
Article Discovery Medicine 2025; 37(199): 1572–1585
https://doi.org/10.24976/Discov.Med.202537199.136

Copyright: © 2025 The Author(s). Published by Discovery Medicine. This is an open access article under the CC BY 4.0 license.
Note: Discovery Medicine stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.

In Silico Analysis Reveals Overlapping Molecular
Mechanisms Between COVID-19 and
Attention-Deficit/Hyperactivity Disorder
Ma. Mikaella Rosales1, Sohi Kang2, Mary Jasmin Ang1,*, Changjong Moon3,*
1College of Veterinary Medicine, University of the Philippines Los Baños, 4031 Los Baños, Philippines
2College of Medicine and Institute of Health Sciences, Gyeongsang National University, 52727 Jinju, Republic of Korea
3College of Veterinary Medicine and BK21 FOUR Program, Chonnam National University, 61186 Gwangju, Republic of Korea
*Correspondence: mcang3@up.edu.ph (Mary Jasmin Ang); moonc@chonnam.ac.kr (Changjong Moon)
Published: 20 August 2025

Background: Coronavirus disease 2019 (COVID-19) has been increasingly associated with neurological complications,
mainly through mechanisms involving neuroinflammation and cytokine dysregulation. Attention-deficit/hyperactivity disorder
(ADHD), a neurodevelopmental disorder with known immunological and neurotrophic components, has emerged as a poten-
tial risk factor for adverse COVID-19 outcomes. This study investigates the genetic interplay between COVID-19 and ADHD
using in silico methods, aiming to identify shared molecular pathways and uncover convergent mechanisms that may inform
pathophysiology, risk stratification, and potential therapeutic interventions.
Methods: Genes associated with COVID-19 and ADHD were retrieved from the DisGeNET database. Shared genes were iden-
tified using FunRich software, and protein-protein interactions were analyzed using the Search Tool for Retrieval of Interacting
Genes database. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses were performed
to further elucidate the shared molecular mechanisms.
Results: Overall, 216 overlapping genes, including key genes, such as neuropilin-1, brain-derived neurotrophic factor, insulin-like
growth factor 1, and interleukin-6, were identified. These genes were involved in three key functional categories: (1) vascular
and endothelial function, (2) neurodevelopment and synaptic activity, and (3) immune modulation and inflammatory response
generation. These findings indicate the potential shared molecular mechanisms between COVID-19 and ADHD.
Conclusions: The identified overlapping genes highlight potential therapeutic targets for both conditions. The study underscores
the significance of their shared molecular pathways and proposes the use of animal models to validate these genetic associations.
Further investigation into these pathways may inform strategies for disease prevention and management of COVID-19 and
ADHD.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
raises global concern not only for its immediate health ef-
fects but also for its long-term effects on human physiology,
particularly the central nervous system. Although early re-
search focuses primarily on respiratory symptoms, increas-
ing evidence shows that SARS-CoV-2 can affect the brain
through mechanisms involving cytokine storms, neuroin-
flammation, and neurovascular dysfunction [1–4].

Attention-deficit/hyperactivity disorder (ADHD), a
common neurodevelopmental disorder characterized by
inattention, impulsivity, and executive dysfunction, is
linked to immune dysregulation and aberrant neurotrophic
signaling [5]. ADHD serves as a focal comparator in this
study due to its well-established immunoneurological pro-

file and emerging evidence of heightened vulnerability to
COVID-19-related neurocognitive complications. Obser-
vational studies [6,7] report that individuals with ADHD
experience elevated risks of infection, severe COVID-
19 outcomes, and long-term neuropsychiatric sequelae—
possibly mediated by shared molecular mechanisms such
as disrupted cytokine signaling and impaired neurovascu-
lar integrity. Additionally, pathway analysis has revealed
that shared genes between COVID-19 and ADHD may ex-
acerbate COVID-19 symptoms in ADHD patients through
immune-related pathways [8].

