SECTION A.2 - IF IT LOOKS LIKE A DUCK…

The logical theory underlying this chapter is based on a well known logical construct that goes something like, “if it looks like a duck, and it walks like a duck, and it swims like a duck, and it quacks like a duck… then it is probably a duck” This is a valid logical model that is an extension of the premise underlying this whole paper – that you can identify the cause of autism based on circumstantial evidence. This model uses the accumulation of individual pieces evidence, strung together in painful detail, to make a prediction – that the object is in fact a duck. This logical model accounts for the fact that proving any complicated theory absolutely with scientific certainty is almost impossible, because of the complexities that exist in our world. The object could be a goose that is abnormally formed, or a clever artistic reproduction of a duck, or a blow up doll, or a hologram, or an alien that looks eerily like a duck. However, the most likely explanation for what the little yellow creature, quacking and waddling across the lawn, really is – is a duck.

The “if it looks like a duck” model applies to this chapter in the following way: if autistic individuals behave like they are stressed out, and their blood is riddled with chemicals associated with stress, and they suffer from immune system abnormalities like chronic inflammation and auto immune disorders commonly associated with stress, and their sleep patterns mirror those of people who are stressed who, and they develop other psychological disorders like anxiety disorders associated with chronic stress, then maybe autism is really primarily a disorder centered around stress.

The stress response is an integral part of human physiology and one that has a long history. It not only occurs in all mammals, but also in our more primitive ancestors, such as fish. It presumably evolved because it conveys a survival advantage and helps animals to avoid or vanquish an immediate threat to their well-being by moving to a “red alert” mode that heightens vigilance and sets the stage for increased physical and mental activity, which was of daily importance in pre-modern times. A central tenet of stress research is that the acute form of the stress response has a largely beneficial effect, but that when chronically activated it may be maladaptive or harmful. If the red alert signal fails to shut off, it is not surprising that the wear and tear on our bodies is going to increase.
 (I will be describing exactly how stress it works in the next Section).
A Stress Test Case


To hone this model, let’s try it out on a different species of animal. Based upon a significant level of observation, researchers observed that certain male baboons in the wild behave to a degree like autistic children. They look stressed out. They are often socially withdrawn, engaging in parallel play to the dominant group. They often avoid eye contact. They engage in stereotypic movement as well as self-directed behavior and self stimulation, such as scratching and body shaking, particularly when in close proximity to a dominant male. They display frequent agitation, and engage in actions like pacing and rocking. These are all behaviors associated with psychosocial stress as well as autism. One piece of evidence that these individuals may be stressed has now been assembled; it looks like a duck.

So, what about physiological signs of stress? Among these same male baboons, resting levels of cortisol, one of the most important substances in the human and primate stress responses, are significantly higher than normal. Also, when a real stressor comes along, their cortisol response is smaller and slower than in normal. And when it’s all passed, their recovery appears to be delayed.
 Other problems for these individuals that are likely tied to cortisol include: elevated resting blood pressure; sluggish cardiovascular response to real stressors; a sluggish recovery; suppressed levels of the good HDL cholesterol; and testosterone levels that are more easily suppressed by stress than in dominant males. All these are symptoms of bodies that are chronically stressed. This is another piece of evidence that chronic stress is involved with these animals. It quacks like a duck.

These baboons also show signs of abnormal immune system function. They have fewer circulating white blood cells in their blood streams. Also, they have lower circulating levels a substance called insulin-like growth factor-1, which helps heal wounds and generally support immune system function. It acts like a duck.

So, the model would seem to predict that these animals are being subjected to chronic stress. There is no guarantee that this is the case. However, researchers who observed these signs of stress decided to investigate what was going on. Based on extensive observation of male baboons in their natural settings, what they found out is that these animals were in fact stressed. The factor that connected these stressed baboons was that they were all subordinate animals in the baboon dominance hierarchy. It turns out that being a subordinate male baboon is a profoundly stressful experience. The dominance hierarchies in baboons are rigid and violently enforced. Subordinate baboons are regularly attacked by their more dominant counterparts. Control and predictability are low. Psychosocial stress is extremely high. And, predictably, the physiology and behaviors of subordinate male baboons betray this stress. The model predicted that it was a duck. Observation and testing based on the prediction has confirmed that it is, in fact, a duck. Scientific certainty was not established. But, a solid, logical case was made that most primatologists accept as an accurate description of reality.
A.
Autistic Children Look Stressed Out

Autistic children often engage in behaviors that adults use when they are responding to stress, such as pacing, or social withdrawal, or rocking. However, we don’t think of autistic kids as exposed to high levels of stress (since they are only kids, what do they have to be stressed out about?), so we don’t connect those behaviors up to stress as a cause. These are what I call the positive symptoms of autism. This Section does not address the negative symptoms, such as the failure to use language, or the lack of emotional reciprocity. Those are explained in subsequent Sections.

One of the most frequent objections I receive to this theory is how can a 2 year old autistic child be stressed out? After all, they are two, no cares in the world. The answer comes from Section 1 – their overly excitatory nervous systems result in a brain that perceives many more threats than those of normal people. As a result, they are subjected to constant stress response activation, and engage in behaviors that are both adaptive (movement) and maladaptive (withdrawal) coping strategies.

1.
Stereotypies


Stereotyped behaviors, or stereotypies, are generally defined as repetitive motor or vocal sequences that appear to the observer to be invariant to form and without any obvious stimulus or adaptive function. Many different types of stereotypies have been identified, the most prevalent among them being arm flapping, body rocking, mouthing, complex finger and hand movements, eye poking, self-injurious behaviors, and bizarre postures. 


Stereotypies exist in populations without autism. They can be induced not only in humans and animals by drugs that stimulate arousal, such as amphetamines, but they also arise spontaneously in many captive animals who are subjected to stressors to which their nervous systems are not tuned and who are deprived of many of their natural coping mechanisms. Among those who study animals, stereotypic or repetitive behavior is considered an indicator of stress as such behavior often occurs in environments that we might consider boring or uncomfortable and others in which the potential for anxiety is high.
 In fact, most humans engage in mild versions of stereotypies during their average day, particularly when under stress, such as pacing, rocking, and picking at scabs.

It is pretty clear that the dominant motivation behind stereotypic movement is the reduction of stress and arousal. It has been shown that heart rate is reduced during stereotypic leg swinging in non-autistic school children, during crib biting in horses, and during stereotypic behavior in pigs. In a rat study, performance of stereotypies reduced plasma levels of corticosterone, the rat version of the human stress hormone cortisol. Stereotyping chickens have lower baseline cortisol levels than normal counterparts.
 It has been proposed that stereotypies may help animals exert control over otherwise uncontrollable situations by allowing them to influence their states of arousal, which control itself reduces perceived stress.
 Also, stereotypies are known to release serotonin into the brains of those who engage in them, which has calming effects.

Stereotypies are a dominant aspect of autism. One study showed that all 224 autistic children included in a study exhibited some form of stereotypic behavior. The most common types were lower body extremity movement, hand flapping and body rocking; 12% engaged in head tilting behaviors. The function of stereotypies in persons with pervasive development disorders are much debated. But, a few studies suggest that stereotypies in persons with autism occur much more frequently in situations that might be stressful and are adaptations to assist the stereotyping individual in dealing with stress and arousal. Scientists have found that individuals with autism and other PDD’s would engage in higher rates of rocking and hand flapping when presented with difficult tasks.
 Children with more severe manifestations of autism tended to exhibit more severe stereotypical patterns.


Scientists have also suggested that the sensory and perceptual stimuli created through autistic behaviors such as hand flapping and twirling are rewarding. It appears that stereotypy is maintained by either positively or negatively reinforcing sensory consequences including access to pleasant visual auditory or vestibular stimuli or by the removal of aversive sensory stimulation.
 Support for the stimulation benefits include the circumstances in which stereotypies occur, which is primarily when the individual is in an understimulating or overstimulating environment. Scientists have observed that children with autism would increase their stereotypic behavior by more than 25% when their environment changed from an empty familiar room to a familiar room with an adult sitting quietly in the corner.
 


