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Abstract 

This narrative review conceptually integrates neurodevelopmental and infectious disease research to 

examine whether shared metabolic and immune dysregulation provides a biologically plausible 

framework for understanding COVID-19 risk and recovery in individuals with Autism Spectrum 

Disorder (ASD). Rather than inferring causality, the aim is to critically evaluate existing evidence, 

identify gaps in current knowledge, and propose testable hypotheses to guide future longitudinal, 

mechanistic, and biomarker-driven investigations. By situating ASD within a systems-level 

metabolic–immune framework, this work seeks to inform more precise strategies for risk 

stratification and clinical monitoring in vulnerable populations. A structured literature search was 

conducted using PubMed, PsycINFO, ScienceDirect, and Scopus, covering publications from 2007 to 

2025. Search terms included ASD, COVID-19, cholesterol, glucose, ferritin, and white blood cells. 

Priority was given to peer-reviewed original research, reviews, and meta-analyses with mechanistic 

or biomarker relevance. Preclinical studies were included to support pathway-level discussion, while 

case reports and non-peer-reviewed sources were excluded.Evidence suggests overlapping 

biomarker patterns in ASD and COVID-19, including reduced HDL, elevated glucose, and increased 

neutrophil-to-lymphocyte ratios. Ferritin, often reduced in ASD, may rise during acute infection. 

These shared alterations underscore the importance of early biomarker monitoring and targeted 

intervention strategies. 

Keywords: autism spectrum disorder; COVID-19; cholesterol; glucose; neutrophil-to-lymphocyte 

ratio; ferritin 

1. Introduction

As the world continues to navigate the effects of the COVID-19 pandemic, increasing attention

has turned to its intersection with Autism Spectrum Disorder (ASD). Emerging studies suggest that 

individuals with ASD are at higher risk for both contracting COVID-19 and experiencing severe 

illness, potentially due to underlying immune dysregulation and chronic inflammation. 

Approximately 25% of individuals with ASD exhibit immune dysfunction, which may amplify 

COVID-19 severity or contribute to long-term complications such as long COVID (Al-Beltagi et al., 

2022; Eshraghi et al., 2020). A recent report also indicates a continued rise in ASD prevalence, with 

6.1 more children per 1,000 aged 8 years diagnosed in 2022 compared to 2020, representing a 22.2% 

increase (Shaw et al., 2025). 

In addition to well-documented behavioral challenges, ASD is increasingly recognized to 

involve physiological abnormalities, including immune and metabolic dysfunctions. Children with 

ASD have been reported to show elevated pro-inflammatory cytokines such as interleukin-6 (IL-6) 
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and tumor necrosis factor-alpha (TNF-α), suggesting a systemic pro-inflammatory state (Ashwood 

et al.,, 2011; Goines & Ashwood, 2013). Despite this, commonly available biomarkers of inflammation 

and metabolism, such as cholesterol, glucose, white blood cell (WBC) differentials, and ferritin, have 

received comparatively little attention in ASD, despite their known relevance in immune response 

and systemic health. Similarly, COVID-19 is characterized by profound systemic inflammation and 

immune activation. SARS-CoV-2 enters host cells via ACE2 receptors and initiates cascades that 

include cytokine storms, endothelial dysfunction, and metabolic disruption (Zhou et al., 2020; Huang 

C. et al., 2020). Disruption of lipid rafts, cholesterol-rich membrane domains essential for viral entry 

and signaling, has been implicated in both SARS-CoV-2 infection and in neuroinflammation observed 

in ASD (Lingwood & Simons, 2010; Palacios-Rápalo et al., 2021).  

Both ASD and COVID-19 have similar trends in reduced high-density lipoprotein (HDL), 

elevated blood glucose, increased neutrophil-to-lymphocyte ratio (NLR), and abnormal ferritin 

levels. For example, hypolipidemia has been noted in ASD and has similarly been associated with 

poor prognosis in COVID-19. Hyperglycemia and altered glucose metabolism are prevalent in ASD 

and significantly predict COVID-19 severity. Elevated NLR, a marker of systemic inflammation, is 

increased in both ASD and COVID-19. Finally, while ferritin is often low in ASD due to iron 

deficiency, it is markedly elevated in COVID-19 as an acute-phase reactant and may modulate 

immune responses during co-infection.  

In this review, we focus on four accessible and clinically relevant biomarkers, cholesterol, 

glucose, WBC differentials, and ferritin, to explore their similar trends in ASD and COVID-19. We 

highlight how metabolic and immune dysregulation indicated by these biomarkers may underlie 

vulnerability in individuals with ASD during the pandemic. Given the routine nature of these blood 

tests, this review also considers their potential utility in risk stratification and clinical management 

for ASD individuals facing SARS-CoV-2 exposure.  

2. Methods  

Although this was not a systematic review, a structured approach was used to identify relevant 

literature for this narrative review. Articles were sourced from major medical and psychological 

databases, including PubMed, PsycINFO, ScienceDirect, and Scopus, using combinations of 

diagnostic, metabolic, and immunological search terms related to Autism Spectrum Disorder (ASD), 

COVID-19, and potential common biomarker pathways. Search terms included “autism,” “ASD,” 

“COVID-19,” “SARS-CoV-2,” “cholesterol,” “glucose,” “ferritin,” “white blood cells,” “biomarkers,” 

and “immune-metabolic dysregulation.” The search included English-language publications from 

2007 to 2025. Earlier studies (2007–2010) were included to capture foundational research on ASD-

related biomarkers and early intervention studies, whereas the majority of the literature, particularly 

those addressing emerging immuno-metabolic biomarker trends in ASD and COVID-19, was 

concentrated between 2019 and 2025. Additional studies were identified through manual screening 

of reference lists in key papers and recent reviews.   

Priority was given to original research articles, reviews, and meta-analyses that examined at 

least one of the biomarkers of cholesterol, glucose, white blood cell differentials, or ferritin in relation 

to ASD, COVID-19, or both. Preclinical studies and translational research were also included to 

support mechanistic and pathophysiological discussion. Exclusion criteria included case reports, 

non-peer-reviewed material, conference abstracts, and studies without biomarker or mechanistic 

relevance to the focus of this review. Additionally, the selection of biomarkers was guided by 

evidence of their association with disease severity and underlying pathophysiology in ASD and 

COVID-19 research. Accordingly, all selected biomarkers have been reported to exert or reflect 

significant influences on immune and metabolic pathways, including mitochondrial function, 

oxidative stress, and inflammatory responses. Finally, biomarkers were chosen for their potential as 

common or prognostic indicators across ASD and COVID-19, which supports their relevance in 

exploring possibly convergent biological mechanisms.  

