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Abstract

Background: Autism spectrum disorder (ASD) affects approximately 1-2% of children worldwide,
yet its etiology remains incompletely understood. Emerging evidence suggests that parental
autoimmune diseases significantly increase offspring autism risk, with psoriasis (OR 1.59), type 1
diabetes (OR 1.49-2.36), and rheumatoid arthritis (OR 1.51) showing particularly strong associations.
Hypothesis: I propose that autism is fundamentally an immune-metabolic disorder characterized by
TNF-a-mediated mitochondrial dysfunction leading to cerebral energy deficiency. This energy deficit
impairs two critical processes: (1) synaptic pruning during neurodevelopment, and (2) real-time
social cognition including gaze processing and emotion recognition. The primary mechanism
involves TNF-a pathway dysregulation—through genetic inheritance from parents with
autoimmune diseases such as psoriasis, type 1 diabetes, and rheumatoid arthritis, and/or through
direct fetal exposure to elevated maternal TNF-a during pregnancy. Additionally, for cases without
parental autoimmune history, I propose a speculative secondary mechanism: mitonuclear immune
conflict, where paternal immune genes may partially recognize maternal mitochondria as non-self,
generating endogenous TNF-a. Novel Prediction: Based on this framework, I predict that parents
with normal-tension glaucoma (NTG)—another TNF-a-mediated condition characterized by
neurodegeneration independent of intraocular pressure—will show elevated prevalence of autistic
offspring. This prediction has not been tested in any published study. Implications: This hypothesis
unifies disparate observations about autism pathophysiology and suggests that anti-inflammatory
interventions targeting the TNF-a pathway may have therapeutic potential, particularly when
administered early in neurodevelopment.

Keywords: autism spectrum disorder; TNF-o; mitochondrial dysfunction; synaptic pruning; energy
metabolism; normal-tension glaucoma; psoriasis; type 1 diabetes; neuroinflammation; eye contact
avoidance

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by deficits in
social communication and interaction, restricted interests, and repetitive behaviors. Despite decades
of research, the fundamental biological mechanisms underlying autism remain elusive. While genetic
factors contribute substantially to autism risk, environmental and immunological factors increasingly
appear to play critical roles.

A growing body of evidence indicates that parental autoimmune diseases significantly increase
the risk of autism in offspring. Meta-analyses have demonstrated that family history of autoimmune
disease is associated with a 28-50% increased risk of autism. Importantly, specific autoimmune
conditions mediated by tumor necrosis factor-alpha (TNF-a) show particularly robust associations
with offspring autism risk.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2808.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2025 d0i:10.20944/preprints202512.2808.v1

2 of 8

In this hypothesis paper, I propose that autism is fundamentally an immune-metabolic disorder
characterized by TNF-a-mediated mitochondrial dysfunction. I argue that the resulting cerebral
energy deficiency impairs two critical processes: synaptic pruning during neurodevelopment and
real-time social cognitive processing. This framework explains core autism symptoms from a unified
energetic perspective and generates testable predictions.

2. Evidence for Parental Autoimmune Disease-Autism Association

2.1. Epidemiological Evidence

Multiple large-scale epidemiological studies have established associations between parental
autoimmune diseases and offspring autism risk. Table 1 summarizes key findings from major studies.

Table 1. Parental Autoimmune Disease and Offspring Autism Risk.

Parental Disease Odds Ratio 95% CI Key Reference
Psoriasis 1.59 1.21-2.10 Wu et al. 2015
Type 1 Diabetes (T1D) 1.49-2.36 1.21-4.12 JAMA 2018, IJE 2023
Rheumatoid Arthritis 1.51 1.14-2.00 Keil et al. 2010
Hypothyroidism 1.64 1.16-2.32 Atladottir et al. 2009
Any Autoimmune Disease 1.28-1.50 1.11-1.75 Wu et al. 2015 Meta

Note: All listed conditions are TNF-a-mediated autoimmune/inflammatory disorders. CI = Confidence Interval.