The frequency of stereotypic behaviors can be managed by techniques that increase control, which decreases stress. When taught an alternative and functional behavior such as a behavioral sign for “break” and “more”, the children’s stereotypic behaviors decreased and they exhibited more functional behaviors.


Three studies have measured sympathetic nervous system response while individuals with autism engage in stereotype behaviors. Findings suggest there is a functional relationship between stereotypies and arousal in persons with autism, such that lowered levels of heart rate precede or are a consequence of engaging in stereotypical motor movements. These results have been interpreted as evidence for engagement in stereotypical behavior in order to attain homeostasis.


2.
Hyperactivity


Many of the behaviors seen in the autism spectrum are specifically designed to bleed off some of the stress felt by the autistic individual. Neurotypical individuals know these skills on a different scale. For instance, pacing is a way many adults use to deal with stress in the moment. Chewing fingernails, pulling at hair, and playing with the radio while driving are all techniques that many people use to deal with stress. Kids in classrooms learn the skills of rocking their feet on the desk in front of you or chewing on your pencil to help them deal with transient stress.

This makes sense since movement has always been the body’s primary strategy to deal with a stressful situation. The classic human stress response is one of fight or flight. Either choice involves the use of the body’s musculature. Movement is used by the body to keep the stress response from getting out of control and to recover from the response to the stressor. Unfortunately, we live in an increasingly stressful world, and we have removed many of the opportunities for movement (think cars, can openers, elevators, and landscapers) that would otherwise help us cope with stress. 


One very common symptom in autistics is hyperactivity. Symptoms include pacing, acting out, bumping into others, and nearly constant motion. Children who are hyperactive are often said to be ‘driven by a motor’. This is very perceptive, because often they are, literally. The vibration associated with motors that power many modern conveniences like washing machines, dishwashers, refrigerator condensers, automobile engines, vacuum cleaners and other devices seem to be particularly overstimulating for people on the autism spectrum. The humming and vibration of fluorescent lights is similarly challenging for those with autism. Children who have not learned other coping behaviors are very apt to just keep moving to deal with sensory stressors, not that they know necessarily what they are doing. It looks unusual to most people. However, it is how they get by in an overstimulating world.


I know one child, who is certainly not autistic but might qualify for an ADHD diagnosis, who is very hyperactive under certain circumstances. On a quiet Saturday morning, he can sit at the kitchen table and color for hours. However, something changes when people are around or there is activity. He becomes a blur of movement and activity. The same thing happens at school when he is inside attending class. In a wonderful moment of understanding, he remarked to me one day that he knows he is supposed to be quiet and still when in class and that when he goes outside for recess he is supposed to run around to get rid of his energy. But, that is not what happens. When he is inside, he can’t stop moving and fidgeting and acting out. But, once he goes outside, all he can manage is to sit still and watch the world, often playing quietly alone in the woods in his fort. This is a classic case of visual and auditory overstimulation eliciting a strong stress response. When inside a classroom under the fluorescent lights and echoing noise of a roomful of children, the child has to keep moving to modulate his stress levels. However, once he goes outside to the grass and trees with the wind blowing and muted sounds, he just wants to sit quietly and relax, allowing for his overactive stress response system to come down.


3.
Distraction

A very effective way of dealing with stress is to distract yourself from the stressor. Scratching a mosquito bite is nothing more than distraction. You ignore the itch because of the fingernail stimuli adjacent to the bite. Autistics use distraction frequently to cope with a stressful world. Repetitive body movements like hand flapping and rocking are distracting and help you avoid paying attention to other less pleasant stimuli like a rumbling car engine. It is a way of displacing background sensations with more immediate, and more controllable, foreground action.


Obsession with an object is another way of using distraction to cope. Autistic children are frequently consumed with physical systems, like a Lego model, or a train, or a mechanical device. Their attention becomes intense as they try to understand the underlying logic behind the system. And, this single minded focus allows them to ignore to some degree the overly loud background world that keeps hammering at them for attention. They become pleasantly distracted and are very reluctant to reengage with a painful world. Overhead fans and running water are other sources of wonder in many autistic children. They seem to get lost in the gentle, constant motion and the soothing, consistent sounds that are generated.

Self injurious behaviors are also seen commonly in autistics. These seem to be used when less damaging behaviors are no longer effective in providing adequate distraction. Scientists have speculated that perhaps the pain resulting from the self injurious behavior distracts that individual from his or her troubles or redirects stress resulting from other internal or external stressors.


Self injurious behaviors are also seen in animals under stress. Such behavior in captive primates is accompanied by behavioral signs of internal arousal, such as trembling and piloerection and rapid increases in heart rate. Typically the behavior occurs in emotionally arousing situations, such as having blood drawn, separation from cage mates, and during and after social altercations. One scientific hypothesis for these behaviors is that they are a means for dealing with excessive anxiety or distress. 


4.
Avoidance of Stimuli / Withdrawal

Another important component of stress management is the avoidance of threatening stressors. Everybody uses this technique. We avoid going outside in the cold when we are sick. We avoid emotionally challenging conversations after a hard day at work, and use happy hours as buffers between work and home. We get some quality ‘me’ time on weekends.


Autistics also use this technique very frequently in their constant quest to normalize their stress response. If they have hypersensitivity in a sensory channel, they try to avoid troubling sensations in that channel such as light touch, or too many people too close, or foods that feel bad in the mouth. When children are seen walking on their toes, the explanation may be as simple as the bottoms of their feet are overly sensitive at that moment and they are avoiding the unpleasant sensation. When children are seen to be aloof, preferring to play alone, the explanation is likely that playing with other children at that moment is more than they can handle: too much noise, too much emotion, too much touch, or too much pressure. And, just because they can play with other kids at one moment does not mean they are being difficult when they withdraw at another time. A child’s ability to interact with others depends on many variables that effect how full their reservoir for dealing with additional stress is at a point in time: what time of the day it is, how closely their arousal state matches their activity, what they have been doing for the last few hours, what background noise exists, and many other factors most parents can’t perceive and don’t understand.


Many autistic children have difficulty interacting with other people and fail to make appropriate peer friendships. The explanation for this likely has several components. However, an important one is that people stress out kids with autism. Other kids always want something from you; they want to be your friend, they want you to play, to look, to touch. Pressure is really hard for kids on the autism spectrum. Pressure can take the form of expectations, commands, or requests. Pressure is frequently emotionally charged. Dealing with emotional situations is very hard for kids with autism. Even simple eye contact is so visually and emotionally over-stimulating that most kids and adults with autism have a hard time making any significant eye contact. Avoidance of this pressure and emotional stimuli relieves much potential stress.


If things get bad enough for a child with autism, the ultimate withdrawal involves completely tuning out the world. The child will unconsciously shut down his or her sensory channels in order to filter our sensory stimuli that cannot be consciously tuned out. Kids who can hear just fine may become deaf; their brain literally stops sending auditory cues to their processing centers. The child may become completely unresponsive to pain. The child may go catatonic as he waits for either his body to recover to a point where he can deal with the world and/or for his sensory environment to change into something he can deal with.


5.
Control Seeking Behavior


Seeking control over one’s world is one of the most important coping mechanisms that all people use as they manage stress in their lives. A psychological schema called locus of control has developed into one of the most important tools for understanding the mental state of any person. Persons who perceive low levels of control over their world have much more anxiety in their lives and are significantly more prone to depression. Low control means high stress. They are directly inversely proportional. Autistic individuals tend towards extreme low control. When it feels like the world is toxic and in control of your every moment because the sensations it directs at you are so violent, a sense of low control is almost inevitable.


In response to this, persons on the autism spectrum go to extreme measures to try to control their environment. They insist on highly structured routines and sameness in their world. They resist change with everything they have. To them, change can only be bad; it has always been as they grew up so why would it change now. They engage in ritualistic or compulsive behaviors as part of this attempt to maintain the status quo. If you try to force change, particularly incremental change, upon a child with autism, you will likely receive a melt down in return.


