SECTION A.4 – STRESS AND AUTISM

The concept that stress is intimately involved in autism is not a concept that I originated. Several researchers have been pushing this belief since the early 1990’s. Using Everly’s stress response model, I have taken these theories to the next level, attempting to identify how precisely stress interacts with biology to result in autism.

A.
Stress and Autism Theories

Several researchers have postulated that stress is at the core of autism. In 1994, Groden et al presented the first systematic framework for using the concepts of stress and anxiety to describe and treat autism and proposed that those with autism may have a special vulnerability to stress. More recently, Tordjman et al offered a stress based model of autism, integrating biological and behavioral profiles of individuals with autism. They proposed that stress and anxiety may be core problems of autism. Similarly, Porges et al have documented hyperarousal and vagal disruptions in children with autism.
 Researchers have subsequently gained a better understanding that the clinical patterns often associated with stress, such as anxiety, are more prevalent among people with pervasive development disorders than in the general population. 


Most recently, Dhossche et al have argued that rather than originating in the brain, developmental disorders including autism arise from dysregulation of a unified brain / gut system and are the result of a cascade of interrelated psychological, neurological and immunological reactions to unmodulated stress. Dhossche believes that it is possible to ameliorate development and behavioral disorders, regardless of etiology, by intervening in stress mechanisms with treatments that target both the brain and periphery simultaneously.

B.
My Extension of Everly’s Model


I believe that the autism researchers who have recently postulated that stress has a central role in autism are correct; in fact, they are still underestimating the importance of stress in autism. I believe that Dr. Everly’s stress response model is a relatively accurate way to describe how the human stress response interacts with the world around it. And, I believe that Dr. Everly is correct in his assertions related to disorders of arousal and the centrality arousal dysregulation plays in many disorders including autism.


However, I also believe that some of the pieces of the puzzle related to autism, arousal, and the stress response have not yet been uncovered. To really understand autism, along with other psychological disorders, it is necessary to extend Dr. Everly’s model, gaining an understanding of what happens to the sensory signals that contain information related to the stressor prior to cognitive appraisal. I have added five additional levels of analysis (in italics) to Everly’s base systems model. Several of the layers of analysis investigate individual biological predispositions for elevated stress response reactions, largely by integrating concepts of electrical excitation as discussed in Section A.1 into the analysis. Other levels describe what is happening in the processing of the neurological information related to the stressor prior to the time that it is cognitively appraised and affectively integrated. And, the first level describes ways of avoiding a stressor becoming a stressor, a skill that is damaged in autism.
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1.
Anticipatory Coping Mechanisms


The first component of my extension of Everly’s model involves behaviors intended to allow a human to avoid stressors. We all spend much of our life keeping stressors from impacting us, whether because we avoid touching a hot barbeque pit, or avoid picking a fight or avoid loud, smoky restaurants. This is just a normal part of the average person’s life – avoiding situations that will be unnecessarily stressful. We do it consciously and unconsciously. We make conscious choices to avoid places we don’t like; and, we form unconscious preferences about places we like and don’t like, usually with no conscious explanation for those preferences. We just know what we like.

Individuals with autism who have never experienced a normal sensory or psychosocial environment fail to develop adequate anticipatory coping behaviors. They don’t take normal human steps to protect themselves from conditions that load stress onto them. They fail to act on many of their unconscious preferences because of a lack of understanding of the benefits of doing so, and ultimately an inability to do so because of communication problems or lack of self awareness, or other problems, all of which developed progressively over their lives starting the moment they were born.


Instead of going outdoors and running in response to humming fluorescent lights, the autistic individual will stay indoors and suffer the consequences. Instead of asking someone to stop talking before the autistic individual’s reserves for dealing with people have been used up, the autistic individual will continue in the conversation until they melt down. Instead of effectively communicating their aversion to going to a particular place because of conditions that their parent can’t perceive, the autistic child behaves in a manner that is just viewed as willful, forcing the parent into a battle with the child resulting in the child being dragged to the place they hate. And, I am not saying they are withholding their abilities. I am just saying those abilities might have been greater if their autism had progressed differently.

The behaviors take on an appearance of learned helplessness, which is a particularly troubling component of human and animal psychology. Learned helplessness is a psychological condition in which a human or animal has learned to believe that he is helpless. He thinks that he has no control over its situation and that whatever he does is futile. As a result he will stay passive when the situation is unpleasant or harmful. Learned helplessness is a well-established principle in psychology, a description of the effect of inescapable punishment (such as electrical shock) on animal and human behavior. 