According to the WHO, ADHD prevalence in South-
east Asia ranges from 5% to 18%, which is in contrast with
the global estimate of 7% to 7.6% among children and ado-
lescents [9,10]. A behavioral study on the association be-
tween ADHD and COVID-19 have reported higher infec-
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Fig. 1. Google search trends for COVID-19 and ADHD-related terms. Line graphs depict the global relative search trends for
“ADHD symptoms”, “ADHD test”, and “Symptoms of COVID-19” from 1 January, 2015, to 1 January, 2024. Abbreviations: ADHD,
attention-deficit/hyperactivity disorder; COVID-19, coronavirus disease 2019.

tion rates in ADHD patients compared to non-ADHD pop-
ulations [6]. However, these findings are attributable to
the psychological impact of COVID-19 rather than an im-
munoneurological relationship between the two conditions.
This highlights the need for a genetic approach to elucidate
the significant molecular overlap between the two condi-
tions.

Given its global prevalence and distinct immuno-
logical profile, ADHD provides a relevant framework
for examining potential molecular overlap with COVID-
19. This study investigates whether the two conditions,
despite their differing etiologies, share convergent ge-
netic and molecular features that could explain observed
clinical parallels. Genetic studies on COVID-19 have
largely focused on its associations with respiratory dis-
eases, such as asthma, implicating genes including Al-
pha 1-3-N-acetylgalactosaminyltransferase and alpha 1-3-
galactosyltransferase (ABO) and ataxin-2 (ATXN2) in sus-
ceptibility [11]. However, the genetic relationship between
COVID-19 and ADHD remains underexplored.

The pandemic also underscores the utility of in sil-
ico methodologies in biomedical research. These tools
have been essential in analyzing the SARS-CoV-2 struc-
ture, identifying drug targets, and optimizing clinical trial
design [12–14]. Techniques such as gene expression pro-
filing and machine learning offer powerful means to deci-
pher the molecular underpinnings of complex diseases. De-

spite the availability of robust genomic databases, few stud-
ies have utilized these resources to explore genetic over-
laps between COVID-19 and ADHD. This study leverages
these approaches to efficiently assess genetic correlations
and their translational relevance.

Parallel to growing academic interest, public attention
to ADHD surged during the pandemic. Google Trends data
show a significant increase in global searches for “ADHD
symptoms” and “ADHD tests” during 2022–2023, suggest-
ing heightened awareness and potentially greater symptom
recognition. Although these data do not establish causal-
ity, they reflect shifting health-seeking behaviors during
the pandemic. Restricted access to healthcare led to in-
creased reliance on digital platforms for medical informa-
tion. Google Trends offers valuable insights into public in-
terest, but it has limitations, including anonymized data and
demographic exclusions [15–17].

Fig. 1 illustrates the trajectory of global search interest
from 2015 to 2024, with notable spikes in ADHD-related
queries peaking in 2023 and COVID-19 symptom-related
searches reaching their highest point in July 2020. These
patterns support the hypothesis that the pandemic may have
amplified public and clinical attention to ADHD, driving
further investigation into the shared biological mechanisms
between the two conditions.

Therefore, this study aims to identify and character-
ize the shared molecular pathways linked to COVID-19 and
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Fig. 2. Schematic representation of the in silico analysis conducted in this study. The flowchart outlines the methodology. Genes
related to COVID-19 and ADHD were obtained from DisGeNET while overlapping genes were identified using FunRich. The identified
gene sets were analyzed in STRING to construct PPI networks. Gene set enrichment analyses were performed using GO and KEGG
pathways. To further visualize PPI enrichment, GOnet and PRISM were used. Additionally, findings from existing studies on shared
Molecular Functions between COVID-19 and ADHD were compared. Abbreviations: ADHD, attention-deficit/hyperactivity disorder;
COVID-19, coronavirus disease 2019; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein
interaction; STRING, Search Tool for Retrieval of Interacting Genes.
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ADHD by identifying genes associated with both condi-
tions, analyzing their protein-protein interaction (PPI) net-
works, and investigating underlying biological functions
and molecular mechanisms. By integrating findings from
contemporary genetic databases, this study could enhance
our understanding of the molecular overlap between these
two conditions and offer a foundation for future research on
targeted therapeutic strategies.

Materials and Methods

To investigate molecular commonalities between
COVID-19 and ADHD, we conducted an in silico bioin-
formatics analysis (Fig. 2). This comprehensive approach
integrated gene selection, PPI network construction, func-
tional enrichment, and literature-based prioritization to de-
lineate overlapping molecular mechanisms.

