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INTRODUCTION TO A CIRCUMSTANTIAL CASE FOR THE CAUSATION OF AUTISM


This document is an attempt to create a coherent theory of autism that can be discussed by persons interested in autism, that makes predictions about autistic behaviors that can be tested, and that acts as a logical construct that can guide caregivers, whether parents or professionals, in the decisions they make related to the care of autistic children and adults.


One of my challenges in getting people interested in this theory is my lack of credentials, largely meaning my lack of an educational degree in medicine or a related field that marks me as an 'expert'. It has been suggested to me by a well known autism researcher that if I want to have any impact upon beliefs about autism, I should go to medical school, select a very narrow aspect of my theory, spend 15 years testing that narrow area, and then publish in a medical journal. Only then can my ideas be integrated into the scientific debate on autism, and only in that narrow area I chose to specialize in. I considered that advice, and decided to go another way for the following reason: there are tens of thousands of bright researchers doing pretty much exactly that already, making very limited and slow progress in understanding autism. If I have anything important to say about autism, which I may not and that is fine, it is precisely and solely because I am taking a completely different path to gaining an understand about autism. This, of course, gets me right back to the issue with credentials - who am I to be preaching about the cause of autism when science clearly sees that no one understands it. The answer if there is one, I think, is that I have a different set of credentials, that are normally not viewed as valuable, than a researcher with a document telling the world they are a PHD. And I am not demeaning PHD's; my wife just finished hers in social work and it was an arduous process which required tremendous intelligence and dedication; and, it produced a fabulous researcher. I am just arguing a PHD is not the only potential set of credentials that is valuable. So, what are my credentials?


First, I am a person who is a little autistic. I am not disordered. No doctor would give me a diagnosis, and I am thankful for that. But, my brain is wired like people with autism. My skills tend to be their skills, my weaknesses theirs as well. This gives me a unique insight into autism that most researchers don't have. I can test things on myself and see what happens. I have a level of empathy associated with sharing a way of seeing the world, though this empathy is certainly limited by my lack of actually being disordered. Also, I have skills that are very helpful in solving complicated puzzles due to my association with autism. High functioning autistic individuals are notoriously strong puzzle workers and problem solvers. They are able to spot patterns and symmetries that other just miss. I have bult my real estate career around this enhanced competency (of course, there are lots of other tasks at which I am simply no good). I also have the obessiveness in areas of intellectual interest that you see among high functioning autistics. This obsessiveness keeps me on task far longer than most people. It causes me to enjoy reading 1,000 page textbooks on inflammation, psychological disorders, and many other topics. It keeps my mind constantly searching for alternatives and solutions. Nature built me to engage in this undertaking.


Second, my two careers, the law and real estate, both forced me to learn to think like a generalist, which is very rare in this society. In most lines of work, you make a lot more money specializing in an area, particularly in science and medicine. Specialists studiously ignore topics outside their specialty and are rewarded for this. I have been trained over the years to not be good at any particular task, but to be marginally competent at many. This results in a very different way of viewing the world, forcing me to understand the interrelatedness of many different fields of pursuit and many different areas of intellectual demand. To do my real estate job, I had to develop basic competencies in architecture, financial modeling, urban design, regional economic planning, tax and other areas of the law, tax incentives, politics, contracting and many other fields. In doing my law job, I was exposed to many diverse industries that I had to learn including medical recruiting, medical devices, shoulder mechanics, head trauma, car sales, the National Football League, patents, concrete saws, and many other areas. This exposure has produced a fearlessness in me that has allowed me the confidence necessary to go in, as a lay person, and gain a basic understanding of the fields necessary to understand autism including neurology, endocrinology, genetics, immunology, gastroenterology, psychology, sociology, and the human diet. Being a generalist has been crucial in the development of this theory.


Third, I am a guy with zero profit motive in putting this theory together. I am not under the sway of industry. I am not constrained by the scientific method and the rules of a university. I am not driven by fear. I am not pushing a supplement line. I am doing this because I think I have some knowledge that might help someone, because it is fun and stress relieving, and because I like to lecture at people (which my wonderful wife helps me monitor) because it is easier to lecture than engage in a real back and forth conversation. People have progressively gotten sick of my various interests over the years including urban sprawl, fighter planes, and global warming and I needed to come up with something else to lecture on.


Fourth, I don't care about being wrong; instead, I enthusiastically embrace screwing up and have done so in some really phenomenal ways. I have essentially no insecurity or esteem issues, and therefore no fear of judgment. And, it is in trying and screwing up that you learn some of the best lessons. This philosophy has been applied to this theory and has helped along its development. If I create a sub-hypothesis, and it turns out to have been foolish, I just let it go and move on. I have been down dozens of wrong paths, figured out they were wrong, learned somethng, and enhanced the theory as a result. I don't get invested in ideas and hold on to them stubbornly. In many ways, this is what separates me from many academics.


Fifth, and most importantly, I am trained in the methods of the law. I am not attempting to create a scientific proof of autism. That will be impossible for some years - the statistical models are just too limiting to pierce through the complicated causation. I am attempting to build a circumstantial case for the causation of autism, which is a very different matter. Let me give an example. If a legal team, detective and prosecutor, were assigned to investigate a murder, and three days into the investigation they determined there was no eye witness whose testimony could establish direct causation (I saw him stab her), they would not simply throw up their hands and declare the crime a mystery and move on to the next case. They would diligently piece together all the evidence they could and, if they deemed it sufficient, present that evidence to a jury in a hope they could convince the jury, under the standard of 'beyond a reasonable doubt', that he in fact did stab her despite the fact that no one saw it happen. They might have evidence that a witness saw the guy enter the house with a knife, that twenty seconds later they heard a scream, and that immediately thereafter the same guy ran out of the house carrying a bloody knife. This is not perfect proof, because there was no direct witness who saw the knife enter the body, but it is still a pretty good case to convict. 


Prosecutors use all kinds of evidence to build circumstantial cases. They hire scientists to put together forensic evidence like DNA samples from hair, finger prints, and ballistics data. They scour the area of the crime looking for witnesses who might have seen something indirect, like a suspicious stranger lurking around. They check phone records, and flight times, and alibies. They look into motive and history, hiring psychologists and other experts to profile the parties involved. They use circumstance to make up for a lack of direct proof.


This is something science has a problem doing. For something to be scientific, for the most part, there needs to be a hypothesis, that is tested in a randomized study, which generates data, which data is analyzed by computer models to show statistical significance. The results of this analysis can then be published, positive or negative, to provide evidence on causation. When causation becomes complicated, and variables are added to the analysis, demonstration of statistical significance becomes harder and harder. At some point in time, scientists, working within this paradigm, may have to throw their arms up in  the air and say 'we just don't know how this works'. Frankly, they are prohibited from doing what I am doing. As one researcher told me, my approach is just not scientific. It is a grand unified theory that is not testable empirically and therefore not conventionally scientific, and I agree. That does not mean it is not valuable and that it is not possible using logic to evaluate its worth and contribute to the body of knowledge about autism.


I think I have built a strong circumstantial case that neurological excitatory imbalance and the human stress response are co-involved at the core of autism. I think I have put the causal pathways, what causes what and how the feedback loops work, together pretty well. I am pretty sure that my commentary on how modern society is causing an increase in incidence is largely right; nothing else makes sense. However, I am sure there is stuff in my theory that is plain wrong. I am sure there are other elements, for instance exactly how chronic inflammation influences autism, that are just missing. And, it will likely take years to really flesh out this theory, which is clunky and overly complex at times. However, as a generalist committed to linking new ideas and facts together, I will hopefully work with others to refine my theory over time. This is a work in progress.
SECTION A.1 – ELECTRICAL IMBALANCE IN AUTISM

A.
Evidence of Electrical Imbalance in Autism


This entire section of my theory is the most technical and difficult. If you don’t understand everything discussed, and most people won’t, don’t worry about. Skip over stuff that makes your head hurt. As long as yet get the gist that an electrical imbalance seems implicated in autism, you will be able to move onto the next section and still follow the train of my thoughts.

1.
Brief Description of Nervous System


The human nervous system, including the brain, is largely an electrical system. It functions by electrical currents passing along its wires, which are specialized cells called neurons that connect to each other at junctions called synapses. Synaptic activity is controlled by chemicals called neurotransmitters. You have probably heard of several neurotransmitters, such as dopamine, serotonin and nor-adrenaline. These are just a few of many neurotransmitters that tune the nervous system.


Like any electrical system, such as a computer or a stereo, the human nervous system functions through the control of how electrical signals propagate through the system. This is largely controlled by neurotransmitters through their influence on neural excitation or inhibition. Every neurotransmitter is either excitatory or inhibitory. This means that they either accelerate and increase the amplification of a propagating signal or they dampen, diminish or divert the signal. Two neurotransmitters are particularly important in this regard.


Glutamate is the brain’s primary excitatory neurotransmitter, constituting about 50% of the total volume of neurotransmitters in the brain. GABA is the brain’s main inhibitory neurotransmitter, constituting on average about 35% of total neurotransmitter volume in the brain.
 The brain maintains a very careful homeostatic balance between these two neurotransmitters, as they are both crucial to human function. Glutamate causes electrical signals to propagate through the nervous system, turning the system on and allowing for advanced functions such as consciousness, thinking, learning and memory. 


GABA keeps the electrical system properly tuned, channeling and restraining electrical excitation to allow normal human brain function. When GABA is in the normal range in the brain, we are not overly aroused or anxious. At the same time, we have appropriate reactions to situations in our environment. GABA is the communication speed controller, making sure all brain communications are operating at the right speed and with the correct intensity. Too little GABA in the brain and the communication becomes out of control, overstimulated, and chemically unstable. Too much GABA and we are overly relaxed and sedated, often to the point that normal reactions are impaired.


Excessive neural excitation can result either from too much glutamate or too little GABA.
 Either way, the normal homeostatic balance between excitation and inhibition is thrown off in favor of greater levels of excitation. While high levels of excitation can be positive, since glutamate induced neural excitation is responsible for much of the learning and memory skills people have, a balance shifted too far in favor of excitation can have serious consequences. Seizures involve a local breakdown in excitatory balance; too much excitation occurs and electrical spasms, seizures, result.
 Excitotoxicity is neural cell death as a result of too much excitation. A detailed discussion of glutamate and GABA in autism is contained in the addendum to this Section.


2.
Evidence of Electrical Imbalance


Scientists know that many different conditions and exposures can cause people to develop autistic behaviors. Several genetic diseases including fragile X syndrome, Rett syndrome, Down syndrome, Angelman syndrome, tuberous sclerosis, and epilepsy greatly increase the chance a child will develop autism. Environmental insults can also cause a person to develop autism. For instance, poisoning with ethyl mercury can cause the person exposed to develop behaviors that appear autistic. Fetal exposure to alcohol greatly increases the odds of autism diagnoses in infants.


Upon learning the multiplicity of convergent causes of autistic behaviors in the early development of my theory of autism, a question began to form in my mind – what do all of these genetic conditions and environmental exposures have in common? The answer is electrical imbalance.



a.
Specific Evidence

There is significant evidence of electrical imbalance in the autistic nervous system.




1)
Seizures

One commonality between these causes of autism involves seizures. About a third of people with autism have regular seizures, though many think this estimate to be low because mild seizures are often not diagnosed and seizures that do not result in jerking or flailing are often not recognized as such. Mercury poisoning often causes seizures and convulsions. So does fetal alcohol syndrome. Seizures are common in fragile X syndrome (15-20% of males have them), Rett syndrome (very common), Angelman syndrome (80% have seizures), tuberous sclerosis (common) and Down syndrome (5-10% have seizures). Epilepsy is a condition primarily characterized by the presence of seizures. The level of epilepsy in autistic children is much higher than in normal persons. This indicates that some type of electrical imbalance may tie all of these conditions together.



2)
Abnormal EEG’s

Abnormalities seen in EEG’s, along with the frequency of seizures in autistic persons, were among the earliest pieces of evidence of a biologic basis for autism. Abnormal EEG’s were found in 65% of 147 autistic children when repeated EEG’s were done according to Small in 1975. Another study of autistic individuals showed that 540 of 889 (60.7%) subjects had abnormal EEG epileptiform activity in sleep. The most frequent sites of epileptiform abnormalities were localized over the right temporal region. 50-70% of autistic individuals have ongoing ‘sharp-spike’ activity documented in sleeping EEG; this suggests that these children have noisy and unstable cortical networks. There is a higher incidence of abnormal EEG’s in mentally retarded autistic individuals but a significant amount of abnormal EEG’s were also found in the mildly and non-retarded autistic persons.
 The level of abnormality scaled with the severity of the condition.

A question arises as to, if electrical imbalances is at the core of autism, why don’t all children show abnormal EEG’s all the time. What may be happening is that the autistic brain is not always overstimulated. It has the potential for overstimulation, but it may be relaxed and quiescent at many times. It may only be when stressors are present, and noradrenaline and/or cortisol are flowing, that the brain waves are pushed into abnormal and/or epileptiform shapes. This will vary in all persons with autism. Also, we know that depending on the state of alertness of the child and the number of recordings, the chance of an abnormal EEG changes significantly. With a greater number of recordings, there is a greater frequency of abnormal EEGs. Abnormal EEG’s have been found more frequently when recordings included states of sleep, awake and drowsiness, instead of just one or two states.




3)
Abnormal Processing of Sensory Information

Sensory processing is ultimately an electrical process. Information about the external world is picked up by sensors in the peripheral nervous system (eyes, touch sensors) and transmitted up the spinal cord, through the hindbrain, and into the processing centers of the brain to be distributed by the thalamus. Sensory processing problems indicate abnormalities in this electrical system. Sensory defensiveness, an over reaction to sensory information, indicates that the problem involves a failure of the peripheral nervous system and brain to adequately filter and modulate the mountains of sensory information that flow into the brain, most of which is extraneous to our survival and is simply discarded by a normally functioning nervous system.


Although not listed as a symptom in DSM IV, the tool used by doctors to assess mental conditions like autism, sensory processing abnormalities are highly consistent symptoms of autism. Most often, the abnormality is manifest as sensory defensiveness. This defensiveness is most often seen in the auditory and tactile senses. However, it shows up with visual and gustatory processing, as well as in temperature regulation and other internal senses. There is some scientific support for this sensory processing abnormality. EEG studies reveal a pattern of abnormally distributed response in autism during tasks that demand selective attention.
 Also, both in children and in adults, physiological measures suggest that perceptual filtering in autism occurs in an all or none manner, with little specificity in selecting for the location of the stimulus.




4)
Abnormal Prepulse Inhibition

Prepulse Inhibition (PPI) is a neurological phenomenon in which a weaker pre-stimulus (prepulse) inhibits the reaction of an organism to a subsequent strong startling stimulus (pulse). The reduction of the amplitude of startle reflects the ability of the nervous system to temporarily adapt to a strong sensory stimulus when a preceding weaker signal is given to warn the organism. Deficits of prepulse inhibition manifest in the inability to filter out the unnecessary information; they have been linked to abnormalities of sensorimotor gating. Such deficits are noted in patients suffering from illnesses like schizophrenia and Alzheimer’s disease

Adults with autism have sensorimotor gating deficits similar to other neurodevelopmental disorders, implicating a failure of normal inhibitory regulation of sensory, motor, and attentional mechanisms.
 Lower prepulse inhibition was correlated with increased ratings of restricted and repetitive behaviors. The absence of an effect of prepulse amplitude suggests abnormal sensory responsiveness – a possibility supported by skin conductance findings of abnormally high tonic arousal and abnormally high phasic response to stimuli in autism. Similar findings of high arousal and high responsiveness in Fragile X Syndrome support that idea that these abnormal sensory phenomena may be markers of abnormal neural development.
 



5)
Excessive Negative Association

Everyone experiences associations. When a neutral and a strong aversive stimulus are experienced simultaneously, the aversive stimulus will frequently create an association with the neutral stimulus, such that in the future the neutral stimulus is perceived by the nervous system as negative. This is part of how the human brain learns, through the pairing of electrical stimuli which cause the strengthening of synaptic connections, with glutamate being the neurotransmitter that mediates this process.