For instance, if you subject a rat to enough stressors that are beyond its control, it will learn that it simply has to sit there and take it no matter how much it hurts. Even if you subsequently give the rat a clear opportunity to escape the stressors, the rat will just sit there ignoring the obvious escape path. The rat has learned to be helpless such that it cannot rescue itself, even if the path of rescue is clear and easy. Learned helplessness may also occur in everyday situations – environments where people feel they have no control over what happens to them. Events such as repeated failure, prison, war, disability, famine and drought may tend to foster learned helplessness.


The role of learned helplessness is likely slightly different in autism related to anticipatory coping. Because the autistic individuals never had an opportunity to see the world normally, they never learned that they had control over certain aspects of their life. The overwhelming sensation they constantly experience (as discussed below) because of the electrical imbalances in their nervous system induces a sense of inescapability – there is nowhere they can go to relieve the pain. Thus, it is not necessary to induce the learned helplessness in them; it is built into their wiring.

2.
The Stressor

The world of an autistic individual is one in which stressors are dramatically multiplied and increased in their effects. Normal human conversations can be profoundly troubling for various reasons including the fact that the complexity of the interaction is beyond them, they don’t see the non-verbal communication, and the emotional tone of the voices can be overwhelming. The lighting and sounds of a supermarket, which are barely noticed by a normal person, can cause an almost instant meltdown. The vibration associated common household equipment like refrigerator condensers or air handlers can be a source of constant irritation. The texture associated with many different foods may severely restrict their diets so they aren’t getting the nourishment necessary to be as resilient as possible.

This magnification of the number and amplitude of stressors causes a constant activation of the human stress response. Minor stressors to a normal person are major ones to the autistic brain. The world is perceived as filled with threats that elicit a strong biological response.

3.
Systemic Excitability

This section involves how the balance between excitation and inhibition in a person’s nervous system, what I called systemic excitability, impacts the human stress response. This section of my extension of Everly’s model has the least scientific support. However, I think it may the most important element of this model as it explains variations in individuals’ responsiveness to the world around them.


a.
Excitation Generally

As discussed in Section A.1, the level of excitation in each person’s nervous system varies widely. Science still knows very little about how to measure systemic excitation and exactly what these variations in excitation mean for the way a person functions. However, the relative excitation in a person’s nervous system has important effects on their life, very clearly so at the extremes, where too much excitation results in seizures and brain cell death (excitotoxicity) and too little excitation results in coma and ultimately death. The picture gets much fuzzier when the level of systemic excitation reaches more normal levels.


As discussed more fully in Section B.1, I believe that evolutionary pressures pushed average neural excitation up to the highest possible levels that did not result in chronic epilepsy and excitotoxicity; this is due to the fact that higher levels of excitation facilitate benefits that may include higher intelligence, better memory, faster learning, and quicker reflexes. However, even within an evolutionary framework that favored higher excitation, significant variation still occurred.


I hypothesize that this variation in levels of excitation has important, but largely unrecognized effects on personality, sensory profile, arousal state, stress responsiveness and other aspects of a human’s life, as discussed more fully below in this section. Related to stress responsivity, I postulate that the higher the average level of excitation in a person’s nervous system, or at least several key neural circuits, the more responsive someone is going to be to the stressors in the world around them because that stress-related information is going to flow more freely through their nervous system – the nervous system of a person with excess excitation effectively, using an analogy, has wider and smoother pipes with fewer valves and blockages. The fluid of sensory information moves faster and with more volume, resulting in a more thorough and potentially more violent exposure to the stressors and other information in the world around us.

This more full experience of the world results in an individual whose stress response is more frequently activated because the brain which is being inundated with more information (is having less non-relevant information filtered out) perceives more stimuli as potential threats. This has important consequences for the core biology of the individual, because the activation level of the stress response has implications for numerous biological systems.


b.
An Environmental Path to Higher Excitation

You can have abnormally high levels of neural excitation because 1) that is how your nervous system was wired at birth, either because that was part of your genetic lineage or because of a chromosomal abnormality that occurred in your genetic code, 2) because a specific and acute environmental insult has caused excitation to be upregulated, 3) because your nervous system has been upward adjusted due to chronic environmental stress, both pre- and post-natally, or 4) because of a combination of those factors. Autism involves all three in varying combinations. The conditions that create 1) or 2) above, such as Fragile X syndrome or fetal alcohol exposure, are sufficient by themselves to result in autism and likely are responsible for the relatively low levels of autism in human populations historically. However, as discussed in Section B.2, the factors in 3) are required to explain the dramatic increase in autism that has been seen in the last 50 years.