3. Results 

3.1. Emerging Evidence of Cholesterol Dysregulation in ASD and COVID-19  
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Cholesterol has been shown to play a critical role in maintaining cellular membrane integrity, 

immune signaling, and brain development (Orth et al., 2012; Aguilar-Ballester et al., 2021). 

Dysregulation of cholesterol metabolism is implicated in both ASD and COVID-19, with growing 

evidence pointing to similar mechanisms such as inflammation, membrane disruption, and lipid 

signaling abnormalities. Comparisons were made between cholesterol’s function in ASD and COVID 

[Table A1].  

3.1.1. Lipid Rafts and Membrane Function   

Cholesterol-rich lipid rafts are microdomains within cell membranes that regulate protein 

localization, signaling, and synaptic function. These are particularly vital in the central nervous 

system for neurotransmitter regulation and synaptic plasticity (Simons & Sampaio, 2011; Viljetić et 

al., 2024). In ASD, disrupted lipid rafts impair neuronal communication and may contribute to 

behavioral and synaptic abnormalities (Wang, 2014). Animal studies confirm that impairments in 

cholesterol synthesis alter lipid raft integrity, synaptic signaling, and can contribute to ASD-like 

behaviors, which are partially reversible with cholesterol normalization (Kalinowska et al., 2015; 

Sural-Fehr et al., 2019).  

SARS-CoV-2 exploits cholesterol-rich rafts for cell entry via ACE2 clustering. Disruption of lipid 

rafts with methyl-β-cyclodextrin blocks viral entry (Sorice et al., 2021). In high-cholesterol conditions, 

ACE2 localizes to GM1-rich entry points, enhancing viral infectivity (Wang et al., 2023). Thus, 

cholesterol status influences both neurodevelopment and viral susceptibility.  

3.1.2. Lipid Profile Abnormalities   

In ASD, dyslipidemia commonly presents as low HDL levels and abnormal apolipoprotein 

profiles, which have been associated with reduced adaptive functioning (Tierney et al., 2021; 

Benachenhou et al., 2019). However, findings across studies remain inconsistent, with some reporting 

elevated LDL levels or no significant lipid differences compared to controls, likely reflecting the 

substantial heterogeneity of ASD (Gaspar et al., 2024; Kim et al., 2010).   

These baseline lipid patterns are further influenced by multiple confounding factors within the 

ASD population, including phenotypic variation (Toma, 2020), dietary differences (Esposito et al., 

2023), medication use, and comorbid conditions, all of which may modulate lipid profiles. Moreover, 

the predominantly pediatric focus of many studies may bias observed cholesterol patterns, as lipid 

metabolism varies across developmental stages (Tierney et al., 2021; Benachenhou et al., 2019; Gaspar 

et al., 2024; Kim et al., 2010). In addition, while Alyaseen (2024) did not identify a significant 

association between lower socioeconomic status (SES) and low cholesterol levels in ASD patients, 

SES-related factors—such as variations in nutrition, metabolic health, and other physiological 

characteristics—may still contribute to differences in cholesterol profiles across ASD populations 

(Durkin et al., 2010).  

COVID-19 severity correlates with reduced HDL and LDL levels (Fan et al., 2020; Wei et al., 

2020; Ding et al., 2020; Tanaka et al., 2020). These changes stem from inflammatory cytokines that 

alter lipid metabolism and promote LDL oxidation (Al-Kuraishy et al., 2023). Low HDL is linked to 

prolonged viral shedding, and altered HDL may facilitate viral entry through ACE2 modulation 

(Kluck et al., 2021). Cyclodextrin-mediated raft disruption reduces ACE2 and furin localization, 

lowering infectivity (Wang et al., 2023).  

3.1.3. Inflammation and Oxidative Stress   

Both ASD and COVID-19 are characterized by inflammation and oxidative stress. In ASD, 

altered cholesterol metabolism coexists with disrupted ceramide pathways and mitochondrial 

dysfunction, correlating with symptom severity (Lingampelly et al., 2024; Goicoechea et al., 2023). In 

COVID-19, pro-inflammatory cytokines suppress lipoprotein lipase and reduce HDL synthesis 

(Masana et al., 2021). Oxidized HDL loses anti-inflammatory capacity and becomes pro-inflammatory 

(Kluck et al., 2021). This research suggests that ASD and COVID are alike in the metabolic-immune 

dysregulation that can partly stem from varied cholesterol levels in the two conditions. The 

inflammatory milieu of COVID-19 requires attention due to the possibility of exacerbation of 
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underlying immune abnormalities in ASD, making cholesterol metabolism both a valuable 

biomarker and potential intervention point.  

3.2. Glucose Dysregulation: Possible Mechanistic Links Between ASD and COVID-19  

Glucose metabolism is essential for both neurodevelopment and immune function. In ASD, 

insulin resistance and altered glucose levels have been associated with behavioral and cognitive 

impairments. In COVID-19, hyperglycemia is linked to worse outcomes due to its role in immune 

dysfunction and inflammation. SARS-CoV-2 may exploit high glucose conditions to enhance 

glycosylation of ACE2 receptors, facilitating viral entry and replication (Liu S. et al., 2020; Codo et al., 

2020). Comparisons were made between glucose’s function in ASD and COVID [Table A2]  

3.2.1. Systemic Inflammation and Insulin Resistance   

Both conditions exhibit systemic inflammation and insulin resistance. In ASD, insulin resistance 

may impair neuronal glucose uptake, contributing to altered brain connectivity and ASD symptoms 

(Manco et al., 2021). Children with ASD have been shown to exhibit higher HOMA-IR and abnormal 

fasting glucose and insulin levels (Zhang et al., 2019), pointing to early β-cell dysfunction. In COVID-

19, elevated glucose levels fuel pro-inflammatory cytokine production, further impairing insulin 

signaling (Logette et al., 2021). SARS-CoV-2 may infect pancreatic β-cells and suppress insulin 

secretion, compounding metabolic dysfunction (Michaels et al., 2024).   

3.2.2. Oxidative Stress and Glucose Dysregulation 

In both ASD and COVID-19, glucose dysregulation leads to elevated reactive oxygen species 

(ROS), damaging cellular structures and exacerbating inflammation. In ASD models, increased ROS 

impairs glucose uptake and disrupts brain function (Liu M. et al., 2023). In COVID-19, hyperglycemia 

intensifies oxidative stress and β-cell dysfunction (Soto et al., 2022), further destabilizing metabolic 

balance. 