2.2. The TNF-o« Common Denominator

A critical observation is that all parental diseases strongly associated with offspring autism risk
share a common pathogenic mechanism: dysregulation of TNF-a signaling. TNF-at is a master pro-
inflammatory cytokine that plays central roles in:

e  Psoriasis: TNF-a drives keratinocyte proliferation and inflammatory cascade; anti-TNF
biologics are first-line therapy

e Type 1 Diabetes: TNF-a directly induces [-cell apoptosis and promotes autoimmune
destruction of pancreatic islets

¢  Rheumatoid Arthritis: TNF-a orchestrates synovial inflammation and joint destruction; anti-
TNF therapy revolutionized treatment

e Normal-Tension Glaucoma: TNF-a mediates retinal ganglion cell death independent of
intraocular pressure elevation

3. TNF-a and Mitochondrial Dysfunction: The Mechanistic Link

3.1. Direct Effects of TNF-a on Mitochondrial Function

TNF-a exerts profound inhibitory effects on mitochondrial function through multiple
mechanisms. Table 2 summarizes the key pathways by which TNF-a impairs cellular energy
production.

Table 2. TNF-a Effects on Mitochondrial Function.

Mechanism Effect on Energy Metabolism
ETC Complex I Inhibition Blocks electron transfer at the first step of oxidative phosphorylation
ETC Complex III Inhibition Disrupts cytochrome bcl complex function
Cytochrome ¢ Oxidase (COX) Reduces terminal electron transfer and oxygen consumption
Membrane Depolarization Collapses mitochondrial membrane potential (AWm), halting ATP synthesis
PDH Suppression Inhibits pyruvate dehydrogenase, blocking glucose entry into TCA cycle

. Increases reactive oxygen species, causing oxidative damage to mitochondrial
ROS Overproduction Y&EI 5p & &
components
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Mechanism Effect on Energy Metabolism
Warburg Effect Induction Shifts metabolism to inefficient aerobic glycolysis (2 vs 36 ATP per glucose)
Note: ETC = Electron Transport Chain; PDH = Pyruvate Dehydrogenase; TCA = Tricarboxylic Acid Cycle; ROS

= Reactive Oxygen Species.

3.2. Rapid Neurotoxicity of TNF-a

Critically, TNF-a-induced mitochondrial dysfunction occurs rapidly in neurons. Studies using
pathophysiologically relevant concentrations demonstrate:

e  Reduction in mitochondrial basal respiration within 1.5 hours of TNF-a exposure

e  Decreased ATP production preceding neuronal cell death

e  Effects mediated specifically through TNF-R1 receptor signaling

e Cascade involving caspase-8 activation, membrane potential collapse, and cytochrome c release

4. The Energy-Deficit Hypothesis of Autism

I propose that chronic TNF-a elevation, whether inherited genetically or transmitted during
pregnancy, leads to persistent mitochondrial dysfunction and cerebral energy deficiency. This energy
deficit manifests in two critical domains that explain core autism symptoms.

4.1. Impaired Synaptic Pruning

The Energy Cost of Synaptic Pruning: The developing brain undergoes massive synaptic
pruning, eliminating approximately 50% of synapses from infancy to adolescence. This process is
extraordinarily energy-intensive because:

e  Microglia actively phagocytose synapses, requiring substantial ATP
e  The infant brain consumes 40% of total body energy —far exceeding adult proportions
e Complement cascade activation and autophagy pathways require ATP
Evidence of Pruning Deficits in Autism: Postmortem studies reveal striking differences in
synaptic density between autistic and neurotypical brains:

Table 3. Synaptic Pruning in Neurotypical vs Autistic Brains.

Parameter Neurotypical Autism
Synaptic density reduction o
~ ~16%
(childhood—adolescence) 50% 6%
Dendritic spine density Normal Elevated
mTOR pathway activity Normal Hyperactive
Autophagy function Normal Impaired

Source: Tang et al. 2014, Neuron (Columbia University study).