There is significant evidence that autistic individuals are much more sensitive to this pairing of associations. Stimuli that would not be considered negative by a normal person may be sufficiently aversive to an autistic individual that many neutral objects become negatively colored.
 This provides many more opportunities than normal for negative paired associations to develop, which are very hard for most people who care for those with autism to identify or understand. This may account for some of the fear reactions that are generated in autistic individuals as they navigate through the world. An explanation for why this occurs may be that an excessively excitatory brain more easily creates conditioned responses because of the interaction of excess neural excitation at the brain’s synapses and the abnormal flow of sensory information to the brain.



b.
General Evidence


Observations related to heightened levels of seizure and abnormal EEG in autism have led a group of scientists to develop the hypothesis that:

Autism is fundamentally a glutamatergic disorder driven by altered synaptic excitation/inhibition ratios in crucial neural systems that underlie sensation and behavior, with dysregulation primarily a function of deficits in inhibition of behavior by the cortex.


In my theory, autism can result from too much glutamate, as well as too little GABA in crucial neural circuits, or both, and there is substantial evidence of one such abnormality in essentially every single vector cause of autism, whether genetic or environmental.


Neural hyperactivity resulting from excessive levels of glutamate has clearly been implicated as a primary cause of the seizing activity in epilepsy. Importantly, glutamate imbalances are present in fragile X syndrome, Rett syndrome, Angelman syndrome, tuberous sclerosis and Down syndrome, all of which are associated with high risk of autism. This is also true in several single vector environmental causes of autism. For instance, mercury poisoning causes seizures by destroying glial cells in the brain. Glial cells are the most important cell type in the brain other than neurons. Glial cells generally support the neurons helping them do their jobs. One specific function for a class of glial cells called astrocytes is to assist in the reuptake (reabsorption) of glutamate at neural synapses. If astrocytes are damaged by ethyl mercury, which preferentially lodges in astrocytes after crossing the blood-brain barrier, and can’t help with reuptake, this results in too much glutamate hanging around in a portion of the brain causing excessive levels of excitation. This causes seizures in persons with mercury poisoning and death of brain cells through excitotoxicity. I believe it also causes the symptoms of autism.

In addition, inadequate levels of GABA have been implicated in other genetic conditions and environmental exposures that result in autistic behaviors. For instance, prenatal exposure to thalidomide and valproic acid has been shown to dramatically increase the chance an infant will develop autism. Both of these chemicals inflict their damage, at least in part, by reducing the number of GABA dominated (highly inhibitory) synapses in an important portion of the brain called the cerebellum, a structure that provides an electrical filtering role for the brain, controlling and attenuating sensory information flowing up the peripheral nervous system.

Even more importantly, as discussed in detail in the appendix to this section, imbalances in the balance between glutamate and GABA have been shown in numerous studies of persons with autism who do not have other identifiable conditions that could have caused the autistic behaviors. This imbalance has involved both too much glutamate and too little GABA. It is clear that excess glutamate alone can result in neural hyperexcitability. Researchers believe that decreased GABAergic inhibition could also lead to a glutamatergic hyperexcitation, which can have many effects including subsequent damage to vulnerable target neurons, a mechanism considered to be relevant for onset of diverse neurological illnesses.



c.
A Potential Conclusion

A logical conclusion from this evidence is that excess excitation caused by an imbalance of neurotransmitters in the brain may be a significant part of the mechanism of action in autism. People who suffer from genetic diseases which result in such an imbalance tend to develop autistic behaviors. People who are exposed to an environmental toxin like mercury which acts to tip the balance to excitation also tend to develop autistic behaviors. Both groups of people tend to experience seizures and other types of spasming, abnormal EEG’s, sensory processing abnormalities, and abnormal prepulse inhibition, indicative of a problem with the homeostatic mechanisms of the nervous system. So do people with diagnosed autism without an identifiable cause.

B.
Theories of Neural Imbalance in Autism and Other Conditions

Bad things happen when the balance between inhibition and excitation in the nervous system is thrown off. To quote Dr. George Everly:

(T)he phenomenology of many chronic anxiety and stress related diseases is under girded by the existence of a latent common denominator, existing in the form of a neurological hypersensitivity for excitation (or arousal) residing within the subcortical limbic circuitry.


I am not alone in arguing for a primary role for imbalance in neural excitation in psychological disorders.


1.
Everly’s Disorders of Arousal

More specifically, Everly has argued that an ascending neural overload (too much information flowing up the peripheral nervous system to the processing centers of the brain) may be responsible for creating unorganized and dysfunctional discharges of neural activity that are manifested in persons with insomnia, undefined anxiety, depressive behavior, and in some cases manic behavior patterns lacking direction or apparent purpose.
 Everly seems to view neurological arousal and excitation as the same phenomenon.


This neural hypersensitivity results in the conditions that he calls disorders of arousal. I think that Dr. Everly is correct and that his neural sensitization model is also at the core of autism – autism is also a disorder of arousal, or excitation. And, there are other researchers who have reached similar conclusions related to autism. But, this is far from an accepted theory of autism. Everly, and the researchers cited below, are not in the mainstream of the autism debate.


According to Dr. Everly, this neural sensitization phenomenon may be based on one or more of six mechanisms: 1) augmentation of excitatory neurotransmitters, 2) declination of inhibitory neurotransmitters, 3) augmentation of brain structures, especially the amygdala and the hippocampus, that regulate fear and stress responses through excitation and inhibition, 4) changes in the biochemical bases of neuronal activation through genetic and intracellular means, 5) increased neuromuscular arousal, and 6) repetitive cognitive excitation.


At the core of Everly’s synthesis is the interaction between the human stress response and neural balance in the brain. In support of his model, Everly cites three different researchers who have created a theoretical basis for how stress plays a role psychological and physiological distress – Gellhorn, Weil and Malmo. Their theories are different but have much overlap.



According to Gellhorn, in the waking state the ergotropic
 division of the autonomic nervous system
 (“ANS”) is dominant and responds primarily to environmental stimuli. If these stimuli are very strong or follow each other at short intervals, the tone and reactivity of the sympathetic nervous system (“SNS”) increases. Both extremely intense and acute sympathetic stimulation or chronically repeated, intermittent lower level sympathetic stimulation, both of which can be environmental in origin, can lead to SNS hyperfunction. Such sympathetic activity creates a condition of sympathetic neurological hypersensitivity which serves as the neurological predisposition associated with the psychophysiological symptoms observed in anxiety, stress, and related disorders of arousal.
 


Weil, from a somewhat different viewpoint, notes that two major processes can be effective in charging the arousal system: 1) high intensity stimulation and/or 2) increased rate of repeated stimulation.
 Gellhorn’s and Weil’s theories agree that hypersensitivity of the nervous system (i.e. a lowered threshold for activating limbic, autonomic, and hypothalamic effector systems) can be achieved through environmental stimulation and proprioceptive stimulation when presented in either an acute and intense (trauma like) manner or in a lower level yet chronically repeated exposure pattern. Once achieved, such a status of lowered activation threshold could serve as a self-sustaining neurological basis for emotional and psychophysiological disorder.


Malmo and his colleagues found that select groups of individuals who possessed arousal disorders, such as anxiety, seemed to demonstrate somewhat higher baseline levels of muscle tension when compared with non-patients. More importantly, upon the presentation of a stressor stimulus, the muscle tension of the patient population reached higher levels of peak amplitude and subsequently took significantly longer to return to baseline levels once the stressor was removed. This phenomenon was interpreted by Malmo of being indicative of a defect in homeostatic mechanisms following arousal in such patients.


Other researchers have established a neurological concept called kindling, which represents one of the most popular models of brain plasticity and neurological hypersensitivity in clinical literature. Kindling is a term originally conceived of to identify the process by which repeated stimulation of limbic system
 structures leads to a lowered threshold for convulsions / seizures and to a propensity for spontaneous activation of such structures, with resultant affective lability
, ANS hyperfunction, and behavioral disturbances. Kindling-like processes have been implicated in a host of behavioral and psychopathological conditions. Shader has stated, with regard to anxiety disorders, that one might speculate that kindling processes could increase attack-like firing from a source like the locus ceruleus
 activating center. Redmond and Huang support such a conclusion by suggesting that panic disorders are predicated on a lowered firing threshold at the locus ceruleus. Such discharge could then arouse limbic and cortical structures on the basis adrenergic efferent projections rising from the locus ceruleus. Monroe has provided evidence that certain episodic behavioral disorders may be based on a kindling like limbic ictus (a sudden event like a seizure). He notes that as it is known that environmental events can induce synchronized electrical activity within the limbic system, this also provides an explanation of an ictal illness. Monroe implicates explosive behavioral tirades, impulsively destructive behavior, extreme affective lability, and episodic psychotic behavior in such a neurological dysfunction. According to other researchers, long term augmentation of the locus ceruleus pathways following trauma underlies the repetitive intrusive recollections and nightmares that plague patients with post traumatic stress disorder.


Other researchers have gone farther and argued that kindling and relative sensitization models may be useful conceptual approaches to understanding the development of psychopathology in the absence of seizure discharges. They report data that demonstrate the ability of adrenaline and dopamine agonists to sensitize animals and humans to behavioral hyperactivity and especially affective disorders. They refer to this phenomenon as behavioral sensitization rather than kindling because non ictal status is obtained as an end point. Rather, the achieved end point represents a lowered depolarization threshold and an increased propensity for spontaneous activation of limbic and related circuitry.


Whatever the biological alteration underlying the neuronal plasticity associated with limbic system neurological hypersensitivity, Everly reports that the phenomenon 1) appears to be inducible on the basis of repeated, intermittent stimulation with the optimal interval between stimulations to induce kindling being about 24 hours, 2) appears to last for hours, days and even months, 3) appears to show at least some tendency to decay over a period of days or months in the absence of continued stimulation if the initial stimulation was insufficient to cause permanent alteration (like with PTSD, not with autism), and 4) appears to be inducible on the basis of environmental, psychosocial, pharmacological and / or external electrical stimulation.


Everly has concluded that it would seem reasonable that in order for a therapeutic intervention to work effectively to ameliorate these disorders of arousal, it should work in such a way as to neurologically desensitize and reduce overall activity within the limbic circuitry. This can be achieved by 1) reducing excitatory neurotransmitter responsivity, 2) reducing neuromuscular arousal, and 3) reducing cognitive excitation.


2.
Researchers Who Reached Similar Conclusions with Autism


A number of research groups investigating autism have reached conclusions similar to Everly’s theory of disorders of arousal.



a.
Rubenstein and Merzenich


Rubenstein and Merzenich hypothesize that at least some forms of autism are caused by a disproportionately high level of excitation (or disproportionately weak inhibition) in neural circuits that mediate language and social behaviors. A more excitable (more weakly inhibited) cortex is, by its nature, more poorly functionally differentiated; this type of cortex will lead to broad ranging abnormalities in perception, memory, and cognition, and motor control. Moreover, a noisy (hyperexcitable, poorly functionally differentiated) cortex is inherently unstable, and susceptible to epilepsy. An imbalance of excitation and inhibition could be due to increased glutamatergic signalling or to a reduction in inhibition due to a reduction in GABAergic signalling. They note that Hussman has earlier suggested that suppressed GABAergic inhibition is a common feature of the autistic brain.


Rubenstein and Merzenich have also postulated that imbalances in excitation vs. inhibition can be amplified by maturational processes that result in delayed synapse maturation or in abnormal myelination.
 In the developmental process, synapse maturation and progressive myelination contribute crucially to the generation of more coherent activities in forebrain networks and systems, and thereby to the progressive strengthening of cortical signalling (to the progressive reduction of cortical process noise). 



b.
Belmonte, Corchesne et al

Another group of researchers have similarly argued that anatomical and functional abnormalities in autism suggest that its core dysfunction may involve some pervasive alteration of neural processing. One route to such an alteration might be via abnormally low signal-to-noise in developing neural assemblies, a condition that may be produced by abnormal neural connectivity. They note that the high incidence of epilepsy in autism is consistent with this hypothesis, and that there has been no shortage of relevant neuropathological findings. The numbers of Purkinje cells, and to a lesser extent granule cells, in cerebellar cortex are abnormally low, presumably leading to disinhibition of the cerebellar deep nuclei and consequent overexcitation of thalamus and cerebral cortex. It is important to note that a decrease in signal-to-noise can arise from abnormalities of connectivity in either direction: an overconnected network passes so much noise that it swamps the signal, and an underconnected network passes so little signal that it becomes lost in the noise. In either case, large segments of the network are connected to either an all on or all off state, and the network’s information capacity is thereby reduced.


Belmonte, Corchesne et al postulate that a failure to delimit activation within an abnormally connected network may be observable as hyperarousal in response to sensory input, and decreased ability to select among competing sensory inputs. Cardiovascular, neuroendocrine, and neurochemical indices of arousal in novel and stressful situations are consistent with this prediction, as are physiological and behavioral observations of the extent and intensity of perceptual processing. Physiologically, functional imaging has demonstrated heightened activity in brain regions associated with stimulus driven, sensory processing, and decreased activity in regions that normally serve higher order processing.



c.
Brock, Brown, Boucher and Rippon


This group proposed in 2002 that autism is associated with abnormalities of information integration that is caused by a reduction in the connectivity between specialized local neural networks in the brain and possible over-connectivity within the isolated individual neural assemblies. They supplemented this in 2007 with an argument that orchestration of the balance between excitation and inhibition is a key aspect to the successful coordination of the coupling between local and distant neural assemblies in the brain. Unless an appropriate signal to noise ratio is sustained, the output of any network may not be sufficiently robust or distinct to successfully achieve the necessary processing.



d.
Researchers Implicating GABA in Arousal Dysfunction

There are several other research groups who have reached conclusions that autism involves dysregulation of excitatory balance in the brain, which necessarily results in ‘disorders of arousal’ as described by Everly. These groups have focused on the action of GABA in the brain.




1)
Hussman

It has been suggested by Hussman that autism is the result of an imbalance of the excitatory glutamatergic and inhibitory GABAergic pathways, resulting in overstimulation in the brain and inability to filter out excess stimuli from environmental and intrinsic sources.
 In his model, suppression of GABA inhibition results in excessive stimulation of glutamate specialized neurons and loss of sensory gating.
 Hussman postulates that GABA inhibition may become defective through multiple etiological factors. Loss of inhibitory control may cause deterioration in the quality of sensory information due to the failure to suppress competing ‘noise’ resulting in compensatory restrictions in sensory input to a narrow, repetitive, or controllable scope.
 Also given the high comorbidity of autism with epilepsy and seizures, Hussman has suggested that a similar molecular etiology could exist between the disorders.




2)
Dhossche et al
 


Dhossche et al. believe that autism is the result of an adverse cascade of events that stems from one or more genetic / environmental insults. Over time, if uncompensated, the cascade leads to adverse conditioning of stress adaptation networks and results in various interrelated developmental, psychological, neurological and immunological pathologies, including autism.


Dhossche et al. have set forth criteria that they believe necessary for the formulation of a comprehensive theory of autism. Any viable theory must consider the changeable nature of symptoms, course, and outcome in autistic people, and should account for a) the early onset of clinical abnormalities, b) worsening of symptoms around puberty in a considerable number of patients, c) association between autism and epilepsy, and d) genetic transmission of the disorder.


According to Dhossche, there is substantial evidence that central GABA dysfunction can account for these key features.

a.
GABA is the main inhibitory neurotransmitter in the mature brain; 25-40% of all terminals contain GABA. In early development, GABA has an excitatory trophic role affecting neuronal wiring, plasticity of neuronal network, and neural organization. Interference with the trophic role of GABA may affect development of neuronal wiring, plasticity of neuronal network, and neural organization.

b.
Decreased GABA inhibition in the hypothalamus is considered an important trigger for onset of puberty. Adaptive changes in GABA function at the onset of or during puberty may worsen or induce disorders associated with underlying abnormalities of GABA function. Increased rates of seizure disorders, catatonia, and worsening of autistic symptoms or overall behavioral deterioration have been reported in people around and after puberty.

c.
GABA has been strongly implicated in epilepsy. About 30% of autistic people develop some type of epilepsy.

d.
Genetic studies have implicated the proximal long arm of chromosome 15 in autism and catatonia. The most common chromosomal abnormality in autism is an alteration in chromosome 15q11-13, a region that contains three GABAA receptor subunit candidate genes for autism (GABRB3, GABRA5, and GABRG5). This is the same chromosome location that includes the Prader-Willi Syndrome / Angelman Syndrome region.