3.2.3. Developmental Impacts and Long-Term Risks   

Individuals with ASD face elevated risk of diabetes, which may be linked to selective diets and 

medication effects (Sammels et al., 2022). Maternal hyperglycemia is also associated with increased 

ASD risk in offspring (Hoirisch-Clapauch & Nardi, 2019). In COVID-19, hyperglycemia during 

pregnancy or post-infection may induce lasting metabolic changes (Shestakova et al., 2022), 

suggesting long-term implications for children exposed to SARS-CoV-2 in utero.   

3.2.4. Glucose Transport and Therapeutic Targets    

Disrupted glucose transport is observed in ASD and COVID-19. In ASD, increased glycolysis in 

microglia contributes to neuroinflammation, which may be mitigated by 2-deoxy-D-glucose (2-DG) 

or mesenchymal stem cell-derived EVs (Qin et al., 2025; Cheng J. et al., 2021). Both clinical 

observations and animal studies have further proposed a “Warburg effect”–like metabolic shift in 

ASD pathology, in which elevated glycolysis may represent a risk factor for disease development 

(Qin et al., 2025). In COVID-19, SARS-CoV-2 similarly enhances host cell glycolysis to support viral 

replication, a mechanism that is also targetable by 2-DG (Codo et al., 2020; Huang Z. et al., 2022). 

These findings suggest glycolysis inhibition may offer dual therapeutic benefits.   

Collectively, glucose dysregulation may represent a key point of biological convergence between 

ASD and COVID-19; however, direct causal relationships cannot be inferred given the limited 

number of studies examining both conditions concurrently. In interpreting baseline glucose levels in 

individuals with ASD and COVID-19, it is also important to account for the effects of antipsychotic 

and other metabolically active medications, as well as the presence of co-occurring obesity or eating 

disorders, which are prevalent within the ASD population (Scahill et al., 2016; Micai et al., 2023). 

Consequently, therapeutic strategies targeting metabolic regulation and the reduction of oxidative 

stress may hold promise for alleviating inflammatory burden in both populations.  

3.3. White Blood Cell (WBC) Differentials: Immune Dysregulation in ASD and COVID-19  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 March 2026 doi:10.20944/preprints202603.0149.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0149.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 22 

 

Immune dysregulation is a key feature of both ASD and COVID-19, and white blood 

cell (WBC) profiles, particularly the neutrophil-to-lymphocyte ratio (NLR), offer accessible 

biomarkers for monitoring inflammatory status in both conditions. Comparisons were made 

between WBC parameters in ASD and COVID [Table A3]  

3.3.1. Elevated NLR in ASD and COVID-19  

In COVID-19, an elevated NLR is a well-established marker of systemic inflammation and 

disease severity (La Torre et al., 2022 Ergenç et al., 2021). Numerous studies report that higher NLR 

correlates with increased risk of ICU admission, respiratory failure, and mortality (Rathod et al., 

2022). Neutrophilia reflects the innate immune response, while lymphopenia indicates impaired 

adaptive immunity, particularly T-cell exhaustion and apoptosis (Malech et al., 2014; Guo et al., 2021).  

In ASD, evidence for altered WBC profiles is also accumulating. Studies have observed elevated 

neutrophil counts, reduced lymphocytes, and increased NLR in ASD populations (Kulaksizoglu et 

al., 2019; Siniscalco et al.,, 2018). Elevated NLR in ASD may reflect chronic low-grade inflammation 

and immune imbalance. For example, a study by Kutlu et al. (2018) found that children with ASD 

showed significantly higher NLR levels than neurotypical controls, possibly correlating with 

increased severity of social and behavioral symptoms (Hesapcioglu et al., 2017).  

Given that both ASD and COVID-19 exhibit elevated NLR, this shared feature may suggest a 

convergent immune phenotype involving heightened innate immunity and compromised adaptive 

response. This may partly explain why individuals with ASD experience more severe outcomes from 

COVID-19 and are potentially at higher risk for long-term immune complications. The influence of 

obesity, physical activity, and age should be taken into consideration though in evaluating NLR levels 

in ASD individuals (Rodríguez-Rodríguez et al., 2022; Howard et al., 2019).  

3.3.2. Cytokine Profiles and Immune Activation  

Elevated NLR in both conditions likely reflects underlying cytokine dysregulation. In ASD, 

elevated pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α have been consistently reported 

in both peripheral blood and cerebrospinal fluid (Goines & Ashwood, 2013). These cytokines recruit 

neutrophils and suppress lymphocyte proliferation, mirroring changes seen in severe COVID-19 

cases.  

COVID-19 triggers a cytokine storm, characterized by a surge in IL-6, IL-8, and TNF-α. This pro-

inflammatory cascade drives neutrophilia, decreased lymphocytes, and elevated NLR (Toori et al., 

2021; Paranga et al., 2024). The overlap in immune profiles raises concerns about additive or 

synergistic immune dysregulation in individuals with ASD who contract COVID-19.  

3.3.3. Implications for Clinical Management  

NLR is an inexpensive, widely available marker that could aid in stratifying risk in ASD 

populations during infectious disease outbreaks (Lou et al., 2024; Buonacera et al., 2022) . Elevated 

NLR may signal underlying immune imbalance and predict susceptibility to more severe COVID-19 

outcomes. Routine WBC and differential counts could inform both preventive strategies and early 

interventions.  

Future studies should explore how baseline immune profiles, particularly NLR, influence 

COVID-19 severity and recovery in ASD populations. Longitudinal tracking could determine 

whether elevated NLR persists post-infection and whether it is associated with long COVID-19 

symptoms or exacerbation of ASD-related behaviors. This would advance precision medicine 

strategies tailored to immune-vulnerable subgroups within the ASD population.  

