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Abstract

Objective: To synthesise quantitative evidence on the effectiveness of Transcranial Magnetic
Stimulation (TMS) as an intervention for individuals with long COVID/post-COVID

syndrome.

Introduction: An estimated 65 million people worldwide meet the WHO’s criteria for post-
COVID-19 condition, a multisystem disorder with persistent symptoms following SARS-
CoV-2 infection. Despite its global impact, effective treatments are limited. A recent review
highlighted early but promising results from non-invasive brain stimulation techniques,
including transcranial magnetic stimulation (TMS), though the underlying mechanisms
remain unclear. Given the expanding use of TMS in long COVID, a follow-up meta-analysis
is needed to reflect recent developments. This review aims to evaluate the efficacy of TMS in

treating post-COVID-19 symptoms.

Inclusion criteria: This review will include studies that investigate interventions involving
TMSin individuals diagnosed with long COVID or post-COVID syndrome, limited to those
published in the English language. Studies will be excluded if they do not involve rTMS as a
therapeutic intervention, do not involve TMS at all, focus on populations other than those
with long COVID or post-COVID condition, are review articles or case studies, or are not

published in English.

Methods: A comprehensive search will be conducted in CINAHL Ultimate, MEDLINE,
ScienceDirect, and Scopus using a strategy developed with the research team. Retrieved
citations will be managed in Rayyan. Two independent reviewers will screen titles and
abstracts, followed by full-text screening and data extraction by two other independent
reviewers. All stages will follow predefined, pilot-tested inclusion and exclusion criteria.

Discrepancies will be resolved by a third reviewer or team discussion. Intra-rater reliability at
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both screening stages will be assessed using Cohen’s Kappa. Study characteristics and

findings will be presented using both narrative synthesis and tabular formats.

Review registration: https://doi.org/10.17605/OSF.IO/RE235

Keywords: long COVID, Post-Acute COVID-19 Syndrome, Transcranial Magnetic

Stimulation, Therapeutic potential, patient outcomes, symptom relief
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Introduction

According to the NICE guidelines, individuals experiencing post-viral symptoms lasting from
4 weeks to over 12 weeks following acute COVID-19 infection are considered to have a
condition known as long COVID (4). An estimated 65 million individuals worldwide meet
the diagnostic criteria for post-COVID-19 condition, as defined by the World Health
Organization (WHO), a multisystem disorder characterised by a diverse range of persistent
symptoms following acute infection with SARS-CoV-2 (1). This condition is characterised
by a wide range of symptoms, over 100 have been identified including muscle pain, severe
fatigue, and cognitive impairments, with significant symptom overlap observed with Myalgic

Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFES) (5).

Previous studies have demonstrated that individuals with long COVID experience a range of
debilitating symptoms, including pain, fatigue, post-exertional malaise, sleep disturbances,
breathlessness, and neurological abnormalities (5—12). Among these, musculoskeletal pain
has been identified as the most prevalent persistent symptom in individuals with long COVID
(6). Fatigue is another hallmark symptom. Approximately 46% of individuals with long
COVID report persistent fatigue lasting from weeks to months (7). Post-exertional malaise, a
prolonged worsening of symptoms following minimal physical or mental activity is also a
key feature in this condition. One study found that 59% of individuals with long COVID met
the criteria for post-exertional malaise used in ME/CFS research (8). Sleep disturbances are
also highly prevalent. In long COVID, approximately 65% of patients report poor sleep
quality (9). Breathlessness is another frequently reported symptomand has been identified as
particularly debilitating (10). Kim et al. (11)reported a potential association between
persistent breathlessness and small airway functional impairment in individuals with long
COVID. Neurological abnormalities are documented, and Pilotto et al. (12) reported that 40%

of hospitalised and non-hospitalised COVID-19 patients exhibited neurological abnormalities
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during examination such as hyposmia, cognitive deficits, postural tremor and subtle

motor/sensory deficits.

Other frequently reported well-being outcomes associated with long COVID include reduced
quality of life, as well as symptoms of anxiety and depression (13—15). Health-related quality
of life has been shown to be significantly lower in individuals with a history of COVID-19
infection (13). Symptoms of anxiety and depression are also prevalent and have been
observed as early as three months post-infection (14). However, findings remain
inconsistent, with some studies reporting elevated psychological distress, while others
indicate variability depending on symptom severity and duration (14). Despite the global
burden and complex symptomatology of long COVID, effective treatment options remain
scarce. A recent systematic review by Markser et al. (2) synthesised current evidence on the
efficacy of non-invasive and minimally invasive brain stimulation techniques including TMS

for alleviating symptoms associated with post-COVID-19 syndrome.

Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation technique that
uses a coil placed on the scalp to deliver magnetic pulses. Through electromagnetic
induction, these pulses generate a magnetic field that induces an electrical current in the
cortical tissue beneath the coil (16). The effects of TMS can be either acute or prolonged,
depending on stimulation parameters such as intensity, coil shape and orientation, and the
frequency and pattern of pulses. Single-pulse TMS is primarily used to investigate brain
function. For instance, delivering a single pulse over the primary motor cortex (M1) can
evoke motor responses—known as motor evoked potentials (MEPs)—in target muscles,
which are measured using electromyography (EMG) (17).The amplitude and latency of these
MEPs provide insights into motor cortex excitability (18). In contrast, repetitive TMS (rTMS)
can modulate neuronal activity in a way that produces effects lasting beyond the stimulation

period (19). The effects of rTMS on neural activity depend on the frequency and pattern of
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stimulation, with certain protocols producing inhibitory effects and others excitatory.
Repeated sessions have been explored as treatments for various psychiatric and neurological

disorders, owing to their potential to induce long-lasting changes in neural plasticity (20,21).

Markser et al. (2) reported that while existing studies show promising initial results with
improvements in clinical outcome measures, the mechanistic understanding of post-COVID-
19 and the potential benefits of brain stimulation techniques remains limited. Given the
growing application of this technique in individuals with long COVID (3) and related
conditions(22—24), a follow-up meta-analysis is warranted to reflect recent advancements and
the expanding evidence base. This review aims to assess the therapeutic effectiveness of

rTMS in the treatment of post-COVID-19 symptoms.

Review questions:

This review poses primary and secondary research questions:

Primary research question: What is the effectiveness of rTMS as an intervention for
individuals with long COVID/Post-COVID symptoms (e.g., fatigue, cognitive dysfunction,

mood disturbances, quality of life)?

Secondary research questions:

1. Are there differences in the effectiveness of rTMS based on stimulation parameters (e.g.,

frequency, intensity, targeted brain region)?

2. Do participant characteristics (e.g., age, sex, duration since acute COVID-19 infection)

moderate the effectiveness of rTMS?

3. What is the risk of bias and methodological quality of studies investigating rTMS for long

COVID/Post-COVID?
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We approach this review with the hypothesis that rTMS may offer therapeutic benefits for
individuals experiencing persistent symptoms of long COVID/Post-COVID, particularly in
domains such as fatigue, depression, and cognitive dysfunction, which are commonly
targeted in other neuropsychiatric conditions treated with rTMS. We also expect that, the
evidence base will be limited but emerging, given the recency of long COVID as a clinical
entity and the time required to conduct and publish controlled trials, and most studies will be
small-scale or pilot RCTs, possibly with methodological variability in study design, outcome
measures, and stimulation parameters. Moreover, we expect that symptom improvements
may vary by domain, with stronger effects hypothesised for mood-related symptoms (e.g.,
depression) than for more complex or diffuse symptoms like fatigue or brain fog. Given the
novelty and evolving definition of long COVID, we anticipate some heterogeneity in how
populations are defined across studies, which may influence both inclusion decisions and the

strength of conclusions.

Eligibility Criteria

Participants

This review will investigate interventions involving rTMS in individuals diagnosed with
long COVID or post-COVID syndrome living, without imposing any demographic

restrictions.

Concept
The concepts in the review include rTMS and long COVID.
Transcranial Magnetic Stimulation is a non-invasive brain stimulation technique that uses a

coil placed on the scalp to deliver magnetic pulses. Through electromagnetic induction, these
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pulses generate a magnetic field that induces an electrical current in the cortical tissue

beneath the coil (16).

Long COVID is a condition characterised by post-viral symptoms that persist for at least 4
weeks and can last beyond 12 weeks following an acute COVID-19 infection (4). This
condition is characterised by a wide range of symptoms, over 100 have been identified
including muscle pain, severe fatigue, and cognitive impairments, with significant symptom

overlap observed with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) (5).

We will exclude articles that use TMS for purposes other than therapeutic intervention, (b) do
not involve rTMS, (c) focus on populations other than those with long COVID/post-COVID
condition, (d) are review articles or case studies, or (e) are not published in English. We will
include grey literature alongside peer-reviewed sources. This includes preprints (e.g.,
PsyArXiv, arXiv), dissertations (via ProQuest), conference proceedings (e.g., Web of
Science), and institutional repositories such as DSpace. Furthermore, we will supplement
database searches by reviewing reference lists (forward citation searching) and identifying
articles that cite included studies (backward citation searching) using tools such as CrossRef
and Google Scholar. We will also use CoCites, if available, to find articles with similar

citation patterns.