Autistics’ restricted repertoire of interests and activities are additional attempts at maintaining control. When you have mastery over an object or topic, you gain a measure of control over the world. The object moves only when you want it to move. It can’t scare you when you know it so well. It becomes comfortable to you and is an anchor for you in a world that is moving too fast and too brightly. You can spend your time involved with that which you understand, that with which you are comfortable, to the exclusion of items that elevate your reservoir. On the low functioning end of the spectrum, this manifests itself in obsession over physical objects that can be manipulated or mental topics such as calendars, numbers, and weather. On the higher functioning end, you see obsession with more sophisticated areas of intellectual pursuits, such as car engines, computers, or physics.

Another quirk of autistic individuals is that they will often read the same book or watch the same show over and over. This is because a new story can be scary and stressful. The end is not predictable. You have limited control. That can be fun, but sometimes not. Reading the same book over and over is very predictable. You control what happens. You can just read part and put it down and it does not matter. You can skip over the part you know will be tense because you know it so well. You can only take advantage of the good stress and avoid the bad stress.

6.
The Melt Down


Melt downs are one of the most feared and difficult aspects of autism. The reasons autistics melt down are rarely well understood by their caregivers. To understand a melt down, you need to understand what is called the reservoir. The reservoir represents the child’s remaining ability to deal with additional stress. The higher the level of the reservoir, the lower the ability of the individual to successfully cope with additional stressors. When the reservoir finally overtops, normal people have different ways of dealing with the world. Some sob uncontrollably. Some go for a long bike ride. Others sit and stare at the TV, numb to the world, or lock themselves in their rooms. This reservoir overtopping doesn’t happen often in normal individuals. By the time we graduate from childhood, we have learned coping strategies, both adaptive and maladaptive, that allow us to modulate our reservoirs to keep them from being overly full, like taking a walk, or turning off the cell phone, or zoning out in front of the television.


Autistic children are different. Autistic children have smaller reservoirs than normal children. Their reservoirs start the day more full, and empty more slowly. A single stressor may be enough to completely fill the reservoir. Also, experiences that would not impact a normal person may be enough to overwhelm the reservoir of an autistic child. Moreover, the autistic child has never learned adequate coping to keep his reservoir properly managed. And, when the reservoir does overtop, the autistic child has little control over the response. They lose control over their thoughts. They don’t know how they got this way. Fear is the dominant emotion. They don’t know when the awful sensation is going to end. And, they just have to ride it out. The flailing and screaming that are common are actually cathartic – they bleed of stress quickly, allowing their system to normalize. And, when it is over, they are usually exhausted, having used up whatever reserves of energy they had in the fit.
B.
Elevated Markers of Stress in Autism

Chronic stress results in significant adaptations in the human body. Homeostatic balances are internally adjusted to account for constant stress in the environment in which the person lives. Substances associated with the stress response are elevated in number and persistency. Behaviors and personality are altered. Since the human body did not evolve in a world in which coping with chronic stress was required, it is ill prepared for such an environment, and these adaptations are almost exclusively negative.


1.
Cortisol Abnormalities in Autism

Cortisol is an exceptionally important substance involved in the human stress response. It is often referred to as “the stress hormone”. It has wide ranging effects, most of which normally involve returning the body to homeostatic balance after the activation of the stress response. Its actions include immune system down-regulation, memory enhancement, water excretion, insulin inhibition, and many others. All of these actions, as discussed in more detail in later Sections, serve its primary purpose which is to give the body a soft landing after an intensive response to an external stressor. However, in the face of chronic stress, cortisol function largely stops being biologically beneficial.

Cortisol levels vary from normal levels with chronic stress. Sometimes cortisol levels are upregulated, sometimes downregulated, and sometimes both, depending upon various factors. Cortisol abnormalities are the rule in autism. Elevated cortisol levels are a very common finding. For instance, in one study, autistic children showed statistically significant and prolonged elevations of cortisol following exposure to an environmental stressor. In another study, Hoshino reported that 9/19 autistic children failed to down regulate cortisol on dexamethasone treatment, while 26 volunteers and 19 schizophrenia patients all suppressed cortisol production, suggesting that feedback regulation is impaired.
 Also, in some studies individuals with autism have significantly lower serum concentrations of cortisol than control age- and sex-matched subjects.


The over and under production of cortisol in autism suggests a hyperactive or dysfunctional hypothalamic-adrenal-pituitary (“HPA”) axis.
 The HPA axis is a major part of the neuroendocrine system that controls reactions to stress and regulates various body processes including digestion, the immune system, mood and sexuality, and energy usage. Just because the HPA system is chronically active does not mean the system is defective. It may be working perfectly well. It may mean there are external forces in the environment that cause the system to be activated too often; of course, excessive activation will ultimately result in HPA axis dysfunction. This is similar to Type II diabetes, in which pancreatic exhaustion results from a chronic overexposure of the blood stream to surges in blood sugar level – it is the diet and exercise patterns, not the pancreas, that is ultimately responsible.

2.
Adrenaline / Noradrenaline


Noradrenaline is another very important chemical in the stress response. Noradrenaline, a variant of adrenaline present in the nervous system, is the chemical that gets the stress response going. When the brain perceives an external threat, it uses noradrenaline transmission from the hindbrain to generally activate the brain so that it can take appropriate action to defend the body from the threat. Noradrenaline specifically affects parts of the brain where attention and responding actions are controlled. Along with adrenaline, noradrenaline underlies the fight-or-flight response, directly increasing heart rate, triggering the release of glucose from energy stores, and increasing blood flow to skeletal muscle.


Patients with autism show higher plasma noradrenaline concentrations than normal controls.
 In a skin conductance test of 37 children, in contrast to the control children, the children with autism had a higher overall level of autonomic arousal, which is mediated largely by noradrenaline.


3.
HPA Axis Transmitters


ACTH (Adrenocorticotropic hormone) is a crucial component of the HPA axis. It is released by the pituitary gland in response to signals from the hypothalamus that are transmitted by CRH (corticotropin releasing hormone). It sends signals to the adrenal glands that result in the production of cortisol. Several studies have revealed that levels of ACTH were significantly higher in autistic individuals than in normal controls.
 This indicates a more active than normal stress response.


4.
Endorphins / Enkephalins

Endorphins and enkephalins are pain relieving chemicals produced by the pituitary and hypothalamus when the body is under stress or experiencing pain. One study revealed that levels of beta endorphin were significantly higher in the autistic individuals than in normal controls.


5.
Neuropeptides


Researchers found very elevated levels of certain neurotrophins and also certain neuropeptides – BDNF, NT4/5, vasoactive intestinal peptide (VIP), and calcitonin gene-related peptide (CGRP) – in 99% of the children with autism compared to controls. Another study showed that mean levels of the neuropeptides Substance P, pituitary adenylate cyclase-activating polypeptide (PACAP), and neurotrophin nerve growth factor were elevated in the cord blood of children who later received a diagnosis of autism or mental retardation.
 These are all substances that a significantly impacted by stress.


a.
Vasoactive Intestinal Peptide

Stress has profound effects on the digestive system through the gastrointestinal hormone vasoactive intestinal peptide (VIP). A prolonged exposure to stress causes an increase in the release of VIP, which is found to damage certain tissues in the body at higher than normal levels. Studies have shown accelerated levels of VIP in those who develop stress-related ulcers. Researchers strongly suggest that the body's response to excess cortisol from long-term stress exposure causes an increase in VIP production. Clinical evidence suggests dysregulation of peripheral VIP in neonates later diagnosed as autistic.



b.
Pituitary Adenylate Cyclase-Activating Polypeptide (PACAP)

PACAP is a peptide that is very similar to VIP, which binds to some of the same sites. PACAP, in keeping with a general role for neuropeptides in stress and disease, performs an emergency response function in the paraphysiological regulation of the sympathetic nervous system and HPA axis during metabolic stress. Studies have shown that PACAP levels are elevated in autism.



c.
Calcitonin Gene Related Protein (CGRP)

CGRP is the most potent endogenous vasodilator currently known, meaning it assists in the expansion of blood vessels through its effects on the endothelial cells that control blood vessel diameter. Vasodilation is a key element of the stress response as it helps directs blood flow where it will do the most good. CGRP is primarily produced in nervous tissue; however, its receptors are expressed throughout the body. CGRP is currently a major target of research in regards to factors affecting the onset of migraine headaches. Heat stress significantly increases plasma concentrations of CGRP.
 Numerous studies show that CGRP is decreased in subjects that under stress.



d.
Brain Derived Neurotrophic Factor (BDNF)

BDNF, a molecular determinant of synaptic plasticity and cellular homeostasis, is important in central and visceral development and neuroprotection. BDNF expression is dramatically impacted by stress. BDNF was shown to be abnormal in neonatal blood samples of infants later diagnosed with autism.



e.
Substance P

In the central nervous system, substance P has been associated in the regulation of mood disorders, anxiety, stress, and pain. Substance P levels are elevated in response to stress.
 Levels of Substance P have been shown to be elevated in autism.