Dhossche sets forth other evidence which implicates GABA in autism: 1) reports of decreased numbers of cerebellar GABAergic Purkinje cells especially in the posterior lobe, 2) decreased levels of key synthesizing enzymes (GAD65 and GAD67) in the cerebellum and parietal cortex, 3) neuropathology in the deep cerebellar nuclei, many cells of which are GABAergic, 4) decreased density of GABAA receptors and benzodiazepine binding sites in the specific subfields of the hippocampus formation, and increased packing density of parvalbumin labeled GABAergic interneurons in the CA3 and CA1 subfields, and 5) elevated plasma GABA in autistic children aged 5-15 years.
 These and other findings related to GABA are discussed in the Appendix below.

APPENDIX TO SECTION A.1

This appendix will discuss evidence of glutamate and GABA abnormalities in autistic individuals generally, not focused on those whose autism resulted specifically from a chromosomal defect or environmental exposure. It is highly technical and not necessary for a lay person to read in order to be prepared to understand the next Section of this paper.

1.
Glutamate / GABA Imbalance in Autism

Despite their pervasiveness in brain activity and function, GABA and glutamate have received very little attention in the study of autism as well as other conditions like bipolar disorder. This is starting to change. Researchers working in various labs have found abnormalities in various components of the glutamate and GABA systems, including the levels of the neurotransmitters themselves, the number of receptors for the neurotransmitters, the chemical that converts glutamate to GABA, and the chemicals, neuroligins and neurexins, that affect the development of synapses at which glutamate and GABA are released.


2.
Glutamate and Autism


a.
Circumstantial Evidence of Glutamate Involvement

Several lines of circumstantial evidence suggest the involvement of glutamate in autism: 1) symptoms of hyperglutamatergia mimic the behavioral phenotypes of autism; 2) serotonin receptor 2A agonists cause behavior similar to autism, perhaps because of reduced expression of serotonin 2A receptors on glutamatergic inhibiting GABAergic neurons, 3) associated studies have implicated the involvement of GABAA receptors on genes that in turn modulate glutamatergic function, 4) excessive glutamatergic activity is associated with epileptiform activity, which is highly associated with autism, and 5) glutamate activity peaks during the second year of life, which is a time when autism symptoms emerge. If this system is hyper-functional, it is possible that neuronal growth and connectivity are damaged during critical periods of development.
 


b.
Experimental Findings Regarding Glutamate


Since researchers only recently started investigating glutamate in autism, partially because effective ways of measuring glutamate have only recently been developed, the experimental findings are limited.




1)
Plasma Neurotransmitter Levels


One study measured plasma amino acid levels in fourteen autistic children, all below 10 years of age. All affected children had low levels of glutamine and asparagine. Eleven children had increased aspartic acid
 and eight children had high levels of glutamate; seven of these children had a concomitant increment of taurine. In another study investigating glutamatergic involvement in autism, serum levels of glutamate in the patients with autism were significantly higher than those of normal controls. In contrast, serum levels of other amino acids (glutamine, glycine, d-serine, l-serine) in the patients with autism did not differ from those of normal controls.




2)
Glutamate Transporter Gene

Upregulated expression of the glutamate transporter gene was found in postmortem studies of autistic brain tissue.




3)
Impact of Anti-Epileptic Drugs

In a recent study, 8 of 13 subjects given lamotrigine for intractable epilepsy showed a decrease in autistic symptoms. Lamotrigine attenuates some forms of cortical glutamate release via inhibition of sodium channels, P- and N-type calcium channels, and potassium channels.




4)
Impact of Atypical Anti-psychotic Drugs

One mechanism of action underlying the relative efficacy of atypical antipsychotics, such as risperidone, for autism may be the suppression of glutamate release via 5-HT2A antagonism.



5)
Impact of NMDA Antagonist Drug

A recent study looked at amantadine (an antagonist of the NMDA subtype receptor but also with anti-cholinergic effects) in 39 subjects with autism. While significant improvements were noted on clinician rated scores for hyperactivity and inappropriate speech, non difference from placebo was noted for parents’ measures.




6)
Receptors


In one study, the mRNA levels of several genes were significantly increased in autism, including excitatory amino acid transporter 1 and glutamate receptor AMPA 1, two members of the glutamate system. Abnormalities in the protein or mRNA levels of several additional molecules in the glutamate system were identified on further analysis, including glutamate receptor binding proteins. AMPA-type glutamate receptor density was decreased in the cerebellum of individuals with autism.


3.
GABA and Autism

Researchers have worked much more extensively on the GABA system related to autism, and the evidence strongly suggests that it is heavily involved. The authors of the textbook “GABA in Autism” have concluded that GABA inhibitory transmission systems are genetically altered in autism.
 A seminal work on stress related disorders has concluded that:

GABA is the major inhibitory neurotransmitter responsible for sensory gating of stress-related information that influences behavioral, endocrine, and autonomic networks. It has long been suspected that the GABA filtering process is compromised in many autistic children. Impairment of the GABA system could overwhelm the brain with sensory information, leading to many of the behavior traits associated with autism.


There is much evidence of GABA abnormalities of many different types in autism.



a.
Decreased GABA Levels in Autism

One of the most consistent findings in autism, discussed below in detail, is a reduction in the size of several structures of the cerebellum, including the Purkinje cell layer and the deep cerebellar nuclei. Both of these cerebellum elements are highly GABAergic.


Also, several studies have reported a reduction in GABA function, availability, and activity in autism.
 Researchers have found that activity in the caudate nucleus, a critical part of circuits that link the prefrontal cortex of the brain, is reduced in boys with autism. The caudate nucleus is part of the striatum. 96% of the neurons in the striatum are spiny neurons, which are GABAergic.

Other sources of support for a GABAergic mechanism in the etiology of autism spectrum disordersb are diverse. One source comes from a case in which an individual with a rare autosomal recessive disorder that prevented the proper synthesis of GABA was diagnosed with ASD, seizures, and severe mental retardation.
 Another source of support comes from a study in which PET scans have revealed a 60% reduction in the binding of the benzodiazepine radioligand iomazenil in the cerebellum of a person with autism, with a deletion of the maternal allele of chromosome 15q11-13.



b.
GABA Receptor Abnormalities



1)
GABA Receptors Generally

Receptors for GABA are divided into two main classes: GABAA receptors, which are members of the ligand-gated ion channel superfamily, and GABAB metabotropic receptors which belong to G protein-linked receptors. Both types of GABA receptors are abundant in the brain, and found in almost all types of neurons and many populations of glial cells.


GABAA receptors are the most ubiquitous neurotransmitter receptor in the mammalian nervous system. In young differentiating neurons, most important effects of GABA are mediated through GABAA receptors. During development, GABAA receptors, along with AMPA / Kainite glutamate receptors, mediate CA2+ dependent signal transduction pathways capable of influencing many brain developmental processes, including proliferation, synaptogenesis, and circuit formation. GABAB receptor mediated effects, which can cause hyperpolarization and reduce CA2+, appear in later phases of tissue genesis and seem to balance GABAA signalling.


The GABAA receptor is the target for steroids, such as THP (or allopregnanolone), which reduce anxiety. GABAA receptors normally calm activity in the brain. As such, they are the targets for most sedative, tranquilizing drugs. However, at the onset of puberty, the interaction of THP with the GABAA receptors reverses course in the part of the brain that regulates emotion. Instead of instilling calmness, THP reduced the inhibition produced by these GABAA receptors, increasing brain activity to produce a state of increased anxiety.




2)
GABA Receptors and Sensation

In several electrophysiological investigations GABAA receptor antagonists were applied to the spinal cord resulting in an enhanced response to light touch. This supports a role for GABA and GABAA receptors in somatosensation. Previous findings likewise implicate GABAA receptors in tonic inhibition of low threshold afferent inputs to the spinal cord and also suggest high threshold thermoreceptive inputs to the spinal cord are tonically inhibited to a lesser extent.




3)
GABA Receptors and Autism

A decrease in GABA receptor binding has been shown in autism. An imbalance in the availability of GABA receptor subunits may alter receptor activity and hence change the activity of the brain’s major inhibitory neurotransmitter. As a consequence, the threshold for developing seizures, a frequent comorbidity with autism, might be reduced among other effects.


Histological, biochemical, and molecular approaches have demonstrated altered levels and distribution of GABA and GABA receptors in peripheral blood and plasma, as well as in the brain, including decreased GABAA receptors and benzodiazepine binding sites in the hippocampal formation of autistic individuals.


Duke researchers have identified one gene called GABRA4, which controls the GABAA4 receptor, as being associated with autism risk. Interaction with a second gene known as GABRB1 (controlling the B1 receptors) appeared to drive this risk.
 In addition, mutations have been reported in multiple GABA receptor genes in families with epilepsy.

As discussed in more detail below, mice deficient in the GABRB3 gene exhibit a wide assortment of neurochemical, electrophysiological, and behavioral abnormalities, many overlapping traits typically observed in autism, including hypersensitivity to thermal and tactile stimuli, hyperactivity, motor stereotypies, poor motor coordination, and lengthened cycles of rest and activity. 
 Concordance amongst GABA receptor B3 subunit mutation, cleft palate, autism, and FAS strongly implies that the GABAA receptor B3 subunit may be a common mediator for these disorders.


Human chromosome 15q11-13 is associated with the neurodevelopmental disorders autism, Angelman syndrome, and Prader-Willi syndrome. A number of genes that have been associated with autism have been identified within this region including a cluster of GABA receptor subunit genes, GABRB3, GABRA5 and GABRG3.
 Numerous studies have demonstrated the importance of the GABAergic system in neurodevelopment; therefore, the presence of a group of GABA receptor genes within this locus is intriguing.
 



c.
Knockout Mice




1)
GABRB3 Null Mice


The GABRB3 knockout mice are probably the best mouse model for autism. The GABRB3 receptor is widely expressed during the late embryonic to early postnatal period of brain development, and its deletion in mice disrupts GABA related pharmacology and electrophysiology and produces behaviors reminiscent of autism. 

A deficiency in the B3 subunit during this critical period would be expected to negatively impact the temporal ordering of neurogenesis and synaptogenesis. Homozygous disruption of GABRB3 in mice reduces GABAA receptor binding by half, and GABA activated chloride current from sensory neurons is reduced by 80%
; similar, lesser effects are observed in heterozygotes. As a result, GABRB3 knockout mice have epileptiform EEG containing high amplitude slow and sharp waves, and develop overt seizures as they mature; they also have learning and memory deficits reminiscent of autism spectrum disorders.





a)
Sensory Responsiveness


One of the earliest traits noted in GABRB3 null mice was they were hyperresponsive to being handled or exposed to other sensory stimuli, which usually culminated in the expression of hyperactive behavior and stereotypical circling. GABRB3 null mice also display enhanced responsiveness to low frequency thermal stimuli. In addition, GABRB3 null mice exhibit enhanced responsiveness to innocuous tactile stimuli compared to wild type mice.


It has been suggested that some of the motor manifestations of the hyperexcitability / hyperresponsivity seen in the GABRB3 null mice may be due to the ineffectiveness of spinal presynaptic inhibition resulting from the decline in GABAA receptor expression on the terminals of primary afferents. Likewise, if GABAergic inhibition were compromised in the dorsal root ganglion of autistic individuals one would expect these individuals to be hyperresponsive to sensory input.


Pharmacological studies in sensory neurons taken from both GABRB3 null mice and control litter mates further indicate there is little or no compensation for the loss of the B3 subunit by the other B subunits. GABAA receptors on the terminals of sensory afferents in the dorsal and ventral horn of the spinal cord are expected to provide presynaptic inhibition. And, the majority of postsynaptic GABAA receptors in the spinal cord express mRNA for the B3 subunit.





b)
Seizures / EEG Abnormalities


Virtually all GABRB3 mice experience some form of recurring spontaneous seizure stating at about 10 weeks of age and becoming more frequent as they age. Seizures were usually followed by a period of behavioral quiescence. EEG measurements performed on GABRB3 null mice revealed an evolving electrocortical phenomenon in which young GABRB3 null mice display relatively normal EEG traces that become markedly abnormal as the mice age.
 This may be explained by the fact that the number of GABAergic synapses gradually decrease as the mice age.


A variety of anti-epilepsy drugs have been administered to GABRB3 null mice, with ethosuxomide being the most potent in lessening seizures and normalizing EEG abnormalities. Ethosuxomide is generally used for the control of  seizures and works by inhibiting T-type calcium channels involved in synchronization of thalamocortical circuitry.





c)
Sleep Patterns


GABRB3 null mice exhibit significantly less REM sleep time compared to wild type mice. This finding is in line with studies supporting the crucial role for GABAergic transmission in the regulation of REM sleep, thereby implicating the B3 subunit of the GABAA receptor in the regulation of the cortical expression of sleep states.




2)
GABRB2 Null Mice


Mice lacking GABRB2 subunits exhibit epileptiform seizures and behavioral symptoms of GABRB1 knockout mice indicating the necessity of both subunits for normal GABRB signalling.




3)
uPAR Mice


Disruption of GABAergic interneuron development during the embryonic and early postnatal periods can have profound neurological and behavioral consequences. Hepatocyte growth factor/scatter factor (HGF/SF) has been identified as an important molecular cue that may guide the movement of interneurons from their birthplace in the ganglionic eminences (GE) to their final resting place in the neocortex. In vitro studies demonstrate that decreased HGF/SF bioactivity in pallidal and subpallidal tissues is associated with a reduction in the number of cells migrating out of GE explants. The uPAR knockout mouse provides a unique opportunity to study the effects of interneuron disruption in vivo. uPAR-/- mice have reduced HGF/SF bioactivity in the GE during the period of interneuron development and a concomitant 50% reduction in the number of GABAergic interneurons seeding frontal and parietal regions of the cerebral cortex. Behaviorally, these mice display an increased susceptibility to seizures, heightened anxiety, and diminished social interaction. This suggests that disruption of GABAergic interneuron development may represent a common point of convergence underlying the etiologies of many of these developmental disorders.



d.
GABA and the Cerebellum 


The cerebellum is the brain region that has been most consistently implicated in autism. In particular, the large GABAergic Purkinje cells have been shown in abnormally reduced numbers.




1)
The Structures of the Cerebellum




a)
The Deep Cerebellar Nuclei


The deep nuclei of the cerebellum (“DCN”) act as the main centers of communication, and the four different nuclei of the cerebellum (dentate, interpositus, fastigial, and vestibular) receive and send information to specific parts of the brain. In addition, these nuclei receive both inhibitory and excitatory signals from other parts of the brain which in turn affect the nuclei's outgoing signals.





b)
The Cerebellar Cortex

The cerebellar cortex consists of molecular, Purkinje cell, and granular layers. Each layer contains distinct types of neurons. Among the five types of main neurons, four of them, Purkinje, stellate, basket, and Golgi cells, release GABA as a neurotransmitter.
 


This outermost layer of the cerebellar cortex contains two types of inhibitory interneurons: the stellate and basket cells. Stellate cells are small cells lying in the outer two thirds of the molecular layer; basket cells are located in the inner third in close proximity to the Purkinje cell layer. The basket and stellate cells receive excitatory inputs from the parallel fibers of the granule cells and the climbing fibers and direct their output by inhibiting Purkinje cells and granule cells.
 The inner layer of the cortex is the granule cell layer. Cerebellar granule cells are the smallest and most numerous neurons in the mammalian brain and have a simple morphology with an average of only four short dendrites, each dendrite receiving a single excitatory mossy fiber input. Each granule cells also receives input from one or two Golgi cells, the major granule layer interneuron.


The granule cells are excitatory interneurons and their axons form the parallel fibers that project to Purkinje cells but also form synapse contacts with cells in the molecular layer. Cerebellar granule cells receive inputs from the mossy fibers coming from the vestibular nuclei. The Golgi cells are inhibitory interneurons of the cerebellum that have their cell bodies located mostly in the upper half of the granule layer. Golgi cells receive inputs from, and project their inhibitory output to granule cells, continuing a negative feedback circuit. 


Purkinje cells are arranged in a single layer between the molecular and granular layers. This layer contains the dendritic arbors of Purkinje neurons and parallel fiber tracts from the granule cells. Each Purkinje cell receives excitatory input from 100,000 to 200,000 parallel fibers of the granule cells (this is a crucial point of interaction in autism). Purkinje cells, the pivotal neurons of the cerebellar cortex, receive excitatory inputs from climbing fibers, granule cell axons, and parallel fibers, and send inhibitory output to the deep cerebellar nucleus. The other GABAergic neurons, stellate, basket, and Golgi cells, negatively regulate above the major stream of cortical circuits at the Purkinje cell dendrites, cell bodies and granule cell dendrites, respectively.
 