3.4. Ferritin and Iron Homeostasis: Divergent Roles in ASD and COVID-19  

Ferritin, a key iron storage protein and acute-phase reactant, plays a role in both immunity and 

inflammation (Kotla et al., 2022). While it is typically reduced in individuals with ASD due to iron 

deficiency, it is markedly elevated in COVID-19, particularly in severe cases, where it serves as a 

marker of hyperinflammation. Comparisons between ferritin’s function in ASD and COVID were 

summarized [Table A4]  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 2 March 2026 doi:10.20944/preprints202603.0149.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.26355/eurrev_202202_28017
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3544826
https://www.cureus.com/articles/91033-neutrophil-to-lymphocyte-ratio-as-a-predictor-of-disease-severity-and-mortality-in-coronavirus-disease-2019-prospective-study-from-central-india
https://www.cureus.com/articles/91033-neutrophil-to-lymphocyte-ratio-as-a-predictor-of-disease-severity-and-mortality-in-coronavirus-disease-2019-prospective-study-from-central-india
https://link.springer.com/protocol/10.1007/978-1-62703-845-4_1
https://doi.org/10.3390/v13091876
https://annalsmedres.org/index.php/aomr/article/view/1774
https://annalsmedres.org/index.php/aomr/article/view/1774
https://www.mdpi.com/1424-8247/11/2/56
https://www.researchgate.net/publication/333163099_Does_increased_neutrophil-lymphocyte_ratio_predict_autism_spectrum_disorder
https://pmc.ncbi.nlm.nih.gov/articles/PMC8115457/
https://www.sciencedirect.com/science/article/abs/pii/S1053077024002180
https://pmc.ncbi.nlm.nih.gov/articles/PMC8998851/
https://doi.org/10.20944/preprints202603.0149.v1
http://creativecommons.org/licenses/by/4.0/


 6 of 22 

 

3.4.1. Low Ferritin in ASD: Neurodevelopmental and Behavioral Implications  

Iron deficiency is common in ASD, especially among children with restrictive diets (Reynolds et 

al., 2012). Multiple studies report lower ferritin levels in ASD compared to typically developing (TD) 

peers, with deficiency rates ranging from 30–50% (De Giacomo et al., 2022; Samy et al., 2024). Low 

ferritin correlates with sleep disturbances, attention deficits, and increased severity of repetitive 

behaviors (Youssef et al., 2013; DelRosso et al., 2022). Iron is essential for myelination, 

neurotransmitter synthesis (particularly dopamine and serotonin), and mitochondrial function—all 

pathways implicated in ASD pathophysiology (Cheng R. et al., 2021).  

The link between iron status and neurodevelopment is especially critical in early childhood. Iron 

deficiency in the first 1000 days of life is associated with irreversible cognitive and behavioral 

consequences (McCarthy et al., 2022). Despite this, ferritin remains underutilized as a biomarker in 

ASD management, even though dietary interventions and iron supplementation have shown benefits 

in improving sleep and attention in some subgroups (Dosman et al., 2007; DelRosso et al., 2022). 

Because serum ferritin is distorted by inflammation, liver disease, and obesity, it may be useful to 

take these variables into consideration in understanding these ASD and ferritin patterns (Daru et al., 

2017).  

3.4.2. Hyperferritinemia in COVID-19: Inflammatory Marker and Prognostic Tool  

In contrast, ferritin acts as an acute-phase reactant in COVID-19. Elevated ferritin levels are 

associated with severe disease, ICU admission, and mortality (Kaushal et al., 2022; Cheng L. et al., 

2020; Kappert et al., 2020). Hyperferritinemia in COVID-19 reflects cytokine-induced macrophage 

activation, tissue damage, and dysregulated iron sequestration (Gomez-Pastora et al., 2020; Mahat et 

al., 2020). It is part of the “hyperferritinemic syndrome,” a feature shared with other inflammatory 

conditions such as macrophage activation syndrome (MAS) and adult-onset Still’s disease (Rosário 

et al., 2013).  

Elevated ferritin contributes to immune dysregulation via pro-inflammatory effects, including 

promotion of oxidative stress, apoptosis, and T cell suppression (Kernan et al., 2017; Pandrangi et al., 

2022; Voss et al., 2023). These effects may compound pre-existing immune dysfunction in ASD 

individuals infected with SARS-CoV-2, potentially worsening both acute and long-term outcomes.  

3.4.3. Iron Dysregulation in ASD–COVID-19 Intersection  

Although ferritin trends differ between ASD and COVID-19, the underlying iron dysregulation 

may complicate inflammation and oxidative stress for ASD individuals with COVID-19. SARS-CoV-

2 can exploit host iron metabolism to enhance viral replication (Chaubey et al., 2023). In ASD, where 

mitochondrial dysfunction and oxidative stress are already present, infection-driven ferritin 

elevation could further exacerbate cellular injury (Davinelli et al., 2025).  

Recent studies have proposed ferritin-to-ESR ratios or combined iron panels as more refined 

biomarkers for inflammation and immune status in diverse populations (Eloseily et al., 2019). 

Applying such composite markers in ASD populations affected by COVID-19 could help identify at-

risk individuals and guide nutritional or anti-inflammatory interventions.  

In summary, while ferritin presents differently in ASD and COVID-19, its role as a modulator of 

iron metabolism, inflammation, and immune response positions it as a relevant and accessible 

biomarker for monitoring vulnerability and disease progression in comorbid contexts.  

4. Discussion: Summary, Future Treatments/Directions  

This review presents a framework of potential similarities in pathophysiology between ASD and 

COVID-19, emphasizing metabolic and immune dysregulation in both conditions involving 

biomarkers including cholesterol, glucose, WBCs, and ferritin. These biomarkers have the potential 

to serve as accessible indicators of disease severity and therapeutic responsiveness.  

4.1. Cholesterol Dysregulation  
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Cholesterol is essential for CNS development, immune regulation, and membrane function 

(Orth et al., 2012). Disruptions in the mevalonate pathway in ASD models impair cholesterol 

synthesis and trafficking, contributing to neuroinflammation and synaptic dysfunction (Segatto et al., 

2019). ASD studies report reduced HDL and apolipoproteins, though results vary due to 

heterogeneity in ASD presentation, comorbidities, and lifestyle factors (Tierney et al., 2021; 

Benachenhou et al., 2019; Gaspar et al., 2024; da Silveria Cruz-Machado et al., 2021). In contrast, 

COVID-19 shows more consistent lipid derangements, with decreased HDL/LDL levels correlating 

with inflammation (CRP, IL-6) (Fan et al., 2020; Wei et al., 2020; Ding et al., 2020; Tanaka et al., 2020). 

Cholesterol-rich lipid rafts also mediate SARS-CoV-2 entry, making them potential therapeutic 

targets (Sorice et al., 2021). Stratifying ASD by metabolic subtypes and incorporating lipidomic 

profiling could enhance biomarker utility (Yap et al., 2023).  

