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Abstract

Background: The most prevalent cause of dementia, which is a significant cause of disability in the elderly, is 
Alzheimer's disease (AD). A large number of novel treatments have been approved to treat AD, but to date none 
have been able to stop the progression of the disease, and sadly they are all linked to side effects, necessitating the 
investigation of brain stimulation techniques in the search for an alternative potential therapy. Numerous Vagus 
Nerve Stimulation (VNS) investigations in Alzheimer's disease have shown variable findings, including worsening 
cognitive symptoms in some patients and memory improvements in others. As a result, this study will carefully 
analyze clinical data on VNS in AD in order to offer a summary of the overall impact of VNS on AD using the 
Preferred Reporting Items for Systematic analyze (PRISMA).

Methods: The study will be conducted and reported in accordance to the Preferred Reporting Items for 
Systematic Reviews and meta-analysis (PRISMA) statement. We will include clinical studies that have documented 
VNS in people living with AD published by April 30th 2023. We will also include accessible grey literature about the 
topic. We will search different electronic data bases and search engines including PubMed, HINARI, CINAHL, 
EMBASE, Google Scholar, Scopus, Cochrane, ISI, mRCT, Popline, Sigle, VHL, GHAll , Psych-INFO, Africa wide-
information and global health using AD ; VNS, brain stimulation, and dementia as the keywords. We will use a meta-
analysis, should we find that there is no heterogeneity between included studies.

Discussion: This protocol describes a systematic review of clinical studies of VNS in people living with AD 
conducted world-wide. Following the completion and publication of this study, we believe that the findings will 
provide further details about VNS as a potential therapy for Alzheimer's disease and will have an impact on practice, 
research, and policy in the field of dementia care.

Systematic review registration: Name of registry-PROSPERO; and Registration number- CRD42023417736
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Introduction
Alzheimer's disease, a progressive, incurable brain illness defined 

clinically by cognitive impairment and pathologically by the 
accumulation of aberrant proteins in particular brain regions, is the 
primary cause of dementia and dependency among the elderly [1,2]. 
Numerous medications have been approved to treat Alzheimer's 
disease over the years, but none have been able to reverse its course, 
and they are all associated with side effects, necessitating the need to 
find alternative treatments for Alzheimer's disease [1,3]. As a result, 
research into brain stimulation methods as potential AD therapy 
alternatives has been explored with vigor, and a sizable number of 
pilot trials utilizing VNS in AD have produced encouraging results

[4]. In addition to its prospective application as an Alzheimer's
therapy, VNS is now approved for the treatment of depression,
inflammatory bowel disease, cluster headaches, and intractable
(treatment-resistant) epilepsy [5-13]. In response to electrical
stimulation of the VNS, neuromodulators such as acetylcholine and
norepinephrine are produced, which presumably modify disease
processes largely by boosting neuroplasticity (nerve regeneration) and
decreasing inflammation [14-17]. Previous clinical and preclinical
studies on vagus nerve stimulation in AD and following a learning
event have shown mixed outcomes, including memory improvements,
no effect, or cognitive ability decline. [1,18-24]. The variable
outcomes could be a consequence of the differences in the methods of
investigation. Vagus Nerve Stimulation (VNS) is becoming more
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popular in the treatment of a variety of illnesses, including 
Alzheimer's [17]; however, the overall effect of VNS on the 
progression and manifestation of the disease has not been well studied 
and documented, making it critical to summarize the available 
literature on VNS in AD. Consequently, this study will carefully 
review the clinical data on VNS in AD in order to present an overview 
of the overall effect of VNS on AD using the Preferred Reporting 
Items for Systematic Review (PRISMA) [25]. Findings from this 
synthesis will be very valuable to dementia care clinicians, researchers 
and policy makers in making decisions pertaining to use of VNS in 
Alzheimer's disease and related dementias [26].

In systematic review , the key findings of clinical studies on vagus 
nerve stimulation in Alzheimer's disease will be determined, the scope 
of clinical research on vagus nerve stimulation in Alzheimer's disease 
that has been conducted globally will be documented, and the VNS 
parameters used in clinical research in AD will be noted, along with 
any agreement.

Materials and Methods

Methods and analysis
The systematic review will be conducted and reported in accordance 

with the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) statement [25].

Study design
We will carry out a systematic review of all clinical experimental 

studies (randomized, non-randomized, quasi studies regardless 
blindness type i.e. single blind, double blind, or non-blind) and 
observational studies (cross sectional, cohort, case control, case 
studies) that described the effects of vagus nerve stimulation in 
patients with Alzheimer's disease. Therefore we shall include all 
studies and then conduct a sensitivity analysis to explore the impact of 
quality.