1)
Stress Response Increases Neural Sensitivity


It is very clear that chronic exposure to stress upregulates neural excitation, exacerbating the effects of stress on autism. This happens through various mechanisms.





a)
Noradrenaline and Excitation


The initiating action of the stress response involves the release of noradrenaline, an important excitatory neurotransmitter, from the hindbrain structure called the locus ceruleus. This structure sends neurons to widely varied areas of the brain, dumping noradrenaline into the brain in a very nonspecific fashion. This causes a general increase in excitation in the brain as the brain becomes primed for action in response to a stressor. This increases sensory acuity, to better allow threats to be spotted, and general arousal level, so that the individual is better able to identify and respond to a threat that becomes manifest.


This generalized release of noradrenaline generally adds to excitatory load on the brain. This is not a problem when stressors are acute and relatively rare. However, in a westernized society, stressors are chronic, leading to relatively high continual release of noradrenaline, and resulting excessive excitation. Elevated levels of noradrenaline are a consistent finding in autism.




b)
Cortisol and Excitation

Cortisol is an incredibly important substance in the human stress response related to excitation. It works through various mechanisms to load excitation onto the nervous system of a modern human who is subjected to historically abnormal levels of chronic stress. These mechanisms include the following:
-
Cortisol works through genes to increase cell excitation. It does this by stepping up glutamate activity and inhibiting GABA production.

-
Cortisol also impacts the size and function of certain brain structures that are involved in excitation. The hippocampus is one of the most important brakes on fight or flight, sending inhibitory signals into the limbic system that down-regulate limbic firing in response to stress. Cortisol has been shown to physically shrink the hippocampus
, which reduces its inhibitory control on the limbic system. Also, cortisol has been shown to increase the size of amygdala, the primary center for the processing of certain emotions involved in the stress response, particularly fear. This causes an increase in amygdalar firing in response to threats, generally elevating neural excitation. Also, through its connections with sensory processing areas in the cortex, amygdalar arousal can modify sensory processing, increasing the sensitivity of the brain to external threats, setting up a positive feedback loop.
-
Cortisol also works to increase neural excitation by impacting the production of neurotransmitters that are involved in the stress response. For instance, cortisol, when excessively present due to chronic stress, has been shown to increase the sensitivity of the locus ceruleus to additional stress, which increases the action of noradrenaline. Also, excessive cortisol causes the downward modulation of serotonin (Dinan, 1994), which has the effect of increasing the activity of the stress response. This works in part because serotonin upregulates GABA expression in the amygdala, reducing activity there; increased cortisol down-regulates serotonin, which means GABA is not upregulated.
 This sets up another feedback loop, as GABA influences all neuromodulators, but especially noradrenaline. Less GABA means more noradrenaline, which leads to additional neural excitation. Drugs like Prozac may reduce exaggerated fear and anxiety in psychiatric disorders including autism by enhancing the ability of serotonin to facilitate GABA inhibition in the presence of elevated cortisol. This may help control anxiety by reducing the ability of inputs to the amygdala to activate fear circuits.




2)
Inflammation Increases Neural Sensitivity


A common bedfellow of stress, inflammation, also works to increase neural excitation. Inflammation is a part of the immune system that is designed to help protect the body from external invaders. It works through various mechanisms, including opening up blood vessels, increasing the permeability of blood vessel walls, and activating immune system cells that attack invaders. Through various mechanisms, prime among them being cortisol secretion, chronic stress leads to chronic inflammation. And, chronic inflammation gets caught up in a positive feedback loop with chronic stress.