In striking contrast to the 100,000-plus inputs from parallel fibers, each Purkinje cell receives input from exactly one climbing fiber axon, which originates in the inferior olive. The climbing fiber ‘climbs’ the dendrites of the Purkinje cell and wraps them forming a series of very strong synapses, with each presynaptic spike triggering a postsynaptic spike. Climbing fibers may serve a special function other than ordinary signal transmission - an instructive signal that regulates the strength of parallel fiber / Purkinje cell synapses.




2)
The Functions of the Cerebellum

The cerebellum is an extremely important element of the human brain that was until recently largely misunderstood. Recent evidence that the cerebellum is involved in perception and cognition challenges the prevailing view that its primary function is fine motor control. A new hypothesis is that the lateral cerebellum is not activated by the control of movement per se, but performs a general support function for the nervous system as a whole.


The cerebellum is right in the middle of the flow of sensory information from the peripheral nervous system. The cerebellum receives input from possibly all sensory systems and projects to many cerebral cortical areas. Anatomical studies show that there are substantial anterograde and retrograde connections in humans between the hypothalamic nuclei and all four cerebellar nuclei (and cerebellar cortex), as well as with thalamic neural groups.


The cerebellum is strongly engaged during the acquisition and discrimination of sensory information, monitoring and adjusting the acquisition of this sensory data. Scientists have been examining cerebellar involvement in tactile and auditory processing and have accumulated evidence in both cases that the cerebellum plays a central role in regulating the sensory data on which computation in the somatosensory and auditory systems depends. The cerebellum has significant involvement in the volume and intensity of sensory information that is passed onto the processing centers of the brain.

To understand the computations performed by the input layers of the cortical structures, it is essential to determine the relationship between sensory evoked synaptic input and the resulting patterns of output spikes. In the cerebellum, granule cells constitute the input layer, translating mossy fiber signals into parallel fiber input to Purkinje cells, which act at the output layer for the cerebellar cortex. Granule cells exhibit a low ongoing fire rate, due in part to dampening of excitability by a tonic inhibitory conductance mediated by GABAA receptors.


Sensory stimulation produces bursts of mossy fiber excitatory post synaptic current (EPSCs) that sum to trigger bursts of spikes. Notably, spontaneous (non-clustered) mossy fiber inputs trigger spikes only when tonic inhibition is reduced (as may occur after nitric oxide release or with changes in steroid levels). During blocking of tonic inhibition, single mossy fiber EPSCs are on occasion capable of triggering action potentials, with spontaneous firing rate increasing by an order of magnitude and driving granule cell output.
 This is a critical requirement if the network is to remain sensitive to low levels of afferent activity.


Findings that bursts of action potentials in granule cells are triggered by clustered sensory evoked mossy fiber EPSCs complement and enhance existing theories of cerebellar function that propose that the granule cell layer is a low noise sparse coding system. This burst to burst sequence ensures that granule cells reliably relay sensory evoked mossy fiber signals, whereas events not associated with sensory stimulation are filtered out. Bursting thus further enhances the signal to noise ratio for transfer of sensory information in an input layer exhibiting low firing rates.


Bursts in granule cells have special relevance for the cerebellar network, as the downstream synapses made onto Purkinje cells show frequency dependent facilitation of transmitter release and glutamate receptor activation, suggesting that granule cell bursting will be nonlinearly amplified at the next synaptic relay. This will enhance postsynaptic activation of the Purkinje cells through both ascending branch and parallel fiber synapses, with the duration of the burst offering a relatively broad window for postsynaptic coincidence detection. Because induction of synaptic plasticity at these synapses is also highly frequency dependent, granule cell bursting may provide a substrate for the storage of sensory representation.


The input layer of the cerebellum balances exquisite sensitivity with a high signal to noise ratio. Granule cell bursts are optimally suited to trigger glutamate receptor activation and plasticity at parallel fiber synapses, providing a link between input representation and memory storage in the cerebellum.




3)
Disruptions in Cerebellar Balance Generally

Any disruption in the inhibitory-excitatory balance of inputs to either Purkinje cells or DCN cells potentially can have profound consequences to the output of the DCN and presumably affects functionality of the nucleo-olivocerebellar system and/or the dentatorubrothalamic tract projecting back to cerebral cortical area. Some DCN cells are GABAergic and it has been demonstrated that these inhibitory neurons project back to the inferior olive to modulate its activity. Since firing of inferior olivary neurons to synchronize via coupled electrical synapses, disruption in the GABAergic feedback of the DCN could potentially interfere with the ability of the inferior olivary neurons to generate coherent rhythmic outputs thus slowing overall cognitive processing speed. Alternations within this circuit due to possible miswiring, hyper innervation of climbing fibers to its Purkinje cell and/or DCN targets, or innervation of fewer targets due to cell loss, would also have the potential of disrupting the modulatory effects of cerebellar function.



 
4)
Cerebellar Abnormalities and Autism

Research in recent years has started to confirm that abnormalities in cerebellum size and shape are regularly seen in persons with autism. Dr. Eric Corchesne is one of numerous researchers that has demonstrated in autism a consistent reduction of cerebellar size which is due to Purkinje neuron loss in the cerebellar hemispheres and sometimes the cerebellar vermis. For instance, Temple Grandin is probably the most well known autistic person. MRI scans of Temple’s brain indicate her cerebellum is 20% smaller than normal.





a)
Cerebellar Defects Generally


Particularly implicated in deficits of long-range connectivity and coordination of cognitive functions is the cerebellum, which, in autistics, often shows arrested development of the cerebellar vermis and hemispheres and reductions in numbers of cerebellar Purkinje cells.
 In autism, cerebellar activation has been shown to be abnormally low during a task of selective attention and abnormally high during a simple motor task. Such a reduction would release the DCN from inhibition, producing abnormally strong physical connectivity and potentially abnormally weak computational connectivity along the cerebello-thalamo-cortical circuit.


Cerebellar connections with the limbic system and with the cerebral cortex have been posited as mediating abnormal activity that underlies the motor and sensory abnormalities, language difficulties, socio-emotional difficulties, and disordered cognitive processing seen in autism. Cerebellar pathology could lead to abnormal activity in cerebello-limbic and cerebello-thalamo-cortical pathways, which in turn could be expressed as autistic behavior.
 This altered pattern of cortical excitation may produce aberrant activity-dependent patterning and may thus be related to findings of abnormal individual variability in cortical maps for motor function and face processing and to abnormal overgrowth in frontal lobes.


A recent study showed that when allowed to explore freely an open area containing novel objects, children with autism spent less time exploring the novel information than normal children, and that the more abnormal their exploration behavior, the smaller the cerebellar vermis.
 Rats with cerebellar lesions show deficits in long term habituation of the acoustic startle response and increased spontaneous motor activity and perseverative behavior.







b)
Purkinje Cells


Most studies that have looked at the cerebella of autistic people have shown reduced Purkinje cell numbers. This reduction in Purkinje cells presumably leads to disinhibition of the cerebellar deep nuclei and consequent overexcitation of the thalamus and cerebral cortex. In autism, it is more likely that cerebellar abnormalities may better correlate with functional and high order behavioral alterations rather than classical motor disturbances.




 In one study of four brains from autistic patients, researchers found reduced Purkinje cell density. In a study by Ritvo, all autistic cases showed a reduced number of Purkinje cells in the cerebellar vermis and hemisphere. Other researchers found a 24% decrease in mean Purkinje cell size in autistic brains.
 Still other research groups have reported decreased number of cerebellar Purkinje cells without significant gliosis and features of cortical dysgenesis. These findings suggest a largely prenatal origin of autism.


Some researchers have postulated that because the cerebellar laminar pattern is not disturbed in autism, it is likely that Purkinje cells were generated, completed their migration to the Purkinje cell layer, and then subsequently died. If the Purkinje cells died just after they established their position in the Purkinje cell layer, before the elaboration of much of their dendritic tree, then it is likely that there would be a loss of interneurons, especially stellate cells, unable to make stabilizing synapses with their major targets. But because there is no difference in the density of GABAergic interneurons in the cerebellar molecular layer in autism, at least in the most affected area of reported Purkinje cell loss, this infers that basket and stellate cells were able to make stabilizing synaptic contacts prior to the Purkinje cell death. Therefore, from the results of Whitney’s research, the timing of Purkinje cell loss in autism is most likely not before 32 weeks of gestational age but may extend into early postnatal development since completion of migration of the external granule layer in humans is not complete until about 18-20 months.


I think it is possible that something else is going on. Something that should be considered is that the reduction in number of Purkinje cells is a result of an evolutionary adaptation that simply resulted in fewer Purkinje cells, and that cells were not created that died during development. As discussed in later Sections, there may be evolutionary reasons for this.





c)
Deep Cerebellar Nuclei


Age dependent changes were observed in the deep cerebellar nuclei such that brains from young autistic individuals exhibited unusually large neurons in all four deep cerebellar nuclei with older individuals (older than 22) showing unusually small and pale neurons with qualitative observations of diminished neuronal numbers in the fastigial, globose and emboliform nuclei.





d)
Receptors


Purcell compared the gene expression in the cerebella of autistic patients with neurotypicals. It was discovered that there was a higher expression of a transporter for excitatory effective amino acids and for an AMPA sensitive non-NMDA glutamate receptor. The density of these receptors has been proved however to be decreased.


4.
GAD (Glutamic Acid Decarboxylase) Deficiency

Glutamic acid decarboxylase (GAD) is an enzyme that catalyzes the decarboxylation of glutamate to GABA and CO2. It exists in two forms, GAD65 and GAD67. Its levels have been shown to be abnormally low in bipolar disorder, schizophrenia, and autism. 

Abnormalities in both GAD subtypes have been reported in autism, implying a deficit in GABA. Lower GABA levels could reduce the threshold for developing seizures which are often associated with autism.
Autistic parietal and cerebellar cortices are reported to have an approximately 50% reduction in protein levels of the enzymes that synthesize GABA, GAD65 and GAD67.
 


Fatemi found reduced levels of both GAD 65 and GAD 67 in autistic parietal and cerebellar cortices. Another group of researchers recently examined brain levels of GAD in five autistic and eight controls. They found that this enzyme was reduced by 48-61% in parietal and cerebellar areas of brains of individuals with autism compared to controls.
 In another study of seven young adult autistics aged 19-30, the mean GAD65 values in the cerebellum were reduced by 51% and GAD67 reduced by 61%, both highly significant. Another researcher found a 40% decrease in GAD67 mRNA in Purkinje cells in autistic cases relative to controls and this difference was found whether there was a decrease in Purkinje cell count or not.


Mice deficient in GAD65 mRNA and protein demonstrate conditional fear behavior, spontaneous seizure, lowered threshold for seizure inducing drugs, and increased anxiety-like behavior. Reduction of GAD levels in mice lacking GAD65 is associated with epilepsy and a block in the development of neocortical processing of binocular visual input
. Mice lacking the GAD65 gene have defective cortical plasticity that can be corrected with a GABA agonist.
 GAD67 null mice develop cleft palate and die the day of birth with no discernible defects in the brain structures. 


5.
Imbalance Due to Improper Synaptogenesis of Excitatory / 



Inhibitory Synapses


a.
Neuroligins / Neurexin



Synapse assembly requires anterograde and retrograde trans-synaptic signaling, as well as signaling within each presynaptic and postsynaptic component. Signaling between beta-neurexin and neuroligin may orchestrate coordinated presynaptic and postsynaptic development. Neuroligins are a family of postsynaptic transmembrane proteins, which have been shown to induce differentiation of presynaptic structures when expressed in non-neuronal cells. One possibility is that this induction could occur through interaction of neuroligin with the presynaptic transmembrane protein beta-neurexin, but a requirement for this interaction in synaptogenesis has been difficult to demonstrate in vivo because the complexity of the genes involved has taxed traditional knock-out strategies. 



Recent work provides strong evidence that beta-neurexin-neuroligin signaling indeed promotes synapse formation. Different neurexin/neuroligin combinations appear to participate in specifying whether new synapses are assembled into excitatory or inhibitory synapses. The basic findings are that over expression of neuroligins or beta-neurexin induces presynaptic or postsynaptic differentiation, respectively, of both excitatory and inhibitory synaptic components in hippocampal neurons, while down regulating the level of neuroligin expression by RNA interference inhibited the differentiation and maturation of excitatory and inhibitory synaptic contacts. Over expression of the postsynaptic density protein PSD95, which is known to increase excitatory synapse formation, recruits neuroligin to clusters of excitatory synaptic proteins, indicating that the trans-synaptic signaling that occurs during synapse formation and the establishment of a matrix of postsynaptic density proteins are mechanistically linked. Electrophysiological recordings further suggest that neuroligins and PSD95 are important for establishment of excitatory versus inhibitory synapses. 


Synapses are weakened and lost in neurodegenerative diseases such as Alzheimer's and Parkinson's disease. Synapse function goes awry in psychiatric disorders such as schizophrenia, depression and autism. PSD-95 may be involved in this. Like the steel girders in a building, it acts as a scaffold around which other components are assembled. The more PSD-95 molecules present, the bigger and stronger the synapse. Mice genetically altered to have less PSD-95 experienced learning and memory problems. Phosphorylation is critical for PSD-95 to do its job in supporting synapses. Adding a phosphate group to a single amino acid allows PSD-95 to promote synapse size and strength.




b.
Neuroligins / Neurexin in Autism

Researchers led by Peter Scheiffele have reported that decreased levels of neuroligin, known to occur in abnormally low concentrations in some people with autism, reduced the number of synapses between rat neurons. The researchers say reduced neuroligin levels could contribute to the communication failures between brain cells that result in autism. In an experiment where researchers suppressed the gene that produces neuroligins, the most striking difference is that there is about a 60 percent reduction in the number of spines compared to the number in control cells. When cells lack neuroligins, the balance between excitation and inhibition is perturbed and then the cell cannot normally function in the circuit anymore. 


Based on Fragile X research, researchers are currently exploring the possibility that alterations in synapse development and signaling may underlie some forms of autism. This perspective has been bolstered by the identification of function-altering mutations in some neuroligin genes in a small subset of autistic people.
 Genetic abnormalities, including point mutations and chromosomal rearrangements, in loci corresponding to the genes for the synaptic proteins neuroligin and PSD95, are apparently associated with autism.
 Recently, mutations in neuroligin 3 and 4 have been identified in some autistic boys. 


Early in 2008, researchers at UI identified deletions in a gene called neurexin 1 which caused the two cases of autism in one family. Genes with the most compelling evidence of causing autism appear to be components of a specific kind of neuronal connection, or synapse, called the glutamate synapse. The gene neurexin 1 was the fourth of these genes to be identified, and it is a scientifically interesting mutation because it wasn't found in either of the parents, who do not have autism. Instead, the mutation is a germline mosaic - meaning the deletion occurred only in the father's sperm cells. As a result, the father did not have autism, but his two children, both daughters, inherited from him a chromosome that was missing a small piece of DNA that contained neurexin 1. The daughters now have autism. Because of this missing DNA, certain proteins cannot form that normally contribute to glutamate synapses and, by extension, normal development.

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.

SECTION A.3 – HUMAN STRESS
A.
The Stress Response Generally

Stress has never been a popular topic in medicine. It was not even identified as a force in human health until the 1930’s, long after other disciplines in modern medicine had advanced significantly. Even today, the effect of stress on humans is a subject that is under researched and under appreciated. This is so largely because of 1) the vast number of stressors that exist in our world and the fact that they act in concert to challenge human biology – it is very difficult to separate a single stressor from the hundreds of other stress effects, and 2) the vast complexity of the human stress response and its interactions with many other biological systems in the human body including the immune system, the nervous system, and the gastroenterological system.


1.
Hans Selye


Hans Selye was the physician who originally discovered the actions of the stress response. He accomplished this because he was a different type of doctor. When he was a 19 year old medical student, his class was presented with a series of patients who had widely different illnesses. However, Selye noticed that they had many similar symptoms: 

Why is it, I asked myself, that such widely different diseases, produced by agents such as those that cause measles, scarlet fever, or the flu, share with a number of drugs, allergens, and other factors the property of evoking highly similar nonspecific manifestations. Yet evidently they do share them; indeed, they share them to such an extent that, at an early stage, it might be quite impossible to distinguish between various diseases.


