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1. Introduction: A Mechanistic Framework for 
Developmental Psychopathology 

The clinical understanding of neurodevelopmental disorders, specifically Attention Deficit 
Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD), is evolving from 
descriptive behavioral taxonomy to mechanistic computational models. This report analyzes 
these conditions as specific pathologies of predictive processing, homeostatic 
regulation, and inhibitory control. 
We posit a circular causal chain: Maternal Circadian Disruption (MCD)—driven by a 
genetically mandated physiological dysfunction in the mother—programs the fetal 
hypothalamic-pituitary-adrenal (HPA) axis. This results in a phenotype characterized by 
chronic Allostatic Load and specific failures in the brain's "braking system" (Inhibition), 
necessitating compensatory behaviors like fidgeting and stimming to resolve sensory 
uncertainty. 
We utilize the Free Energy Principle (FEP) and Active Inference to map these 
pathologies, integrating Russell Barkley’s Theory of Behavioral Inhibition to explain the 
specific computational and behavioral deficits associated with ADHD (Barkley, 1997; Friston, 
2010). 

2. Etiology: The Intergenerational Circadian Loop 

The generative model of the central nervous system is primed during gestation. Recent 
evidence identifies Maternal Circadian Disruption not merely as a stressor, but as the 
transmission mechanism of a genetic regulatory failure involving the Placental Clock 
(Reppert & Schwartz, 1983). 

2.1 The "Night Owl" Phenotype: Physiological Dysfunction, Not 
Choice 

It is imperative to distinguish the "Evening Chronotype" observed in mothers with 
ADHD/ASD traits from lifestyle choices. This phenotype represents a physiological 
dysfunction of the circadian clock, often driven by polymorphisms in clock genes (e.g., 
CLOCK, CRY1, PER3) (Coogan et al., 2016). 

• Involuntary Desynchrony: The mother’s biological clock is genetically "delayed," 
preventing the timely secretion of melatonin. This is not a voluntary choice but a 
hard-wired failure of temporal integration. 

• The Generational Loop: This genetic trait creates a hostile in-utero environment. The 
fetus, which relies on maternal melatonin to set its own SCN (Suprachiasmatic 
Nucleus), receives a corrupted "time code." 

2.2 The Placental Clock and Entrainment Signaling 

The placenta is not a passive filter; it possesses its own circadian oscillators (the Placental 
Clock) which regulate nutrient and hormone transfer to the fetus (Wharfe et al., 2011). 

• Melatonin as Zeitgeber: Maternal melatonin acts as a Zeitgeber (Time-Giver) for the 
fetal adrenal gland. Its suppression during the night (due to maternal eveningness or 
light exposure) desynchronizes the fetal adrenal clock (Torres-Farfan et al., 2011). 

• Glucocorticoid Breakthrough: Without the rhythmic melatonin signal, the placental 
enzyme 11β-HSD2 (which protects the fetus from maternal cortisol) is downregulated. 
This allows maternal cortisol to flood the fetal brain, programming the HPA axis to be 
hyper-reactive (Allostatic Load) before birth (Cottrell & Seckl, 2009). 



3. Computational Architecture: The "Fuel Tank" and 
Epistemic Foraging 

To understand the behavioral manifestations, we must link the computational cost of Active 
Inference with the physiological reality of Metabolic Depletion. 

3.1 The "Fuel Tank": Mitochondrial Allostasis 

Russell Barkley describes a "Pool of Resources" or "Fuel Tank" required for executive 
function. In biological terms, this is Mitochondrial Allostatic Load (Picard et al., 2018). 

• High-Cost Inhibition: "Top-Down" inhibition (stopping an impulse) is metabolically 
expensive. It requires the Prefrontal Cortex (PFC) to fire inhibitory interneurons 
against a strong "Bottom-Up" urge. 

• Depletion: In ADHD, the "Fuel Tank" (glycogen reserves in astrocytes) is small or 
leaks rapidly due to inefficient signaling. When the tank empties, Executive Resource 
Depletion occurs. The brain physically cannot sustain the high-precision firing needed 
for self-regulation, leading to "Ego Depletion" and impulsive behavior (Barkley, 2012). 