Data Selection and Data Acquisition
Gene selection was performed using the DisGeNET

database (https://www.disgenet.com), a curated platform
that integrates gene-disease associations (GDAs) frommul-
tiple sources. Searches were conducted on 20 February,
2024, using the official disease terms “COVID-19” and
“Attention Deficit Hyperactivity Disorder”. Inclusion was
limited to Homo sapiens genes with a GDA score ≥0.1.
To ensure robustness, genes were included only if statis-
tically significant findings were reported by at least two in-
dependent studies (p < 0.05 with confidence intervals ex-
cluding zero). Studies with small sample sizes or prelimi-
nary data lacking empirical validation were excluded. The
resulting gene lists were analyzed using FunRich software
(http://funrich.org/), and overlapping genes were identified
via Venn diagram analysis.

Protein-Protein Interaction Data
In total, 216 genes common to COVID-19 and ADHD

were analyzed using the Search Tool for Retrieval of Inter-
acting Genes (STRING) database (v11.5; https://string-db.
org/) to construct a PPI network. Default STRING param-
eters with a medium confidence score cutoff (≥0.4) were
employed. The interaction network was used to assess gene
connectivity and identify clusters suggestive of shared bio-
logical pathways.

Functional Enrichment Analysis (Gene Ontology and
Kyoto Encyclopedia of Genes and Genomes
Pathway)

To characterize the functional roles of the overlapping
genes, enrichment analysis was performed using STRING.
Enrichments were classified into Gene Ontology (GO)
Molecular Function, GO Cellular Component, GO Bio-
logical Process, and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways. The top 20 enriched terms
in each category were selected for further analysis.

GO analysis was conducted using the GO database
(https://geneontology.org), a standardized cross-species re-
source describing gene functions [18,19]. KEGG analysis
was performed via the KEGG database (https://www.kegg
.jp), which integrates genomic data with higher-order func-
tional information [20,21]. To control for false positives,
enrichment p-values were adjusted utilizing the Benjamini-
Hochberg false discovery rate (FDR) correction method.

To validate the findings, a parallel enrichment anal-
ysis was conducted using g:Profiler (https://biit.cs.ut.ee/gp
rofiler), applying the same significance threshold (adjusted
p-value < 0.05). Analyses encompassed GO Biological
Processes, Molecular Functions, Cellular Components, and
KEGG pathways, withHomo sapiens specified as the refer-
ence organism. This two-platform strategy ensured robust
and reproducible identification of shared molecular path-
ways.

Summary and Visualization of Results
Results were visualized using GOnet, a web-based

tool for interactive GO annotation and enrichment anal-
ysis [22]. A stringent q-value threshold (q < 0.05) was
employed, and genes were grouped according to cerebral
cortex expression levels to underscore potential neurobio-
logical relevance. Supplementary analyses and data visu-
alization were conducted using GraphPad Prism (version
8.0.0; GraphPad Software, San Diego, CA, USA; https:
//www.graphpad.com). Only statistically significant GO
terms and KEGG pathways were retained to ensure biolog-
ical interpretability.

Data Comparison and Analysis
To further contextualize the shared genes, literature-

based gene prioritization was performed. Each of the 216
overlapping genes was queried in Google Scholar using the
format: “[gene name] AND (COVID-19 OR SARS-CoV-2)
ANDADHD”. Genes were considered relevant if supported
by at least two independent, peer-reviewed studies provid-
ing mechanistic insights, such as altered expression, molec-
ular interactions, or demonstrated functional roles. Spec-
ulative mentions or citations from review articles lacking
primary data were excluded. This rigorous approach identi-
fied four key candidate genes—neuropilin-1 (NRP1), brain-
derived neurotrophic factor (BDNF), insulin-like growth
factor 1 (IGF-1), and interleukin-6 (IL-6)—consistently im-
plicated in both COVID-19 and ADHD.

