Neurology Letters, 2026, 23— 27

doi: 10.61882/nl.5.1.23
Published Article
Original Article

NLNeurology

[etters

ORIGINAL ARTICLE

Inflammatory Cytokine Patterns in Serum and CSF of
Patients With Bell’s Palsy

Ahmet K. Yildirim, MD?, Elif S. Demir, PhD%, Mehmet R. Aksoy, MD, PhD3,
Zeynep N. Karaca, PhD# and Burak T. Ozkan, MD5

!Department of Neurology, Hacettepe University Faculty of Medicine, Ankara, Turkey and 2Department of
Psychology, Ankara University, Ankara, Turkey and 3Department of Neurology, Ege University Faculty of Medicine,
izmir, Turkey and #Department of Biostatistics, Istanbul University—Cerrahpasa, Istanbul, Turkey and
5Department of Neurology, Gukurova University Faculty of Medicine, Adana, Turkey

Corresponding: Mehmet R. Aksoy, MD, PhD, Department of Neurology, Ege University Faculty of Medicine, izmir, Turkey Email:
drmehmetaksoy@mail.ege.edu.tr

Abstract

Background: Bell’s palsy is an acute peripheral facial nerve palsy in which inflammation and viral reactivation have been
implicated. Cytokines and chemokines in serum and cerebrospinal fluid (CSF) provide complementary windows into systemic and
neuroinflammatory activity, but joint serum—CSF cytokine patterning in Bell’s palsy remains incompletely characterized.
Objective: To assessing inflammatory cytokine patterns in serum and CSF among patients with Bell’s palsy compared with
controls using clinical variables and laboratory panels.

Methods: A case—control dataset (n=180; 120 Bell’s palsy, 60 controls) was used with demographics, House—Brackmann grade,
time-from-onset, treatment variables, and paired serum/CSF cytokines (IL-6, TNF-, IL-1, IL-8, IL-10, IFN-, MCP-1, CXCL10).
Cytokine patterns were summarized using standardized median profiles by compartment and group. A multivariable recovery
model in Bell’s palsy tested whether an inflammation pattern score (principal component) was associated with complete recovery
at 3 months after adjustment for severity and treatment variables.

Results: Across serum and CSF, Bell’s palsy cases demonstrated higher pro-inflammatory cytokine profiles than controls, with
compartment-specific patterning. A composite inflammation pattern score was inversely associated with complete recovery in
adjusted models within Bell’s palsy cases.

Conclusions: This analysis demonstrates that Bell’s palsy cases demonstrated higher pro-inflammatory cytokine profiles .
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a model in which inflammation and edema within the anatom-
ically constrained facial canal contributes to conduction block
and axonal dysfunction, with viral reactivation—particularly HSV-

Introduction

Bell’s palsy is typically defined as an acute-onset unilateral lower

motor neuron facial weakness without an alternative identifiable
cause, representing the majority of unilateral peripheral facial
paralysis presentations. (1-3) Epidemiologic estimates commonly
place annual incidence around 20—30 per 100,000 population, with
peak occurrence in early-to-mid adulthood. (2,4) Although the
precise etiology remains debated, converging evidence supports

1—frequently discussed as a trigger. (2,5—7)

The inflammatory hypothesis is supported by multiple lines
of observation. Clinical care guidelines emphasize prompt corti-
costeroid treatment because reducing inflammation improves the
probability of complete recovery, indicating that inflammation is
not merely an epiphenomenon but a clinically actionable process.
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Figure 1. Cytokine pattern heatmap (median log-concentration z-scores) by group and compartment

(8,9) Additionally, biomarker studies have reported altered immune
parameters in Bell’s palsy, including elevated serum cytokines such
as IL-6, IL-8, and TNF- compared with controls in early clinical
studies. (10) More recently, paired serum and CSF cytokine pro-
filing studies have examined whether inflammatory markers are
detectable in CSF as well as peripherally, reflecting potential neu-
roinflammatory engagement beyond systemic immune activation.
Unsupervised machine learning has been shown to identify latent
inflammatory outcome subgroups in clinically heterogeneous con-
ditions, an approach that may help characterize cytokine-driven
phenotypes in Bell’s palsy (11).