Context

Articles must include individuals with long COVID or be described using relevant terms that
indicate this condition. Repetitive Transcranial Magnetic Stimulation must be used
specifically as a treatment or intervention. Articles must present at least pilot data; therefore,
review articles and case studies should not be included. Articles must be written in English

and include quantitative data.

Types of Sources
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184  This review will consider articles that present at least pilot data and include quantitative data.

185  Review articles, case studies or qualitative studies will therefore not be considered.

186  Methods

187  This meta-analysis will be conducted in accordance with the PRISMA (Preferred Reporting
188  Items for Systematic Reviews and Meta-Analyses) guidelines. The protocol has been
189  registered with Open Science Framework: https://doi.org/10.17605/OSF.IO/RE235. Any

190 deviation from the protocol will be clearly logged with dates, reasons, and impacts noted.

191  Search strategy

192  Our search strategy was designed to achieve a balance between comprehensive coverage of
193  the relevant literature and practical constraints, while maintaining a high level of scientific
194  rigour. We selected four databases—CINAHL Ultimate, MEDLINE, ScienceDirect, and

195  Scopus—based on their relevance to the interdisciplinary nature of our topic, which spans
196  psychology, health sciences, and behavioural research. CINAHL Ultimate was chosen for its
197  strong coverage of nursing and allied health literature. MEDLINE (accessed via

198  EBSCOhost) provides authoritative biomedical literature, including psychiatry and clinical
199  psychology studies. ScienceDirect was included due to its extensive full-text access to

200 journals in psychology, neuroscience, and related disciplines published by Elsevier. Scopus
201  was selected for its comprehensive indexing of interdisciplinary research and citation

202  tracking capabilities, allowing us to identify additional relevant studies. We will search grey
203  literature alongside peer-reviewed sources. This includes preprints (e.g., PsyArXiv, arXiv),
204  dissertations (via ProQuest), conference proceedings (e.g., Web of Science), and institutional
205  repositories like DSpace. Moreover, we will supplement database searches by reviewing

206  reference lists, identifying citing articles via tools such as CrossRef and Google Scholar, and

207  using CoCites to find articles with similar citation patterns. We will validate our search by
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testing it against known relevant studies to ensure key articles are captured. If too many
irrelevant results appear, we will refine the search terms or criteria. This iterative process will
continue until the strategy is optimised for relevance and accuracy. We will contact study
authors via a standardised email when additional details are needed for eligibility or analysis.
Follow-up emails will be sent after two and an additional two weeks if there's no response.
All contact attempts and responses will be documented. To ensure transparency, we will
report how many authors were contacted, how many responded, and how many provided the
requested data. These details will appear in the main manuscript and in a supplementary table
summarising the information requested and obtained. We do not plan a living review but will
repeat database searches before submission if over six months have passed since the original

search.

Query strings:

TI ((long COVID OR post-COVID OR "post-acute sequelae of SARS-CoV-2 infection" OR
"post-viral fatigue" OR "COVID-19 recovery syndrome" OR "long-haul COVID" OR "long
COVID syndrome")) OR AB ((long COVID OR post-COVID OR "post-acute sequelae of
SARS-CoV-2 infection" OR "post-viral fatigue" OR "COVID-19 recovery syndrome" OR

"long-haul COVID" OR "long COVID syndrome"))

This review focuses on clinical and functional outcomes related to long COVID/Post-COVID
symptoms following Repetitive Transcranial Magnetic Stimulation (rTMS). Key outcomes
include fatigue, cognitive function, mood/psychological symptoms, sleep disturbances,
quality of life, and overall symptom improvement. We will also gather data on adverse
effects, TMS tolerability, and treatment durability. The independent variable is rTMS as a
treatment for long COVID/Post-COVID symptoms, particularly fatigue, cognitive

dysfunction, depression, and anxiety. Studies with various TMS protocols will be included,
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such as high-frequency TMS (=10 Hz), low-frequency TMS (1 Hz), theta burst stimulation
(TBS), and repetitive TMS (rTMS), with different stimulation targets (e.g., dorsolateral
prefrontal cortex) and treatment durations. Comparator groups may include sham TMS,
standard care, or no-treatment controls. We will also analyse variables that may influence
treatment outcomes, including participant characteristics (age, sex, time since infection,
COVID-19 severity, comorbid conditions), study-level factors (sample size, design, risk of
bias, study setting), TMS protocol variables (site, frequency, intensity, session number), and

follow-up duration.