Results

Overview of Common Genes Between COVID-19
and ADHD

Using DisGeNET, genes associated with COVID-
19 and ADHD were identified and analyzed to uncover
shared biological functions. FunRich mapped 1627 of 1843
COVID-19-related genes and 626 of 842 ADHD-related
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Fig. 3. PPI networks of overlapping genes between COVID-19 and ADHD generated using STRING. This shows interactions
among the 216 shared genes. Hub genes such as IL-6, BDNF, IGF-1, and NRP1 indicate key roles in immune, neurodevelopmental, and
vascular processes common to both conditions. Abbreviations: ADHD, attention-deficit/hyperactivity disorder; BDNF, brain-derived
neurotrophic factor; COVID-19, coronavirus disease 2019; IGF-1, insulin-like growth factor 1; IL-6, interleukin 6; NRP1, neuropilin 1;
PPI, protein-protein interaction; STRING, Search Tool for Retrieval of Interacting Genes.

genes, revealing 216 genes common to both conditions (Ta-
ble 1). GDA scores for these 216 genes varied in strength.
For the four genes selected for detailed discussion, the
GDA scores were as follows: BDNF (COVID-19: 0.4,
ADHD: 0.4), NRP1 (COVID-19: 0.35, ADHD: 0.1), IGF-1
(COVID-19: 0.3, ADHD: 0.35), and IL-6 (COVID-19: 1.0,
ADHD: 0.2). Although some ADHDGDA scores were rel-
atively low, these genes were retained due to their biologi-
cal relevance to overlapping pathways involved in immune
signaling and neurodevelopment.

Table 1 differentiate between “mapped genes” used in
enrichment analysis from “recognized genes” supported by
prior empirical evidence, helping to distinguish computa-
tional findings from previously established associations.

Interaction Networks Between COVID-19 and
ADHD

PPI analysis using the STRING database revealed a
network comprising 208 nodes and 240 edges, with an av-
erage node degree of 2.31 and a local clustering coefficient
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Fig. 4. Network illustrating the GO functional enrichment analysis of Molecular Function pathways in genes shared between
COVID-19 and ADHD. The analysis reveals enrichment for cytokine receptor binding, neurotrophic factor activity, and growth factor
binding, highlighting the immune-neurotrophic axis. The eight genes displayed on the right represent individual gene nodes that are highly
expressed in the cerebral cortex (indicated by color intensity) and are functionally enriched within the Molecular Function category
of the GO analysis despite not being directly connected to other genes included in the network. Abbreviations: ADHD, attention-
deficit/hyperactivity disorder; COVID-19, coronavirus disease 2019; IL-6, interleukin-6.

Table 1. Number of mapped and recognized genes for
COVID-19 and ADHD and the total number of shared genes

between the two diseases.
Disease Mapped

genes
Recognized

genes
Common
genes

COVID-19 1843 1632
216

ADHD 842 752
“Mapped genes” are those identified through our com-
putational pipeline and successfully annotated for sub-
sequent analyses. “Recognized genes” are those pre-
viously reported in peer-reviewed studies as asso-
ciated with the respective condition(s). Abbrevia-
tions: ADHD, attention-deficit/hyperactivity disorder;
COVID-19, coronavirus disease 2019.

of 0.332 (Fig. 3). The expected number of edges was 78,
and the enrichment p-value was <1.0 × 10−16, indicating
significant interaction beyond chance.

Functional and Pathway Enrichment Analyses of
Gene Products Between COVID-19 and ADHD

GO enrichment analysis was performed across the Bi-
ological Process, Molecular Function, and Cellular Com-
ponent categories using GOnet. Functional terms are
displayed in green boxes, with darker shades indicating
stronger correlations. Gene expression levels in the cerebral
cortex are color-coded from blue to red. Figs. 4,5,6 lists the
genes associated with enrichment terms in each GO cate-
gory. All enrichment analyses, including KEGG pathways,
were corrected for multiple testing using the Benjamini-
Hochberg FDR method, reducing the risk of false positives
[23]. Bar graphs summarize the top 20 enriched GO and
KEGG pathways, with yellow bars representing p-values
and gray bars indicating gene counts.