This happens in several different ways. First, chronic inflammation results in an organism that is simply less healthy and resilient. The human body does not function as well when chronically and systematically inflamed, and this makes the body more susceptible to break down in the face additional stress. Second, inflammation increases sensitivity of sensory channels – you know how this feels when your skin and hearing become more sensitive when you have the flu. This allows more sensory information to flow up your peripheral nervous system to the brain, resulting in the brain perceiving more threats and activating the stress response more frequently. Third, one chemical intimately involved in inflammation, tumor necrosis factor alpha (“TNF-a”), which induces microglial cell glutamate transport, inhibits astroglial glutamate reuptake.
 This results in excessive levels of glutamate staying present at neural synapses instead of being reabsorbed and recirculated, resulting in higher levels of excitation through glutamate action than normal.


c.
The Effects of Upregulated Neural Excitation

Upregulated neural excitation results in several important consequences. First, persons with unusually excitatory nervous systems typically have abnormal sensory perceptual worlds – they are typically sensory defensive. Second, this abnormal sensory experience has impacts upon the systems in the brain that control arousal. Third, upregulated neural excitation alters the way the brain handles certain tasks involving habituation, sensitization and association.




1)
Sensory Processing Abnormalities

Sensory processing abnormalities, typically oversensitivity to their sensory world which is called sensory defensiveness, is a symptom of autism that is well known by parents of autistic children but largely ignored by the medical establishment. Autistic individuals have a range of perceptual processing abnormalities, and typically by a hypersensitivity to auditory and tactile stimuli.
 According to Baranek, altered hyper-reactions in auditory processing occur in autism in up to 100% of the cases.


The vast majority of people with autism report problems with how they process sensory stimuli – usually the sensory stimuli is too strong, or to quote a book title on the topic, it is too loud, too bright, too fast, too tight. For an oversensitive person, a dripping faucet may not just be annoying but agonizing. Pulling on a pair of wool pants may feel like wearing burlap. One mother described how if her autistic son walks into a new store, and the horrendous fluorescent lighting typical of modern shopping environments is present, within 10 minutes she will look down and he’s starting to wet himself.
 For a person with hypersensitive sensory channels, the world can be a very neurologically toxic place.

For a neurotypical person, this is a little hard to get your head around. Sensory processing is a skill that most humans take for granted. The only sensory experience you know is the one you have grown up with. For the most part, you don’t think about your senses. They just work. Your brain has adjusted the volume of your sensory organs to an appropriate level. You only think about them when they don’t work properly, which is rarely. You likely have a hard time conceiving of a different reality. I, a sensory defensive, run into this inability all the time. For instance, I got married in May, 2007. I started wearing a wedding band. But, unless my mind is distracted by something stimulating, such as me standing in a crowded bar, it can’t habituate the annoying and sensitizing feel of the ring. If I go out to dinner with my wife, I fidget, move it from finger to finger, all night until she grabs it and puts it in her purse. Seeing this, many people have commented “you should just wear it and you will get used to it, I did”. I tell them I am not necessarily like them, and they react with an expression and tone of, you silly little boy, or course you are. It is very annoying being lectured by people who have absolutely no idea what they are talking about because they are trapped in their heads, unable to understand that normal can be different for someone else.

In fact, you probably do have some experience of oversensitivity. You probably know what it feels like when your skin becomes overly sensitive, which often happens when someone is sick. You are always itchy. You can’t get comfortable. You might know what it feels like to be oversensitive to light or to noise, maybe after a hard night of drinking. You know what it is to be extra sensitive to tastes or smells, like when you were pregnant. Imagine living like that 24 hours a day, 7 days a week, all your life, with no breaks, with all of your sensory channels having problems. Imagine never knowing a day when the world didn’t seem like the volume was turned up to 11. It would have a significant impact on how you view and act in the world.
 This is a big piece of the autism puzzle.

The unanswered question is why are some people overly sensitive to sensory information? This model provides an explanation for this mystery: they are overly sensitive to sensory stimuli because their nervous systems are imbalanced towards excitability. As sensory information is received by their sense organs, it is processed up their spinal cords and through their brain without enough attenuation. The electrical signals are too intense when they reach the processing centers of the brain. The brain becomes overwhelmed by sensory information in the form of electrical impulses that did not meet enough resistance as they propagated across your nervous system wiring. Problems develop with habituation, sensitization and association, all of which are mutually reinforcing. The subjective experience of a person with this imbalance is sensations that are too intense: sensory over-stimulation.