Study/Source of Evidence Selection

After the search, all citations will be uploaded and have their duplicates removed in Rayyan
(25). The screening process will consist of two rounds: (1) title and abstract screening, and
(2) full-text screening. In both rounds, two independent reviewers will screen each record
using pre-specified inclusion and exclusion criteria developed a priori. Blinding of reviewers
during screening will be implemented to the extent possible using Rayyan, which allows for
independent decisions without visibility into the other reviewer’s judgments. This helps
reduce bias and increases objectivity in the initial phases of study selection. Conflicts
between reviewers will be flagged automatically by Rayyan and subsequently resolved
through discussion with two other reviewers. If consensus cannot be reached, a third reviewer
(independent chair) will adjudicate. To assure consistency and transparency, all reviewers
will undergo a calibration exercise using a small sample of studies before formal screening
begins. At both the titles and abstracts stage and the full text stage, inter-rater reliability will
be calculated and expressed via Cohen’s Kappa statistic, scores range from —1 to 1 with
scores closer to 1 indicating stronger agreement. This exercise will help refine the application
of the inclusion/exclusion criteria and ensure a shared understanding of borderline cases. We

will share the full list of sources from the database searches and screening decisions by
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individual screeners. Bibliographic data (titles, abstracts, metadata) will be exported in RIS
and CSV formats, while screening decisions will be provided in a separate CSV/XLSX file.
All files will be uploaded to an open-access repository, like OSF, upon manuscript

submission or acceptance.

Data Extraction

In the training and calibration stage, a small sample of studies (5-10%) will be independently
extracted by all reviewers using the draft form, with discrepancies discussed and resolved to
refine the protocol. In the primary data extraction stage, two reviewers will independently
extract key data (e.g., means, standard deviations [SDs], TMS parameters, demographics,
outcomes) using a standardised form. In the risk of bias (RoB) and methodological quality
extraction stage, two reviewers will independently assess study-level risk of bias using tools
like the Cochrane RoB tool, with discrepancies resolved through discussion. In the
reconciliation and verification stage, discrepancies will be resolved through discussion or
adjudication by a third reviewer, with final data entered into the meta-analysis dataset.
Optional Al/computer-assisted support may assist in identifying relevant text or extracting
bibliographic metadata, but all outputs will be verified by human reviewers. All stages will be

conducted by humans, with Al support supervised by humans.

Data extraction will follow PRISMA guidelines and Cochrane Handbook procedures, using
the standardized form provided in the OSF project

(Data_ Extraction Form TMS LongCOVID.xlsx). Only data related to long COVID/Post-
COVID, as defined by the study authors, will be extracted, with missing data marked as "NR"
and flagged for follow-up. Primary study information, including bibliographic details
(author(s), year, title, journal, country, and institution), study design (e.g., RCT, quasi-

experimental), and setting (e.g., clinical, academic), will be recorded. Participant
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characteristics such as mean age, age range, sex/gender distribution, time since acute
COVID-19, severity of initial infection, and comorbidities will be extracted. Intervention
details, including TMS protocol type, stimulation site, frequency, intensity, session number,
neuronavigation use, and treatment duration/schedule, will also be recorded. Comparator
groups, including control conditions (e.g., sham TMS, standard care, waitlist/no treatment),
will be described. Clinical outcomes (e.g., fatigue, cognitive function, mood, sleep, quality of
life, symptom improvement) and statistical data (e.g., means, SDs, sample sizes, p-values,
effect sizes) will be extracted, along with follow-up data and adverse effects. Risk of bias will
be assessed using the Cochrane Risk of Bias 2.0 tool, covering domains such as
randomisation, blinding, attrition, and selective reporting. Ambiguous data will be flagged for
discussion, and assumptions or clarifications will be noted in comments, with no estimation
of missing data unless explicitly instructed. All numerical entries will be double-checked
prior to submission, and a second reviewer will verify the data, resolving discrepancies
through discussion or adjudication by a third reviewer. Completed forms will be saved and
uploaded to the OSF folder following the naming convention:

StudyID Extractorlnitials Extraction.xIsx.