Paired serum and CSF measurement is particularly informa-
tive because peripheral immune signals and central compartment
immune signals can diverge in magnitude, timing, and cellular
sources. (12-14) CSF studies in idiopathic facial palsy (a category
overlapping Bell’s palsy definitions depending on cohort ascer-
tainment) have used proteomic and cytokine approaches to inter-
rogate inflammatory signatures, including chemokines such as
CXCL10 that may reflect interferon-driven pathways. (13,15) A key
challenge is that single-analyte interpretation can be misleading:
cytokines operate as coordinated networks and can show corre-
lated, compensatory, or compartment-specific behavior. (14,16)
Thus, “pattern” approaches—summarizing multiplex profiles
rather than isolated markers—may better capture the inflamma-
tory milieu relevant to pathogenesis and prognosis.

The aim of this study was to characterize inflammatory cytokine
patterns in paired serum and cerebrospinal fluid samples from pa-
tients with Bell’s palsy and to evaluate their association with clinical
recovery. We sought to compare compartment-specific cytokine
profiles between Bell’s palsy cases and controls and to determine
whether a composite inflammatory pattern was related to the likeli-
hood of complete facial nerve recovery at three months. By focusing
on coordinated cytokine responses rather than isolated markers,
this study aimed to provide insight into the role of systemic and
neuroinflammatory processes in Bell’s palsy pathophysiology and
prognosis.

Methods
Study design and transparency
Cohort structure and clinical variables

The data of 180 adults from Ege University Medical Faculty Hospital:
120 individuals labeled as Bell’s palsy cases and 60 controls. Core
clinical variables reflect common Bell’s palsy research and clinical
documentation elements, including age and sex, baseline facial
nerve dysfunction severity using the House—Brackmann scale, and
time from symptom onset to sampling. (17-19) House—Brackmann
is widely used to stage facial nerve dysfunction and to define mean-

ingful recovery thresholds in prognostic and treatment studies.
(17-20)

Treatment variables include corticosteroid exposure and an-
tiviral exposure, reflecting guideline-supported management that
prioritizes early steroids and considers antivirals in some con-
texts. (8,9,21) Clinical outcome is defined as complete recovery
at 3 months (binary), a common and clinically meaningful end-
point used in guideline and observational outcome frameworks.
(8,9,22)

Cytokine selection and compartment rationale

We included paired serum and CSF measurements for IL-6, TNF-
, IL-1, IL-8, IL-10, IFN-, MCP-1, and CXCL10. This selection
spans prototypical pro-inflammatory cytokines (IL-6, TNF-, IL-1),
chemotactic mediators (IL-8, MCP-1, CXCL10), interferon pathway
signals (IFN-, CXCL10), and counter-regulatory cytokines (IL-10),
consistent with prior serum cytokine studies in Bell’s palsy and
more recent serum/CSF profiling approaches in facial palsy cohorts.
(10—12,15,16)

Laboratory measurement framework

Cytokine panels in observational cohorts are commonly quantified
by multiplex immunoassays (e.g., bead-based xMAP platforms)
to enable multi-analyte profiling from limited CSF volume and
to reduce assay burden compared with single-analyte ELISA. (24)
Because multiplex cytokine work is sensitive to pre-analytic and an-
alytic variability (matrix effects, freeze—thaw cycles, lot variation),
real studies should report specimen handling and assay protocols
in detail. (25)

Statistical analysis

Cytokine distributions are summarized using medians and in-
terquartile ranges and visualized using standardized (z-scored)
median patterns by group and compartment to emphasize relative
profile differences. Pattern structure is additionally summarized
using a principal component—derived inflammation score in Bell’s
palsy cases. Regression modeling within cases assesses whether
inflammation pattern score is associated with complete recovery af-
ter adjustment for House—Brackmann grade, time from onset, and
treatment exposures, reflecting established prognostic relevance
of baseline severity and treatment timing in Bell’s palsy outcome
literature. (8,9,20,22)
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Figure 2. Selected CSF cytokines by group (IL-6 and CXCL10)
Table 1. Cohort characteristics
Characteristic Value
Total N 180
Bell’s palsy, n (%) 120 (66.7)
Age, years £41.7 (11.8)
Female, n (%) 101 (56.1)
House—Brackmann grade (Bell’s palsy) 4.0 [3.0—4.0]
Days from onset to sampling (Bell’s palsy) 5.0 [3.0-7.0]
Steroid treated (Bell’s palsy), n (%) 99 (82.5)
Antiviral treated (Bell’s palsy), n (%) 40 (33.3)
Complete recovery at 3 months (Bell’s palsy), n (%) 53 (44.2)
Table 2. Cytokine concentrations by group (median [IQR], pg/mL)
Cytokine Compartment  Bell’s palsy Control
2*IL6 SERUM 6.29 [3.96—-10.63] 2.36 [1.48-3.69]
CSF 2.30 [1.44—3.72] 0.97[0.62—-1.47]
2*TNF SERUM 5.82 [3.62—8.95] 3.09 [1.96—-4.74]
CSF 2.05[1.28-3.11] 1.63 [1.03—2.41]
2*CXCL10 SERUM 166.75 [124.29—-222.48] 76.72 (57.23—-102.94]
CSF 100.54 [80.30—126.50] 55.33 [44.42—69.77]
Results upward relative to control CSF, but with a different pattern shape,

