable” (NA). The total pos-
sible score is 28, with results expressed as a percentage
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v
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Papers excluded (n=461)
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FIGURE 1 PRISMA flowchart of study selection.
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of applicable items. Studies were categorized based on
their quality scores: <50% as poor quality, 50%—69%
as fair quality, 70%-79% as good quality, and >80% as
strong quality (Kmet et al., 2020). Discrepancies be-
tween reviewers were resolved through discussion to en-
sure consistent evaluation of study quality. Appendix S1
provides a detailed summary of the quality assessment
scores across the included studies.

2.5 | Data extraction and synthesis

Data extraction was conducted using a standardized table
to capture key study characteristics, including study de-
sign, participant demographics, intervention details (e.g.,
VNS parameters), primary and secondary outcome meas-
ures, and reported adverse events (AE). The extracted data
were synthesized qualitatively due to the heterogeneity in
study designs, intervention protocols, and outcome meas-
ures. Quantitative synthesis was considered inappropriate
given the variability in the included studies. Therefore, a
narrative synthesis was adopted to summarize the findings
and identify key patterns. The therapeutic effect of VNS
was assessed based on statistically significant improve-
ments (p <0.05) in primary clinical outcomes. In pre-post
studies, improvements were compared to pre-treatment
levels, while in RCTs, comparisons were made to control
groups. Secondary outcomes were also considered, par-
ticularly where primary outcomes were nonclinical (e.g.,
safety of VNS), to provide a comprehensive evaluation of
VNS's impact.

3 | RESULTS

A total of 691 publications were identified through
searches in three electronic databases (Ovid: n=570;
Cochrane Library: n=101; PubMed: n=20). After re-
moving 171 duplicates, 520 papers remained and were
screened against the eligibility criteria. Of these, 467 did
not meet the criteria and were excluded, including six du-
plicates identified through manual review. The full texts
of the remaining 53 articles were assessed, resulting in the
exclusion of 33 papers for the following reasons: confer-
ence abstracts (n=4), poster presentations (n=2), editori-
als or commentaries (n=6), non-English studies (n=1),
reviews (n=>5), protocols (n=3), and registered clinical
trials with unpublished peer-reviewed results (n=12).
One additional study was identified through manual ref-
erence searching. Ultimately, 19 studies met the eligibility
criteria and were included in this review. These comprised
8 RCTs (Aranow et al., 2021; Baker et al., 2023; Bellocchi
et al., 2023; Genovese et al., 2020; Kornum et al., 2024;

Marrosu et al., 2007; Peterson et al., 2024; Sahn et al., 2023;
Tarn et al., 2023), nine prospective studies (Addorisio
et al., 2019; Bonaz et al.,, 2016; D'Haens et al., 2023;
Drewes et al., 2021; Jensen et al., 2022; Kibleur et al., 2018;
Koopman et al., 2016; Marsal et al.,, 2021; Sinniger
et al., 2020), one case report (Clarencon et al., 2014), and
one case series (Marrosu et al., 2007). Figure 1 provides a
flowchart summarizing the study selection process.

3.1 | Characteristics of included studies
Table 2 summarizes the characteristics of the 19 included
studies published between 2007 and 2023, each of which
investigated the therapeutic potential of VNS in autoim-
mune diseases. These studies were conducted across mul-
tiple countries, including France (21%), Denmark (21%),
the USA (15.8%), Italy (10.5%), and others. The studies
covered a wide range of autoimmune conditions, includ-
ing CD, IBD, RA, MS, T1DM, systemic lupus erythemato-
sus (SLE), systemic sclerosis (SSc), and Primary Sjogren's
syndrome (PSS). Sample sizes ranged from 1 to 131 partic-
ipants, with participant completion rates (i.e., the number
of participants who completed all study-related activities,
including interventions and follow-ups) varying from 1 to
118. Participant ages ranged from 10 to 85years.

Regarding the comparator, 11 studies (57.9%) employed
a pre-post design, while eight studies (42.1%) were RCTs
comparing VNS with a sham control group. Gender dis-
tribution varied by disease focus: studies on CD and IBD
included a higher proportion of male participants, while
studies on RA, SLE, SSc, T1DM, and PS were predomi-
nantly female.

None of the included studies were of poor quality
according to the QualSyst criteria, and no study was ex-
cluded based on its quality (see Appendix S1).