Eligibility criteria
All clinical studies research articles on VNS in AD that are 

published by December 30th April, 2023, will be included. Case 
reports, conference proceedings, review articles, and all published 
articles on VNS in diseases other than AD will be eliminated. We will 
only use studies with readily available full articles. Abstract-only 
articles that are not accompanied by complete articles will not be 
included because it may be challenging to compare them to full 
papers. To account for the differences in the study designs, sub-group 
analysis will be done on the included studies. There will be no double 
reporting of the same outcome in the review, and the criteria for 
selecting articles for inclusion will be rigorously followed.

Study setting
The systematic review will include studies conducted in any part of 

the world.

Participants
The systematic review will consider clinical brain stimulation 

studies done in people living with diagnosed AD.

Interventions
The systematic review will consider both invasive and non-invasive 

vagus nerve stimulation in clinical studies in AD.

Comparisons/comparators
Different control/sham groups used in brain stimulation studies 

included in the review.

Outcomes
Primary outcomes: The major outcomes of interest in this 

systematic review will be the main findings of clinical studies on VNS 
in Alzheimer’s disease that is all documented effects of Vagus Nerve 
Stimulation on cognition (thinking, attention, language, learning, 
memory and perception) in patients with AD will be included.

Secondary outcomes: It includes

• To ascertain the scope of clinical research on vagus nerve
stimulation for Alzheimer's disease conducted globally from the
beginning to April 30th 2023.

• To find out which VNS methods/interventions (invasive or non-
invasive), have been employed and whether there is agreement.

• To evaluate the most frequently used stimulation parameters and see
if they affect the results of VNS in clinical research. Examples of
these factors are current magnitude, and duration of stimulation

Search methods
We will do a strategy-based search of the following electronic 

databases and search engines: PubMed, HINARI, CINHAL, 
EMBASE, Google Scholar, Scopus, Cochrane, ISI, mRCT, Popline, 
Sigle, VHL, GHL, Africa Wide-Information, and Global Health. We 
will manually look over the included studies' references. To find as 
many studies as feasible, we will create a Medline search method that 
combines mesh terms, text words, and relevant Boolean operators. 
Grey literature will also be included. Web searches, web-based 
catalogs, and bibliographic databases will be used to find pertinent 
grey literature.

Search string
We will search using various terms as indicated below: Vagus 

nerve stimulation or brain stimulation or vagal stimulation or cranial 
nerve stimulation and Alzheimer’s disease or dementia or memory 
loss or cognition or impaired cognitive function or AD or 
Neurostimulation or Deme* or cognit*.

Data collection
The summary of the variables from which data will be extracted 

from reviewed articles will include a) Primary (main) outcomes 
namely, all documented effects of Vagus Nerve Stimulation on 
cognition (thinking, attention, language, learning, memory and 
perception) in patients with AD will be included. b) Secondary 
(additional) outcomes namely, effects of vagus nerve stimulation on 
quality of life (motor control, postural control, concentration/
attention, sleep, appetite, dementia, anxiety, apathy); Ascertaining the 
scope of clinical research on vagus nerve stimulation in Alzheimer's 
disease conducted globally from the beginning to April 2023, 
documenting the VNS methods/interventions (Invasive or non-
Invasive) commonly employed and whether there is agreement, and

Citation: Kamoga R, Rukundo GZ, Nakidde G, Adriko W, Obongoloch J, et al. (2023) Effects of Vagus Nerve Stimulation in Alzheimer’s Disease: 
A Systematic Review and Meta-Analysis of Clinical Studies. J Alzheimers Dis Parkinsonism 13: 571.

Page 2 of 4

J Alzheimers Dis Parkinsonism, an open access journal
ISSN: 2161-0460

Volume 13 • Issue 3 • 1000571



see if they affect the results of VNS in clinical research; vagus nerve 
stimulation parameters ( such as frequency (Hz) (continous), current 
intensity or magnitude (Am) (continous), site of stimulation 
(dichotomous) and type of stimulation (dichotomous), Control/sham 
groups used (Dichotomous), and others like sample sizes, year when 
data was collected collected, geographic location/region/country 
where the study was done, authors' names, and year of publication

Data extraction
All identified studies' titles and abstracts will be reviewed by 

Kamango, Wilson Adriko (member of the study team/librarian), 
Nakidde, and Obongoloch. The EndNote reference manager will then 
download the full text of the articles for further review. An endnote 
library will be created specifically for this review. Kamango and 
Nakidde will independently screen all literature using the Rayyan 
software program, excluding non-relevant articles based on full-text 
review. Disagreements will be settled in dialogue with the third author 
(Rukundo or Ihunwo). The following data will be extracted using 
standardized electronic data extraction forms: author, year of 
publication, article country, methodology/study design, sample size, 
population, and demographic data (age, gender/sex, and education), 
intervention (kind, duration), parameters (current, frequency, pulse 
width, on/off time, site of stimulation, instruments used), results, and 
confounding factors (Figure 1).