3.2 Hyperactivity as Epistemic Foraging 

Why do ADHD brains fidget? In Active Inference, this is Epistemic Foraging—movement 
designed to gather information (Parr & Friston, 2017). 

• The Problem: Due to circadian disruption, the ADHD brain has "noisy" interoception 
(it can't feel the body accurately). This creates high uncertainty (entropy). 

• The Solution (Fidgeting): The brain generates motor movements (tapping, bouncing) 
to create reliable proprioceptive feedback. Fidgeting is a mechanism to "Double-
Check" the body's state. It creates a stream of sensory data that reduces the 
uncertainty of an under-aroused brain. It is a functional strategy to keep the cortex 
awake (Hodosy, 2020). 

4. Clinical Phenotypes: Barkley’s Theory of 
Inhibition and Active Inference 

We redefine the behavioral traits of ADHD and ASD through Russell Barkley’s Theory of 
Behavioral Inhibition, framing them as failures of executive "braking." 

4.1 ADHD: A Disorder of Behavioral Inhibition (The "Brake Failure") 

According to Barkley, ADHD is not primarily a deficit of attention, but a deficit of Inhibition. 
The Prefrontal Cortex (Executive System) fails to suppress the automatic responses of the 
motor and limbic systems (Barkley, 1997). 

4.1.1 The Core Deficit: Inhibition 

In Active Inference terms, Inhibition is the ability to assign Precision to a "Stop" signal. In 
ADHD, this precision is low. The brain cannot pause the automatic motor response long 
enough to engage higher-level executive functions. This failure cascades into specific 
impairments in the 7 Executive Functions Hierarchy: 

1. Level 1: Foundational Four (Self-Directed Attention, Self-Restraint, Self-Directed 
Sensing, Self-Speech). The ADHD brain fails to internalize these, leaving the 
individual dependent on the external environment for cues. 



2. Level 2: Higher-Level Three (Self-Regulation of Emotion, Self-Motivation, Planning). 
Because the foundation is unstable, these higher functions collapse under load. 

4.1.2 Deficient Emotional Self-Regulation (DESR) 

Barkley posits that Deficient Emotional Self-Regulation (DESR) is a core component of 
ADHD. This is the failure of the "Hot Circuit" (Frontal-Amygdala connection). 

• Mechanism: The "Brake" on the Amygdala is broken. Emotions are expressed 
immediately (Quick Emotional Expression) without the top-down modification required 
for social adaptation (Barkley, 2015; Shaw et al., 2014). 

4.2 ASD: Pathological Rigidity and Sensory Overload 

4.2.1 Hyper-Priors and Stimming 

In ASD, the "Double-Check" mechanism is driven by Hyper-Priors (rigid predictions) 
(Lawson et al., 2014). 

• Sensory Overload: The brain fails to attenuate (ignore) sensory noise. 
• Stimming: Like fidgeting, this is an Active Inference strategy. The autistic individual 

generates repetitive, perfectly predictable sensations (rocking, flapping) to drown out 
the chaotic, unpredictable sensory world. It minimizes the "Surprise" of the 
environment. 

5. The Non-Geek Explanation: "The Broken 
Thermostat and the Empty Tank" 

This section translates the complex neurobiology above into accessible analogies. 

The Origin Story: The "Night Owl" Legacy 

Imagine the mother's body clock is like a conductor leading an orchestra. For the fetus to 
develop a healthy rhythm, it needs to hear the conductor's beat (Melatonin) clearly. In 
mothers with ADHD or ASD genetics, the conductor often runs on a delayed schedule (the 
"Night Owl" trait). This isn't a lifestyle choice; it's a genetic setting. Because the beat is off, 
the fetus's own internal clock gets confused. It starts building a brain designed for chaos 
instead of calm. 

ADHD: The Race Car with Bicycle Brakes 

Dr. Russell Barkley famously describes the ADHD brain as a Ferrari engine with bicycle 
brakes. 

• The Engine (Impulses): The ADHD brain has a powerful engine that reacts instantly 
to everything around it. 

• The Brakes (Inhibition): The "Brake Pedal" is the Prefrontal Cortex. Its job is to 
pause the engine for just a second so you can decide, "Should I say that?" or "Should 
I buy that?" In ADHD, the brake fluid (Dopamine/Glucose) runs out very fast. 