3.2 | Stimulation side and site,
intervention, and technical features

Nine studies used iVNS, consistently targeting the left
cervical vagus nerve (Bonaz et al., 2016; Clarencon
et al., 2014; D'Haens et al., 2023; Genovese et al., 2020;
Kibleur et al., 2018; Koopman et al., 2016; Marrosu
et al., 2007; Peterson et al., 2024; Sinniger et al., 2020).
In contrast, tVNS studies targeted both auricular and
cervical regions. Four studies focused on the left auricu-
lar branch of the vagus nerve (cymba conchae) (Aranow
et al., 2021; Bellocchi et al., 2023; Jensen et al., 2022; Sahn
et al., 2023), one on the right (Addorisio et al., 2019), and
three on the cervical vagus nerve (Drewes et al., 2021;
Kornum et al., 2024; Tarn et al., 2023).
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VNS devices varied across studies. Invasive interven-
tions primarily employed the Cyberonics Model 302 or
the SetPoint Medical device. tVNS studies employed de-
vices such as NEMOS, TENS 7000, and GammaCore, each
with distinct technical specifications. Pulse width ranged
from 100 ps to 500 ps, and frequencies varied from 10 Hz
in iVNS studies to 20-30 Hz in tVNS, with one study using
a notably higher frequency of 20kHz (Marsal et al., 2021).
Current intensities also varied significantly, reflecting the
experimental nature of these interventions. Table 3 pro-
vides a detailed summary of VNS stimulation side, site,
intervention details, and technical specifications across
studies.

Intervention durations ranged from a single session
(Jensen et al., 2022) to 26 months (Marrosu et al., 2007),
with most of the studies applying daily stimulation. This
wide range in duration and cumulative VNS exposure
could significantly influence observed outcomes, making
direct comparisons between studies challenging.

3.3 | Efficacy
The efficacy of VNS varied across studies. Significant im-
provements in primary outcomes, such as reductions in
disease activity scores and pro-inflammatory cytokines,
were observed particularly in CD and RA. However, evi-
dence for efficacy in other autoimmune conditions, in-
cluding SLE, SSc, MS, and T1DM were less conclusive
and showed mixed results. Table 4 provides a detailed
summary of primary and secondary outcomes and their
statistical significance across studies. In brief, three out
of six studies examining the effect of VNS in CD used
the Crohn's Disease Activity Index (CDAI) as the pri-
mary measure to assess the intervention's effects (Bonaz
et al.,, 2016; D'Haens et al., 2023; Sinniger et al., 2020).
CDAL is a clinical tool commonly used in clinical trials to
evaluate the severity of symptoms and disease activity in
CD patients. These three studies demonstrated improve-
ments in disease severity. For example, D'Haens et al. re-
cruited 16 patients with moderately to severely active CD
and observed a significant decrease in CDAI. Additionally,
they reported a significant reduction in fecal calprotectin
(a protein found in neutrophils and a biomarker of intes-
tinal inflammation), a decrease in mucosal inflammation
in 11/15 patients with paired endoscopies, and a reduction
in TNF-a and interferon-y levels (D'Haens et al., 2023). In
another study, after 1year of VNS in nine patients with
moderately active CD, five patients achieved clinical re-
mission, and six patients reached endoscopic remission
(Sinniger et al., 2020).

Three out of seven studies examining the effect of
VNS on rheumatoid arthritis (RA) used the DAS28-CRP

score to assess disease activity and systemic inflamma-
tion (Drewes et al., 2021; Koopman et al., 2016; Marsal
et al., 2021). These studies demonstrated improvements
in disease severity following VNS. For example, in an
uncontrolled open-label study, Marsal et al. showed that
VNS was well-tolerated in RA patients (n=30), with
clinically meaningful reductions in DAS28-CRP (Marsal
et al.,, 2021). In another open-label study, Drewes et al.
investigated the effect of VNS in two cohorts of RA pa-
tients: one with high disease activity (n=16) and one with
low disease activity (n=20). The results indicated that, in
the high disease activity group, VNS led to reductions in
DAS28-CRP and serum interferon-y, while no significant
effects were observed in the low disease activity group
(Drewes et al., 2021). Koopman et al. employed a more
complex study design to examine how switching VNS
stimulation on and off affected RA patients (Koopman
et al., 2016). In a study of 18 patients with RA, they ob-
served a significant reduction in DAS28-CRP from base-
line to day 42 while the device was delivering electrical
stimulation. However, when the device was turned off at
day 42, DAS28-CRP worsened significantly within 14 days.
Restarting the device at day 56 resulted in a significant re-
duction in DAS28-CRP (Koopman et al., 2016).