He could not understand why, ever since the dawn of medical history, physicians should have concentrated all their efforts upon the recognition of individual diseases and the discovery of specific remedies for them, without giving any attention to the much more obvious “syndrome of just being sick”.
 When he asked his professors about this, he was told he was out of line and to concentrate on his studies of the information he was presented.


Selye, 10 years later as a researcher, ultimately discovered the concept of stress in experiments on rats who were subjected to injections of various ovarian hormones. Upon autopsy of these rats, he observed an enlarged adrenal gland, a shrunken thymus gland, and an ulcerated duodenum. He then injected other substances into rats and observed the same exact manifestations.
 Subsequent experiments showed that one can produce essentially the same syndrome with purified hormones such as adrenaline or insulin, with physical agents such as cold, heat, x-rays, or mechanical trauma, or with hemorrhage, pain, and forced muscular exercise; indeed, Selye could find no noxious agent that did not produce the syndrome.
 

Each specific stressor Selye applied to the rats resulted in both specific and non-specific responses.. For instance, both measles and extreme cold regularly impact humans. Many of their symptoms look very different. In measles, you see blotchy skin, malaise and fever. In exposure to extreme cold you see shivering and redistribution of blood flow to the core. However, there are symptoms that are common to both conditions, including the symptoms Selye originally identified: adrenal gland enlargement, thymus gland shrinkage, and duodenal ulceration. These non-specific symptoms are exactly what are left after you subtract out the specificity in the condition impacting the human.

What Selye was able to show was that many highly specific adjustments of the body in response to varied noxious agents represent precisely that part of the overall response to an agent which has to be subtracted in order to arrive at his stress syndrome. The features of stress are the purely nonspecific residue that remains after this subtraction.
 To summarize, stress is the state manifested by a specific syndrome which consists of all the nonspecifically induced changes within a biologic system. Stress has its own characteristic form and composition but no particular cause.


2.
Stress Today


To modern researchers, stress is often defined with different nuances. A ‘stressor’ is often defined as anything that throws your body out of homeostatic balance; the ‘stress response’ is your body’s attempt to restore homeostasis.
 Webster's Dictionary defines stress as, "any stimulus that disturbs or interferes with the normal physiological equilibrium of an organism." According to Stanford professor Robert Sapolsky, "stress may be the thing that takes a part of our body that was marginally damaged by exposure to God-knows-what sort of toxins and pushes it into overt disease." 


a.
Stress Generally

The human stress response is a biological mechanism that evolved to protect humans from the world around them. It involves multiple biological systems, but is built primarily around the endocrine (hormone) and nervous (electrical) systems. The human stress response evolved primarily to help the organism identify and deal with acute stressors, such as an animal attack. For us vertebrates, the core of the stress response is built around the fact that your muscles are going to work like crazy. Thus the muscles need energy, right now, in the most readily usable form, rather than stored away somewhere in your fat cells for some building project next spring. The stress response heightens sensory awareness, mobilizes glucose to feed muscles that need to work in either fight or flight mode, redirects blood flow from internal organs and growth tasks to the muscles and organs like the heart that need the oxygen, and primes the immune system to deal with any foreign matter that gets into the body. During an emergency, it makes sense that your body halts long term building projects. Digestion is inhibited. The same thing goes for growth and reproduction.


Almost anything can act as a stressor. It is all a matter of degree. Minor stressors create minor responses. Major stressors evoke major reactions. The alarm response of the body is definitely proportionate to the intensity of the perceived aggression.
 Stressors can be psychosocial, sensory or environmental. They can involve emotional confrontations, excessive noise, and deep cold. All of these stressors trigger the same basic biological response, the activation of the sympathetic nervous system which results in higher levels of electrical stimulation in the brain, the release of glucose into the blood stream to act as an energy source, and ultimately the release of cortisol to dampen the stress response and keep it from running out of control. If the stressor is sufficiently sever, a cluster of symptoms will appear, involving the thymus and adrenal glands, and the duodenum.


Disease happens in humans when they are faced with chronic stress to which they have not evolved an adaptation to. Humans are not biologically adapted to the chronic stress of the modern world because their evolutionary environments contained little chronic stress of the type we encounter today; those whose environments did contain chronic stress which they failed to adapt to did not survive to pass down their genes. Successful adaptation means the stressor is no longer of significant consequence. Many, if not most, of the chronic biological disorders faced by humans today, from cardiovascular disease, to cancer, to gastrointestinal disease, involve a large measure of chronic stress. This chronic stress disturbs the underlying homeostatic balances which evolved in humans over millennia to the great detriment of their bodies. Only modern medicine and science has been able to keep us alive in the numbers we see in the face of this assault on homeostasis.



b.
Homeostasis

 The aim of a homeostatic state is to maintain an organism’s internal constancy. Homeostasis is disrupted when the body deviates too much from the normal functioning level. Homeostasis is produced by a swift and intricately organized system of communication. It links the brain, which perceives a novel or threatening situation; the endocrine system (chiefly the adrenal glands), which is primarily responsible for mobilizing the rest of the body; and the immune system for internal defense. The main idea is to get maximum energy to those parts of the body that need it the most.
 

Homeostasis is often thought of as the fight or flight response because, taken to the extreme, it prepares for just those two eventualities. Fight or flight is homeostasis with a sense of urgency. The purpose of homeostasis is to help the organism remain stable in the face of any change and to provide enough energy to cope with any challenge – not just the life threatening ones. Take the simple act of getting up in the morning. Some people consider it to be the first major trauma of the day; even for early birds, moving from sleep to wakefulness and from lying down to standing up makes demands on the body. To ensure sufficient energy to meet these demands, homeostasis provides for a higher level of stress hormones in the morning.


Homeostatic imbalance resulting from a chronic state of being of being stressed out is often described as homeostatic load – the damage that the homeostatic response causes when it is functioning improperly. Some of the ways it may malfunction occur when it does not shut off at the right time (i.e. when someone cannot seem to calm down after a heated argument and still has a pounding pulse hours later); when it does not adapt to a repeated event; when someone meets the same challenge at work, time after time, with the same level of anxiety and, coincidentally, develops a cold; when it chronically, repeatedly, or inappropriately activates the major body systems, causing them to turn on themselves and eventually break down. Why homeostasis becomes homeostatic load in some people and not in others may be partly a matter of genetics. It may also have to do with our emotional reactions to situations. It may have to do with personality characteristics, like locus of control and self-efficacy. And although science shows that much happens automatically, lifestyle plays a major role.


Homeostatic load does not always, or even often, denote a failure of the body’s efforts to cope with change or emergency. We can create it for ourselves by living in a way that makes for internal imbalance. Sleep deprivation for example leads to elevations in blood glucose and cortisol; chronic elevations of this sort can lead to bone mineral loss and increase the amount of fat that accumulates in the abdominal area. Eating a rich diet or overeating produces a metabolic load on the body, thereby increasing fat deposition and hardening of the arteries, both risk factors for heart disease and other ailments. Lack of regular exercise is another major contributor to homeostatic load; regular exercise increases energy expenditure and boosts the muscles’ ability to burn glucose. Exercise works against the bad effects of a rich diet and increased body fat, enhances well-being and improves sleep.



c.
Modern Stress

Per Selye, stress is a process composed of three parts: definition of stimuli, an attempt to adapt to the stressor, and the outcome of the attempt. The stressor must first be perceived as a threat before any physiological reaction occurs. The body attempts to cope with an environmental stressor. The body either resists the stressor, resulting in prolonged or chronic stress, or adjusts to the stressor, realigning the body back to a homeostatic state.

Modern society presents problems with all three stages of the stress response. Modern humans have been conditioned to not recognize the stresses in our world. We load stress after stress on our system with no relief, whether through constant driving on highways, or the playing of video games, or shopping and working under fluorescent lights. All of these things are stressful, but we just see them as normal aspects of the modern world due to the many influences that have changed our attitudes to the world around us, with modern electronic media being primary in this role.


Our coping / adapting skills have deteriorated as well. Our bodies send us messages on how we are supposed to cope, such as a desire to move, sweaty palms that signal danger, a heart that is beating fast, or a mind that is cloudy due to a lack of sleep. But, we fail to heed these messages, instead choosing to push ourselves on past the threat, relying on maladaptive coping strategies as a substitute for what our bodies are telling us to do. Eating the wrong things, sleeping irregularly, and not exercising all compound the effects of stress to make our lives miserable. We reach for a bag of potato chips and forego daily exercise while working on a report. We use excessive alcohol to calm overactive nerves. We veg out in front of the TV instead of doing something really beneficial to our bodies. 

Also, modern society is even negatively impacting the outcome of the biological attempt to adapt to the stressor. We often position ourselves in a way that causes the body to be unable to adapt to the stressor. For various reasons, we often do nothing to adjust our lives to the presence of chronic stressors that humans in prior ages were able to avoid or mitigate. Increasingly, the situations that ignite the stress response are ones for which neither fight nor flight (prior coping strategies) is an option. For example, working for an overbearing boss is a stressor that could be adapted to simply by quitting or getting another job. However, many persons are unwilling to do so, for fear of being perceived as weak, for fear of not having adequate money to buy the things we are convinced we need, or for other reasons – and working for a bad boss is an enormous predictor of chronic disease. Another example involves caring for a family member who is seriously ill. In prior cultures, such a responsibility was one for an extended family or the entire tribe. This burden was shared so that it did not fall so heavily on a single individual. Today, this societal support is no longer present. You either hand this responsibility off to someone you pay for this task, and suffer the attendant guilt and emotional turmoil, or you do it yourself.

B.
A Model of the Human Stress Response

Dr. Everly has developed a stress response model to help him understand the effects of stress on the human body and brain. As discussed, in the course of his research, he has synthesized an argument that many psychologically detrimental human conditions can be explained by problems with how people perceive and respond to stressors. More specifically, Dr. Everly argues that numerous stress related diseases possess a common denominator: the human arousal state. Everly calls these conditions disorders of arousal. He proposes that, despite a wide variety of causal stimuli and an even wider variety of symptoms, these disorders are best seen just as variations of a theme of a nervous hypersensitivity for, or an overall characteristic of, arousal.

Everly’s disorders of arousal concept is based on a body of evidence indicating that a major common component of these disorders is neural hypersensitivity in the limbic system, a relatively old midbrain structure in charge of emotion, much memory, much motor coordination, and many other functions including the core of the stress response. This limbic hypersensitivity involves a lowered threshold for excitation and/or a status of excess arousal within the limbic circuitry and its neural, neuroendocrine and or endocrine limbs. This neurological hypersensitivity is then capable of giving rise to a host of psychiatric and somatic stress-related disorders – I believe autism is included.
 


1.
The Stress Response Model


Everly’s systems model for the stress response tracks how stressors work their way physiologically and psychologically through the human body and mind. There are seven steps in Everly’s synthesis, each of which is important to an understanding of how stress impacts humans, and how humans attempt to deal with the stress in the world around them.


•
The Stressor



•
Cognitive Appraisal


•
Affective Integration

•
Neurological Triggering Mechanism

•
The Stress Response


•
Target Organ Activation


•
Coping Mechanisms


a.
The Stressor

The first element of Everly’s model is the stressor – a systems model requires an instigating factor that results in change. A stressor is any external challenge or event that induces stress upon a biological organism, or more technically, that elicits at least the initial components of the human stress response system, including the activation of areas of the hindbrain that release noradrenaline into the brain to increase arousal and awareness. The stress response may or may not progress all the way through its full cycle, including adrenaline and cortisol release, depending upon how the stressor is appraised by the brain, as discussed in more detail below.


Stressors share certain basic features which have a substantial bearing on the magnitude of any resultant stress response. Besides intensity, the qualities of a stressor that help to determine its biological impact are its duration, its timing, its predictability, and its controllability. Other things being equal, a stressor has a bigger impact if it arrives without warning and lasts a long time, and if you have no control over it.


There are various types of stressors, including psychosocial, environmental, and sensory stressors.


Psychosocial stressors are either real or imagined environmental events that set the stage for the elicitation of the stress response. They cannot directly cause the stress response, but must work through cognitive appraisal mechanisms, discussed below. The stressors that most people associate with stress are psychosocial stressors. There are many diverse types of psychosocial stressors, including the following:

· Responsibilities: lack of money, unemployment 

· Work/study: exams, project deadlines, and group projects 

· Personal relationships: conflict, deception
· Social: Struggles with specific individuals and social defeat 

· Life events: birth and deaths, marriage and divorce 

· Environmental: Lack of control over environmental circumstances, such as food, housing, health, freedom, or mobility


Sensory stressors are stressors that are perceived through the senses but which require no interpretation in order to have an impact. They impact simply because of their presence and their volume. Sensory stressors include almost anything perceived through the five primary external senses, as well as impacts upon the three primary internal senses, the nociceptive (pain), vestibular (sense of gravity) and proprioceptive (body posture and awareness) senses. Sensory stressors include loud noise, bright light, bitter tastes, pain, excessive motion that induces motion sickness, and variable temperature.

Environmental stressors work without needing to be cognitively appraised. They are conditions that people run into either voluntarily or involuntarily that impact them without being processed through the conscious senses. They include intense cold, a bad diet, heavy drinking, insufficient sleep, caffeine, toxic pollutants in the air or in food, and allergens that elicit an immune response.


b.
Cognitive Appraisal

Cognitive appraisal is incredibly important component of the stress response model that is often disregarded. It is the main step where the phrase “stress, like beauty, is in the eye of the beholder” lives. How a person interprets stress has a lot to do with one’s attitude towards it. Running is a human stressor. Running because you love to exercise has a much different impact on the human body than running because you are being chased by a bear.


How you view stressors has to do largely with if you feel like you are in control of the stressor, whether the outcome of the interaction with the stressor is predictable, and your general attitude towards the world, whether you are optimistic or pessimistic. If you are presented with a stressor, but you feel in control of the course of the stressor, feel that you know what will happen as a result of it, and generally feel that things are going to turn out okay (such as when most people ride a roller coaster), that stressor will likely have a relatively minimal impact upon you and your mental outlook. However, if you are presented with a stressor that causes you to feel completely out of control, that causes you to have no idea what will happen, and you generally think the world is going to turn our poorly, that stressor will likely cause you great difficulty.



c.
Affective Integration

Working in tandem with cognitive appraisal is the brain’s process of emotional (affective) integration. As stimuli reach the brain, different portions of the brain from those which dominate cognitive appraisal (the pre-frontal cortex) have an opportunity to weigh in on the stressor; the limbic system is the main center of emotional processing, with the amygdala being the most important structure in this area. Depending upon how the conscious brain processes the information, the emotional reaction to a stimulus will vary. One’s feelings towards a ride on a roller coaster may bring an affective reaction of fear or joy. If the reaction is one of fear, different neurochemical processes (ones that strengthen the stress response) will be triggered. Memories that are created when the person experiencing the stimuli is subjected to a fear response imprint much more strongly than a person with a neutral or positive affect (emotional outlook). Physical stimuli that approximate the memory generated under fear may create subsequent instant and extremely strong stress responses, similar to the mechanisms behind post traumatic stress disorder.



d.
Neurological Triggering Mechanism

After the sensory information constituting a stressor has been cognitively appraised and affectively integrated, some level of activation of the stress response is reached. This is mediated by a neurological triggering mechanism in the brain; the extent of the activation is driven by the earlier processes. This neurological triggering mechanism consists of the locus ceruleus in the hindbrain, the septal-hippocampal-amygdaloid complex in the limbic system, and the hypothalamus, the top brain structure in the actual biological stress response. These structures appear to be the anatomical epicenters for the visceral and somatic efferent discharges in response to emotional arousal; that is, these structures appear to give rise to the multi-axis stress response. Indeed, these structures appear to give rise to an endogenously determined neurological tone that is potentially self-perpetuating.



e.
The Stress Response

The biological human stress response is the actual biological cascade that occurs in response to a stressor. Its mechanism of action is complex. There are three different components to the stress response which are activated sequentially depending upon the strength and duration of the stressor.


The first element of the stress response is purely neural / electrical. It happens almost instantaneously in response to a perceived stressor, simply to prime the individual to be able to take further action in the event that the stressor is determined to be a threat. It uses noradrenaline contained in the brain and at the nerve endings to prepare the body for motion. Noradrenaline happens to be an extremely excitatory neurotransmitter that innervates much of your brain mass. It generally increases the level of excitability in your nervous system.