• The Fuel Tank: Every time you have to stop yourself from doing something fun or 
force yourself to do something boring, you burn fuel from a tiny tank. Once that tank is 
empty, you have Zero Self-Control. You aren't being "bad"; you are literally out of 
gas. 

• Fidgeting: Why do you bounce your leg? Because your brain is falling asleep at the 
wheel. Bouncing your leg sends "wake up" signals to the brain. It's like pinching 



yourself to stay alert. You are "Double-Checking" that you are still awake and 
present. 

ASD: The Manual Transmission 

While the neurotypical brain drives an automatic car (handling social cues, lights, and 
sounds automatically), the Autistic brain drives a Manual Transmission. 

• Manual Processing: Every sound, light, and facial expression has to be processed 
consciously. You have to manually shift gears for every single interaction. 

• Masking: This is trying to drive that manual car in heavy traffic while pretending it's an 
automatic. It requires intense concentration. 

• Burnout: Because you are driving manually, you burn fuel 10 times faster than 
everyone else. Eventually, the engine overheats and you crash (Meltdown). Stimming 
(rocking/flapping) is like putting the car in neutral and revving the engine rhythmically 
to calm it down. 

6. Pharmacological Interventions: Tuning Signal and 
Noise 

Medications are interpreted here as tools that modulate Signal-to-Noise Ratio (SNR) and 
Neural Gain. 

Medication Mechanism Effect on 
Signal vs. 

Noise 

Active Inference Function 

Guanfacine \alpha_{2A} 
Agonist 

Decreases 
Noise 

Acts as a "Noise Gate." Closes HCN 
channels to stop random static, 
allowing the weak signal to be heard 
(Arnsten, 2009). 

Lisdexamphetamine Prodrug 
(Amphetamine) 

Stabilized 
Signal Boost 

Provides a steady, linear increase in 
"Signal Volume" (Dopamine), avoiding 
the volatility of immediate-release 
spikes (Pennick, 2010). 

Atomoxetine NRI (Prefrontal) Tuning 
Control 

Increases norepinephrine to improve 
the "tuning" of the signal, helping the 
brain detect errors (Conflict 
Monitoring) (Chamberlain et al., 
2007). 

Melatonin MT1/MT2 
Agonist 

Master 
Clock Reset 

Addresses the root physiological 
dysfunction by artificially enforcing the 
entrainment signal the body fails to 
produce (Tordjman et al., 2013). 

7. Suggested Infographics 

Infographic 1: "Barkley’s Hierarchy of Inhibition" 

• Visual Structure: A pyramid representing the developmental hierarchy. 
• Base Layer (The Foundation): Labeled "Behavioral Inhibition". 

o Caption: "The Brake Pedal. Without this, nothing above it works." 
• Level 1 (Foundational Four): 

1. Working Memory (Holding images in mind). 
2. Self-Regulation of Affect (Managing the "Hot" Emotional Circuit). 



3. Internal Speech ( The "Voice in your head"). 
4. Reconstitution (Planning/Play). 

• Level 2 (The Top): Labeled "Goal-Directed Action". 
• The ADHD Fracture: A visible crack in the Base Layer causes the upper levels to 

collapse. 

Infographic 2: "The Signal-to-Noise Tuning Board" 

• Visual: An audio mixing board showing two channels. 
• Channel 1 (Stimulants): The "Signal Fader" (Dopamine) is pushed UP. The voice 

becomes louder. 
• Channel 2 (Guanfacine): The "Noise Gate" button is pressed. The background 

static/hiss disappears. 
• Result: A clear, crisp waveform labeled "Focused Attention." 
• Contrast: An image of a "Noisy" waveform labeled "ADHD Unmedicated" (Low Signal, 

High Noise). 

Infographic 3: "The Generational Night Owl Loop" 

• Visual: A circular cycle. 
• Top: Image of DNA Helix labeled "Genetic Clock Dysfunction" (NOT a Choice). 
• Right: Mother's "Evening Chronotype" -> "Desynchronized Placental Clock." 
• Bottom: Fetus in utero. Text: "Programming for Volatility." 
• Left: Child born with "Allostatic Load" and "Inhibitory Deficits." 
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