Only a few studies have investigated the effect of VNS
in conditions such as SLE, SSc, MS, and T1DM, with
mixed results (see Table 4).

3.4 | Safety and adverse events

Adverse events (AE) associated with VNS were gener-
ally mild to moderate. The most commonly reported AE
were voice alteration or hoarseness (21.1%), headache
(21.1%), throat pain (10.5%), and skin irritation (10.5%).
Serious adverse events (SAE) were rare, occurring in
only two studies (10.5%), and primarily related to factors
independent of VNS, such as pre-existing autoimmune
conditions (D'Haens et al., 2023; Peterson et al., 2024).
Dropouts specifically attributed to VNS-related side ef-
fects were reported in four studies. These included a
postoperative wound infection following iVNS device im-
plantation (D'Haens et al., 2023), transient headache with
tcVNS (Drewes et al., 2021), hoarseness after active tcVNS
(Kornum et al., 2024), and unspecified side effects from
tcVNS (Tarn et al., 2023). Across the remaining 15 studies,
no VNS-related dropouts occurred (Addorisio et al., 2019;
Aranow et al., 2021; Bakeretal., 2023; Bellocchi et al., 2023;
Bonaz et al.,, 2016; Clarencon et al., 2014; Genovese
et al., 2020; Jensen et al., 2022; Kibleur et al., 2018; Kmet
et al., 2020; Koopman et al., 2016; Marrosu et al., 2007;
Marsal et al., 2021; Moher et al., 2009; Peterson et al., 2024;
Sahn et al., 2023; Sinniger et al., 2020). Table 5 provides a
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detailed summary of AE, including the total number of
AE, the proportion related to VNS, and the occurrence of
SAE and dropouts. The percentages were calculated rela-
tive to the total number of participants receiving VNS,
including those in sham-controlled groups, as detailed in
Table 2.

4 | DISCUSSION

4.1 | Summary of key findings

This systematic review evaluates the therapeutic potential
of VNS across a range of autoimmune diseases, including
IBD, RA, SLE, SSc, MS, T1DM, and PSS. Findings suggest
that VNS holds promise as an adjunctive therapy with the
potential to modulate immune responses and alleviate
disease symptoms. However, the efficacy and safety pro-
files vary significantly across studies, reflecting the diverse
pathophysiology of these conditions and differences in the
mechanisms through which VNS may exert its effects.

The results are consistent with the growing evidence
that VNS has anti-inflammatory and immunomodulatory
effects, particularly via the cholinergic anti-inflammatory
pathway (Pavlov & Tracey, 2017; Tracey, 2009). The most
robust evidence of efficacy was observed in CD, where sev-
eral studies demonstrated clinical, biological, and endo-
scopic remission, suggesting VNS's potential in managing
refractory cases of IBD. Similarly, in RA, VNS was asso-
ciated with significant reductions in pro-inflammatory
cytokines, such as TNF-«, and improvements in disease
activity scores, reinforcing its role as a potential adjunctive
therapy.

However, the efficacy of VNS in other autoimmune
conditions, such as SLE, SSc, MS, and T1DM, remains less
definitive. While some studies reported improvements in
symptoms such as pain and fatigue in SLE and SSc, and
motor improvements in MS, the overall evidence remains
inconclusive, particularly regarding long-term efficacy
and safety. The variability in study designs, VNS protocols,
patient populations, and outcome measures highlights the
need for more rigorous, standardized research to confirm
these preliminary findings.

VNS is thought to exert its effects through the cho-
linergic anti-inflammatory pathway, which modulates
the inflammatory response by reducing the production
of pro-inflammatory cytokines (Pavlov & Tracey, 2017;
Tracey, 2009). While none of the clinical studies in this
review explicitly examined the mechanism of VNS in
modulating immune responses, this review highlights
that VNS, especially when targeting the left cervical vagus
nerve, can have significant immunomodulatory effects.
The consistent use of left-sided stimulation in iVNS is a