2)
Problems of Arousal


Another symptom of autism that is not often discussed relates to problems with arousal. Persons who exhibit autistic behaviors have chronic problems having the right level of arousal for the task they are doing. They are often sluggish when they should be properly aroused for a task like learning, or overly excited for a task like going to bed. This creates problems that result in more positive feedback loops. If you are trying to function in the world with improper arousal, stress builds up. For instance, if you try to sleep when your body is too agitated and awake to sleep, you become more stressed as your fail to fall asleep despite your best efforts, which of course makes falling asleep even harder. If you try to have a morning meeting when your body has not woken up yet, it only adds to your stress load as you try to perform when not prepared to do so. As your stress load adds up, your states of arousal become more and more distanced from what is required in the modern world. This results in a downward spiral. One author has written that “while novel stimuli provide rich stimulation and resulting learning opportunities for typical children, those with autism appear to have an unusually restricted range of optimal stimulation. They become easily overaroused and overwhelmed by novel and unpredictable stimuli.”


These difficulties with arousal stem from the same vectors that lead to sensory processing abnormalities. Arousal is largely controlled by hindbrain structures that are adjacent to and involved with the pathways that direct sensory information up the spinal column, through the hindbrain, and up to the thalamus for distribution to the processing centers of the brain. If sensory processing is abnormal, arousal states will also likely be abnormal. Too much neural excitation will result in sensory defensiveness along with difficulties with modulating arousal, both of which are seen chronically in autism.




3)
Sensitization / Habituation and Associational Learning

This topic is a subset of systemic excitation as it involves electrical processing. However, it is different because this has to do with specific synapses and local circuits that become heightened in strength, whereas systemic excitability has to do with the excitability of the whole nervous system, or at least large sections of it. This section involves some of the processes by which a person on a day to day basis becomes sensitized to their environment in a way that contributes to chronic hypersensitivity. A completely normal person can be pushed towards autistic behaviors by cycling through these processes enough times. Moreover, a person who has innate hypersensitivity can be pushed towards greater levels of dysfunction because of these mechanisms. Various types of neural learning and response would seem to be of great importance in the generation of autistic behaviors.




a)
Habituation, Sensitization and Association 






Generally

All complex organisms exhibit various types of electrical learning, including habituation, sensitization and association. Much research in the electrical systems of organisms has occurred in mollusks. Scientists have taken advantage of the fact that the mollusk will consistently withdraw from any touch to its gills to create a stable experimental model upon which to test various hypotheses. This gill withdrawal reflex exhibits several forms of learning.


One type of learning is habituation; the mollusk gill retracts less if the mantle of the gill is repeatedly touched. Habituation is a form of nonassociative learning; a single stimulus is involved, and it is not associated with anything else. Habituation can be reversed rapidly by giving a strong stimulus, such as an electric shock, to some other part of the mollusk’s body, like the tail.

Touch of the mollusk’s mantle after a shock results in a big response. This is an independent form of nonassociative learning called sensitization and is not simply a recovery from habituation, since the response to the touch of a second area of skin, one that was not habituated, is also amplified by the shock. The effects of sensitization can be short lived or long lasting, depending on the strength of the training. A weak shock given only once will produce short lasting changes in the reflex that disappear within a matter of hours, whereas repeated presentation of the shock leads to changes that can last for days.


Associative learning – namely classical defense or fear conditioning – also occurs in the gill withdrawal reflex. If a shock is delivered to the tail while the mantle is touched, subsequently the touch alone will lead to a stronger withdrawal of the gill than it did before conditioning. That this is associative learning (and not just sensitization due to shock) is demonstrated by the fact that the conditioned response is smaller if the touch and shock do not occur at the same time. The relation between the two stimuli is the key. 

Associational conditioning and sensitization are similar in that a strong stimulus changes the response to a weak one. But they differ in specificity: in associative conditioning, the amplified response only occurs in reaction to a stimulus that was paired with the shock, whereas in sensitization the response to stimuli that have no relation to the shock is also bigger. Sensitization makes the snail jumpy, so that any stimulus to which it is exposed after a strong stimulus will lead it to react, whereas it is conditioned if it reacts to a stimulus that occurred at the same time as a strong stimulus but not to other novel stimuli that occur afterward.