Results and Discussion

Quality assessment
The risk of bias (publication bias, methodological bias) in the 

included articles will be assessed using a risk of bias assessment 
checklist developed from the Cochrane Risk of Bias (RoB) assessment 
tool as well as the Quality in Prognostic Studies (QUIPS) tool to 
assess study participation, confounding measurement and handling, 
outcome measurement and statistical analysis and presentation. 
Furthermore, the GRADE will be used to determine the strength of 
recommendations and the level of confidence in the results of meta-
analyses given in the various researches. Kamoga and Nakidde will 
conduct the quality assessment tests. In the event of any 
disagreements, those articles will be given to GR or AH, who will also 
render a decision because they have a solid reputation in the research

community and will be able to determine whether bias is a possibility. 
The quality assessment tests will be executed by Kamoga and 
Nakidde. If there is a dispute, the papers will be forwarded to GR or 
AH, who will also make a judgment since they have a good reputation 
in the scientific community and can assess the probability of bias. 
Based on the decision of all the reviewers, a paper will be deemed 
eligible or ineligible for inclusion.

Data synthesis
Qualitative synthesis: We will record essential features of 

each study using a data extraction form that includes all the items 
proposed in the extraction such as date, geographical location, 
study setting (urban/rural), number of participants, age, socio-
demographics, sample size, response rate, study design and 
stimulation parameters. We will provide a narrative synthesis of the 
findings from the included studies, structured around the type of 
intervention, target population characteristics, type of outcome and 
intervention content. We will export the data to STATA V.13.1 for 
analysis and provide summaries of intervention effects for each 
study by calculating risk ratios (for dichotomous outcomes) or 
standardized mean differences (for continuous outcomes).

Meta-analysis
Statistical tests for heterogeneity will be used to assess the degree 

of variability in the prevalence measures between the included studies. 
Specifically, we will use the I² statistic to report the percentage of 
variation across studies that is due to heterogeneity. In case we find no 
statistically significant heterogeneity (I2=zero), we will go ahead and 
conduct meta-analysis [14]. I2 statistic is preferable because it is 
independent of the quantity of studies examined. Otherwise, in 
circumstances of statistically significant heterogeneity, we will not 
conduct meta-analysis but we will summarize the studies as a narrative 
review [26-28]. We will use the Random-effects models employed 
when researchers think that the effect/main outcome varies widely in 
the population which is the case for our study. We are not confident 
that all the variables we will identify will be measured in the same 
way and with the same values. The prevalence, odds ratios and 
confidence intervals of individual studies will be presented in forest 
plots and we will generate a summary prevalence and confidence 
levels. We will also conduct sensitivity and sub-group analyses to 
determine the influence of selected independent variables on the effect 
size (cognition and quality of life). We will use funnel plots to show 
small-study effects that will help point towards publication bias.

Relevant expertise
Dr. Godfrey Zari Rukundo (GR) is a consultant psychiatrist and 

mental health researcher; Dr Ronald Kamoga (PI)(RK) is a dementia 
researcher/scholar; Adriko Wilson(WA) is an information scientist/
librarian; Prof. Amadi .O. Ihunwo (AOI) is a senior neuroscience 
researcher, Gladys Nakidde is a graduate nurse with experience in data 
collection.

Conclusion
We anticipate that using several approaches/methodologies and 

terminology to refer to the same thing may present challenges or 
limitation. We predict that once this review is finished and published, 
our findings will be of great interest to the community of clinicians 
and academics in neuroscience, particularly those engaged in dementia
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Figure 1: Brain of an Alzheimer disease patient is affected to a 
normal brain.
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care practice, research and policy making as a basis for decision 
making. We purpose to share our findings by presenting them at 
conferences and publishing them in peer-reviewed journals. When 
conducting the review, any modifications to this protocol will be noted 
in PROSPERO and reflected in the final manuscript. In summary, our 
goal is to conduct a systematic review that will summarize the clinical 
data on the effects of VNS in people living with Alzheimer’s disease.
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