6.
Secretin

Secretin’s primary function involves regulating gastrointestinal function. Secretin also has a powerful role in regulating the stress response. Secretin regulates the peripheral and central stress axis via neurohomoral mechanisms that involve interactions with other signalling systems acting at the level of the hypothalamus such as secretin/angiotensin. Secretin functions to modulate HPA stress axis output.
 Secretin levels are elevated in conditions of stress, such as severe dynamic exercise and restraint stress / hypoxia.
 Secretin works to reduce stress in part by facilitating GABA inhibition. Systemic injections of secretin increase concentrations of GABA. Secretin deficits in autism could complicate genetic GABA abnormalities.


The most consistent finding in autism related to secretin is reduced numbers of S cells, which produce secretin, as well as lower secretin levels. It is possible that the decreased number of secretin cells (50% fewer) reported in autistic guts may be the result of unremitting stress induced dysregulation that eventually leads to apoptosis of secretinergic cells (secretin exhaustion) – normally secretin cell levels are elevated in response to stress.

7.
Oxytocin


Oxytocin generally down regulates the human stress response. One way it does this is it facilitates GABA inhibition. In the rat hippocampus, an oxytocin agonist facilitates inhibitory transmission by exerting an excitatory action on the soma or dendrites of GABAergic interneurons. Oxytocin is abnormal in autism; oxytocin deficits in autism could further complicate genetic GABA abnormalities.

C.
Stress Results in Biological Disease in Autism

Stress forms a large part of the pathways of many chronic human conditions, from immune system diseases, to cardiovascular disease, to cancer. The chronic stress that exists in Westernized societies resulting from modern workplaces, modern diets, modern exercise and movement patterns, modern sensory environments, and many other factors, have resulted in a series of diseases often termed Diseases of Western Civilization. These chronic diseases have replaced infectious diseases as the most prominent public health threat. Not surprisingly, many of these chronic stress related diseases show up in greatly abnormal numbers in autism.


1.
The Immune System



a.
Stress and the Immune System

The nervous system is the interpreter of which events are "stressful" and determines how the body responds to the stress. Negative emotional responses to stressors disturb the carefully constructed equilibrium of the brain systems, putting some parts into overdrive and others into underdrive. The body produces a number of factors including hormones (e.g., cortisol) and neurotransmitters (e.g., noradrenaline) which, in turn, can influence other systems in the body such as the immune system. If this imbalance goes on unchecked and becomes persistent, long-term damage and disease can result. In other words, it is the wear-and-tear from chronic overactivity or underactivity that is potentially damaging.
. 
One of the most important aspects of stress is its effect upon inflammation, particularly when the stress is chronic. Normally, stress applied to a limited part of the body causes inflammation, but the ability of parts to respond locally in this way is impaired when the whole body is under stress. Experiments show that animals exposed to some general stressor (such as a blood borne infection, intense nervous excitement, or extreme muscular fatigue) failed to react with inflammation at sites where some local stressor (for instance, a substance to which they were allergic) was directly applied to their body.


This means that immune system abnormalities of various types result from chronic stress. Cortisol is the most important substance affecting immune system function. Abnormal cortisol means abnormal immune system function.




1)
Altered Immune System Cytokine Signalling


Neuroscientists have demonstrated that exposure to chronic stress can lead to a state of chronic inflammation in animal models. They have shown that long-term dysregulation of stress hormones (e.g., cortisol and catecholamines) alters the patterns of cytokine release from immune cells. The shift tends to favor the production of pro-inflammatory cytokines (immune system signalling cells), at the expense of anti-inflammatory cytokines, and hence induce a state of chronic low grade inflammation.


It has been shown experimentally in both animals and humans that acute mental stress can raise levels of Interleukin-6 (“IL-6”), a prominent pro-inflammatory immune system cytokine. An example is a study by Steptoe and colleagues in which mental stress tasks increased IL-6 concentration by 56% at 2 hours after the tasks, while IL-1Ra was increased by 12.3%. The magnitude of blood pressure responses during tasks was correlated positively with the IL-6 concentration after 45 minutes and with the IL-1Ra concentration after 2 hours.


Several studies have shown that low socioeconomic status, which is often considered to be a source of chronic stress, is associated with increased levels of cytokines. IL-6 levels are much higher in Indian slum dwellers than people living in the rural areas. The Whitehall study of British civil servants reported that men of lower socioeconomic status had enhanced responses of IL-6 to psychological stress.




2)
The Role of Cortisol

In the immune system, like most systems, a balance needs to be maintained within a relatively narrow range, or dysfunction sets in. Much of the balance in the immune system is mediated by the stress hormone cortisol. Cortisol plays the role of shutting down the stress response in the face of ongoing immune system activation. One of the most important parts of this is that cortisol turns down the ability of the immune cells to perpetuate inflammation and produce more cytokines. In this way, the stress response keeps the immune system in check.


One scientist has described the dampening effect of steroids like cortisol on the stress response as a logical, built-in brake to the system to keep it from overshooting once the stimulus was gone. Just as cortisol turns down hormonal stress systems, it also prevents the immune response from overshooting.
 


Over production of cortisol suppresses the immune system which causes it to be sluggish to respond to invading pathogens. It clamps down on inflammation, depriving the body of a robust tool necessary to keep pathogens localized. For most people, if you have massive or chronic stressors, or are administered big hefty doses of cortisol, you put the system in dramatic immune suppression, which decreases the symptoms of autoimmunity but opens the door for infectious diseases.


However, if the cortisol response is suppressed, the brake is released and the immune system may motor out of control. In some people, ongoing stress does not impair the immune system; it has the opposite effect, goading the immune system until it attacks targets that don’t really pose a threat, or that are actually part of the body.
 Stress has been shown to worsen many autoimmune conditions and a growing body of evidence points to stress as a contributing factor to whether they develop in the first place. This state of affairs is partially due to an insufficiently responsive HPA axis and an underproduction of cortisol, which allows the stress response and with it the immune system to run amok. A sluggish HPA axis has been implicated not only in asthma but also arthritis, fibromyalgia, chronic fatigue syndrome, and atopic dermatitis.


So, what is it about stress that causes overproduction of cortisol in certain circumstances and underproduction in others? Some of this has to do with individual variances in biological function and adrenal gland strength. However, there are some particular types of stress that tend to push a person’s immune system to autoimmunity. It seems as if numerous transient stressors increase the risk of autoimmunity – for some reason, repeated ups and downs ratchet the system upward, biasing it toward autoimmunity.


b.
Immune System Abnormalities in Autism

There is strong evidence of immune system compromise in autism, including all three possible abnormalities, from immune system suppression (underactivity), to chronic inflammation (a type of overactivity), to autoimmunity (another form of overactivity). All three types of immune irregularity can be caused by excessive and chronic stress.

There are several autism models that emphasize the role of dysfunctions in the HPA axis and in particular cortisol. However, these neuroendocrine models of autism do not incorporate the effects of the inflammation response system, even though there exists an explicit and mutual relationship between those biological systems. Inflammatory response activation involves not only specific immune but also neuroendocrine changes such as hyperactivity of the HPA axis and alterations in the peripheral and central turnover of serotonin. Two immune system transmitters, IL-1 and IL-2 exert a potent enhancing effect on HPA axis by stimulating hypothalamic CRH, ACTH, and cortisol.