4.2. Glucose Dysregulation  

Insulin resistance, oxidative stress, and inflammation converge in ASD and COVID-19, creating 

a feedback loop that worsens metabolic dysfunction (Manco et al., 2021; Logette et al., 2021; Liu X. et 

al., 2022). ASD-related insulin resistance impairs neuronal glucose uptake and connectivity (Xu et al., 

2018; Hoirisch-Clapauch and Nardi 2019). COVID-19-induced hyperglycemia promotes cytokine 

release and may lead to new-onset diabetes (Codo et al., 2020; Logette et al., 2021). The glycolysis 

inhibitor 2-DG has demonstrated potential in preclinical studies of both ASD and COVID-19, 

indicating a possible shared therapeutic target (Qin et al., 2025). Maternal hyperglycemia, whether 

from pre-existing diabetes or COVID-19, may increase ASD risk, underscoring the need for glycemic 

monitoring in pregnancy (Xiang et al., 2015; Hoirisch-Clapauch & Nardi, 2019; Sammels et al., 2022).  

4.3. White Blood Cell and Neutrophil Dysregulation   

Both conditions exhibit elevated NLR, reflecting acute (COVID-19) or chronic (ASD) 

inflammation. NETs and GSDMD-mediated pyroptosis play roles in tissue damage during COVID-

19 and are implicated in ASD rodent models (Silva et al., 2021; Wu et al., 2025). Disulfiram and 

salidroside may modulate these pathways. IL-6 blockades and herbal modulators also warrant 

further exploration (Jyonouchi, 2024; Joshi et al., 2022; Mamidala et al., 2016). NLR and pyroptosis-

related markers may represent shared immunopathogenic mechanisms and therapeutic targets.  

4.4. Ferritin   

Ferritin behaves differently across the two conditions: typically, low in ASD due to dietary iron 

deficiency, and elevated in COVID-19 as an inflammation marker (Sidrak et al., 2013; Chen et al., 

2013; Rio et al., 2020). IL-6-induced ferritin overproduction contributes to hypoferremia, oxidative 

stress, and ferroptosis (Hippchen et al., 2020, Girelli et al., 2021). While not a universal marker in 

ASD, elevated ferritin—particularly post-COVID—may indicate chronic immune activation. 

Stratification by iron status and tracking ferritin dynamics could clarify its utility (Daru et al., 2017).  

4.5. Cytokines and IL-17A as a Bridge  

Both ASD and COVID-19 exhibit elevated pro-inflammatory cytokines, with the IL-6/IL-17A axis 

emerging as a key mechanistic bridge linking chronic and acute inflammation (Figure 1). In ASD, 

particularly in maternal immune activation (MIA) models, elevated IL-6 promotes Th17 cell 

differentiation, leading to increased IL-17A production. IL-17A then acts as a downstream amplifier, 

disrupting cortical development during neurodevelopmental windows and sustaining chronic 

neuroinflammation postnatally, contributing to ASD-like behaviors (Choi et al., 2016; Thawley et al., 

2022). Human studies have also reported elevated IL-17A levels in subsets of autistic individuals, 

correlating with symptom severity (Akintunde et al., 2015; Wong & Hoeffer, 2018).  

In COVID-19, the IL-6/IL-17A axis similarly drives acute hyperinflammation and cytokine 

storms, with elevated IL-17A and altered IL-17/IL-22 ratios linked to disease progression and lung 

pathology (Aksakal et al., 2024). Notably, IL-17A inhibitors, already approved for autoimmune 

diseases like psoriasis, are under investigation as potential therapies to reduce hyperinflammatory 

responses in severe COVID-19 cases (Zou et al., 2021). Together, IL-6 and IL-17A represent common 
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inflammatory drivers, linking neuroimmune dysregulation in ASD with systemic immune 

overactivation in COVID-19, and providing potential dual therapeutic targets.  

  

Figure 1. The IL-6/IL-17A axis as a possible shared inflammatory bridge between ASD and COVID-19. . 

4.6. IL-6/IL-17A Axis: Impact on Microglial and Mitochondrial Dysfunction   

The IL-6/IL-17A axis also directly impacts microglial activation, linking immune signaling to 

mitochondrial dysfunction and oxidative stress. In ASD, intraventricular administration of IL-17A in 

fetal mouse brains induces cortical microglial activation and accumulation, leading to excessive 

phagocytosis of progenitor cells of excitatory neurons (Sasaki et al., 2020). This aberrant microglial 

pruning contributes to neuronal loss and cortical maldevelopment characteristic of ASD. Moreover, 

overexpression of IL-17A receptors on ASD monocytes heightens nitrosative stress, as receptor 

activation increases iNOS and nitrotyrosine expression, promoting ROS and RNS production 

(Nadeem et al., 2018a). These effects converge on mitochondrial dysfunction, amplifying oxidative 

stress and synaptic dysregulation.  

Similarly, in COVID-19, neuropathological studies reveal microglial dislocation and loss of 

P2Y12R expression in severely affected brain regions, particularly the medulla (Fekete et al., 2025). 

Microglial distribution heterogeneity (MDH) scores strongly correlate with CSF IL-6 and IL-1β levels, 

suggesting cytokine-driven microglial remodeling. Transcriptomic analyses further indicate 

downregulation of multiple mitochondrial electron transport chain (ETC) genes, reflecting metabolic 

failure and impaired oxidative phosphorylation in microglia (Fekete et al., 2025). This mitochondrial 

dysfunction likely contributes to neuroinflammation and energy imbalance in COVID-19-related 

neuropathology.  

4.7. Il-6/Il-17A Axis: Oxidative Stress Pathways  

Oxidative stress is another key downstream pathway linking ASD and COVID-19 through the 

IL-6/IL-17A axis. In COVID-19, SARS-CoV-2 proteins disrupt mitochondrial homeostasis, driving 

excessive mitochondrial ROS generation and impairing oxidative phosphorylation. This shift favors 

glycolytic metabolism to support viral replication but causes mtDNA leakage, activation of IL-6, IL-

1β, and type I interferons, and further mitochondrial injury (Lee et al., 2025). Elevated ROS also 

contributes to fatigue, cognitive dysfunction, and multisystem inflammation. In severe and MIS-C 

cases, increased IL-6 and IL-17A levels correlate with reduced glutathione (GSH) and increased nitric 

oxide (NO), confirming oxidative stress as a key determinant of disease severity and survival (de 

Farias et al., 2025).  
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In ASD, oxidative stress represents a chronic vulnerability. The autistic brain displays elevated 

mitochondrial ROS and nitric oxide, leading to impaired oxidative phosphorylation, dysregulated 

mitochondrial Ca²⁺ cycling, and activation of mitochondrial apoptotic pathways (Khaliulin et al., 

2024). Compromised antioxidant systems, such as decreased GSH, exacerbate ROS accumulation and 

neurotoxicity, disrupting synaptic function and neuronal signaling. Collectively, these findings 

position oxidative stress as a central mediator between cytokine signaling, mitochondrial injury, and 

neuronal dysfunction in ASD and COVID-19.  