Fig. 7 illustrates the enriched terms and associated
genes in the GO Molecular Function, GO Cellular Compo-
nent, GO Biological Process, and KEGG pathways. Ad-
ditionally, Supplementary Tables 1–4 provides detailed
gene lists corresponding to each enrichment term across all
analyzed categories.

https://www.discovmed.com/
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Fig. 5. Network illustrating the GO functional enrichment analysis of Cellular Component pathways in genes shared between
COVID-19 andADHD.The analysis reveals enrichment in plasmamembrane-bound and synaptic vesicle-associated proteins, consistent
with roles in neural communication and signal transduction. Abbreviations: ADHD, attention-deficit/hyperactivity disorder; COVID-19,
coronavirus disease 2019; BDNF, brain-derived neurotrophic factor.

Systemic Review of Common Genes Between
COVID-19 and ADHD

To identify genes of functional relevance to COVID-
19 and ADHD, we employed a systematic, two-step filter-
ing strategy. First, 216 overlapping genes were identified
using a DisGeNET-based in silico pipeline. Second, each
gene underwent a structured literature review to determine
whether prior peer-reviewed studies provided mechanistic
or empirical evidence of its involvement in both conditions.
Only genes supported by at least two independent studies
per disorder were retained, while those cited in speculative
or low-evidence contexts were excluded to minimize bias
and strengthen interpretation.

Although certain genes, such as IL-6, are widely im-
plicated in inflammatory responses and immune activation,
their recurrence across both conditions may indicate con-
vergence at key regulatory nodes within shared biological
pathways rather than being specific to one condition. Ac-
cordingly, the final gene list prioritized biologically plausi-
ble candidates with consistent cross-condition relevance.

Based on these criteria, four genes—NRP1, BDNF,
IGF-1, and IL-6—were selected for in-depth analysis. Each
gene was mapped to one or more of three functional do-
mains central to both disorders: (1) vascular and endothelial
regulation, (2) neurodevelopment and synaptic plasticity,
and (3) immune modulation and inflammatory response.

These shared genes were identified from aggregated
datasets and were not stratified by phenotype, age, sex, or
disease severity. Given the clinical and demographic het-
erogeneity of ADHD and COVID-19, the functional rele-
vance of these genes may vary across subgroups. There-
fore, the findings presented here are intended to generate
hypotheses that should be validated in more targeted, strat-
ified clinical and experimental cohorts.

Discussion

This study identifies overlapping molecular mecha-
nisms underlying the genetic interplay between COVID-19
and ADHD. Although both conditions have distinct etiolo-
gies, our findings suggest convergence on shared biolog-
ical pathways related to immune modulation, neurodevel-
opment, and vascular function. However, we acknowledge
the substantial phenotypic heterogeneity of both disorders.

ADHD presents in multiple subtypes with varying
cognitive and behavioral profiles [24], while COVID-19
outcomes range widely depending on age, immune status,
and comorbidities [25]. Consequently, although the shared
genes identified are statistically enriched, their clinical rel-
evance may differ across subpopulations.

https://www.discovmed.com/
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Fig. 6. Network illustrating the GO functional enrichment analysis of Biological Process pathways in genes shared between
COVID-19 and ADHD. The network is dominated by pathways related to cytokine-mediated signaling, inflammatory responses, and
axon guidance—reflecting mechanisms involved in SARS-CoV-2 pathogenicity and ADHD neurodevelopmental anomalies. Abbrevia-
tions: ADHD, attention-deficit/hyperactivity disorder; COVID-19, coronavirus disease 2019.

This analysis does not stratify findings by phenotype,
age, or sex and it should be interpreted as a population-
agnostic framework. Genes such as IL-6 may reflect gen-
eral inflammatory responses rather than condition-specific
drivers [26]. Thus, this exploratory in silico approach of-
fers a foundation for future hypothesis-driven research, es-
pecially when experimental validation is not yet feasible.
Although the “common genes” strategy limits causal infer-
ence and may capture housekeeping or pleiotropic genes, it
remains valuable for identifying mechanistic intersections
[11,26].

Using a DisGeNET-guided pipeline, we identified 216
overlapping genes and selected four for further analysis—
NRP1, BDNF, IGF-1, and IL-6—based on their biologi-
cal plausibility and consistent representation in the peer-
reviewed literature [13,27–29]. These genes represent three
major biological themes relevant to both disorders: (1) vas-
cular and endothelial function, (2) neurodevelopment and
synaptic activity, and (3) immune modulation and inflam-
matory response.