Consequences of Excess Synapses: The failure to prune synapses results in:

e Local over-connectivity: Excess short-range connections creating "neural noise"

e Long-distance under-connectivity: Insufficient resources for developing major "highway"
connections between brain regions

¢  Reduced signal-to-noise ratio: Difficulty filtering relevant from irrelevant information

e Sensory overload: Heightened sensitivity due to failure to attenuate sensory inputs

4.2. Impaired Social Cognition and Gaze Avoidance

The Energy Demands of Social Processing: Social cognition—including face recognition, gaze
processing, and emotion interpretation—is among the most computationally and energetically
demanding brain functions. It requires simultaneous activation of:

e  Fusiform Face Area (FFA): Face identity processing
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e  Superior Temporal Sulcus (STS): Gaze direction and biological motion
e Amygdala: Emotional salience and threat detection
e  Prefrontal Cortex: Social context integration and decision-making

Eye Contact as Energy Conservation: I propose that gaze avoidance in autism represents an
adaptive energy conservation strategy. Direct evidence supports this interpretation:

Table 4. Self-Reported Experiences of Eye Contact in Autism.

Experience Category Representative Quote
Energy Exertion 6b;zce0c:;1;ict feels like 1'm using up a lot of energy. Maximum 2-
Audiovisual Integration Failure tiln::r,z,not listen to someone while making eye contact at the same
Cognitive Trade-off "When I focus on eye contact, I can’t process what's being said.”

"The longer I maintain eye contact, the more recovery time I
need afterward.”

Source: Trevisan et al. 2017, PLOS ONE - Qualitative analysis of first-hand accounts.

Recovery Requirement

Neural Evidence: Functional neuroimaging studies demonstrate that in autism, eye contact
triggers amygdala hyperactivation, suggesting heightened metabolic demand. Gaze avoidance thus
serves to reduce this hyperarousal and conserve limited neural energy for other cognitive tasks.

5. Integrated Pathophysiological Model

Figure 1 presents the unified model linking parental TNF-a-mediated diseases to offspring
autism through mitochondrial dysfunction and energy deficiency.

PARENTAL GENETIC PREDISPOSITION
TNF-a Pathway Dysregulation Genes

l

PARENTAL DISEASE MANIFESTATIONS

Psoriasis | Type 1 Diabetes | Rheumatoid Arthritis | Normal-Tension Glaucoma

!

OFFSPRING EXPOSURE
Genetic inheritance of TNF-a susceptibility

—+

In utero exposure to maternal TNF-a elevation

l

MITOCHONDRIAL DYSFUNCTION
ETC Inhibition — ATP Production || — ROS Production 11

!

CEREBRAL ENERGY CRISIS
l l
DEVELOPMENTAL REAL-TIME PROCESSING
Impaired Synaptic Pruning Impaired Social Cognition

L L

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.2808.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 December 2025 d0i:10.20944/preprints202512.2808.v1

5 of 8
Excess Synapses (~16% vs 50% reduction) Insufficient ATP for:
! ¢ Face/Gaze Processing
Local Over-connectivity ¢ Emotion Recognition
Long-distance Under-connectivity ¢ Audiovisual Integration
Signal-to-Noise Ratio | Eye Contact Avoidance (Energy Conservation)

!
AUTISM SPECTRUM DISORDER

Social Communication Deficits | Restricted Interests | Sensory Abnormalities

Figure 1. Integrated Pathophysiological Model of Autism as an Immune-Metabolic Disorder. Figure 1 Legend:
The model illustrates how parental TNF-a pathway dysregulation leads to offspring autism through two
converging pathways: developmental (impaired synaptic pruning) and real-time (impaired social cognition).
Both pathways result from ATP deficiency secondary to mitochondrial dysfunction. ETC = Electron Transport

Chain; ROS = Reactive Oxygen Species.