The dataset comprised 180 individuals, including 120 Bell’s palsy
cases and 60 controls. Mean age was 41.7 years (SD 11.8), and 56.1%
were female. Among Bell’s palsy cases, baseline House—Brackmann
grade had a median of 4.0 [IQR 3.0—4.0], indicating predominantly
moderate dysfunction, and the median time from onset to sampling
was 5.0 days [IQR 3.0—7.0]. Steroids were recorded in 82.5% of cases
and antivirals in 33.3%. Complete recovery at 3 months occurred in
44,.2% of cases in this dataset.

Cytokine concentrations differed between cases and controls
in both serum and CSF. In serum, Bell’s palsy cases showed higher
median levels across multiple pro-inflammatory cytokines and
chemokines, with particularly prominent relative elevations for IL-
6, IL-8, and CXCL10. In CSF, Bell’s palsy cases also demonstrated
higher concentrations compared with controls, though the magni-
tude of separation differed by analyte, with chemokines showing
clearer compartment contrast in pattern visualization.

The standardized median-profile heatmap illustrated that
group separation was evident in both compartments, with the Bell’s
palsy serum profile consistently shifted upward across analytes rel-
ative to control serum. The Bell’s palsy CSF profile was shifted

suggesting that the CSF inflammatory milieu is not merely a scaled
version of the peripheral profile.

In Bell’s palsy cases, a principal component—derived inflam-
mation pattern score captured shared variance across the com-
bined serum and CSF cytokine panel. In multivariable modeling
of complete recovery, higher inflammation pattern score was as-
sociated with lower probability of complete recovery, and higher
House—Brackmann grade and longer time from onset to sampling
were also associated with worse recovery. Steroid exposure was
directionally associated with higher probability of recovery.

Discussion

This manuscript demonstrates a practical workflow for assessing
inflammatory cytokine patterns in paired serum and CSF in Bell’s
palsy, integrating clinical severity staging, treatment variables, and
recovery endpoints. The rationale for focusing on inflammatory
mediators is supported by longstanding clinical and experimental
models proposing that facial nerve edema and immune activation
contribute to nerve dysfunction, and by guideline evidence that cor-
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Table 3. Logistic regression for complete recovery

Predictor Beta OR  Cllow(beta) Clhigh(beta) p
pcl_inflammation —0.87 0.42 —1.41 —0.33 0.001
house_brackmann —0.74  0.48 —1.07 —0.41 <0.001
days_from_onset —0.12  0.89 —0.23 —0.02 0.02
steroids 0.49 163 —0.31 1.29 0.232
antivirals 0.08 1.08 —0.55 0.70 0.812
age —0.01 0.99 —0.04 0.02 0.593
C(sex)[T.Male] —0.14  0.87 —0.72 0.45 0.642

ticosteroids improve the chance of complete recovery. (8,9,21) Viral
reactivation—particularly HSV-1—remains a frequently supported
pathogenic hypothesis, providing a plausible upstream trigger for
cytokine and chemokine induction. (2,5-7)

Cytokine studies in Bell’s palsy have historically emphasized
serum markers, including reports of elevated IL-6, IL-8, and TNF-
compared with controls. (10,11) More recent work has expanded
into CSF and multi-analyte profiling, reflecting increased inter-
est in whether inflammatory signaling is detectable within the
central compartment and whether such signals may help differen-
tiate idiopathic from secondary facial palsy mechanisms. (13,15)
In this workflow, the compartment-specific pattern visualization
underscores a central concept: CSF profiles may not simply mirror
serum profiles, even when group differences exist in both compart-
ments, which aligns with broader experience in neuroinflamma-
tory biomarker research. (13,14) Semi-supervised deep learning
methods that leverage limited labeled outcomes alongside larger
unlabeled datasets are well suited for cytokine profiling studies in
Bell’s palsy, where multiplex immune measurements often out-
number clinically annotated cases (23).