All forms of gill reflex learning involve changes in synapses between sensory neurons that receive inputs from the mantle skin and motor neurons that control the gill response. In habituation, the response of the postsynaptic neuron to a presynaptic input weakens, and the gill response gets smaller, because the presynaptic terminal comes to release less glutamate. It simply gets depleted. In contrast, in sensitization, the gill reacts more to the same stimulus after the tail is shocked than before because the sensory neuron comes to release more glutamate.





b)
Habituation, Sensitization and Association and 





Autism

Problems with habituation, association and sensitization all appear strongly implicated in autism. The excessive basal excitation at the core of autism likely results in abnormal neural learning and processing. This abnormal neural function can both contribute to the development of behaviors that lead to a diagnosis of autism in the first place as well as act as a symptom that allows for a diagnosis.


Habituation is a very important skill for humans, as the ability to ignore irrelevant background information allows a person to concentrate their limited attention on sensory stimuli that are meaningful. It also allows the individual to avoid being overwhelmed by too much information. Habituation is defective in autism, largely because the excess excitation interferes with the normal functions of filtering (habituating to) background information. Effectively, the pipes are too big and more information flows through the filters than can be regulated. The overload of information confounds normal habituation function.


A problem with sensitization is another outgrowth of excessive levels of excitation. Autistics have tremendous sensitivities to stimuli that normal people simply can’t perceive, whether fluorescent lights, or a dripping faucet in another room, or the hum of a motor. Some of this can be attributed to a failure of habituation, but sensitization is also likely at play. For an autistic, life is like constantly being subjected to an electrical shock to a mollusk tail. A vicious circle seems likely here. A person who is constantly receiving the environmental equivalent of an electric shock, because noises are too loud or lights are too bright, because their underwear is constantly rubbing, or because they can’t ignore the discomfort in their stomach, will almost certainly have trouble with habituation of irrelevant stimuli. This decrease in filtering will only prime the person’s nervous system to reach a new level of sensitivity, and so on.


Moreover, higher systemic excitability likely provides for faster and stronger associational learning in autism. If the average neural synapse is significantly more excitatory in an autistic individual, if glutamate is not balanced by GABA, then that synapse is more likely to generate an association in the face of paired stimuli. And, this tends to develop in autism. Autistic individuals often develop intense fear reactions to objects, persons or places that are not comprehensible to their care givers. Their reactions are often significantly disproportionate to the severity of the stressor they encounter. There are likely several explanations for this. But, associational learning is probably involved. If their overly excited nervous system was presented with an aversive stimulus (like a vacuum cleaner or a camera’s flash), when they were in a particular room, they will have a high likelihood of developing a strong associational response to the room in the future, causing them to attempt to avoid entering the room at all costs, to the confoundment of their care giver.


4.
Cognitive Appraisal


The world of a person with autism is typically a world of poor control, poor predictability, and pervasive pessimism – disastrous cognitive appraisal, or to put it another way, extreme external locus of control. Things have not gone well for you in the past. You are not in control of the world; instead the toxic and overstimulating world is in control of you. And, things don’t look like they are going to get any better. A positive feedback loop ensues. As more stressors are presented, the autistic individual will tend to spiral downward into more destructive levels of withdrawal and stress. Anxiety and depression often set in, only furthering the push towards the abyss. Maladaptive coping behaviors, which may help you feel better in the moment, pile up and become less and less effective at helping you modulate your experience in the world.


5.
Affective Integration


As the autistic individual continues to experience a world that is too much for them, seen through the eyes of an individual with extreme external locus of control, fear becomes the dominant emotion. Fear colors all scenes seen through the eyes of an autistic. Change is to be avoided at all consequences, as change has never brought positive results. New people are to be avoided. New situations are to be spurned. The familiar and controllable offer protection from a perceived extremely dangerous world.

The dominant emotional structure in autism is the amygdala, the center of processing for fear based emotions. In fact, the amygdalae of persons who are autistic are often significantly enlarged over those who are not autistic, probably resulting from interaction with high levels of cortisol. And, as amygdala size and dominance increases, neural activation generally increases. The amygdala sends abnormally strong exciting connections to other brains structures that propagate neural excitation generally and act to continue the excessive activation of the stress response.

6.
Neurological Triggering Mechanism


The neurological triggering mechanism is autism is unusually prone to activation. The locus ceruleus in the hindbrain, which initiates this mechanism, is more prone to firing due to chemical changes involving the stress response which increase the sensitivity of the locus ceruleus, including increased cortisol and reduced serotonin. The excitation furthered by the amygdala is increased with the amygdala actually growing in size.