1)
Inflammatory Disease in Autism

Chronic activation of certain immune system components that promote inflammation are consistently present in people with autism. A recent study found robust molecular and cellular evidence of an ongoing neuroinflammatory response in the gray and white matter of both the frontal lobe and cerebellum in autistic individuals.


Often seen in autism, and in first degree relatives of persons with autism, are an elevated incidence of immune disorders, including abnormal humoral immunity, auto-antibody response, abnormal cell-mediated immunity and abnormal T-cell populations and function, reduced NK cell activity, and low T Helper 1 (“TH1”) and higher T Helper 2 (“TH2”) cytokines. Interestingly, immune dysfunction is seen in dyslexia, another neurodevelopmental disorder that is similarly far more prevalent in boys.


Vargas, a leading researcher in inflammation and autism, has done numerous studies in this area. The brain tissue of people with autism shows signs of chronic inflammation in the same areas that show excessive growth. The inflammation appears to last a lifetime with a characteristic increase in the number of astroglial cells. The brain areas that show hyperproliferation in white matter also show inflammation. There is also evidence for activated microglia in the spinal fluid.


The ongoing inflammatory process in Vargas’ studies was produced by cells known as microglia and astroglia. The activated astroglia had enlarged cells bodies and processes. Also, immune system proteins called cytokines and chemokines were found to exhibit abnormal patterns consistent with inflammation. This included production of cytokines known to affect various neuronal functions such as Tumor Necrosis Factor Alpha (“TNF-α”) and Monocyte Chemotactic Protein 1 (“MCP-1”). The findings in the brain tissue were corroborated by studies of CSF obtained from six children with autism in which cytokines that promote inflammation were found to be elevated.


The potent effects of inflammatory cytokines on neurological function cannot be underestimated. For example, patients receiving systemic interferon (“IFN”) gamma therapy for cancer, even though theoretically the protein should not cross the blood brain barrier, report numerous cognitive and neurological abnormalities. In fact, IFN-gamma, one of the products of activated astrocytes, has been detected at elevated levels in the plasma of children with autism.





a)
Inflammation in Specific Brain Structures

Compared with normal control brains, the brains of people with autism showed evidence of an ongoing inflammatory process in different regions of the brain, including the cerebral cortex, white matter, and notably in the cerebellum of autistic patients. Cytokine and chemokine (a class of cytokines) levels in the CSF also were abnormally elevated in patients with autism.


Microglial activation was pan-laminar in the dorsal and mesial regions of the frontal cortex that were studied, and was especially prominent in at the junction of the cortex and the underlying white matter. In the cerebellum, glial activation was associated with degenerate Purkinje neurons, granule cells and axons, and, in most of the cases examined, there was Purkinje and granule cell loss. Degenerating Purkinje cells were strongly immunoreactive for TNF-B1.





b)
Inflammatory Markers Common in Autism

There are also numerous substances indicative of inflammation present at high levels in autistics. Their presence does not explain what is causing the inflammatory response. However, they are strong evidence of the existence of the inflammatory activation.






•
Cytokines


Cytokines are cells that the immune system uses to communication.







-
Tumor Necrosis Factor Alpha


One of the most consistent findings in autism is the significant increase the tumor necrosis factor alpha (TNFa), a potent proinflammatory cytokine.
 
 TNFa is a potent activator of the human HPA axis.






-
MCP-1





Research has shown marked increase of MCP-1 in CSF of autistic individuals. This is indicative of pro-inflammatory pathway activation in the brain of autistic people. However, there is no evidence of an adaptive immune reaction (e.g. T cell infiltration, deposition of immunoglobulin) in the autistic brain. Findings were present in one study from the youngest age studied, 5 years, to the oldest, 44 years, and present regardless of history of epilepsy, IQ level or history of developmental regression.


MCP-1 plays a role in the recruitment of monocytes to sites of injury and infection. The gene for MCP-1 is on chromosome 17 in region 17q11.2-q12. MPC-1 has been found in the joints of people with rheumatoid arthritis where it may serve to recruit macrophages and perpetuate the inflammation in the joints. MPC-1 has also been found elevated in the urine of people with lupus as a warning sign of inflammation of the kidney.







-
Interferons (IFN)

Systemic manifestations of immune deregulation / chronic inflammation in autism are observed through elevated levels of inflammatory cytokines such as IFN-gamma
 and elevated IFN-alpha levels in plasma.







-
Interleukins (IL)


Several studies have provided evidence of an inflammatory system response in autism through significantly increased IL-6, which is a particularly potent pro-inflammatory IL.
 
 Other studies have shown increased levels of the inflammatory interleukins soluble IL-2 
 and IL-12.
 Levels of IL-1 have shown to be greater than two standard deviations above the control mean values in 59 of 71 autistic patients. Another study showed signs of significantly increased IL-1-RA, another indicator of inflammation.






-
Neopterin


An indication that a relevant inflammatory response is ongoing is provided by observation that the macrophage product neopterin is observed to be elevated in children with autism.
 
 







-
Anti-Inflammatory Cytokines


Inhibited production of anti-inflammatory cytokines such as IL-10 and TGF-beta has also been observed in children with autism, thus suggesting not only augmentation of inflammatory processes but also deficiency of natural feedback inhibitor mechanisms.






•
Lymphocyte Abnormalities

Lymphocyte abnormalities have been reported systemically in autistic children. These have included:


-
systemic T cell lymphopenia (abnormally low levels of lymphocytes)


-
altered helper/T-suppressor cell ratio

-
weak proliferative responses to mitogens (proteins that encourage cell division – mitosis), such as the T-cell mitogen concanavalin A and the B-cell mitogen pokeweed

-
significantly reduced natural killer cell activity


-
significantly reduced plasma concentration of C4b protein (complement system protein)


-
deranged cytokine production
 

At face value, lymphopenia would suggest general immune deficiency and as a result little inflammation; however, recent studies have demonstrated that almost all autoimmune diseases are associated with a state of generalized lymphopenia.
 Also, autistic individuals show increased levels of T cells carrying the CD8 antigen 




2)
Autoimmunity in Autism


Autoimmunity involves the human immune system cells starting to attack the human body itself, in addition to the foreign invaders that the immune system normally keeps in check. In autism, autoimmune diseases are significantly more common than in the general population. Common autoimmune diseases seen in autism include allergies and asthma, diabetes, arthritis, hypothyroidism and lupus.
 As discussed above, autoimmunity is intimately tied to chronic stress. There are various autoimmune findings in autism.

First, numerous types of autoantibodies have been detected in children with autism but not in healthy or mentally challenged controls. Several antibodies reacting to brain tissue have been reported in autism. Approximately 58% of the blood sera are found to be positive for anti-myelin basic protein (“MBP”)
 in autistic patients. Autistic children, but not normal children, had autoantibodies to caudate nucleus (49% positive sera) implying that autoimmune reaction to caudate nucleus of the brain region may cause neurological impairments in autistic children. Autoantibodies against Purkinje cells and gliadin peptides were also observed in autistic patients. There was evidence in the blood of autistic individuals of anti-nuclear autoantibodies and IgM anti-brain endothelial cells antibodies.
 Other findings of autoimmune alterations in autism include increased antibody levels against neurotrophic factors, glial fibrillary acidic protein, neuron axon filament protein and brain endothelial cells, and an abnormal reactivity against cerebellar neurofilaments.


Second, family members of autistic children have a higher predisposition towards autoimmunity compared to control populations – autoimmune conditions are six times more frequent in close relatives of autistic patients. This is significant because autism is a highly genetically transmitted condition. Hinting at genetic mechanisms are observations that specific HLA haplotypes seem to associate with autism. Another genetic characteristic associated with autism is a null allele for the complement component C4b. Both HLA haplotypes as well as complement component gene polymorphisms have been strongly associated with autoimmunity. It is known that autoimmune animals have altered cognitive ability and several neurological abnormalities.