6. The Mitonuclear Inmune Conflict Hypothesis: An Endogenous Source of
TNF-a

While the preceding sections describe how TNF-a-mediated mitochondrial dysfunction leads to
autism, an important question remains: what about cases where parents have no autoimmune
disease? I propose that mitonuclear immune conflict may represent an endogenous source of TNF-a
that activates the same pathogenic pathway.

6.1. The Gap in the TNF-a Hypothesis

The TNF-a energy deficit hypothesis explains autism risk in offspring of parents with
autoimmune diseases such as psoriasis, type 1 diabetes, and rheumatoid arthritis. However, autism
also occurs in families with no history of autoimmune disease. Additionally, studies show that a
substantial proportion of autistic individuals exhibit mitochondrial dysfunction biomarkers without
carrying classical mitochondrial disease mutations.

This raises a critical question: if TNF-a-mediated mitochondrial dysfunction is central to autism
pathophysiology, what is the source of TNF-a in cases without parental autoimmune disease?

6.2. The Unique Inheritance Pattern of Mitochondria

Mitochondria possess a unique inheritance pattern. Mitochondrial DNA (mtDNA) is inherited
exclusively from the mother—paternal mitochondria are actively eliminated from the fertilized egg.
Every mitochondrion in an individual's body carries only maternal genetic information.

In contrast, the nuclear genome —including genes governing immune function and self/non-self
recognition—is inherited from both parents. This creates an asymmetry: the immune system is
shaped by both parental genomes, but the mitochondria it must tolerate are exclusively maternal.

6.3. The Conflict Hypothesis: Paternal Immune Genes vs. Maternal Mitochondria

I hypothesize that in some individuals, paternally inherited immune genes may fail to fully
recognize maternal mitochondria as "self." This could result in:

e Immune misrecognition: The paternal contribution to immune recognition machinery (HLA
genes, innate immune pathways) may be calibrated to recognize mitochondrial signatures that
differ from those inherited from the mother.
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e  Chronic immune attack: The immune system may mount persistent inflammatory responses
against the individual's own mitochondria, treating them as partially foreign.

¢ Endogenous TNF-a production: This chronic immune activation would result in sustained
TNEF-a release—activating the same pathogenic cascade described in previous sections, even
without external TNF-a exposure from parental autoimmune disease.

6.4. Two Pathways to the Same Outcome

The mitonuclear immune conflict hypothesis does not replace the parental autoimmune disease
hypothesis—it complements it by providing a second pathway to TNF-a-mediated mitochondrial
dysfunction:

Table 5. Two Pathways to TNF-a-Mediated Mitochondrial Dysfunction.

Pathway 1: External Pathway 2: Internal
Source of TNF-a Parental autoimmune disease Mitonuclear immune conflict
. Genetic inheritance + fetal exposure during Paternal immune attack on maternal
Mechanism : )
pregnancy mitochondria
Parental disease required? Yes No
Final common pathway TNEF-a elevation — Mitochondrial dysfunction — Energy deficit —» Autism

Note: Both pathways converge on the same final mechanism of TNF-a-mediated mitochondrial dysfunction.

This framework explains why:

e  Parental autoimmune disease increases autism risk (Pathway 1)

e Autism also occurs without parental autoimmune disease (Pathway 2)

e Only a subset of children with autoimmune parents develop autism (variable mitonuclear
compatibility may be protective or additive)

6.5. Testable Predictions

The mitonuclear immune conflict hypothesis generates testable predictions:

e  Anti-mitochondrial antibodies or mitochondria-targeted immune markers may be elevated in
autistic individuals without parental autoimmune history

e Inflammatory cytokines including TNF-a may be elevated even in autism cases without parental
autoimmune disease

e  Specific HLA haplotype combinations from parents may show associations with autism risk

7. Novel Prediction: Normal-Tension Glaucoma and Autism

A critical test of this hypothesis involves normal-tension glaucoma (NTG). NTG is a
neurodegenerative condition affecting retinal ganglion cells (RGCs) that shares key
pathophysiological features with both the TNF-a-mediated autoimmune diseases associated with
autism and with autism itself.