4.9. Hypothetical Model of Overlapping Metabolic and Immune Pathways in ASD and COVID-19  

Emerging evidence suggests that ASD and COVID-19 share overlapping biological mechanisms, 

particularly in metabolic and immune dysregulation. While their etiologies are distinct, they may 

converge on downstream pathways involving inflammation, oxidative stress, mitochondrial 

dysfunction, and cellular energy disruption, which may help explain their clinical intersection.   

We propose a hypothetical systems-level model (Figure 2) illustrating the convergence of key 

metabolic and inflammatory factors, including cholesterol dysregulation, impaired glucose 

metabolism, oxidative stress, elevated NLR, ferritin, and the IL-6/IL-17A axis, in both ASD and 

COVID-19. In ASD, metabolic abnormalities (e.g. reduced HDL, altered lipid profiles, insulin 

signaling deficits) have been linked to neurodevelopmental disturbances and may amplify chronic 

neuroinflammation (Tierney et al., 2021; Benachenhou et al., 2019; Gaspar et al., 2024; Xu et al., 2018; 

Hoirisch-Clapauch and Nardi 2019). In COVID-19, profound metabolic disruption and oxidative 

stress escalate inflammatory cascades, with elevated NLR and ferritin reflecting potential mechanistic 

links between immune activation and tissue injury (La Torre et al., 2022 Ergenç et al., 2021; Kaushal 

et al., 2022; Cheng L. et al., 2020; Chaubey et al., 2023).   

  

Figure 2. Hypothetical model of possible shared metabolic and immune pathophysiology in ASD and COVID-

19. 

Importantly, the IL-6/IL-17A axis acts at the intersection of these pathways, with IL-6 driving 

Th17 activation and IL-17A amplifying both chronic neuroimmune dysregulation in ASD and acute 

hyperinflammation in COVID-19. This signaling cascade contributes to microglial activation, 

mitochondrial dysfunction, and oxidative stress, ultimately disrupting cellular metabolism (Choi et 

al., 2016; Thawley et al., 2022; Akintunde et al., 2015; Wong & Hoeffer, 2018; Aksakal et al., 2024). This 
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integrative model underscores the need for biomarker-driven approaches to identify ASD 

individuals at highest risk for severe COVID-19 and to explore therapeutic strategies, such as IL-17A 

inhibition, antioxidant therapy, iron regulation, or HDL modulation, that address both chronic and 

acute immune dysfunction (Zou et al., 2021; Kartasheva-Ebertz et al., 2021; Nadeem et al., 2018b).   

This integrative perspective is visualized in Figure 1, which highlights the IL-6/IL-17A axis as a 

central inflammatory bridge connecting ASD and COVID-19. In ASD, this axis disrupts prenatal 

neurodevelopment and sustains chronic neuroinflammation; in COVID-19, it drives acute 

hyperinflammatory responses and cytokine storms (Carter et al., 2022; Paranga et al., 2022; Shibabaw 

2020). Notably, IL-17A inhibitors, already approved for autoimmune conditions, are under 

investigation as dual-purpose therapies to modulate both chronic and acute inflammation (Zheng et 

al., 2025).   

Expanding beyond cytokine signaling, Figure 2 presents a systems-level model integrating 

metabolic and immune disturbances, including cholesterol dysregulation, glucose abnormalities, 

elevated NLR, and ferritin levels, that may converge on downstream pathways of inflammation, 

oxidative stress, and cellular dysfunction. This figure positions the IL-6/IL-17A axis at the intersection 

of these metabolic-immune networks, highlighting how chronic metabolic stress and acute immune 

activation interact to worsen clinical outcomes when ASD and COVID-19 co-occur.   

Taken together, Figures 1 and 2 underscore the need for biomarker-guided, precision medicine 

approaches in ASD populations, especially during infectious challenges like COVID-19. By 

identifying individuals at highest risk based on integrated metabolic and immune profiles, we can 

advance targeted therapeutic strategies to address both underlying vulnerabilities and acute 

inflammatory insults. Prioritizing longitudinal, multimodal research, particularly in pediatric 

populations, will be essential to refine risk stratification and guide interventions that improve 

resilience and long-term outcomes.  

4.10. Clinical Implications  

These findings support the integration of metabolic and immune biomarkers (cholesterol, 

glucose, NLR, ferritin) into ASD care, particularly during infectious outbreaks. Monitoring these 

markers could predict risk, inform early treatment, and mitigate complications, including long 

COVID-19. A conceptual table was created to summarize the discussed biomarkers, their relation to 

COVID and ASD, and their clinical applications and possible risk stratification [Table A6].  

Incorporating cytokine profiling, especially IL-6 and IL-17A, may further refine stratification by 

highlighting neuroimmune status. A biomarker-informed approach offers promise not only for 

managing acute infections but also for long-term care, including nutritional, metabolic, and 

immunomodulatory strategies. Early identification of high-risk metabolic subtypes could help 

prevent neurobehavioral symptom exacerbation during immune stress and reduce the likelihood of 

chronic post-infectious sequelae.  

These insights highlight the need for interdisciplinary collaboration across psychiatry, 

neurology, immunology, and infectious disease to develop precision medicine models for ASD. 

Future research should explore how metabolic subtype-based monitoring can be incorporated into 

clinical practice and how emerging therapies, such as IL-17A inhibitors, might be repurposed to 

benefit vulnerable ASD populations.  

4.11. Limitations and Future Directions  

Most existing studies are limited by small and heterogeneous sample sizes, variable diagnostic 

criteria, and inconsistent control for confounding factors such as age, sex, medication status, and 

comorbidities. confounding agents (age, obesity, asthma, epilepsy, intellectual disability, residential 

settings, socioeconomic factors, caregiver exposure, antipsychotic/metabolic medications, health care 

access). These methodological differences contribute to substantial heterogeneity and risk of bias 

across the ASD literature, which should be considered when interpreting overlapping biomarker 

findings between ASD and COVID-19.  

To explore these patterns, we examined data from the Adolescent Brain Cognitive Development 

(ABCD) Study, which provides biomarker data from pediatric populations. However, there remains 
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a scarcity of longitudinal data on ASD participants with matched pre-, during-, and post-COVID 

biomarker measurements, limiting statistical power and causal inference. This underscores the 

urgent need for targeted longitudinal research to clarify how inflammatory and metabolic biomarkers 

inform medical management and behavioral support for individuals with ASD during and after 

COVID-19.  