preferable choice to minimize cardiac side effects, given
the right vagus nerve's stronger influence on heart rate
modulation via the sinoatrial node. This choice reflects a
critical safety measure that has become standard practice
in VNS applications, based on prior experience with its
use in managing epilepsy (Ardesch et al., 2007). Previous
studies in epilepsy patients treated with VNS have shown
that incubating whole blood with endotoxin results in a
significantly reduced release of TNF-a, IL-1, and IL-6 4h
post-VNS (Koopman et al., 2016). Similarly, chronic VNS
in patients with RA significantly inhibited endotoxin-
induced TNF-a production in whole blood for up to 84 days
(Koopman et al., 2016). These findings suggest that VNS
may trigger the release of a soluble factor or prime anti-
inflammatory cells (e.g., acetylcholine-producing CD4 T
cells) in circulation (Rosas-Ballina et al., 2011).

4.2 | Safety and adverse events

The safety profile of VNS, as reported in the included stud-
ies, is generally favorable, with most adverse events being
mild and transient. Commonly reported adverse events,
especially in iVNS, included voice alteration, cough, and
neck pain. Voice alteration following VNS is attributable
to the anatomical pathway and broad functions of the
vagus nerve, which innervates the larynx. Since the re-
current laryngeal nerve controls the muscles involved in
voice production, VNS can lead to hoarseness, one of the
most common adverse effects when VNS is used for the
clinical management of epilepsy (Toffa et al., 2020). The
noninvasive nature of tVNS was associated with fewer
side effects, although data on its long-term safety remain
limited. Surgical risks associated with iVNS, such as infec-
tion and device-related complications, are relatively rare
but warrant consideration. The overall tolerability of both
iVNS and tVNS in autoimmune populations appears ac-
ceptable, but the inconsistent reporting of adverse events
across studies limits a comprehensive understanding of
their long-term safety profile.

4.3 | Notable advantages of the review

Given the emerging evidence for the application of VNS
in inflammatory diseases, this systematic review evalu-
ates the therapeutic potential of VNS in autoimmune
diseases by critically appraising findings from human
clinical studies. There are existing review papers on this
topic that provide detailed discussions on the mecha-
nisms of VNS and its potential applications in inflamma-
tory diseases (Cirillo et al., 2022; de Melo et al., 2024; Fang
et al., 2023). Cirillo has published an insightful narrative
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review on the potential mechanisms of VNS in CD and
other inflammatory bowel diseases (Cirillo et al., 2022).
However, their review is not systematic and does not
include or cite the most recent primary clinical studies
on VNS in CD, such as those by D'Haens et al. (2023),
Sinniger et al. (2020), or Bonaz et al. (2016). Fang et al.
have published a comprehensive narrative review on the
therapeutic implications of VNS in various disorders (de
Melo et al., 2024). However, their review includes both
animal and human studies, lacks a systematic approach,
does not assess the quality of the studies, and does not
follow a framework such as the PRISMA guidelines.
Additionally, many of the original clinical studies cited
in the present systematic review are not mentioned in
their traditional review.

Systematic reviews have the advantage of being rigor-
ous, transparent, and reproducible, leading to more reli-
able and unbiased conclusions compared to traditional
reviews. De Melo et al. recently published a systematic
review that includes clinical trials using VNS on serum
inflammatory markers such as CRP and cytokines (Fang
et al., 2023). While their study is systematic and follows
PRISMA guidelines, it does not focus on autoimmune
diseases and does not consider the most clinically rele-
vant outcome measures for autoimmune diseases, such as
CDAI (for CD) and DAS28-CRP (for RA). These disease
severity scores provide more realistic indications of the
usefulness of VNS in clinical practice compared to serum
cytokine levels.

We believe that the notable advantage of the present
systematic review lies in its focus on human studies in-
volving autoimmune diseases, using relevant clinical out-
come measures. It is conducted with a quality assessment
and adheres to PRISMA guidelines.

4.4 | Limitations

This systematic review is subject to several limitations.
First, the analysis of stimulation parameters, such as
intensity and duration of stimulation periods, was re-
stricted by variations in settings across studies, making
it challenging to correlate specific VNS parameters with
therapeutic outcomes or adverse events. Second, an
exclusive reliance on statistical analysis to assess VNS
efficacy may not fully capture the clinical significance
of the findings, potentially overlooking meaningful re-
sults in case studies that lacked statistical comparisons.
Furthermore, the exclusion of non-English language
studies could have introduced bias and reduced the
generalisability of the findings. Finally, the heteroge-
neity in study designs complicates direct comparisons
between studies. While categorizing study types and
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using a standardized quality assessment tool attempted
to address this heterogeneity, it remains a challenge to
synthesize the overall evidence.