7.1. NTG as a TNF-a-Mediated Condition

Evidence supporting TNF-a involvement in NTG:

e  Elevated TNF-a levels in aqueous humor and serum of NTG patients

e  TNF-a directly induces RGC apoptosis via TNF-R1 signaling

e Anti-TNF therapy shows protective effects in animal models

e  NTG frequently co-occurs with systemic inflammatory conditions (e.g., psoriasis)

e Disease progression occurs despite normal intraocular pressure, implicating IOP-independent
mechanisms
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7.2. The Untested Hypothesis

I predict that parents with NTG will have elevated prevalence of autistic offspring compared
to the general population.

To my knowledge, no published study has examined the association between parental NTG and
offspring autism risk. This represents a critical gap in the literature and a testable prediction of this
hypothesis.

Table 6. TNF-a-Mediated Conditions and Autism Association Studies.

Parental Condition TNF-a Role Autism Association Studied?
Psoriasis Central Yes (OR 1.59)
Type 1 Diabetes Central Yes (OR 1.49-2.36)
Rheumatoid Arthritis Central Yes (OR 1.51)
Normal-Tension Glaucoma Central NO STUDIES EXIST

Note: The absence of studies on parental NTG and offspring autism represents a critical research gap and a

testable prediction of the present hypothesis.

8. Therapeutic Implications

The energy-deficit hypothesis suggests several therapeutic approaches:

8.1. Anti-TNF-« Interventions

Existing anti-TNF biologics (etanercept, infliximab, golimumab, adalimumab) have proven
efficacy in TNF-a-mediated diseases. In type 1 diabetes, golimumab preserved -cell function in a
phase 2 trial (NEJM 2020). Similar approaches might be considered for autism prevention in high-
risk pregnancies, though significant safety and ethical considerations would need to be addressed.

8.2. Mitochondrial Support

Interventions supporting mitochondrial function may provide benefit:

e  Coenzyme Q10: Essential electron carrier in ETC

e L-Carnitine: Facilitates fatty acid transport into mitochondria

e  NAD+ Precursors (NR, NMN): Support ETC function and cellular energy production
e B Vitamins: Cofactors for mitochondrial enzymes

8.3. Early Identification

Screening for parental TNF-a-mediated diseases (psoriasis, T1D, RA, NTG) could identify
pregnancies at elevated autism risk, enabling earlier monitoring and potentially earlier intervention.

9. Limitations and Future Directions

Limitations: This hypothesis paper synthesizes existing evidence but does not present new
experimental data. The proposed mechanisms, while supported by converging lines of evidence,
require direct experimental validation.

Future Directions: Key studies needed include: (1) Epidemiological investigation of parental
NTG and offspring autism risk; (2) Longitudinal studies of mitochondrial function in infants at high
autism risk; (3) Clinical trials of mitochondrial support interventions; (4) Mechanistic studies of TNE-
a effects on synaptic pruning in animal models.

10. Conclusion
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I propose that autism spectrum disorder can be understood as an immune-metabolic disorder
characterized by TNF-a-mediated mitochondrial dysfunction leading to cerebral energy deficiency.
This energy deficit impairs synaptic pruning during development and compromises real-time social
cognitive processing, explaining core autism symptoms from a unified mechanistic perspective.

The hypothesis generates a novel, testable prediction: that parents with normal-tension
glaucoma—a TNF-a-mediated neurodegenerative condition not previously linked to offspring
autism —will show elevated prevalence of autistic children. Confirmation of this prediction would
provide strong support for the broader hypothesis.

If validated, this framework has important implications for autism prevention and treatment,
suggesting that anti-inflammatory and mitochondrial support interventions may have therapeutic
potential, particularly when administered early in neurodevelopment.
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