Integrating routinely measured markers (e.g. HDL, glucose, NLR, ferritin) into ASD-COVID care 

protocols may enable early risk assessment and individualized management, particularly in pediatric 

populations. Incorporating cytokine profiling, especially IL-6 and IL-17A, could further refine risk 

prediction and therapeutic strategies.   

Future research priorities include:   

● Age- and sex-stratified biomarker analyses   

● Longitudinal biomarker monitoring in ASD-COVID cohorts   

● Nutritional and behavioral interventions to enhance metabolic resilience   

● Immune-modulating therapies (e.g. IL-6, IL-17A inhibitors, 2-DG)   

Longitudinal, multimodal studies integrating metabolomics, immunophenotyping, and 

microbiome analysis will be key to identifying ASD subtypes at elevated infectious risk. Mechanistic 

studies using animal models or in vitro systems could clarify how SARS-CoV-2 interacts with ASD-

associated immune-metabolic abnormalities, advancing precision medicine approaches for this 

population.  

5. Conclusions 

ASD and COVID-19 appear to exhibit similar disruptions in lipid metabolism, glucose 

regulation, immune balance, and iron homeostasis. While seeing an overlap in biomarker trends is 

compelling, they must be interpreted within the context of important confounding factors, including 

medication use, dietary patterns, baseline metabolic health, age, sex, and socioeconomic determinants 

in ASD, as well as disease severity, treatment modalities, and preexisting comorbidities in COVID-

19. Despite these limitations, these biomarker trends suggest shared immune–metabolic mechanisms 

with meaningful clinical relevance, warranting further targeted investigation. Critically, there 

remains a substantial lack of biomarker data for individuals with co-occurring ASD and COVID-19. 

Addressing this gap can determine whether this comorbidity confers heightened vulnerability to 

severe or prolonged disease outcomes. Future studies should prioritize systematic biomarker 

collection in this population to clarify mechanistic links and improve risk stratification. Integrating 

metabolic and immunological biomarkers into clinical care may facilitate earlier identification of at-

risk individuals and support targeted preventive and therapeutic interventions.  
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The following abbreviations were used in this manuscript:  

ASD Autism spectrum disorder  

NLR Neutrophil-to-lymphocyte ratio  

mTOR Mammalian target of rapamycin  

HDL High-density lipoprotein  

LDL Low-density lipoprotein  

GLUT1 Glucose transporter type 1   

CRP  C-reactive protein  

HbA1c Hemoglobin A1c  

WBCs White blood cells  

IL-6  Interleukin-6  

IL-17A  Interleukin-17A  

TNF-α  Tumor necrosis factor-alpha  

WBC  White blood cells  

ACE2  Angiotensin-Converting Enzyme 2  

SES  Socioeconomic status   

Appendix A 

Table A1. Comparison of Cholesterol Dysregulation in ASD and COVID-19. 

Cholesterol Function ASD COVID-19 

Typical Trend 

Low HDL (Tierney et al., 2021; 

Benachenhou et al., 2019), 

variable LDL/total cholesterol 

(Gaspar et al., 2024; Kim et al., 

2010) 

Low HDL, LDL, total 

cholesterol (especially in severe 

cases) (Fan et al., 2020; Wei et 

al., 2020; Ding et al., 2020) 

Clinical Role 

Neurodevelopment, synaptic 

plasticity, membrane signaling 

(Wang 2014; Kalinowska et al., 

2015) 

Viral entry, disease 

progression, immune 

modulation (Kluck et al., 2021; 

Masana et al., 2021) 

Key Mechanism 

Lipid raft disruption, oxidative 

stress (Lingampelly et al., 2024; 

Kalinowska et al., 2015)   

Lipid raft-dependent ACE2 

entry, inflammation-induced 

dyslipidemia (Sorice et al., 2021; 

Palacios-Rápalo et al., 2021; 

Wang et al., 2020; Kluck et al., 

2021; Al-Kuraishy et al., 2023) 

Prognostic Value 

Emerging (adaptive function, 

oxidative stress markers) 

(Goicoechea et al., 2023) 

Moderate to strong (severity, 

ICU admission, prolonged 

shedding) (Tanaka et al., 2020; 

Ding et al., 2020) 

Table A2. Comparison of Glucose Dysregulation in ASD and COVID-19. 

Glucose Function ASD COVID-19 

Typical Trend 

Insulin resistance, variable 

fasting glucose (Manco et al., 

2021; Zhang et al., 2019) 

Hyperglycemia, insulin 

resistance (Logette et al., 2021; 

Michaels et al., 2024; 

Shestakova et al., 2022; Soto et 

al., 2022) 

Clinical Role 

Neurodevelopment, energy 

metabolism, cognitive function 

(Manco et al., 2021; Liu M. et al., 

2023) 

Predictor of severity, β-cell 

infection, cytokine storm 

trigger (Michaels et al., 2024; 

Soto et al., 2022) 
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Key Mechanism 

Impaired insulin signaling, 

oxidative stress, β-cell 

dysfunction (Qin et al., 2025; 

Cheng, J. et al., 2021; Liu X. et 

al., 2022, Zhang et al., 2019) 

Glycosylation of ACE2, 

cytokine-induced insulin 

resistance (Liu S. et al., 2020; 

Codo et al., 2020; Huang Z. et 

al., 2022) 

Prognostic Value 

Moderate (diabetes risk, 

developmental impact) 

(Hoirisch-Clapauch & Nardi 

2019; Liu M. et al., 2023) 

Strong (severity, ICU, new-

onset diabetes post-infection) 

(Shestakova et al., 2022; Logette 

et al., 2021; Soto et al., 2022) 

Table A3. Comparison of WBC Differential Patterns in ASD and COVID-19. 