The inhibition provided by the hippocampus is reduced, as the hippocampus atrophies in response to stress, largely mediated by cortisol. And, all of this results in more signal rising to the level of the hypothalamus, which is the top point in the activation of the stress response. Stress hormones deplete hippocampal neurons of glucose, their main source of energy, and make them less capable of performing their job in the face of stringent demands. As a result, they become especially sensitive to elevations of excitatory transmitters like glutamate during periods of increased neural activity, such as occurs in stress. Specifically, hippocampal cells have a toxic reaction to synaptically released glutamate in the presence of depleted glucose.


7.
The Stress Response


The chemicals involved in the stress response exacerbate abnormalities that have been described in this stress response model that generate additional positive feedback loops that drive the autistic person deeper and deeper into a stress induced hole.


Noradrenaline, the neurotransmitter that starts the stress response moving, elevates the general level of arousal so that the person is more capable of evaluating and responding to the stressor, which is a good thing for a normal human in a pre-modern era However, in today’s world in autistic individuals, this mechanism worsens arousal abnormalities the pervade autism. Noradrenaline also causes the peripheral nervous system to become more sensitive to sensation. The little hairs of your body stand up to be more sensitive to pressure. Your pupils dilate. Your ears open up to take in more sound. For an overly sensitive person, this is exactly the wrong thing to happen; this only increases the flood of sensation into the brain, which continues stress response activation. This is yet another vicious feedback loop.

Adrenaline, the dominant force of the second level of the stress response, adds additional excitation into the nervous system. Adrenaline is the primary neurotransmitter released from the adrenal medulla in response to stimulation, and is responsible for increases in neural activity (alertness), cardiac output and blood pressure.


Cortisol also plays a primary role in magnifying the other levels of this stress response model. When it is chronically present in elevated levels, or the adrenal glands become exhausted and can no longer summon an adequate cortisol response, the body starts to break down and its resiliency is diminished. This leads to both immune suppression, causing frequent illnesses like colds and flues which sap the bodies strength, as well as autoimmune conditions in which the body’s own immune cells start to attack various parts of the body. Underproduction of cortisol when needed allows chronic inflammation to build, which leads to a sensitization of the sensory pathways, exacerbating an underlying hypersensitivity to the world.

8.
Target Organ Activation


a.
Target Organ Activation Generally

The target organs that seem to be preferentially activated most in autism are the gastrointestinal system, the cardiovascular system, and the immune system. All of these conditions are dramatically impacted, and at least partially caused, by chronic stress of the type you seen in autism. As discussed above, the conditions most often seen in autism include irritable bowel syndrome, food allergies, and problems with sleep. Positive feedback loops also tend to develop in this element of the model. For instance, having gassy and irritable intestines all the time will tend to heap on additional discomfort and sensory stimulus to a person who is already at their limit of ability to deal with stress. This acts as a sensitizing mechanism, pushing the nervous system towards excitation, and depressing the nervous system’s ability to habituate background stimuli. Also, if you can’t get to bed at a reasonable time because your arousal level has been shifted improperly, and this prevents you from getting a full and restful night’s sleep, then your ability to function the next day will be compromised, causing you to have more stress and have less ability to eliminate the stress you have.


b.
Irritable Bowel Syndrome – An Example

One of the most common modern gastrointestinal disorders is irritable bowel syndrome (“IBS”). It is also very common in autism.




1)
IBS Generally

IBS is a bowel disorder characterized by abdominal pain and changes in bowel habits not associated with structural abnormalities. It is fairly common and makes up 20–50% of visits to gastroenterologists. Constipation, diarrhea, lower abdominal pain, bloating associated with alteration of bowel habits, and abdominal discomfort relieved with defecation are the most frequent symptoms. 


Although not included in the diagnostic criteria for IBS, mental and emotional symptoms are commonly present in patients with IBS. These may include depression, anxiety, panic attacks and insomnia. This should not be taken to mean that IBS is caused by psychiatric illness however, as not everyone suffering from IBS has depression, for example, and not everyone with depression has gastrointestinal symptoms. 



2)
IBS and Stress

Stress and psychological trauma have long been thought to play a major role in IBS. Some scientists view IBS as a syndrome of dysfunctional colonic motility; that is, the colon proves to be over-reactive to psychological as well as physiological stressors.
 That stress is closely involved in IBS is easily demonstrable. Studies across the world have consistently found that lifestyle has a significant impact on the incidence of IBS and that there are fewer cases of IBS amongst those who live a more stress free lifestyle.
 In fact, people with IBS don’t typically have hyper contractibility of their bowels when they are asleep,
 indicating that psychosocial exposures, and not physical abnormalities, are the key drivers in IBS.