The second component of the stress response combines the nervous and endocrine systems. It is typically called the fight or flight response. If the stressor has been evaluated cognitively and affectively integrated and perceived to be some sort of threat, then the brain will trigger a series of actions. Neural signals will be sent to the medulla of the adrenal gland which will trigger the release of adrenaline in large quantities, which provides a motor for the stress response. Glucose is liberated in order to provide energy for action. The SNS will become dominant over the PNS. Blood will be diverted from organs such as the intestines to the large muscles of the body. Heart activity and blood pressure will increase. Perspiration will increase. The body will prepare for violent and quick activity.


The third component of the stress response involves the endocrine system, which is in charge of the hormones of the body that work at a distance using the blood stream as their transport mechanism. The endocrine response is necessarily slower because of its transport vector. It also does not get triggered until the body has spent a significant amount of time in sympathetic activation. The endocrine response can be biologically costly, and the body has worked things so it typically only gets activated if the stressors are strong and last for a significant period of time. The primary hormone in the endocrine response is cortisol. This hormone is designed largely to bring the body down from the adrenaline and sympathetic activation of the fight or flight response. When functioning normally, it puts a brake on immune system activation, protecting against the immune system overreacting and starting to attack itself. Cortisol also causes the person to want to eat simple sugars to replenish the body’s store of energy.



f.
Target Organ Activation

The term target organ activation refers to the phenomenon in which the neural, neuroendocrine and endocrine constituents of the stress response 1) activate, 2) increase or inhibit normal activation of, or 3) catabolize (break down) some organ system in the human body. Potential target organ systems for the stress response include the cardiovascular system, the gastrointestinal system, the skin, the immune system, and even the brain and its mental status. It is from activation of the target organs and the subsequent emergence of various clinical signs and symptoms that physicians often deduce the presence of excessive stress arousal.

As for which target organs are most likely to manifest stress related disease or dysfunction, it appears that two major biogenic factors assist in that determination: response mechanism stereotypy and target organ specificity. Response mechanism stereotypy refers to a preferential pattern of stress related neural, neuroendocrine, or endocrine activation. The more consistent the activation, the greater the likelihood of a stress related disease. Target organ specificity refers to a predisposing vulnerability of the target organ to experience pathogenic arousal. Genetic, prenatal, neonatal and traumatic stimuli all play a role in such a determination.


Target organ activation and subsequent signs and symptoms of disease may affect the patient’s cognitive affective behavior and therefore further neurological triggering and continued stress response activity. In some cases, such as agoraphobia, obsessive patients and hysteria prone patients, a hypersensitive awareness to target organ symptoms can create a self sustaining pathogenic feedback loop.
 



g.
Coping Mechanisms

The last element of Everly’s stress response model involves coping mechanisms. Everyone copes with stress in their lives. It is a part of the human condition which, unfortunately, is growing more important every year as we change our world. We avoid experiences that make us feel bad and chase sensations that make us feel good. A sizeable factor in what feels good or bad is how something impacts one’s stress response. 


There are two main types of coping: adaptive and maladaptive. Adaptive coping mechanisms are not mysteries. Your grandmother likely told you all about them. They include exercise, eating well, good interpersonal relationships and contact (including with pets), seeking appropriate levels of control, meditation and relaxation, laughter, having fun, reading for pleasure and many other activities. These all tend to reduce the self reported level of stress in all humans over the long term. They help you survive into old age. They are sometimes tough to stick to because our society tends to push on us maladaptive coping behaviors, which may relieve stress in the short term but build it up over time. Maladaptive coping mechanisms include drug and alcohol abuse, poor eating habits, smoking, interpersonal withdrawal, exercise avoidance, and many other vices.


Whether you choose adaptive or maladaptive coping to deal with stress is of crucial importance to your health and happiness. If you are subjected to a serious psychosocial stressor, and your response it to take an hour long bike ride, at the end of the ride you have likely purged your system of the physical effects of that stressor. If your response is instead to go on a drinking binge, you may feel better that night as you sedate yourself (alcohol works largely through increasing GABAergic inhibition), but you will likely wake up the next day in worse shape than you started. Your body may be hypersensitive to stressors because of the hang over. Your body will be less physically resilient because of the damage that has been caused by the poisoning effect of excessive alcohol. Your mental faculties may also have been suppressed by the action of the alcohol, causing your sense of control and predictability to suffer.

Problematic feedback loops build with maladaptive coping. This is so in part because the maladaptive coping mechanisms tend to cause your brain to focus more and more on short term relief instead of long term health. As your focus becomes more and more immediate, your ability to anticipate stressors and avoid them is reduced. Therefore, you are faced with greater levels of stress and with less ability to proactively avoid this stress or to understand how to cope with it.


2.
Positive Feedback Loops


As discussed in brief terms above, positive feedback is a crucially important component of how Everly’s stress response model works. Normally, negative feedback is dominant in biological systems. This means that there are biological mechanisms that keep various body systems in balance. Negative feedback controls many varied balances, from the acidity of your blood, to the amount of sodium in your tissues, to neurotransmitter levels in your brain. If a stressor starts to push such a system out of balance, negative feedback mechanisms force adjustments to restore balance, such as through the bladder processing more urine to reduce water content in the blood if tissue sodium levels grow too low. Within the stress system, cortisol is the substance which when released in a healthy individual at the tail of a stress response episode crosses into the brain and acts upon the hypothalamus to down regulate the chemicals being released that perpetuate the stress response.


Positive feedback loops (also called feed forward loops) are much less common biologically because they are generally destructive – they lead to systems being pushed out of balance quickly and biological imbalance leads to disease. However, they are intimately involved in the stress system. For instance, a high level of stressors may result in target organ activation of the gastrointestinal system, which may result in heartburn, ulcers, irritable bowel syndrome and other disorders. These uncomfortable conditions tend to cause the body to become more sensitive to external stressors. And, this creates a positive feedback loop since more external stimuli become treated by the brain as a threat, triggering the stress response. Another example involves cognitive appraisal. For some people, the need to control their environment can reach excessive levels – a disorder called obsessive compulsive disorder often results. In the short term, this control seeking tends to reduce stress, as the person engaged in behaviors that make them feel secure in their world. However, at some point, that control seeking causes them to engage in behaviors that greatly increase stress, such as failing to go outside in fear of the world, which behavior reduces movement, deprives the person of light, removes companionship, and has other negative consequences. This makes the person less resilient in the face of stress, which increases the stress response – an unintended consequence. These loops build up at all levels of this stress response system, which is one of the reasons why stress is so hard to deal with and why disorders of the stress response have become so prevalent.

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.


•
Anticipatory Coping


•
The Stressor



•
Systemic Excitability


-
Sensitization / Associational Learning



-
Sensory Processing



-
Problems of Arousal


•
Cognitive Appraisal


•
Affective Integration

•
Neurological Triggering Mechanism


•
The Stress Response


•
Target Organ Activation


•
Coping Mechanisms


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.

SECTION A.5 – EXPLANATION OF OTHER AUTISTIC ABNORMALITIES

This section will help test the theory I have developed. If the theory is valid, it should be able to create a logical explanation for the behavioral deficits seen in autism, what I call negative symptoms of autism, as well as other abnormalities seen in autism that are currently unexplained (the positive behaviors of autism were largely addressed in section A.2)

A.
A Summary of Section A.1 – A.4 for Context


Before I launch into an attempt to logically explain the deficits seen in autism, let me try to use my theories on electrical imbalance and stress to try to postulate some thoughts on the subjective sensory experience of a little boy with autism. This exercise will help frame my later thoughts.


Selye informed us that pretty much anything that we run into during our daily lives can be a stressor, whether a loud noise, or cold temperature, or being chased by a bear. Different stressors impact people differently. Some people are wildly stressed out by riding roller coasters. Some people love them. Some people love being in crowded places. For others, the press of bodies drives makes them panic. Stress, like beauty, is in the eye of the beholder.


So imagine a three year old who has an imbalance between glutamate and GABA, with too much excitation dominating in his brain and nervous system. That child will tend to have problems with sensory processing, with sensory stimuli hitting him too hard – he will likely be overstimulated. Due to the electrical imbalance in his brain, the stressors that people with normal brain balances are not negatively impacted by, such as a washing machine running, or a shirt with an itchy tag at the neckline, or tight ice skates, overwhelm his nervous system. They come at him too fast and with too much amplitude. He experiences tremendous discomfort. He can’t get away from them. When the washing machine mercifully shuts off, the dishwasher starts to run. And when the dishwasher cycle ends, the furnace starts humming and vibrating. It is never ending. When he finally escapes the house, he ends up in the car, with the road noise from the tires, and the humming of the engine, and the honking of the cars stuck in traffic, and the radio that is playing too loud to mask the other noise, and that dreaded rattle in the glove box that just won’t end and that you can’t fix. And, there is no where to go to run away from the noise and vibration.


This is a child under massive stress. It may not be the type of stress that you as a normal adult think of as problematic, such as pressure at work, or difficulties in your marriage, or the failing health of your parents. However, sensory stressors can be much more challenging for someone who is hypersensitive to them because of a biological imbalance in brain chemicals.


Psychosocial stressors are also often overstimulating for children with overly sensitive nervous systems. These stressors are very diverse and would often be considered mundane by normal people. Being forced to perform in public can cause an unusually intense and prolonged stress response in an autistic child. Simply answering the telephone can be extremely uncomfortable for an autistic individual, as the expectations of the person on the other line can induce panic and fear. Having to engage in small talk with a grandparent can be too much – the simple act of trying to come up with something inane to say is often highly stressful for a child tuned to excitability.


A category of psychosocial stressors that most normal people don’t understand has to do with emotional content in human interaction. People use emotion to guide them through their relationships with others and with the world. Emotions provide motivation to engage in the world. They provide rewards for success. They provide cautions on situations and substances to avoid. They are a guide in life. However, particularly when they are conveyed to an autistic person through auditory or visual sensory channels, they can severely overstimulate the hyper-excitable nervous system – they are significant stressors to someone sensitive to them. Simple eye contact, which triggers low level arousal in the brain of a normal person, can massively overstimulate an autistic person such that eye contact is simply avoided at all costs. The sound and sight of your parents having a disagreement can be overwhelming to a child. Even watching a movie with an emotional scene can severely stress out someone who is hypersensitive to emotion.


All of these stresses are regularly encountered going through daily life. For normal people, these stresses have little impact. When you walk through life in control of your environment with a relatively optimistic view of the world, these daily stressors can be invigorating, the things that make life worth living. However, for a child whose nervous system is tuned improperly and who feels continually out of control, the impact of these stressors can be catastrophic. As one author states:

individuals with autism can be ‘stressed out’ by things that neurotypical people would neither characterize, nor even recognize, as stressful.

B.
Deficits in Autism (Negative Symptoms)

The question remains as to whether the stress response model I have modified and presented can provide a better explanation than other existing models for the behaviors exhibited by persons, particularly children, who are diagnosed as being on the autism spectrum. Below are some attempts at such explanations. This is an attempt at lining up additional circumstantial evidence to bolster the persuasiveness of My Theory. Nothing here will be determinative. However, I think I can explain why many children with autism behave the way they do better than any other theory of autistic behavior.


Please note that every individual on the autism spectrum is unique. What may hold true for one will be different for another. A vast number of other factors including biology, upbringing, social class, country of origin, and family structure impact who we become and how we behave. However, the key is to look at the patterns of behaviors.


1.
Perceptual Abnormalities

Autistic individuals for the most part don’t experience the world the way normal people do. Due to their excessively excitatory nervous systems, sensory information flows up to their brain without an adequate level of filtering. This creates a nervous system that has a hard time ignoring the enormity of the sensory world around it and ascribing relevance in a normal human fashion. It also creates a nervous system that, as discussed below, shifts the balance between integration and specialization towards specialization.
The interplay between excessive excitation with less effective integrative neural communication result in perceptual abnormalities that reduce the autistic individual’s ability to function in the modern human world.



a.
Background Versus Foreground Focus

One of the most important aspects of autistic perceptual abnormalities relates to how the brain differentiates between foreground and background information. The brain spends a lot of time assigning relevance to its sensory perceptions. Paying attention to information that helps keep you alive, such as the rustling in the bushes that might signify a predator, was a very important evolutionary pressure. The peripheral nervous system directs to the brain vast amounts of information about the external world, way more than the brain can digest consciously or subconsciously. The overriding task is to pay attention only to the important information and to disregard, and not even become consciously aware of, most of the rest. The brain’s ability to do this is compromised in autism, likely because of the above described abnormalities in information processing – because of filter deficiency, there is just too much information reaching the processing centers of the brain to properly integrate.


As a result, the autistic individual has problems paying attention to socially relevant information, such as the conversations of people next to them or the social cues people give in a normal interaction. These people are the most important target for a normal person’s attention, because people are key to an individual’s success in life, whether becoming a parent, or advancing at your job, or even staying alive because you are protected by the group. And, normal people have very advanced skills at paying attention to and interacting with others. Autistic brains are not properly attuned to people, the normal human foreground, but instead pay a lot more attention to what is going on in the background. If you monitor the attention of an autistic child watching a movie, that child is more likely to be looking at the airplanes flying in the background or the train yard that is the setting for the scene than the epic embrace between the protagonists. When my autistic phenotype brain is brought to a noisy restaurant, it spends much of its effort identifying all of the things happening in the restaurant, the conversations of others, the noise from the television, the lights from the street, leaving limited attentional capacity to monitor the conversation at the table – as a result, much of meaning of the conversation, whether the words or the message, is missed.


The autistic way of seeing the world has important consequences for social interaction. When you don’t pick up many details in the foreground, the subtlety of social exchange can be simply lost to you. Many autistics have extreme problems picking up body language, facial expressions, body posture and orientation, and subtleties in language and expression – this normally highly relevant information is lost in the overwhelming flood of information surging through the overly excitatory brain. This tends to spiral into a positive feedback loop reinforced by blind spots. If you don’t know that these social cues exist, you fail to look for them, spending more of your time paying attention to the world of the background, which impacts your ability to interact with others, and so on.


As I discuss in detail in the next section, I think preference for the background has an evolutionary basis. I believe most idiopathic (where autism is not caused by a specific genetic abnormality or environmental exposure) autistic individuals are genetically primed to be threat spotters whose attention is naturally on the background – this is unfortunately taken to a level of dysfunction in autism. Their nervous systems developed in a way in which less filtering of information occurred because this resulted in a person who was hyper-vigilant to threats, and this was a good thing for their society.


Temple Grandin, probably the world’s most famous autistic person, has developed a similar theory. She believes the brains of autistic persons are very similar to those of animals. Fear is the main emotion in autism and it is also the main emotions in prey animals such as horses and cattle. Things that scare horses and cattle also scare children with autism. Any little thing that looks out of place may cause fear. Objects that make sudden movements are the most fear-provoking. In the wild, sudden movement causes fear because predators make sudden movements. Both animals and people with autism are also fearful of high pitched noises. A back up alarm on a garbage truck will make an autistic child’s heart race if it wakes them up at night. A rumble of thunder has little effect.



b.
Theory of Mind

Simon Barry Cohen has summed up some of the perceptual problems in autism into what he calls problems with ‘theory of mind’. Theory of Mind is a social cognitive construct that is intimately related to the pragmatics of communication and to social understanding and expression. In fact, many of the well known problems in communication and language that individuals with ASD manifest are linked to their theory of mind deficits. The essence of the problem is the inability to recognize the intention of others. Intentionality is at the very heart of theory of mind. Simon Barry-Cohen has explained it as follows: “In decoding speech we must go way beyond the words we hear or read to hypothesize about the speaker’s mental state.”


To have a theory of mind is to be able to attribute mental states to others. Non-autistic individuals form mental state hypotheses quite naturally in response to the external behavior that other people exhibit: she is crying because she is sad or he is pacing because he is stressed out about work are both such hypotheses. Normal people use the context of the communication, in addition to the actual content, to divine intent. These signals include facial expressions, gestures, intonation, environmental context, and past experience with the communicator. It is of crucial importance to be attuned to the nonverbal communicative signals that infuse situations with meaning, for it is these types of mental-state activities that provide the information necessary to comprehend and use language effectively to make things happen and to guide behavior overall.