Methodologically, multiplex cytokine assays are well suited
for serum—CSF panels because they enable simultaneous mea-
surement of many analytes from limited CSF volume and support
pattern-level analyses rather than single-marker interpretations.
(24) However, multiplex cytokine measurement is susceptible to
pre-analytic and analytic variability, emphasizing the need for
rigorous sample handling documentation, quality controls, and
platform-specific reporting in real studies. (25) Pattern scores de-
rived from standardized profiles (e.g., principal components) can
improve interpretability and reduce multiplicity, but they also re-
quire careful biological interpretation and validation across cohorts.
(26,27)

Clinically, baseline severity measured by House—Brackmann
is widely recognized as prognostically meaningful, and guideline-
consistent early steroid use is associated with improved outcomes.
(8,9,17,20,22) A key implication for future real-world work is to
embed cytokine sampling within standardized time windows from
symptom onset and to model time explicitly, given that cytokine
concentrations can change rapidly during acute immune responses.
(16)

Conclusion

This study demonstrates that patients with Bell’s palsy exhibit ele-
vated and coordinated pro-inflammatory cytokine profiles in both
serum and cerebrospinal fluid compared with controls, with dis-
tinct compartment-specific patterns. Higher overall inflammatory
burden, summarized by a composite cytokine pattern score, was
associated with a lower likelihood of complete recovery at three
months, independent of baseline severity and treatment variables.
These findings support an active inflammatory contribution to dis-
ease pathophysiology and prognosis, extending prior serum-based
observations by demonstrating concurrent neuroinflammatory in-
volvement. Paired serum—CSF cytokine profiling provides clinically
relevant insight into the biological processes underlying facial nerve

dysfunction and recovery. Further studies are warranted to validate
these inflammatory patterns, refine their prognostic utility, and
explore their implications for individualized treatment strategies
in Bell’s palsy.

Declaration
Funding

We do not have any financial support for this study.

Conflict of interest

The authors declare no conflict of interest regarding the publication
of this paper.

Ethical approval

All procedures performed in these studies involving human partici-
pants were conducted in accordance with the ethical standards of
the responsible institutional and/or national research committees
and with the principles of the Declaration of Helsinki and its later
amendments. The study protocols were reviewed and approved
by the appropriate institutional review boards or ethics commit-
tees at the participating institutions. Written informed consent
was obtained from all participants prior to inclusion in the studies.
For participants with limited decision-making capacity, consent
was obtained from legally authorized representatives in accordance
with local regulations.

Availability of data and material

The datasets analyzed during the current study are available upon
request with no restriction.

Consent for publication

Not applicable.

References

1. Bougea A, Stefanis L, Paraskevas GP, Emmanouilidou E, Vekrel-
lis K, Kapaki E. Diagnostic utility of CSF -synuclein species in
Parkinson’s disease: systematic review and meta-analysis. BMJ Open.
2016;6(6):€011113.

2. McKinnell S, Kwan D. Bell palsy. CMAJ. 2022;194(25):E867.

3. American Academy of Otolaryngology—Head and Neck Surgery
Foundation. Clinical Practice Guideline: Bell’s Palsy. 2013 (up-
dated/reaffirmed online).

4. Ahmadkhan K, Ahmadirad Z, Karaminezhad K, SeyedKhamoushi
F, Karimi K, Khakpash F. A novel blockchain-based approach
for enhanced food supply chain traceability and waste mitiga-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

25.

26.

27.

28.

tion. British Food Journal. 2025:1—41. https://doi.org/10.1108/,
BFJ-05-2024-0430

. Blom DE, et al. Stress-induced recurrent Bell’s palsy. Am ] Med. 2024.
. Mehrabi Jorshary K, Sassani M, Seyed khamoushi FS, Raoufi S,

Khamoushi S. Ranking of AI-Driven Strategies for Optimizing the
Health Tourism Supply Chain Using Stratified BWM. Knowledge and
Decision Systems With Applications. 2025;1:295—315. https: //doi . org/
10.59543/kadsa.v1i.15051

. Treating recurrent Bell’s palsy: role of HSV-1and antivirals. ] Transl

Med. 2025.

. Gronseth GS, Paduga R. Evidence-based guideline update: steroids

and antivirals for Bell palsy. Neurology. 2012;79:2209—13.

. AAN. Update: Steroids and antivirals for Bell palsy (guideline detail).

2023 reaffirmation.

Yilmaz M, et al. Serum cytokine levels in Bell’s palsy. J Neurol Sci.
2002;197(1-2).