Third, a number of human diseases including asthma and some kidney diseases are thought to be caused by a T helper 2 type autoimmune response. A shift occurs from T helper 1 to T helper 2 cells in autism as evidenced by a decrease in the production of interleukin-2 and gamma interferon and an increase in the production of IL-1 (which has the effect of sensitizing the other external and internal senses). An imbalance of Th1/Th2 subsets of T cells towards Th2 may play a role in the pathogenesis of autism involving autoimmune phenomenon.


I believe these abnormalities, like those involving chronic inflammation and immune suppression, come from constant and abnormal stress response activation. They are specific biological adaptations, depending on various genetic and environmental factors, to a common underlying cause – chronic stress.



3)
Immune System Suppression in Autism

It is well described in the medical literature that both repeated periods of acute stress and continuous periods of chronic stress are associated with immune system suppression. This has a direct bearing on, for instance, ulcer development, because less immune system activity means more growth and higher activity of a bacterium called h pylori, which causes 80 percent of ulcers. Compounding the tissue damage caused by h pylori is a suppression of the body’s ability to heal that tissue damage because of an inhibition in prostaglandin synthesis. Prostaglandins are typically produced in response to tissue damage, where they help reduce inflammation and accelerate healing. During times of stress, however, the synthesis of prostaglandins is curtailed, which suggests that stress not only increases the rate at which ulcers form, but also slows the rate at which they are repaired.


Numerous findings concerning cellular and humoral immunity suggest an increased susceptibility to viral infections in autistic populations (immune system suppression).
 This is not surprising, as researchers agree that stress can lessen a person's immune response and that change can make them more susceptible to infectious diseases. The evidence suggests that while the immune changes associated with psychological stress are generally small for most people, they are important enough to have biological consequences and increase health risks. Researchers know that psychological stress can alter the level of certain hormones. These alterations induced by stress are responsible for the changes in cytokine concentrations since stress hormones alter the synthesis and the release of the cytokines.


2.
Gastrointestinal Disease and Autism


The human stress response is a core element of gastrointestinal disease. Irrespective of the specific vector, carefully conducted studies show that major chronic stressors increase the risk of the first symptoms of gastrointestinal disorders appearing, and worsen preexisting cases. This makes sense since one of the primary biological reactions from exposure to an acute stressor (or chronic low grade stressors) is for the brain to shut down the gastrointestinal tract after spasming the colon to eject accumulated waste (a light animal is a fast one). Blood flow is redirected to away from the stomach and colon, being diverted from the digestive organs to the heart and muscles, secretion of saliva and digestive enzymes is slowed, and intestinal contraction and absorption of nutrients stop.
 The body also backs off on the production of other protective measures, such as the mucus that lines the stomach, and the bicarbonate that counteracts the highly acidic gastric juices. The problems start to escalate when a person experiences the repeated cycles of high stress followed by low / normal stress that have become commonplace in our modern societies.


The majority of children with ASD have several types of intestinal dysfunction. They seem to get more yeast problems in the stomach. They tend to have leaky gut problems. They tend to have deficient stomach enzymes, which causes problems breaking down proteins. They may also have low levels of secretin, which is a hormone involved in gastric function produced by the pancreas. Other common problems include malabsorption, enterocolitis, liver detoxification problems, fungal and bacterial overgrowth, sulfation deficits and others. One study of 26 autistic children revealed histological evidence of grade I or II reflux esophagus in 25 subjects (69.4%), chronic gastritis in 15 (41.7%), chronic duodenitis in 24 (66.7%), and low intestinal carbohydrate digestive enzyme activity in 21 (58%).


There is considerable evidence that visceral inflammation is co-morbid with autism. Chronic visceral disease generates pathological visceral activity patterns that transmit to emotional/visceral brain networks. In one study, emotional brain regions were robustly activated by artificially induced visceral inflammation. And, brain and gut areas affected in this study of acquired chronic visceral inflammation also overlap with those regions affected in autism.
 The fact that neurological manifestations occurred in brain regions abnormal in autism in both an induced model and a genetic model indicates that primary visceral pathology can potentially cause secondary pathological brain activity.





a.
Irritable Bowel Syndrome

Irritable Bowel Syndrome (“IBS”) is a functional bowel disorder characterized by mild to severe abdominal pain, discomfort, bloating and alteration of bowel habits. It is a condition intimately tied to the activation of the human stress response. IBS symptoms are worsened by stress. Onsets of bad periods are often triggered by stress. And, persons who get IBS have histories that involve substantial levels of stress, such as sexual abuse during childhood.

IBS is frequently diagnosed in persons with autism. In one study that was looking to see if the gut and the brain were intertwined in autism, the study concluded that IBS activated periventricular gray, hypothalamic / visceral thalamic stress axes and cortical domains, and septal / amygdalar, brain areas that were also abnormal in autism. 


b.
Yeast/Candida

The overgrowth of yeast, particularly candida albicans, is believed by many to be present in many persons with autism. The idea is that the altered gastrointestinal function reduces the ability of the normal stomach flora to crowd out destructive colonies of unwanted yeasts. However, there is great debate about what is really going on here, if anything.

The debate over the role of intestinal yeast overgrowth in chronic illness has been going on for decades. The confusion is mainly due to the lack of a definitive marker that can be used reliably to detect the presence of increased growth of yeast in the intestines. This situation has hampered research efforts and understanding for a long time now. Recent research has strongly suggested that D-arabinitol may be a candidate for this definitive marker. D-arabinitol is a 'sugar alcohol' produced by yeast when they feed on a sugar called arabinose.


There are reports of a study in which probiotic bacteria given to autistic children, in an attempt to build up their good intestinal flora improved their concentration and behaviour so much that medical trials collapsed because parents refused to accept placebos.
 There is some logic to the idea that probiotic treatments could help in autism. It seems that candida can produce toxins that impact the nervous system. This presents the possibility of creating a feedback loop. Stress reduced natural flora, allowing candida to thrive, which hinders the nervous system’s ability to function when under stress, and so on.


4.
Cardiovascular (vagal tone, blood pressure, vasoconstriction, 



arrhythmia)

Chronic stress is an integral component of cardiovascular disease. Stress works through various pathways to result in cardiovascular dysfunction, including worsening high blood pressure, and negatively impacting fat metabolism. Autistic children have been shown to have abnormal cardiovascular function. Cardiovascular abnormalities commonly seen in autism include higher mean blood flow and lower peripheral vascular resistance, cardiac arrhythmia, and problems with thermoregulation.


In one study, ANS responses to mental tasks requiring sustained attention were examined in individuals with autism and age- and ability-matched controls. Cardiac ANS function was evaluated based on heart rate variability. While the control group showed a significant decrease in the parasympathetic function during mental tasks, the autistic group showed no significant changes in cardiac ANS function. When examined individually, parasympathetic function was suppressed in all subjects in the control group. On the other hand, parasympathetic function was activated in half of the autistic subjects. The paradoxical autonomic response suggests that some autistic subjects were more stressed under 'resting' conditions than while performing mechanical or repetitive mental tasks. The authors concluded that the test supported autonomic hyperarousal in some people with autism.


The sitting and waiting in this study was more stressful than the doing for the autistic children, because at least when you are doing, you can concentrate and block out the background. You gain a feeling of competency from accomplishing something, buffering stress. Thus, transitioning into action abnormally increased parasympathetic activity, the body system that takes over under reduced stress. The authors’ conclusion I think is the correct one – this does demonstrate abnormally high stress response, but prior to the test was started – they only had one way to go. I have seen other studies that have similar results where the study authors draw an opposite conclusion, that the abnormally low stress response in engaging in the activity is an indication of good stress response function. I think those authors are missing the key point.

In another study, a 15 year old boy with a PDD, two stimuli from a standard assessment procedure were presented: loud noise and difficult task. Heat rate date showed increased arousal to loud noise and difficult task, corroborating the reports from his mother. Interestingly, heart rate increases were not accompanied by concomitant motor movements; he appeared outwardly calm. Moreover, this young boy’s heart rate did not return to baseline, but it remained at a high rate even after the stressor was removed. This finding, coupled with a higher than average basal heart rate, led to a hypothesis that this boy may be chronically hyper aroused.