Each round of data extraction will be conducted by two independent extractors working in
parallel, covering study characteristics, TMS intervention details, participant data, clinical
outcomes, and risk of bias assessments. Extractors will receive standardised training and
work independently, with results compared and discrepancies reconciled through discussion.
A third reviewer will adjudicate if disagreements persist. Inter-rater reliability will be
assessed during training using Cohen’s kappa for categorical variables and ICCs for
continuous variables, based on a subset of studies. These results will inform adjustments to
the extraction form and training. In each data extraction round, two independent extractors

will compare their entries side by side, with differences highlighted automatically. They will

Page | 13


https://doi.org/10.1101/2025.06.05.25329096
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2025.06.05.25329096; this version posted June 6, 2025. The copyright holder for this preprint

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY 4.0 International license .

then discuss discrepancies, referring to source material and instructions, to reach consensus.
If they cannot agree, a third senior reviewer will adjudicate, reviewing the relevant
documents and providing a final decision, recorded in the reconciliation log. All
discrepancies and resolutions will be documented. Systematic discrepancies will be analysed
to update the extraction protocol if needed. Once reconciled, the data will be finalised for

analysis and included in the meta-analytic dataset.

Data Analysis and Presentation

The meta-analysis will focus on estimating the overall effect of rTMS on long COVID/Post-
COVID symptoms, such as fatigue, cognitive dysfunction, and mood disturbances. Effect
sizes from continuous outcomes will be standardised (e.g., Hedges’ g or standardised mean
difference), and odds ratios will be used for dichotomous outcomes when applicable. A
random-effects model will be used throughout, with analyses conducted in R Studio using the
metafor package. Heterogeneity will be assessed via I2, Cochran’s Q, and tau’ statistics.
Subgroup analyses will explore variations in TMS protocols, participant characteristics (e.g.,
age, sex, COVID-19 severity), study features, and symptom domains. Moderator analyses
will assess how TMS parameters and participant traits influence outcomes, and the impact of
risk of bias will be tested through sensitivity analyses. Additional sensitivity checks will
examine the effects of excluding high-risk studies, handling missing data, and
methodological quality. Where available, follow-up data will be used to assess treatment
durability, and adverse effects will be summarised qualitatively or quantitatively. If data
allow, meta-regression will be used to examine relationships between continuous variables
(e.g., number of sessions) and effect sizes. In cases of missing or insufficient data, planned
analyses will be adjusted and limitations clearly reported. Results will be presented using
forest and funnel plots, and a GRADE profile will summarise the quality of evidence for each

outcome. Conclusions will be based on a level, confidence intervals, and effect sizes. Effect
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sizes will be interpreted using thresholds: Cohen’s d > 0.20 as small but meaningful, > 0.50
as moderate, and > 0.80 as large; ORs or RRs > 1.5 will indicate clinical relevance for
dichotomous outcomes. High heterogeneity (/2> 50%) will prompt cautious interpretation
and exploration through subgroup or moderator analyses. The GRADE framework will guide
the confidence in conclusions, depending on evidence quality. For rTMS to be considered
clinically useful for long COVID, we expect consistent small-to-moderate effects across key
outcomes like fatigue and cognitive dysfunction. If subgroup findings show stronger effects
in specific populations or symptom domains, these will be highlighted. Adverse effects, if
present in >10% of participants, will temper conclusions. If a saturation point is reached (5—
10 studies) and new data do not significantly shift results, findings will be considered stable.
Long-term follow-up data (>3 months) will strengthen conclusions on durability. Lastly,
evidence of publication bias will lead to more cautious interpretation regarding the

generalisability of results.

Discussion

This meta-analysis protocol aims to assess the therapeutic effectiveness of rTMS in the
treatment of post-COVID-19 symptoms. With growing application of these techniques,
particularly rTMS, in individuals with long COVID (3) and related conditions (22-24), an
up-to-date meta-analysis is warranted. The decision to conduct a meta-analysis arose from the
need to identify key symptom outcomes of rTMS, including parameters such as frequency,
intensity, safety, target sites, and existing gaps in the current literature. This protocol is not a
critical appraisal of studies due to the emerging nature of the field but aims to provide an
overview of the available research. The review will highlight the efficacy of TMS in
managing long COVID symptoms like fatigue, cognitive dysfunction, and mood

disturbances, helping to inform future research directions and clinical practice. By providing
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355  context to current findings, this research can guide future studies to enhance treatment

356 effectiveness for long COVID.

357  Project Timeline

358  The estimated project timeline includes screening of titles, abstracts, and full texts from June
359  to August 2025, followed by data extraction from August to October 2025. Results are
360 expected by November 2025. During this period, we will update our database searches to

361  identify any newly published studies that meet our inclusion criteria.
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