Vascular and Endothelial Function
Vascular and endothelial integrity is critical in sys-

temic and neurological health. COVID-19 disrupts vascu-
lar function through endothelial damage, contributing to in-
flammation and coagulopathy [25]. ADHD is also linked
to altered neurovascular processes that may affect attention
and cognition [24].

NRP1 is a membrane-bound coreceptor involved in
angiogenesis and axon guidance [30,31]. It is expressed
in endothelial and neural cells and interacts with vascular
endothelial growth factors (VEGFs) and semaphorins [31].
NRP1 enhances SARS-CoV-2 infectivity by facilitating vi-
ral entry, functioning more efficiently than Angiotensin-
converting enzyme 2 (ACE2) and Transmembrane serine
protease 2 (TMPRSS2) in vitro [32,33]. In the nervous sys-
tem, NRP1 regulates thalamocortical axonmigration, an es-
sential process in neural circuit formation [34], which is dis-
rupted in ADHD and externalizing behavior disorders [35–
37]. Its role in viral pathogenesis and brain development
positions NRP1 as a promising candidate for dual therapeu-
tic targeting.

https://www.discovmed.com/


1580

Fig. 7. Top 20 enriched pathways of shared genes between COVID-19 and ADHD based on GO analysis. (A) Enriched Molecular
Function pathways. (B) Enriched Cellular Component pathways. (C) Enriched Biological Process pathways. (D) Enriched KEGG
pathways. Bar graphs display the top 20 enriched GO and KEGG pathways, along with corresponding p-values and gene counts for
COVID-19 and ADHD. Yellow bars indicate p-values, while gray bars denote the number of genes. Abbreviations: ADHD, attention-
deficit/hyperactivity disorder; COVID-19, coronavirus disease 2019; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Neurodevelopment and Synaptic Activity

COVID-19 and ADHD are associated with disrup-
tions in neurodevelopmental signaling. COVID-19 impairs
cognitive function through inflammation and altered neu-
rotrophic factor activity [38], while ADHD is characterized
by deficits in synaptic connectivity and dopaminergic sig-
naling [24].

BDNF plays a vital role in neuroplasticity, neurogene-
sis, and neuronal survival [24,38–40]. It is highly expressed
in the hippocampus and cortex and it circulates in periph-
eral blood [41]. A study by Petrella et al. [39] reports al-
tered Brain-derived neurotrophic factor (BDNF) levels in
symptomatic patients with COVID-19, with low levels pre-
dicting poor prognosis, particularly in adult males [42–44].
In ADHD, reduced BDNF activity is related to dysfunc-
tion in midbrain dopaminergic pathways and abnormalities
in the frontal-striatal-cerebellar and ventral limbic circuits
[45–47]. Adults with ADHD exhibit lower BDNF levels
[48], whereas children often show elevated levels [46,49],
suggesting developmental stage-specific effects. In animal
models, BDNF deficiency is linked to hyperactivity and be-
havioral phenotypes resembling ADHD [46].

IGF-1 is a neurotrophic and immunomodulatory
molecule primarily produced by the liver [50–52]. It influ-
ences long-term cell survival, growth, and immune cell ac-
tivation [53–55]. Elevated IGF-1 levels are associated with
milder COVID-19 symptoms in children [54,56], while re-
ductions correlate with disease progression [57,58]. IGF-

1 could also mitigate cytokine storms [57,58]. In ADHD,
IGF-1 levels are lower than those in healthy controls [59],
and treatment with stimulant medications may further sup-
press IGF-1 [60,61]. These changes may influence growth
and pubertal development, particularly in children [62,63].
Together, BDNF and IGF-1 exemplify neurodevelopmental
regulators with shared relevance to both disorders.

Immune Modulation and Inflammatory Response
Immune system dysregulation is central to COVID-

19 and ADHD. In this study, IL-6, a pleiotropic cytokine,
emerged as a highly connected gene associated with both
conditions. In COVID-19, IL-6 is a key driver of the
cytokine storm, contributing to acute respiratory distress
syndrome, disease severity, and mortality [64–67]. It is
produced by multiple immune cell types and it mediates
pro-inflammatory and anti-inflammatory responses [68–
70]. Overproduction leads to systemic inflammation and
coagulopathy [64].