5.
Oxidative Stress and Autism

Oxidative stress is caused by an imbalance between the production of reactive oxygen and a biological system's ability to readily detoxify the reactive intermediates or easily repair the resulting damage. Reactive oxygen is a natural consequence of the production of energy at the cell level, which involves combusting energy in the presence of oxygen. Oxygen free radicals, cells that can steal electrons from other cells they brush against causing those cells to become unstable, are necessarily produced. However, the body has developed numerous mechanisms to reduce the amount of damage caused by these reactive oxygen species, primarily through the use of antioxidants like glutathione and vitamin C which donate an electron, at no damage to themselves, to stabilize the unstable reactive oxygen cell.


Oxidative stress is intimately tied into the activation of the human stress response. The chronic activation of the human stress response sets into motion activities that result in higher oxidative stress – for instance, the simple act of burning additional glucose to generate energy to deal with the stressor results in the creation of additional reactive oxygen molecules. In addition, these free radical molecules can themselves act as a stress upon the human body if they exceed the capacity of the body’s antioxidant system to contain and deactivate them.

Oxidative stress is highly present in autism. Many important markers of ongoing oxidative stress are regularly present in autistic individuals, showing up both in increased amounts of substances that promote oxidative stress and reduced quantities of substances that inhibit oxidative stress. Researchers have found that about 80% of children with autism have reduced levels of glutathione, the most important antioxidant, and its precursor nutrients such as the amino acids, cysteine and methionine. This may result from increased nitric oxide, which is elevated in autism, because stress induces increases in nitric oxide, which causes a reduction in glutathione levels.
 Homocysteine is a very strong marker of oxidative stress. High levels of homocysteine are generally associated with neuropsychiatric disorders, including autism.
 One study showed that in children with autism there are higher levels of total homocysteine, which is negatively correlated with glutathione activity and associated with suboptimal levels of vitamin B12.


Lipid peroxidation markers are elevated in autism, indicating that oxidative stress is increased in autism. Levels of major antioxidant serum proteins, namely transferrin (iron binding protein) and ceruloplasmin (copper-binding protein), are decreased in children with autism.
 The membrane phospholipids, the prime target of reactive oxygen species, are also altered in autism. Several studies have suggested alterations in the activities of antioxidant enzymes such as superoxide dismutase and catalase in autism. A mechanism linking oxidative stress with membrane lipid abnormalities, inflammation, aberrant immune response, impaired energy metabolism and excitotoxicity, leading to clinical symptoms and pathogenesis of autism has been proposed.


Also, plasma nitric oxide (“NO”) is high in some children with autism.
 Although NO has been known to exert a neuroprotective effect at low to moderate concentrations, NO becomes neurotoxic as the concentration increases. Excessive NO production can cause oxidative stress to neurons, ultimately impairing neuronal function and resulting in neuronal cell death. 
D.
Autistic Brains Have Physical Similarities to Brains of Chronically Stressed 
Neurotypicals

Abnormalities in the amygdala have been found in some neuroanatomical studies of persons with autism. Some of these abnormalities are similar to those produced by chronic stress, which has been found to alter the structure of the rodent amygdala and to increase behavioral indicators of anxiety in rats. Sustained stress has also been found to increase the amygdalar response to subsequent stress.


Also, reduction of the number of neurons in the hippocampus is another common finding in autism. This finding is also common in persons subjected to high levels of stress. The likely culprit in both situations is cortisol. There are many receptors for cortisol in the hippocampus, and chronic elevation of cortisol levels results in neuron death in the hippocampus, causing a potentially significant decrease in hippocampal size.
E.
Autism and Sleep Disorders

Stress and sleep are intimately related. Stress is one of the most common factors in sleep deprivation and insomnia. Stress negatively impacts circadian cycles and the homeostatic balances that allow sleep to come easily and extend through the night. In addition, inadequate sleep itself causes stress. It makes the body less resilient to deal with the world around it. It causes increased levels of cortisol to be released and increased symptoms in many diseases including type 2 diabetes and fibromyalgia.


Sleep disturbances and atypical sleep architecture are frequently reported in autism spectrum disorders. A reduction in REM sleep time has been reported in autistic individuals. In a study of twenty adults with autism, the sleep questionnaire revealed insomnia in 90 percent and the sleep diary in 75 percent.
 In another study, the children with autism showed a highly variable circadian rhythm. Circadian cycles are known to be easily knocked from normal equilibrium by chronic stress. Problems include difficulty with initiating sleep with long latencies to fall asleep, excessive nocturnal awakenings, reduced hours of sleep per night, poor sleep quality, unusual and jerky movements during sleep, and daytime sleepiness.
 Moreover, behavioral, attentional, and social problems in children with autism are aggravated when a sleep disorder is present.
F.
The Minds of Those with Autism Show Stress

There are many psychological conditions that are entwined with the human stress response. They are either directly connected to the stress response, like with post traumatic stress disorder and many anxiety disorders or their symptoms are often triggered by stressful events or episodes, like major depression, bipolar disorder, or schizophrenia or the symptoms are shown to be attempts to cope with a stressful world, like obsessive compulsive disorder (“OCD”) or restless legs syndrome. Not surprisingly, pretty much all of these conditions are highly comorbid with autism.



1.
Generalized Anxiety Disorder

Generalized anxiety disorder is characterized by long-lasting anxiety that is not focused on any particular object or situation. People with this disorder feel afraid of something but are unable to articulate the specific fear. They fret constantly and have a hard time controlling their worries. It is characterized by an intense and constant stress reaction including persistent muscle tension and autonomic fear reactions, as well as frequent headaches, heart palpitations, dizziness, and insomnia. Anxiety is ultimately a disorder involving an abnormally active stress response, a system designed to protect the organism from external threats that overreacts to the world.

In his original description of autism, Kanner characterized autism as including extreme anxiety and fearfulness, though those symptoms are absent from current diagnostic criteria.
 In one study, 84% of autistic children examined met the criteria for an anxiety disorder. Many persons with high functioning autism describe their experience of autism as including profound and debilitating anxiety – the same kind of anxiety that characterizes disorders resulting from extremely stressful life experiences. Stress and anxiety impact negatively on several physiological systems. Such co-morbidities exacerbate autistic symptoms, and evidence is emerging that treatment of physiological dysfunction can alleviate behavioral signs.



2.
Panic disorders

Panic disorder is often co-morbid with autism.
 The melt downs seen so frequently in autism are reminiscent of the panic attacks seen in panic disorder. However, the triggers for the melt downs are often mysterious in autism, which is not the case in panic disorder, where consistent sources of panic can be relatively easily identified by the impacted individual and his care givers. The reason for the difficulty identifying the triggers in autism relates to the sensitivities that exist within many of those who suffer from the condition.


3.
Phobias

Phobias of all sorts are present as symptoms in many autistic individuals – unexplained fears that can not be traced to any particular exposure. There is evidence of substantially greater paired associations in autism, where relatively minor exposures to stimuli that would not impact a neurotypical individual create strong and negative associations with parts of the world that are difficult for care givers to perceive.


A study published in 1995 reported that there is an increased frequency of social phobia in families with an autistic child: social phobia was 10 times more common than in families of children with other disorders.



4.
Obsessive Compulsive Disorder (OCD)

Autistic individuals frequently display OCD like behaviors. They frequently obsess over the arrangement of furniture in the rooms of their homes, demand rigid adherence to rituals and patterns in their lives, ritually touch door frames before they enter a room, or melt down if their expectations are violated in ways that are lost on their care givers. Under my theory, these OCD like behaviors are efforts to manage stress through the use of control, repetition, and management of expectations.


5.
Post Traumatic Stress Disorder (PTSD)


Autism is frequently comorbid with PTSD, which is wholly a stress related disorder that results from the acute exposure to a stressor of sufficient severity to throw the brain into disequilibrium.
 If you subtract away the symptoms in PTSD that relate to the acute stimulus that caused the onset of the disorder, many of the symptoms of PTSD are closely reminiscent of autism, including markedly diminished interest or participation in significant activities, feeling of detachment from others, restricted range of affect, difficulty falling asleep, irritability or outbursts of anger, difficulty concentrating, hypervigilance, and exaggerated startle response.