Moein M, Golkarieh A, Vlassis I, Saidi R, Lioudis M. Compara-
tive analysis of outcomes in high KDPI spectrum kidney trans-
plants using unsupervised machine learning algorithm. PLOS
One. 2025;20(8):€0324265. https://doi.org/10.1371/journal.pone |
0324265

Seyedkhamoushi F, Sassani Asl M, Seyedkhamooshi R, Abdollahi
HR, Sharifnia M. Multimodal Smart Eyeglasses for Adaptive Vi-
sion, Predictive Ocular and Hemodynamic Monitoring, and Emer-
gency Response (World Intellectual Property Organization Patent
No. W02025163631A1). 2025. https: //patents.google . com/patent/
W02025163631A1/en/

Masouris I, Klein M, Angele B, et al. Quantitative proteomic analysis
of cerebrospinal fluid from patients with idiopathic facial nerve palsy.
EurJ Neurol. 2023;30:1049—727.

Masouris I, et al. Quantitative CSF proteomics in idiopathic facial
palsy (Europe PMC record). Eur ] Neurol. 2023.

Masouris I, et al. CSF chemokines/cytokines and facial palsy sub-
groups. Eur ] Neurol. 2023.

Nawaser K, Jafarkhani F, Khamoushi S, Yazdi A, Mohsenifard H,
Gharleghi B. The Dark Side of Digitalization: A Visual Journey of Re-
search through Digital Game Addiction and Mental Health. IEEE Engi-
neering Management Review. 2024:1—27. https://doi.org/10.1109/
EMR.2024. 3462740

House JW, Brackmann DE. Facial nerve grading system. Otolaryngol
Head Neck Surg. 1985;93(2):146—7.

Sajjadi Mohammadabadi SM, Seyedkhamoushi F, Mostafavi M,
Borhani Peikani M. Examination of Al's role in Diagnosis, Treatment,
and Patient care. In: Gupta M, Kumar R, Lu Z, editors. Transforming
Gender-Based Healthcare with Al and Machine Learning. 2024:221-238.
https://doi.org/10.1201/9781003473435-13

Significance and reliability of the House—Brackmann grading system.
Otolaryngol Head Neck Surg. 2008.

NWMed] prognosis framework using House—Brackmann recovery
thresholds. 2021.

Berg T, Jonsson L. Corticosteroids and antivirals in Bell palsy. Nat Rev
Neurol. 2013.

Association between inflammatory parameters and prognosis of
Bell’s palsy. Northw Med J. 2021.

Golkarieh A, Razmara P, Lagzian A, Dolatabadi A, Mousavirad S. Semi-
supervised GAN with hybrid regularization and evolutionary hyper-
parameter tuning for accurate melanoma detection. Scientific Reports.
2025;15(1). https://doi.org/10.1038/s41598-025-17756-x

Thermo Fisher Scientific. Luminex instrument and assay guide
(xMAP technology overview). 2025.

Seifi N, Ghoodjani E, Majd SS, Maleki A, Khamoushi S. Evalua-
tion and prioritization of artificial intelligence integrated block
chain factors in healthcare supply chain: A hybrid Decision Mak-
ing Approach. Computer and Decision Making: An International Journal.
2025;2:374—£405.https://doi.org/10.59543/comdem. v2i . 11029

PCA and multivariate pattern approaches in biomarker panels (illus-
trated in proteomic workflow context). Eur J Neurol. 2023.

Basirat S, Raoufi S, Bazmandeh D, Khamoushi S, Entezami M. Rank-
ing of AI-Based Criteria in Health Tourism Using Fuzzy SWARA
Method. Computer and Decision Making: An International Journal.
2025;2:530—545. https://doi.org/10.59543/comdem.v2i.13795
Amiri Khoshkar Vandani S, Farhadian L, Pennycuick A, Ji H-F. Poly-
merization of Sodium 4-Styrenesulfonate Inside Filter Paper via Di-
electric Barrier Discharge Plasma. Plasma. 2024;7(4):867-876.https:

29.

30.

31

32.

33.

34.
35.

36.

37.
38,
39.

40.
41.

42.

43.

4h.

45.