In ADHD, elevated IL-6 levels correlate with cogni-
tive impairment and hyperactivity [26,71]. Polymorphisms
in IL-6 are linked to neurodevelopmental outcomes, poten-
tially through their effect on dopaminergic signaling [72–
74]. IL-6 also regulates neurotrophin activity, which may
influence learning and memory [75]. Although IL-6 is
not specific to either condition, its central role across en-
riched pathways, including “cytokine-mediated signaling”
and “JAK-STAT signaling” [69], makes it a strong candi-
date for further mechanistic and therapeutic investigation.

https://www.discovmed.com/
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Fig. 8. Schematic diagram illustrating the molecular mechanisms linking key genes to COVID-19 and ADHD. This integrative
figure synthesizes the findings of the study into a mechanistic map. It positions NRP1 at the interface of viral entry and axon guidance,
BDNF and IGF-1 in neurotrophic support and synaptic plasticity regulation, and IL-6 as a central mediator of immune dysregulation. Ab-
breviations: ADHD, attention-deficit/hyperactivity disorder; BDNF, brain-derived neurotrophic factor; COVID-19, coronavirus disease
2019; IGF-1, insulin-like growth factor 1; IL-6, interleukin 6; NRP1, neuropilin 1.

The convergence of NRP1, BDNF, IGF-1, and IL-6
across computational and empirical analyses supports the
hypothesis that COVID-19 and ADHD share underlying
vulnerabilities in immune regulation, neurodevelopment,
and vascular integrity. These genes are enriched in KEGG
and GO pathways, such as “VEGF signaling”, “axon guid-
ance”, “PI3K-Akt signaling”, “neurotrophin TRK receptor
signaling”, and “cytokine–cytokine receptor interaction”
[11–13,28,76]. Although supported by multiple in silico
analyses, our findings remain correlative. To validate these
hypotheses, future studies should incorporate experimen-
tal approaches, including gene knockdown or overexpres-
sion in animal models, transcriptomic profiling of human
cohorts using platforms such as GEO or ArrayExpress, cy-
tokine assays (e.g., ELISA, qPCR) using patient-derived
samples, and involve co-expression network and hub gene
analyses using ADHD and COVID-19 datasets. Moreover,
analyses stratified by age, sex, COVID-19 severity, and
ADHD subtype will be essential to contextualize the func-
tional relevance of these genes. The exclusion of broadly
expressed housekeeping genes may improve specificity in
further analyses.

Finally, the focus on four genes introduces selection
bias; however, our dual-filtering approach—combining
computational identification and structured literature re-
view (requiring ≥2 peer-reviewed studies per condition)—
enhances credibility. IL-6 and BDNF align closely with
enriched GO and KEGG terms, whereas IGF-1 and NRP1
occupy central roles in PPI networks and relevant signal-
ing pathways. Together, these findings support a biologi-
cally coherent model of convergence between COVID-19
and ADHD.

NRP1 facilitates SARS-CoV-2 entry and contributes
to endothelial dysfunction in COVID-19, while also reg-
ulating axonal guidance and neural circuitry related to at-
tention and behavior, implicating its role in ADHD. Like-
wise, BDNF and IGF-1 are crucial for neuronal survival
and immune regulation; disruptions in their expression are
associated with cognitive deficits and immune dysregula-
tion in both conditions. IL-6, a major cytokine, whose lev-
els are elevated during the COVID-19-induced inflamma-
tory response, also contributes to ADHD pathophysiology
by promoting neuroinflammation and behavioral dysregu-
lation. These convergent roles suggest that shared molecu-

https://www.discovmed.com/
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lar mechanisms may contribute to overlapping clinical fea-
tures and offer potential targets for integrated therapeutic
approaches. As illustrated in Fig. 8, NRP1, BDNF, IGF-
1, and IL-6 are involved in overlapping neuroimmune and
signaling pathways relevant to both COVID-19 andADHD,
highlighting their functional interconnectedness and thera-
peutic significance.