Similar to the mechanism is my theory of autism, it is clear that excitatory neurotransmitter activity is an essential component of the presentation of PTSD. Specifically, central amino acids such as glutamate and aspartate are implicated in hyperarousal as well as excitotoxicity effects.


It seems that PTSD is yet another variant of Everly’s disorders of arousal, disorders that are caused by a varying combination of excessive neural excitation and stress, whether severe and acute as in PTSD or chronic as in autism. In PTSD, with the fading of the echo of the acute stressor over time, the autism-like symptoms tend to melt away after 3 or 4 months, leaving the well known vestige of a hyper-reaction to a stressor reminding the victim of the original acute stressor.



6.
Bipolar Disorder

Stress also seems to be strongly involved in bipolar disorder, a disorder in which the patient cycles between manic / anxious and depressive states. Common stress related findings in bipolar, which are also common in autism, include over secretion of cortisol, abnormal hyperactivity in parts of the brain associated with emotion which are highly impacted by stress through cortisol, an inconsistent sleep schedule, and inadequate stress management and poor lifestyle choices. 

Autism and bipolar disorder are closely linked. The cycling moods seen in bipolar is also seen in certain cases of autism. There is a group of children who are diagnosed as having both bipolar and autism. And, in fact, autism used to be diagnosed as ‘childhood bipolar’ disorder. 


7.
Major Depression

Mental health researchers have recently calculated that approximately 90 percent of cases of depression are due directly to stressful life events.
 One of the most consistent biological finding about depression is an overactive stress response,
 with an adrenal cortex that secretes more of the stress related hormone cortisol.
 Depressives also tend to have higher levels of the stress hormones adrenaline and noradrenaline.


Researchers have found that depression is the most common psychiatric disorder accompanying autism.
 A 1995 study reported that depression was three times more frequent in families with an autistic child.
.
G.
Autistic Behaviors can be Temporarily Induced in Non-Autistic Individuals

Behaviors similar to those engaged in by autistic individuals can be induced temporarily in normal adults and children as well as with other species, typically through mechanisms involving stress.

1.
Unrelenting Stressors

Under certain conditions, everyone can reach a point at which they can start to engage in autistic type behaviors. Under enough persistent stress, enough emotional turmoil, enough unrelenting dominance of their sympathetic nervous system, neurotypicals will start to display behaviors ascribed to people on the autism spectrum. In these circumstances, you start to see behaviors such as pacing, rocking, social withdrawal, melt downs, inability to engage in reciprocal relationships, inability to make eye contact, obsession with patterns and routines, change aversion, obsessive compulsive behaviors, sleep disturbance, communication difficulties, and many other behaviors characteristic of autism. This does not mean these individuals are autistic. It simply means that humans have characteristic responses to intense and/or chronic stress.

Sharon Heller, a sensory processing specialist and author, has argued that one thing that is remarkable about autism is that any human being can be induced to act in an autistic-like manner under specific conditions. She believes that those conditions that should have been the focus of research in the last 50 years rather than the mere listing of behavioral criteria against which individuals have been matched or the hypothesizing about how autistic people think or don't think as the case may be. I agree with her.

2.
Social Isolation

One researcher has recently found quasi-autistic behavior patterns in children from Romanian orphanages who had suffered severe psychological deprivation. This is not surprising. Sharon Heller has stated that:

Human contact is crucial to human thriving. The sensory and emotional deprivation of children found in orphanages such as those in Romania starves the brain of the nourishment needed to learn from and cope with the world. The children are depressed and don’t develop adequate sensorimotor or intellectual functions. Some are so severely tactile defensive that they withdraw from human contact as if painful, in spite of loving adoptive parents.
 As adults, over time, chronic unrelenting and uncontrollable stress locks their body into a hyper-vigilant self-protective stance, typified by a worried look and rigid posture, and keeps their bodies flooded with toxic stress hormones that eventually lead to illness.


Social isolation has similar, and often worse, impacts upon other species. Experiments on rhesus monkeys involving partial and total social isolation resulted in significantly dysfunctional animals. Partial isolation (living in a cage with visual contact with other animals but no touch) resulted in various abnormalities such as blank staring, stereotyped repetitive circling in their cages, and self-mutilation. In the total isolation experiments baby monkeys would be left alone for 3, 6, 12, or 24 months of "total social deprivation." The experiments produced monkeys that were severely psychologically disturbed. While the monkeys did not die, when initially removed from total social isolation, they usually go into a state of emotional shock, characterized by ... autistic self-clutching and rocking. Six months of total social isolation were devastating and debilitating, resulting in severe deficits in virtually every aspect of social behavior. Twelve months of isolation almost obliterated the animals socially.


This social isolation is profoundly stressful on the animals. The normal homeostatic balances in the human body that result from social interaction and touch with other animals are disturbed, and the resiliency of the organism is compromised. Abnormally reared rhesus monkeys that have developed significant social deficits have persistently demonstrated reduced CSF oxytocin levels and alterations in both CRH and vasopressin, a pattern also seen in autism that involves abnormal stress response activity.
3.
Sensory Deprivation

Individuals who undergo extensive sensory deprivation are reported to start engaging in autistic like behaviors until the sensory deprivation is terminated. This is also true in animals. Animals confined to a barren environment are excitable and engage in stereotypies, self-injury, hyperactivity, and disturbed social relations.
 Animal and human studies show that restriction of sensory input causes the central nervous to become overly sensitive to stimulation. Puppies reared in barren kennels become hyperexcitable, and their brain waves still showed signs of over arousal six months after removal from the kennel. This is similar to the brain waves of autistic children which also show signs of high arousal.


When individuals are exposed to periods of sensory isolation, deficits in glutamatergic excitatory sensory input are produced in normal adults. This results in the occurrence of hallucinations that are rapidly reversed by return of the individuals to a normal environment.

4.
Magnetic Stressors

Experiments in which magnetic stimulation is used to block frontal lobe functions in the brains of normal people suggest that they begin to function more 'autistically', and show better perception of detail as measured by a proof-reading test. These proof-reading results provide non-subjective evidence of the ability to switch on savant-like skill by turning off part of the brain in healthy individuals.

5.
Medication

Serotonin receptor 2A agonists cause behavior similar to autism
H.
Autistic People Can be Normalized Under the Right Conditions

It is well known that high fever can temporarily result in the normalization of behavior and perception in individuals with autism.
 I postulate two explanations for this. First, fever may act like bleeding and electric shock, both of which practices have been shown to effect positive change in certain persons with medical difficulty. The fever may reset the stress response and temporarily halt the positive feedback loops that are at the core of autism. Second, and more importantly, when someone has a fever, the body pretty much shuts the brain down. People with high fevers often don’t remember things, can’t think well, and can hallucinate. Normal functioning involving the integration of information about the world into the brain’s fabric is reduced. This temporary disconnection of the components of the brain may stop the spasming that occurs in autism due to the electrical imbalance which is at the core of autism.

There seem to be other situations in which autistic symptoms are reduced. Many autistic adults report times in their lives when their perceptions of the world were normalized. One man described such a moment as involving all the diffused fear he constantly experienced completely vanishing.


I know something about this, though in much lesser degrees. For instance, all of my driving life, I have known that I was hypersensitive to problems with my car, particularly when I was under stress. I could hear or feel any small vibration or clank. I would smash the seat next to me repeatedly to try to stop an internal rattle or curse the rattling windshield. I have always been amazed that other people can drive comfortably with a car that is humming or clanking. Sometimes, I am so sensitive that I can’t get comfortable driving because I am noticing so much about my car and/or my driving style (shifting) related to my car. However, I have noticed other times when that hypersensitivity seems to go away and I just feel like I am driving a powerful well put together machine with great skill. I had one of these moments the other day. As I start to recall, I notice that all of these times were moments of positive emotion, such as on a beautiful spring day at sunset in a convertible. This certainly does not compare to the normalization of perception of an autistic individual. But, I strongly suspect the mechanism is essentially the same, the magnitude being the main difference.
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