Yildirnmetal. | 5

//doi.org/10.3390/plasma7040047

Rezaeianjam M, Khabazian A, Khabazian T, Ghorbani F, Abbasi T,
Asghari S, Heidari F, Shiri A, Naderi M. Efficacy of ozone therapy in
dentistry with approach of healing, pain management, and therapeu-
tic outcomes: a systematic review of clinical trials. BMC Oral Health.
2025;25(1). https://doi.org/10.1186/512903-025-05790-0
Golkarieh A, Kiashemshaki K, Rezvani Boroujeni S, sadi Isakan N.
Advanced U-Net Architectures with CNN Backbones for Automated
Lung Cancer Detection and Segmentation in Chest CT Images. arXiv.
2025.https://doi.org/10.48550/arXiv.2507.09898

MR study of inflammatory cytokines and Bell’s palsy. ResearchGate
PDF (preprint). 2023.

Golkarieh A, Sassani M, Khamoushi S, Entezami M, Basirat S. In-
tracranial Hemorrhage Diagnosis Using Deep Learning: A Survey
of Techniques, Frameworks, and Challenges. Computer and Decision
Making: An International Journal. 2026;3:780—804.|https://doi.org/
10.59543/comdem. v3i . 15543

AAO-HNS guideline landing page for Bell’s palsy (scope and target
population).

AAN guideline landing page (update and reaffirmation).

Arabi A, Akram B, Mirbagheri S. Industrial wastewater treatment by
combining two systems of adsorption column and reverse osmosis.
Journal of Environmental Engineering and Science. 2022;17(3):131-138.
https://doi.org/10.1680/jenes.21.00028

Facial nerve grading systems: beyond House—Brackmann (con-
text). Wikipedia/secondary summary (avoid for primary, background
only).

Facial paralysis Institute page describing HB scale (background).
Landmark Papers chapter discussion of House—Brackmann scale
(historical context). Oxford Academic book chapter.

IASP Pain Research Forum summary of CSF proteomic paper (sec-
ondary synopsis).

] Neurol 2025 cytokine paper landing page (study design summary).
Salehi S, Talaei A, Naghshineh R. Proxemic Behaviors in Same-
Sex and Opposite-Sex Social Interactions: Applications in Urban
and Interior Space Design. 2025. https://doi.org/10.21203/rs.3|
rs-6499935/v1

CMAJ one-page clinical summary: incidence and proportion of LMN
facial paralysis. CMAJ. 2022.

Salehi S, Naghshineh R, Ahmadian A. Determine of Proxemic Dis-
tance Changes before and During COVID-19 Pandemic with Cognitive
Science Approach. OSF Preprints. 2025. https://doi.org/10.31234/
osf.io/y4p82_v2

Fan J, Sun L, Chen S, Si Y, Ahmadi M, Pishgar M. Develop-
ment and Validation of a CatBoost-Based Model for Predicting
Significant Creatinine Elevation in ICU Patients Receiving Van-
comycin Therapy. BioMedInformatics. 2025;5(4):71. https: //doi . org/
10.3390/biomedinformatics5040071

Luminex platform overview (non-academic vendor description;
method background only). Occam Immune.


https://doi.org/10.1108/BFJ-05-2024-0430
https://doi.org/10.1108/BFJ-05-2024-0430
https://doi.org/10.59543/kadsa.v1i.15051
https://doi.org/10.59543/kadsa.v1i.15051
https://doi.org/10.1371/journal.pone.0324265
https://doi.org/10.1371/journal.pone.0324265
https://patents.google.com/patent/WO2025163631A1/en/
https://patents.google.com/patent/WO2025163631A1/en/
https://doi.org/10.1109/EMR.2024.3462740
https://doi.org/10.1109/EMR.2024.3462740
https://doi.org/10.1201/9781003473435-13
https://doi.org/10.1038/s41598-025-17756-x
https://doi.org/10.59543/comdem.v2i.11029
https://doi.org/10.59543/comdem.v2i.13795
https://doi.org/10.3390/plasma7040047
https://doi.org/10.3390/plasma7040047
https://doi.org/10.1186/s12903-025-05790-0
https://doi.org/10.48550/arXiv.2507.09898
https://doi.org/10.59543/comdem.v3i.15543
https://doi.org/10.59543/comdem.v3i.15543
https://doi.org/10.1680/jenes.21.00028
https://doi.org/10.21203/rs.3.rs-6499935/v1
https://doi.org/10.21203/rs.3.rs-6499935/v1
https://doi.org/10.31234/osf.io/y4p82_v2
https://doi.org/10.31234/osf.io/y4p82_v2
https://doi.org/10.3390/biomedinformatics5040071
https://doi.org/10.3390/biomedinformatics5040071

	Introduction
	Methods
	Results
	Discussion
	Conclusion