4.5 | Implications for healthcare
practice and future research

VNS shows promise as an adjunctive therapy for auto-
immune diseases, particularly in patients who do not re-
spond adequately to conventional treatments. Clinicians
may consider the potential benefits of VNS in the fu-
ture, particularly for specific patient populations with
limited therapeutic options. However, before VNS can
be routinely integrated into clinical practice, several
gaps in the current evidence base need to be addressed.
Future research should focus on conducting large-scale,
multicentre RCTs that include diverse patient popula-
tions representative of various autoimmune diseases.
Standardizing VNS protocols across studies will be crucial
for enabling comparisons and establishing best practices
for clinical use. Additionally, exploring the mechanistic
pathways through which VNS in humans exerts its effects
could provide deeper insights into its therapeutic poten-
tial. Although much of the mechanistic research has been
conducted in animal models, the role of VNS in modulat-
ing human immune function remains underexplored. It
is not yet known whether the immunomodulatory role of
VNS results from stimulation of afferent or efferent vagal
fibers. Evidence from experimental animal studies sug-
gests that manipulation of specific neural pathways in the
brain can modulate the immune system (Jin et al., 2024).
Additionally, there is evidence that systemic inflamma-
tion can alter neural firing patterns in the nucleus tractus
solitarius (Eftekhari et al., 2020), a finding relevant to the
context of autoimmune disease. Whether VNS affects af-
ferent fibers, thereby influencing these regions, or impacts
immune cells through efferent fibers (e.g., via splenic in-
nervation) has not yet been investigated in humans and
requires further study. In addition, standardizing the re-
porting of both efficacy outcomes and adverse events in
future studies will be essential for a more comprehensive
understanding of VNS's safety and effectiveness in auto-
immune diseases.

Given the potential costs and adverse effects of VNS, it
is crucial to involve multidisciplinary teams in developing
clear clinical guidelines, including both indications and
contraindications for its application. In this systematic re-
view, we observed that no qualitative or mixed-methods
studies have been published on VNS and autoimmune
diseases. Qualitative studies are essential for capturing
the lived experiences of patients undergoing VNS, while
mixed-methods studies can integrate clinical evidence
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from both qualitative and quantitative perspectives.
Future investigations could follow the MRC guidelines
for complex interventions, incorporating factors such as
acceptability, adherence, and fidelity of the intervention
(Skivington et al., 2021). This approach would provide a
comprehensive understanding of the utility of VNS for
patients with autoimmune diseases such as CD and RA,
ensuring a holistic evaluation prior to its implementation
in healthcare settings.

5 | CONCLUSIONS

VNS shows promise as an adjunctive therapy for vari-
ous autoimmune diseases, particularly in patients who
do not respond adequately to conventional treatments.
The reviewed studies suggest that VNS can modulate
immune responses and alleviate symptoms across a
range of conditions, including IBD, RA, and SLE. The
therapeutic potential of VNS is demonstrated by its ef-
fect in reducing pro-inflammatory cytokines, improving
disease activity scores, and enhancing patient-reported
outcomes. However, the efficacy of VNS in other autoim-
mune diseases such as SSc, MS, and T1DM remains lim-
ited and inconclusive. The variability in study designs,
patient demographics, and stimulation protocols con-
tributes to mixed results, highlighting the need for more
rigorous, standardized research methods. Additionally,
while the safety profile of VNS is generally favorable,
the inconsistent reporting of adverse events across stud-
ies limits a comprehensive understanding of its risk pro-
file, especially for long-term use. Future research should
focus on large-scale, randomized controlled trials with
standardized protocols to better understand the mecha-
nisms, efficacy, and long-term safety of VNS across dif-
ferent autoimmune conditions. This suggestion has been
echoed in previous reports (Cirillo et al., 2022; de Melo
et al., 2024; Fang et al., 2023), highlighting the impor-
tance of transitioning from proof-of-concept studies to
large-scale randomized trials to define the therapeutic
potential of VNS for autoimmune diseases and guide
its integration into clinical practice. By addressing the
current research gaps, particularly in understanding
the mechanistic pathways and optimizing stimulation
parameters, we can better harness the potential of VNS
to improve the quality of life for patients suffering from
chronic autoimmune conditions.
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