WBC Parameters ASD COVID-19 

Typical Trend 

Elevated neutrophils, reduced 

lymphocytes, high NLR (Kutlu 

et al., 2018; Kulaksizoglu et al., 

2019; Siniscalco et al., 2018)  

Elevated neutrophils, 

lymphopenia, high NLR (Toori 

et al., 2021; La Torre et al., 2022; 

Ergenç et al., 2021)  

Clinical Role 

Marker of immune dysfunction 

and chronic inflammation 

(Kutlu et al., 2018; Hesapcioglu 

et al., 2017)  

Severity indicator, 

inflammation monitor (Rathod 

et al., 2022; La Torre et al., 2022 

)  

Key Mechanism 

Chronic low-grade 

inflammation, innate-adaptive 

imbalance (Kutlu et al., 2018; 

Goines & Ashwood 2013)  

Acute inflammation, cytokine 

storm, immune exhaustion 

(Paranga et al., 2024; Toori et al., 

2021)  

Prognostic Value 

Limited to emerging (Kutlu et 

al., 2018; Kulaksizoglu et al., 

2019; Siniscalco et al., 2018; 

Hesapcioglu et al., 2017)  

Strong (severity, 

hospitalization, mortality risk) 

(Rathod et al., 2022)  

Table A4. Comparison of Ferritin Dysregulation in ASD and COVID-19. 

Ferritin Function ASD COVID-19 

Typical Trend 

Iron deficiency, low ferritin 

(Reynolds et al., 2012; Giacomo 

et al., 2022; Samy et al., 2024; 

Sidrak et al., 2013; Chen et al., 

2013) 

Elevated ferritin (Rio et al., 

2020; Girelli et al., 2021; Kaushal 

et al., 2022; Cheng L. et al., 2020; 

Kappart et al., 2020)  

Clinical Role 

Iron deficiency, sleep 

disturbances, 

neuroinflammation (Youssef et 

al., (2013); Zhou et al., 2024; 

DelRosso et al., 2022)  

Prognostic biomarker, cytokine 

storm indicator (Rio et al., 2020; 

Girelli et al., 2021; Cheng L. et 

al., 2020; Mahat et al., 2020)  

Key Mechanism 

Dysregulated ferritinophagy, 

chronic inflammation (Zhou et 

al., 2024; Cheng R. et al., 2021; 

McCarthy et al., 2022)   

IL-6-mediated synthesis, acute 

hyperinflammation (Hippchen 

et al., 2020; Peng et al., 2022; 

Hirschhorn et al., 2019; 

Chaubey et al., 2023)  

Prognostic Value Limited 

Strong (severity, mortality, 

brain fog) (Rio et al., 2020; 

Girelli et al., 2021; Kappert et 

al., 2020)  

Table A5. Summary of Biomarker Trends in ASD and COVID-19. 
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Biomarker ASD Trend COVID-19 Trend Clinical Implication 

Cholesterol 

↓HDL, mixed LDL 

(Tierney et al., 2021; 

Benachenhou et al., 

2019; Gaspar et al., 

2024; Kim et al., 2010)  

↓ HDL & LDL (acute 

phase) (Fan et al., 2020; 

Wei et al., 2020; Ding et 

al., 2020)  

Neuroinflammation, 

synaptic dysfunction 

(Kluck et al., 2021; 

Lingampelly et al., 

2024; Goicoechea et al., 

2023; Masana et al., 

2021) 

Glucose 

↑ Insulin resistance, 

sometimes ↓ fasting BG 

(Manco et al., 2021; 

Zhang et al., 2019)  

↑ Hyperglycemia 

(Logette et al., 2021)  

 

Neuronal energy 

deficits, metabolic 

stress (Manco et al., 

2021; Michaels et al., 

2024)  

Neutrophil-to-

Lymphocyte Ratio 

(NLR) 

↑ (Chronic low-grade 

inflammation) 

(Kulaksizoglu et al., 

2019; Siniscalco et al., 

2018)  

 

↑ (acute inflammation) 

(Rathod et al., 2022; 

Paranga et al., 2024; 

Toori et al., 2021)  

Immune 

dysregulation, 

possible risk 

stratification marker 

(Paranga et al., 2024; 

Rathod et al., 2022; 

Kutlu et al., 2018)  

Ferritin 

↓ (due to iron 

deficiency) (Giacomo 

et al., 2022; Samy et al 

2024)  

↑ (acute-phase 

reactant) (Kaushal et 

al., 2022; Cheng L. et 

al., 2020; Kappert et al., 

2020)  

Iron metabolism 

imbalance, oxidative 

stress (Youssef et al., 

2013; DelRosso et al., 

2022; Gomez-Pastor et 

al., 2020; Mahat et al., 

2020; Kernan et al., 

2017) 

Table A6. Conceptual Table Possible Links between Biomarker and Clinical Application. 

Biomarker  Findings Clinical Application  

Cholesterol Dysregulated levels seen in ASD 

and COVID-19 (Tierney et al., 2021; 

Gaspar et al. 2024; Fan et al. 2020; 

Wei et al. 2020)  

May help identify metabolic 

subtypes of ASD and flag 

individuals at higher risk for 

infection-related inflammation. 

Could guide dietary or 

pharmacologic interventions.  

Glucose Altered regulation linked to both 

ASD and COVID-19 (Manco et al., 

2021; Zhang et al., 2019; Michaels et 

al., 2024; Shestakova et al., 2022)  

Supports monitoring for insulin 

resistance, metabolic stress, or 

risk of complications. May 

inform lifestyle or 

pharmacologic interventions 

targeting glucose homeostasis.  

Neutrophil-to-Lymphocyte 

Ratio (NLR) 

Increased in ASD and in severe 

COVID-19  (Kulaksizoglu et al., 

2019; Siniscalo et al., 2018; Toori et 

al., 2021; La Torre et al., 2022; 

Ergenç et al., 2021) 

Low-cost marker of systemic 

inflammation; could aid risk 

stratification for severe 

infection or neuroinflammatory 

complications. Useful for 

monitoring treatment response. 
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Ferritin Dysregulated in ASD and COVID-

19; elevated post-COVID may 

reflect chronic immune activation 

(Giacomo et al., 2022; Samy et al., 

2024; Kaushal et al., 2022; Cheng et 

al., 2020; Daru et al., 2017) 

Marker of hyperinflammation 

or immune activation, 

especially in COVID-19; may 

guide monitoring or 

interventions in select cases. In 

ASD, utility is less established 

and may require stratification 

by iron status. 

IL-6 / IL-17A  Elevated in neuroinflammation 

and systemic immune 

dysregulation (Akintunde et al., 

2015; Wong & Hoeffer, 2018; Aksakal 

et al., 2024; Zou et al., 2021) 

Potential targets for 

immunomodulatory therapy. 

Biomarker-guided 

interventions could be tailored 

to ASD individuals with 

elevated cytokines, reducing 

immune-mediated morbidity. 

Linked to microglial activation, 

oxidative stress, and acute-

phase responses. Existing FDA-

approved inhibitors make these 

actionable for precision 

medicine. 
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