There are various ways that stress may interact with the gastrointestinal system in a way that manifests IBS. First, when the body goes into the stress response, blood is redirected from the gut to the muscles in preparation to either fight or run from danger. In this situation the digestive system is effectively shut down until the danger passes. If someone is in a chronic state of stress then the digestive system is rarely able to function correctly which can lead to symptoms of IBS. Second, the colon’s vast supply of nerves, the enteric nervous system, controls the normal rhythmic contractions of the colon and causes abdominal discomfort at stressful times. People often experience cramps or "butterflies" when they are nervous or upset. But with IBS, the colon can be overly responsive to even slight conflict or stress. Third, some evidence suggests that IBS is affected by the immune system, which fights infection in the body. The immune system is dramatically affected by stress. Research has shown that stress causes the release of inflammatory chemicals in the gut such as substance P and can reactivate previous inflammation when experienced in conjunction with a small physical stimulus, such as the presence of certain foods or microbes and their metabolites. Fourth, stress can blunt the sort of pain you feel in your skin and skeletal muscles while increasing the sensitivity of internal organs like the intestines to pain. And that is the profile seen in IBS patients. Finally, carefully conducted studies show that major chronic stressors increase the risk of the first symptoms of IBS appearing, and worsen preexisting cases. Traumatic stress early in life has been shown to greatly increase the risk of IBS in adulthood.
 One study found that women with IBS are more likely to report prior physical or sexual abuse; almost half of the patients report prior abuse. Also, a study of US residents returning from international travel found a high rate of IBS and persistent diarrhea which developed during travel and persisted upon return.

The presence of stress as an inducer of IBS is clear from the overactive sympathetic nervous systems of persons with IBS. The sympathetic nervous system is responsible for the increased large intestinal contractions during stress; from an evolutionary standpoint, this involves getting rid of the dead weight in order to better deal with external threats. And IBS – also known as spastic colon – involves the colon being too contractile, an excellent way of producing diarrhea. So people with IBS are disproportionately likely to be experiencing a lot of stressors. And, contractions in the colon increase in response to stressors more in IBS patients that in control subjects.




3)
IBS and Autism

The fact that IBS is commonly present in autism does not necessarily mean the two are tied by a causal connection. However, the greatly increased incidence of IBS and related conditions in autism is just another piece of evidence that an overly active stress response is a core component of autism 


12.
Coping Mechanisms


The imbalances in electrical excitation described above also generate positive feedback loops at this level of the stress response model in a way that contributes to the development of autism. For instance, adults with autism often gravitate to alcohol as a coping strategy with autism. Alcohol in fact works to down-regulate neural excitation in the moment, providing for a brain that feels good, sedated in clarity. However, over time, the alcohol results in a nervous system that becomes upregulated, working through various pathways including receptor that become less sensitize and inflammatory pathways resulting on the sugar assault on the body. Ultimately, alcohol becomes an inadvertent trap for the adult autistic.
� Stress and Coping in Autism, p. 4
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� GABA in Autism, p. 276


� Cortisol Levels and Hippocampus Volumes in Healthy Preadolescent Children; http://linkinghub.elsevier.com/retrieve/pii/S0006322306001843


� Model of Autism: Increased Ratio of Excitation / Inhibition in Key Neural Systems, p. 12


� Synaptic Self, p. 63


� Microglial Glutamate Uptake is Coupled to Glutathione Synthesis and Glutamate Release, p. 1063


� Model of Autism: Increased Ratio of Excitation / Inhibition in Key Neural Systems, p. 4


� Subjective Face Recognition Difficulties, p. 7


� Newsweek, November 27, 2006, p. 51


� This works in a feedback loop with the later section on cognitive appraisal. Living in a world that is constantly overstimulating to you causes your sense of control to diminish. The world is in control of you instead of vice versa. This is often talked about in terms of locus of control. People with autism often have very high external locus of control.
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� Excitation and Adrenaline: GABA - the Bipolar Neurotransmitter; http://cellscience.com/reviews1/GABA_excitation_the_bipolar_neurotransmitter.html
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