Problems with theory of mind have complex origins. Part of this lack of theory of mind likely results from the fact that, as described above, the relative subtleties in the foreground of a scene can be overwhelmed by the bigger picture of a sensory setting (such as the wind blowing, or garbage smelling bad, or the car engine running) and just missed. The subtleties of human interaction are hard to pick up in an overstimulating world that is demanding your attention in a very loud and urgent fashion. Another component of this probably relates to the fact that emotions are often overwhelming to someone with a hypersensitive nervous system. The autistic individual may have coped with this problem by studiously avoiding any awareness of emotional cues which frustrated the ability to understand the intentions of others. Also, individuals around an autistic child are likely putting pressure upon him. They may want him to brush his teeth (which hurts), or go to school (which is uncomfortable), or eat his dinner (which is too lumpy). The urging comes across as pressure, which elevates stress levels quickly.



c.
Specialization Over Integration

Also, autistic perception is affected by the reactions the autistic brain seem to have in response to this intensive neural excitation. While this is pretty speculative, I think it may be accurate. One fairly consistent finding in autistic individuals is the presence of immune system cells called antibodies that direct immune action against a substance called myelin in the brain. Myelin is a protein sheath that wraps around nerve cells that project from one area of the brain to another, nerve cells that engaged in long distance communication. The myelin is a form of insulation that allows for faster and more accurate communication over distance. The myelin is the white substance in ‘white matter’. This contrasts with grey matter, which consists of unmyelinated nerve cells that are engaged in local processing, the actual thinking that the brain engages in. The normal human brain functions well when there is an appropriate balance between thinking (in the grey processing nuclei) and communication (across myelinated neurons). This allows for an appropriate balance between integration (the various regions of the brain working in concert) and specialization (each processing center engaging in its own functions). When this balance degrades, the brain’s ability to function also diminishes.


What seems to be happening in autism, and again I am speculating, is that the brain which controls the immune system becomes aware at a very sub-conscious level that the excessive neural excitation is highly problematic – seizures may be occurring, nerve cells may be dying through excitotoxicity, etc… The brain recognizes there is no good way to downward regulate the excitatory balance in the presence of a neurally toxic modern world; this just wasn’t something the brain evolved to be able to do, as the world it evolved in was consistently calm and quiet. So, the brain does the next best thing to dampen the reverberating neural excitation – it increases resistance on the circuit by using the immune system, a very flexible tool, to degrade the insulation on the wiring. It creates antibodies that direct the immune system to attack and kill myelin cells. This has the effect of decreasing excitation but also changing the way the brain works – specialization (the activity of local processing centers) is favored over integration due to compromised long range communication. And, the brain does not generally function as well as it did before. However, it may function better at certain processing tasks that require specialization. My guess is this is where autistic savant skills come from.

2.
Lack of Emotional Reciprocity


People with autism often show very low emotional reciprocity and often have very little interest in making friends and having strong interpersonal relationships. They often treat people simply as objects that can be used to get something they want. This is understandable, once you can understand what is happening in their brain, including the elevated stress response activation, the abnormal sensory processing with a heightened sensitivity to the world, and the problems with seeing the subtleties of human interaction.


Having relationships with people is very hard for a person with autism. People are complicated and subtle. It is hard to read them. They change moment to moment, and you can’t predict or control what they will do. They may do things that stress you out. They want things from you. They want you to act consistently but don’t understand that you can only act they way you can in the moment. They have emotions that can be very challenging and confusing. Having a relationship with someone who does not understand you (and people who understand you are almost nonexistent) is a very risky proposition.

Moreover, when your reservoir is always full, and your ability to deal with additional stress is essentially nil, it is easier to treat people around you like inanimate objects than really interact with them. Since every encounter with another person can become terribly painful, it is perfectly understandable that autistic persons would often avoid risking such an encounter unless they needed something. When they have to interact, the interaction is limited to the minimum amount of communication necessary to achieve the end sought. Their conscious brains have not gotten to the point where they can invest deeply in long term human relationships. Self actualization through others is just not terribly relevant to them. They are worried about avoiding painful stressors. People are often painful stressors. Keeping interaction to a minimum is all about survival. It is all about short term thinking. Maladaptation is just fine in the moment if allows you survive in the world.


Another common autistic problem is they are detached from the feelings of others. They have very low empathy. This is easy to explain. First, they just don’t see the cues that would convey emotion. Due to their abnormalities in processing sensory information, they often simply miss facial expressions and body language, which is how most emotional content is conveyed. They may miss emotions conveyed in language because the emotional tone may so overstimulate them they cannot pay any attention to the message. To the extent that they do see the emotion, they may not understand it. Emotions are generally challenging for autistics. They generally understand the big ones, like fear and pleasure. However, they have very little appreciation for the more subtle variations, like love, or regret, or embarrassment.


And, autistic individuals are challenged even by the big emotions because they can be so intensive that they become unable to tell what emotion they are experiencing – they just know there are experiencing a very strong, and very painful, emotion that they don’t know what to do with. This is particularly true related to fear. I believe what happens is that due to their overly excitatory brain, an important balance between the limbic system, where emotions are generated and processed, and the prefrontal cortex, where rational thinking is rooted, is altered. Generally, the prefrontal cortex inhibits the limbic system through GABAergic downward projecting neurons that control and shape the motivations and desires being generated through emotions. However, in autistic brains, the neural inhibition of the emotional centers of the brains by the thinking brain is reduced, at least during times of stress, which allows emotion to build to painful levels at which point the individual loses the ability to distinguish between the emotions. As an analogy, think of a stereo. At certain high volume levels, all you hear is noise. It is only when the volume is lowered that you can tell rock from blue grass.

Another common autistic behavior is that when high functioning autistics are actually interacting with others, the individual on the spectrum will often just lecture, speaking on and on about a topic that no one else is interested in. This behavior has several components. First, high functioning autistics tend to develop obsessions over obscure areas of interest such as car engines or astrophysics. They do so as a type of control seeking behavior – their mastery of an area of intellectual pursuit provides a sense of mastery over the world and relief from the stresses of their life; they tend to develop obsessions because this activity feels good. Second, their inability to understand the lack of interest of their intended victims results from a combination of their obsessiveness (how can anyone not be interested the internal workings of a carburetor?) and their inability to read signals of boredom or disinterest. Third, lecturing is a way to keep other people shut up so you don’t have to have a real conversation, which would probably be confusing and overstimulating – passive objects are much more easily dealt with than complicated people. 


3.
Failure to Conform to Social Rules

Autistic individuals are known to have general problems in conforming to social rules. They frequently engage in socially inappropriate behaviors, like talking too close to others, rubbing their hands on someone else’s pants, or stealing a cookie from another child.

The first behavior above, close talking, has much to do with subtlety. The rules of society are subtle. They require much observation and experience in order to master. The exact distance from which you are supposed to talk to someone varies from situation to situation, depending upon ambient noise, temperature, intimacy and many other factors that normal people take for granted. They can engage in stimulus response learning over time in order to gradually understand these rules. But, seeing and understanding people’s reactions, both positive and negative, is necessary for tuning one’s responses, and autistics don’t see all of this because of how their minds process sensory information. Understanding how other people feel in a situation is dependent in part in understanding how you feel in such a situation, and autistic individuals are often very confused about their own emotional state.

Also, their obsessions will often overwhelm better judgment. If a pair of pants fit into the world of an obsession because of the color or texture of the fabric, the autistic individual won’t care who is wearing them when they reach to handle them. Also, the touching of the pants may serve a role in modulating stress because the simple feel of the fabric results in stress relief because of its impact on their tactile sensory channels. 


In the third example above, the socially inappropriate behavior, stealing a cookie from another child, may actually be an attempt to communicate or convey information that could not otherwise be conveyed because the child is nonverbal – that the child is hungry and wants a cookie. The child has been urged by his care givers to communicate to them. The child may think himself being very good by expressing his desire for a cookie. However, the child is likely not capable of understanding that the method in which he communicated violates social norms. The challenge of simply communicating, of expressing himself, of engaging, can overwhelm the subtleties behind the method in which the communication is accomplished.

 
4.
Monoprocessing / Problems Using Automatic Behavior

Persons on the spectrum often have trouble multi-tasking. They have trouble shifting their attention from one task or item to another rapidly. They have a great level of inertia on the task they are focused upon. An attempt by someone to force them to focus on something else is often met with great resistance, a screaming fit, or confusion and panic. 


Related to multi-tasking is automatic behavior. They both involve the ability to do certain tasks without directing much conscious attention to the task. People with autism have trouble with automatic behavior. This is a class of behavior that normal people can relegate to their subconscious while they focus consciously on items that are more important to them. For instance, much of driving a car involves automatic actions. You have repeated the process so many times that it becomes automatic and you can spend much of your brain energy thinking about what you are going to cook for dinner.


One person with autism described this phenomenon:

People don’t realize the major problem that nobody even sees or realizes is how much conscious thinking we have to do just to function. Walking takes thinking. So if I am walking and you ask me a question I could trip or I could mess up the sentence and put the wrong word in. Or have to stop and say what did you say? I can walk with my girl friend down the street and carry on a conversation as long as she is right there but I have to look down at the sidewalk.
 


These difficulties with a normal human capability can also be explained using this model. There are likely two primary elements of the explanation. First, this overwhelming amount of information results in a reduction in the ability to shift attention and perception. What seems to happen is that with filtering and modulating mechanisms malfunctioning, the autistic brain is overloaded with information that bears little relevance towards life and decision making. In the absence of a normally functional mechanism to bias sensory processing towards attended stimuli, all stimuli receive much the same degree of sensory evaluation, and the irrelevant stimuli must then be actively discarded in a manner that creates sensory processing bottlenecks. Perhaps because such a compensatory mechanism cannot be as quickly reset as the normal mechanism of selective attention, performance is impaired at tasks that demand rapid reconfiguration of perceptual resources.
 Second, due to the overly excitatory nervous system that lets too much sensory information penetrate to the brain, the autistic spends much of their conscious resources monitoring their environment for threats. They spend a lot of their time trying to figure out how to avoid exposures that are going to stress them out. Third, the intrusive external world negatively impacts their ability to concentrate their attention on a task. They are just less efficient because the outside world is constantly intervening and distracting them from the task they were trying to attend to. This reduces their general effectiveness, which negatively impacts their ability to do multiple tasks at the same time.


5.
Impaired Communication


Another significant symptom of the autism spectrum involves impaired speech and communication. Many autistics show a delay in, or the total lack of, the development of spoken language or speech. To the extent speech is developed, it is abnormal in content and quality (often low intonation and expression). It may merely consist of repeating words or phrases back when spoken to (known as echolalia). There is often an inability to initiate or sustain conversation. To the extent the autistic child perceives speech, he may only understand the words for their literal content. Symbolism and abstraction are often completely missed. My model provides potential explanations for these communication problems.

The world as perceived through sense organs is very threatening to a person with autism. The visceral reaction to a world that is too difficult is to turn away, to distance yourself from the threat. People are part of the world. People in fact can be the most confusing and messy parts of the world. They are hard to understand. They move and change. They are hard to control. They don’t do what you want them to do. Engagement is fraught with risks. Some children are simply not in a position to deal with those risks.


If you are communicating with someone, they may want something from you. They may pressure you. The content of the communication is not the only important component. Autistic people seem to be extremely sensitive to tone, likely because the tone comes through to the brain with little or no filtering due to the excessive excitation of their nervous system. Any emotion conveyed through tone, such as anger, or frustration, or sadness, can be utterly overwhelming for a person with autism. All actual content may be missed in the rush to shut down to avoid tonal overstimulation. The autistic individual may be simply unaware that there is content in speech other than the tone they cannot bear. The incentive to communicate is limited when the risk of difficult tone is present.


To the extent autistic children do engage in communication, they will likely have many problems. Since they have low insight into emotions, both their own and others’, their speech will likely convey little emotion. Since the tone of others’ remarks presents them problems, they will likely avoid modulating their tone, assuming others have problems with it as well. They may not understand what the other person in the conversation means when they talk, since they are deficient in theory of mind and empathy and miss all the subtleties of normal communication, so conversation may be largely meaningless for them, just a series of tone filled words that convey little information they can understand. Repeating words back to the person who uttered them may seem completely normal, since all conversation may be largely meaningless to them. 

To the extent that the autistic individual understands the communication, it may be hard to sustain conversation because the expectations of the person you are talking to that you will speak intelligently causes your brain to stop working so that you are unable to talk. You freeze. Expectations are huge problems for autistics. They feel like pressure being exerted upon you by an overly stimulating world that drives you to escape that pressure through withdrawal, whether through silence or just leaving. 


Communication is so much more than speaking words. If that was all that it was, it would probably not pose a problem for autistics, because their hearing is normally fine. They have the ability to speak the words – they often repeat the same word or phrase over and over, they will repeat back the sentence that is spoken to them, they may speak or sing nonsense words. The problem for autistic individuals is all of the other stuff, the subtleties, the tone, the non-verbal messages, and lots of other factors. People with autism just don’t get the same benefits from communication that a normal person does.

People communicate with others for various reasons, because we need to in order to survive, because we enjoy talking, because it allows us to get something we want, because it helps to hold a group like a family together, and for many other reasons. In all of these circumstances, there is a benefit. And, for most people, the risks of communicating are relatively low. There may be an argument, a miscommunication, an unintended consequence, or an insult, and these risks may carry negative consequence. Both the benefits and risks are factored into a person’s decision to communicate, whether they get on the phone, or meet friends out for a drink, or greet their spouse after a day of work. Some people communicate more than others, depending upon their evaluation benefits and risks.


For an autistic individual, the risks are much higher and the benefits much lower than for a non-autistic person. Communication comes with almost certain uncomfortable stress activation. It comes with sensory overstimulation. It comes with tone and confusion and expectations. It comes riddled with difficulty. And, the benefits are limited. Autistics will often communicate to get something they want. That has a direct benefit and is worth taking some risk, particularly if the communication is largely one way – I want that. However, most of the other aspects of communication judged as beneficial by neurotypicals are not similarly appraised by autistics. They don’t get the same high from just talking to someone else, largely because they miss most of the meaning of the communication and the enjoyable subtleties like humor and irony. They aren’t concerned with long term relationship building – they are interested in short term survival. They aren’t worried about politeness. For reasons discussed above, they haven’t developed the social sensibilities. For most of us, when we talk to someone, we are interested in the response. For the autistic, a response is the last thing they want. To most autistics, communication is largely a no-win situation, so why bother unless you really need something and then limit your exposure. For most people, communication reduces stress through the release of neurotransmitters like serotonin and oxytocin which downward modulate neural excitation. For the autistic, communication induces rather than relieves stress. And, as a result, the motivation system that causes most of us to want to talk does not develop to a normal degree, or is overwhelmed after development by the other issues autistics face.


One individual, Lindsay, described her challenges with conversation as such:


“1. Paying attention to the other person in the first place is difficult enough, and causes enough anxiety, add 2. The stress of me dealing with this onslaught of noise from this strange person, 3. The knowledge that they expect me to be able to understand what they are saying, and 4. The effort to trying to do this, 5. That they figure I am supposed to have thoughts on this… whatever it is, and of course, they are supposed to give THEIR thoughts on the subject, I now have one more thing to add to my list of things I’ve got to do… figure out what their thoughts are on the subject, and then see if I can in any way make that acceptable to me in any way, even though I don’t understand it (understanding it is way too impossible and difficult a concept that I didn’t even bother with it…) and more often than not I cannot. And 6. I am now supposed to EXPRESS my opinions (or pseudo opinions) fluently, coherently and rapidly!! 7. The fact that this is impossible, **PLUS** 8. The expectation/demand that all of this WILL be met, and anything else is unacceptable, and unacceptability is not allowed!!!!! And 9. The entire interaction (which is repeated endlessly throughout the entire encounter) is supposed to take place in a matter of a few seconds!!!!!!”

C.
Explanation of Other Autistic Deficits

1.
Elevation of Autistic Symptoms in Puberty


One thing we know about puberty is that it is a highly biologically stressful period of time. As the massive hormonal shifts occur as the body switches on the reproductive machinery, the body undergoes enormous change that compounds the preexisting changes of growing up. There are various indicators of the biological strain that show up in teenagers from acne, to elevated levels of depression, to sleeping difficulties, to the onset of psychological disorders like schizophrenia.


Autism is similarly effected by the stress of the teenage years. Parents and caregivers frequently report that autistic symptoms flare during these years, after having subsided considerably in the prior years. For instance, increased rates of seizure disorders, catatonia, and overall behavioral deterioration have been reported in people around and after puberty.