Although this study provides valuable insights, it re-
mains exploratory and relies exclusively on in silico anal-
yses and literature-based gene prioritization. Direct ex-
perimental validation processes—encompassing transcrip-
tomic profiling, clinical biomarker assessment, or mech-
anistic assays—were not conducted. Thus, the identified
genes should be considered putative candidates that could
be used to generate hypotheses rather than confirmed ther-
apeutic targets. Future studies should incorporate patient-
derived expression datasets, functional studies, and clinical
cohort analyses to assess the biological and translational rel-
evance of these genes.

Given the large number of identified overlapping
genes (n = 216), we applied a filtering strategy that pri-
oritized genes whose inclusion was supported by evidence
from at least two independent studies. This criterion was
used to enhance the robustness and translational relevance
of the highlighted targets by ensuring that the selection of
genes, including NRP1, BDNF, IGF-1, and IL-6, was sup-
ported by reproducible evidence across both COVID-19
and ADHD contexts. While this approach may omit po-
tentially novel or understudied genes, it allows for a more
focused analysis of genes for which existing evidence is
stronger, thereby improving the mechanistic clarity and
clinical interpretability of our findings. We acknowledge
this trade-off and have added a note to highlight this lim-
itation, to encourage future studies to explore the broader
gene set.

The identification of NRP1, BDNF, IGF-1, and IL-6
as overlapping genes across both COVID-19 and ADHD
highlights opportunities for translational research. These
genes may inform the development of biomarker-based di-
agnostics, risk stratification tools, and targeted therapies.
For example, IL-6, a pro-inflammatory cytokine elevated in
severe COVID-19, could serve both as a marker of neuroin-
flammatory vulnerability and as a therapeutic target through
existing IL-6 inhibitors. BDNF and IGF-1, which play
key roles in neuroplasticity and cognitive regulation, may
support interventions aimed at mitigating cognitive impair-
ments occurring commonly in both disorders. The involve-
ment of NRP1 in SARS-CoV-2 entry and neural signaling
suggests that its inhibition could simultaneously reduce vi-
ral neuroinvasion and support neurodevelopmental stability
in ADHD.

Future research should aim to validate these pathways
in clinical cohorts and explore gene-specific therapeutic
strategies. This includes evaluating NRP1 inhibitors for
their dual antiviral and neuroprotective effects, modulat-

ing BDNF and IGF-1 to enhance cognitive resilience, and
repurposing IL-6-targeted therapies in patients exhibiting
overlapping symptomatology. Such efforts can move us to-
ward precision medicine approaches that integrate molec-
ular insights into clinical management strategies for both
COVID-19 and ADHD.

Ultimately, validating these shared molecular targets
in clinical settings and assessing their therapeutic potential
through well-designed trials is imperative. Integrating ge-
nomic, clinical, and pharmacological data within interdis-
ciplinary frameworks will be essential to advancing pre-
cision medicine approaches. This approach may improve
risk stratification, inform individualized treatment strate-
gies, and optimize clinical monitoring, thereby enhancing
outcomes for patients affected by COVID-19, ADHD, or
both these conditions.

Conclusions

This study provides preliminary evidence of a genetic
link between COVID-19 and ADHD, highlighting shared
molecular mechanisms that may underlie overlapping neu-
rological and immune-related dysfunctions. Through an
in silico bioinformatics approach, we identified NRP1,
BDNF, IGF-1, and IL-6 as central genes involved in path-
ways related to vascular regulation, neurodevelopment, and
immune signaling. These genes are implicated in key Bi-
ological Processes such as viral entry, synaptic plasticity,
and inflammation, offering a potential explanation for co-
morbidity or shared pathophysiology between the two con-
ditions.

While exploratory, our findings demonstrate a cost-
effective and scalable strategy for uncovering mechanis-
tic overlaps between seemingly distinct disorders. We rec-
ommend that future studies use in vivo models or patient-
derived samples to experimentally validate the candidate
genes identified here. Overall, this work serves as a foun-
dation for gene prioritization and hypothesis generation,
particularly in early-stage or resource-limited research set-
tings, and provides a framework for advancing translational
studies at the intersection of infectious and neurodevelop-
mental disorders.
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