A possible clue to this question could be found in the interaction between GABAA receptors and a synthetic hormone – THP. At most times of life, the administration of THP calms the brain through its action on limbic system GABAA receptors. However, during puberty, the injection of THP provides additional stimulation. This may also be true of non-synthetic hormones that are elevated during puberty, also resulting in abnormal upregulation of neural excitation.
 Thus, substances that normally induce neural inhibition may, during the teenage years, have exactly the opposite result, upregulating neural excitation and setting off a spiral down into stress induced autistic behaviors.

SECTION B.1 – WHAT CAUSES THE BASAL RATE OF AUTISM

While it was not understood as a spectrum disorder like it is today, it is pretty clear that there has been a relatively low basal rate of autism in all societies in at least the last few thousand years and probably for millennia before. Autism is a normal risk of being born human, and in all likelihood, being born a higher mammal, as autistic behaviors have been demonstrated in many species of mammals. An obvious question is what causes autism, or at least autistic behaviors, to have been present at low levels in the human past.

A.
Specific Genetic and Environmental Causes of Autism

About 10-15% of autism cases appear to be caused by single factor genetic abnormalities or environmental exposures. The incidence of autism as a result of these single vector abnormalities does not appear to be increasing dramatically like the incidence of idiopathic autism. Therefore, autism in which the cause can be identified is differentiated from classic autism for which no cause has been determined; i.e. I have not seen literature showing a dramatically growing incidence of fragile X syndrome and fetal alcohol syndrome incidence has dropped since the awful effects of fetal alcohol exposure has have been understood.


1.
Genetic Causes


Somewhere between 5% and 15% of autism cases are caused by a chromosomal abnormality in the human genome that results in various symptoms in the child suffering from this genetic defect, including a greatly increased risk of developing autism. Chromosomal abnormalities that result in frequent autism diagnoses are involved in a wide variety of conditions including straight chromosomal abnormalities such fragile X syndrome, Rett syndrome, Prader-Willi syndrome, Angelman syndrome, Down syndrome, Smith-Lemli-Opitz syndrome (“SLOS”) and Cornelia de Lange syndrome, metabolic disorders like phenylketonuria and lactic acidosis, and unique conditions such as tuberous sclerosis. The rate of diagnosis of autism in these populations varies widely, probably from 5% to 80% of cases.


Interestingly, all of these conditions involve nervous system abnormalities that result in excessive excitation. This is shown in the fact that in all of these conditions, the victims have a high propensity for developing seizures and displaying abnormal, usually epileptiform, EEGs. In addition, in each of these conditions, an abnormality in the glutamate or GABA systems can be demonstrated. Glutamate abnormalities are consistently shown in fragile X syndrome, Rett syndrome, phenylketonuria, tuberous sclerosis, lactic acidosis, Cornelia de Lange syndrome and SLOS. GABA abnormalities, or at least abnormalities in structures that are highly GABAergic, primarily the cerebellum, are common in Angelman and Prader-Willi syndromes, Down syndrome, and SLOS. The mechanisms in which the glutamate and GABA abnormalities are involved vary widely. But, in each case, there is evidence that the nervous system is tuned to too much excitation.


An example involves Down Syndrome, a congenital disorder caused by an extra chromosome. It is the most common genetic cause of mental retardation and affects many aspects of brain development. One of the most consistent features of Down Syndrome is a greatly reduced cerebellum volume, with a greatly reduced number of Purkinje cells, the most strongly inhibitory cells in the brain. In fact, four of the five types of neurons found in the cerebellum use GABA as their primary neurotransmitter. The cerebellum (an important structure in the hindbrain) plays a very important role in filtering and channeling neural information flowing up the peripheral nervous system into the processing centers of the brain.


Another example is tuberous sclerosis, a rare, multi-system genetic disease that causes benign tumors to grow in the brain and on other vital organs such as the kidneys, heart, eyes, lungs, and skin. Among its many symptoms, sufferers display excessive astrocytosis (astrocyte cell death) in cortical tubers as well as abnormalities in the glutamate transporter in astrocyte cells. These cells play a role in the reuptake (reabsorption) of glutamate at neural synapses.
 If they are not doing their job well, glutamate will stay present at synapses too long rather than being absorbed into the neurons and astrocytes, causing excessive neural excitation.

2.
Environmental Causes


a.
Direct Environmental Exposure

Environmental exposures that result in children developing autism at a very high rate include fetal alcohol exposure, prenatal ethyl mercury exposure, prenatal exposure to thalidomide and valproic acid during neural tube closure, and prenatal maternal encephalitis. Glutamate and GABA abnormalities are directly implicated in all of these conditions.


For instance, thalidomide and valproic acid exposure during neural tube closure both result in significantly reduced cerebellum size with particular impact upon Purkinje cell count. Fetal alcohol exposure also impacts cerebellar volume as well as GABAergic action in other areas of the brain. Maternal encephalitis results in significantly elevated glutamate levels in the child with glutamate levels corresponding directly to outcome – the higher the elevation, the worse the outcome.
 Glutamate is also implicated in ethyl mercury exposure. In ethyl mercury poisoning, the mercury accumulates in astrocyte cells which help regulate neuron function. The ethyl mercury kills off these astrocytes and glutamate reuptake is compromised, resulting in electrical imbalance.



b.
Abnormal Rearing Environment



1)
Social Isolation

Humans, along with higher animals, that are subjected to social isolation during early development develop abnormally, and show many of the behaviors seen in autism. As discussed before, children reared in Romanian orphanages in which human interaction is minimal develop autistic traits. Animal models show many of the same symptoms seen in autism. Social isolation results in abnormal stress response activation, which shows up in symptoms such as abnormal CRH and oxytocin levels and gastric erosion.
 It also results in behaviors that are similar to those seen in autism, such as blank staring, stereotyped repetitive circling in their cages, self-mutilation, and self-clutching and rocking.
 Moreover, electrical abnormalities are present in social isolation induced autistic behavior, including sensorimotor gating abnormalities similar to those in human neuropsychiatric.



2)
Sensory Deprivation
Animals confined to a barren environment are excitable and engage in stereotypies, self-injury, hyperactivity, and disturbed social relations. An animal in a barren environment often engages in stereotypies in an attempt to stimulate itself.
 Sensory deprivation results in abnormal nervous system function. 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. The brain waves of autistic children also show signs of high arousal.
 Also with sensory isolation, deficits in glutamatergic excitatory sensory input are produced in normal adults.

B.
The Third Group

The vast majority of autistic individuals, the idiopathic autistics, have autism but no explanation for how and why autism developed. These are individuals in whom autism results from multiple factors, all of which are unspecified. It is clear that a large part of the causation is genetic. However, a significant part of the causal mechanism is also environmental, and it seems that the genetic and environmental causes participate in most individuals. What is unclear is what the genetic and environmental factors are, and how they work. The cause is complex.


Scientific models break down quickly in the face of complex causation. For something to be scientific, the causal pathways must be able to be proved in a manner that is statistically significant, meaning that clear proof is available, verifiable by statistical models, that one factor causes another. In most cases of autism (except those described above), this is simply not possible, likely because dozens of factors are involved, many of which are different from person to person, resulting in a hopeless scientific muddle. In the face of this daunting complexity, scientists prefer to work in areas in which statistical significance can be established, which today are primarily genetics and brain imaging. All of this is very valuable, and I cannot have written this document without the massive effort scientists have made to advance the science of autism, but I don’t think you can solve the mystery of autism without taking on directly the puzzle of complicated causation.


However, just because science cannot speak to complex causation, not all hope is lost. When direct proof of causation eludes you, there are other ways to infer causation. Lawyers have figured ways to prove their cases without being able to tie out specific causation, or direct proof in legal speak. They use circumstantial evidence. Circumstantial evidence is a collection of facts that, when considered together, can be used to infer a conclusion about something unknown. Proof through circumstantial evidence is typically guided by a unifying theory of causation.


In law, if someone was stabbed and killed, but there are no eyewitnesses, the prosecutor does not just throw her arms up and goes home. She builds a circumstantial case of evidence. If a witness testifies that the defendant was seen entering a house, then screaming was heard, then the defendant was seen leaving, carrying a bloody knife, that is circumstantial evidence. While it is harder to get a conviction using circumstantial evidence, it is still possible if you have many varied pieces of evidence that all work in concert, but not in a fool proof fashion, at tying an action to an outcome. In fact, most legal cases are built on circumstantial evidence that has been carefully accumulated and presented to create a compelling case of what happened. Many people have been imprisoned for life based upon circumstantial evidence.


And, that is exactly what I am attempting to do here. We lack direct proof due to the complexity of the causation of autism. But, a skilled attorney (which I happen to be, an attorney, not necessarily skilled), given the right evidence, may be able to develop a convincing circumstantial case. Science has developed the forensic evidence of autism, the scientific equivalent of fingerprints, blood spatters, and DNA matching. But science has lacked a prosecuting attorney capable of making a compelling case, largely because scientists are not trained to make such a case. In fact, they are educated to believe that doing such a thing is largely a waste of time. Instead, in the courtroom, the scientists are the evidence technicians, highly skilled in their narrow specialties but not trained at convincing a jury. That is where lawyers are needed.

1.
The importance of Balance


An enormous amount of information flows through a person’s sensory channels, far too much for someone to consciously or subconsciously process. The nervous system developed numerous ways to reduce the volume and intensity of this sensory information so that normally only relevant and useful information is processed up the sensory channels to the conscious brain. What information reaches a person’s brain varies in content and intensity. How this information is controlled and channeled has significant implications for how the human nervous system functions.


How much information reaches the conscious mind depends upon a balance between excitation and inhibition in the human nervous system. In healthy brains, a proper balance of excitation and inhibition is essential for nearly all functions, including representation of sensory information and cognitive processes such as decision making, sleep and motor control. At the cellular level, the number and distribution of excitatory and inhibitory inputs onto single neurons has a significant impact on the integration of synaptic inputs and the output from neurons within humanity.


Evolution has provided for variability in the balance between excitation and inhibition and in how information is managed through the human nervous system. Some people evolved to have nervous systems that were more excitatory, some more inhibitory. There are strengths and weaknesses in both types of wiring. Human kind is better off because of this variability, which is why it evolved. However, in certain individuals, the balance between inhibition and excitation gets knocked too far from the mean. Dysfunction follows in these individuals.



This dysfunction, in modern society, more often takes the form of excessive levels of excitation. This imbalance can result in numerous stress related disorders, including anxiety, depression, obsessive compulsive disorder, and post traumatic stress disorder. In fact, the vast majority of pharmaceutical drugs that treat these conditions work by increasing inhibition in various areas of the brain, including SSRI’s like prozac, anti-convulsants that are widely used to treat psychological disorders, valium, and even alcohol.


The fact that excessive excitation is a regular risk for humans is not surprising. One of the main functions of sensory processing is to identify threats. Choosing the optimal sensitivity for a protective mechanism, like the human nervous system, is a matter of balancing the risk of false alarm against the risk of failing to respond to genuine threats. For example, it is usually regarded as preferable to have an overly sensitive smoke detector in your home, which occasionally disturbs you with false alarms, than an under sensitive one which allows you to lay asleep in your bed while your house is burning down. Our sensory and emotional systems are analogous to smoke detectors in this respect. Being anxious or sad for no good reason – an emotional false alarm – is disagreeable and inconvenient. But failing to respond adequately to genuine hazards could prove fatal. In harsh evolutionary terms, it is therefore better to experience these emotional false alarms than to blunder into a life threatening situation because you were not anxious or unhappy enough. Occasionally, the protective mechanism is set too far in the direction of over-sensitivity – too much excitation; this may result in an anxiety disorder or some other psychological condition.


I believe that this phenomenon is at the core of autism. This ‘third group’ of idiopathic autistic individuals starts life with brains that are wired towards excess excitation. As a result, their nervous systems are wired to respond to more potential threats in the world around them. They experience constant false alarms, which is problematic for them, but of potential benefit for the group in which they are imbedded, at least in historically normal times.


2.
Evolution and Electrical Balance

As discussed above, humans have evolved to have a wide range of electrical balance set points. This shows up in meaningful ways. Individuals with too much excitation, at least in local areas, develop seizures (brain spasms resulting from excessive glutamate) and abnormal EEGs. They also run the risk of neural cell death from excitotoxicity (cells dying because of too much glutamate), which may result in mental retardation. Levels of excitation result in different perceptual experiences of the world. Some people are sensory defensive, meaning they overreact to the world because of how their nervous systems are wired; others are sensory seeking, needing lots of external stimulation in order to feel okay. This difference in wiring has important implications for personality, as sensory defensives tend to develop introverted personalities, behaviorally shielding themselves from an overstimulating world. Sensory seekers tend to be extroverts. This electrical balance also affects how the brain performs its functions. Higher excitation in a brain tends to result in higher intelligence and better learning and memory.


This latter factor would tend to prejudice evolution to produce humans with extremely high excitation. Wouldn’t higher intelligence and better memory result in humans that were more likely to survive? The answer to that question is likely, yes, up to a point. The problem with too high excitation is that it can result in severe problems, many of which we have discussed, including seizures, abnormal brain wave patterns, and ultimately cell death. Excessive excitation also can result in abnormalities in sensory perceptions of the world, as sensory information flows more freely into the brain, and ultimately in stress response function, as the stress response is triggered more frequently in response to a higher level of perceived threats.


What seems to have actually happened is that evolution has dictated that a wide range of electrical balances be created in humans, as well as other animals. I suspect this happened because a wide range of set points provides benefits to human tribes and caused those tribes with individuals who vary in their excitatory set points to survive better. It is helpful for a tribe to have individuals with different skills and talents. For a tribe to thrive, it needs various tasks to be performed. It needs to be defended from external threats. It needs to have food gathered. It needs to breed the next generation. It needs to have intelligent decisions about various topics made. It needs to be kept together as a tribe, since individuals survive better when affiliated. And, to accomplish these tasks, evolution determined that a certain level of specialization was generally beneficial.


The balance between generalization and specialization is very important. All individuals in the tribe need to be able to accomplish a certain number of common tasks, such as feeding themselves, running from a predator, and communicating effectively. However, the tribe is better served when certain individuals have greater skills or capabilities in other areas. For instance, women were selected to bear and nurse children. Men were not required for this task, and it would be bad if men also bore children. This is because pregnancy is debilitating (particularly human pregnancy with our large children with big heads) and others are needed to do the tribe’s business when debilitation is present.


And, gender differentiation did not stop there. Women were designed to play a fairly specific role – maintaining the tribe’s internal cohesion and future. They didn’t have to be as big as men in order to play this role, so evolution kept their size small to reduce their need for food consumption and for other reasons. They have better verbal and communication skills in order to help hold the tribe together – to make sure communication is effective. They have better emotional skills for this same purpose. They have twice as many internal sensors as men, designed to give the female brain more control and information about the body’s interior functions because of the female role in reproduction. And, the female stress response is different than their male counterparts’. The female stress response is often called the ‘tend or befriend’ response. In the face of a perceived threat, the female will tend to want to reach out and communicate, to make sure everyone is okay, to make sure her relationships are intact. If the tribe is under attack, they gather the children and old people and stay out of the way of the men.


Men, on the other hand, were designed to play a very different role – protecting the tribe from external threats and seizing available opportunities in the world. Men were designed for this task. They tend to be larger, which has obvious benefits in confrontations, but also downsides, such as faster aging and deterioration. Their size also helps in tasks like hunting, carrying fire wood, and building their home. They have more brain area and sensory channels devoted to monitoring the external world, searching for both threats and opportunities. They tend to be better at systematizing
 and pattern recognition, capabilities that help the tribe generally. Men were typically the one’s monitoring their environment for changes like drought, or spotting patterns in prey animal behavior, or figuring out how to make a tool that allowed for cultivation. And, men have a stress response that is classic fight or flight. In the face of threat, men tend to want to attack or withdraw. This served the tribe well in primitive times when deadly threats were common – it is less useful in a modern society where deadly threats are rare but minor stressors are constant.


Even within each gender, there is a further level of specialization. For instance, some people, both male and female, are extroverted and some are introverted. This variation generated significant benefits for the tribe, which is why it was evolutionarily conserved. Extroverts play a specific role. They like to interact with other people; it feels good to them. This helps maintain tribal cohesion. Clichés have developed around this point: ‘people who play together stay together’. They know what is going on with other people in the tribe, which benefits the tribe generally – it helps avoid conflict, allows the group to spot problems with individuals, and has other benefits. Introverts, in contrast, like to spend more time alone. This provides different, but equally important benefits. Some of these include the fact that it gives them more time for contemplation and analysis, which allows for intellectual discoveries that provide opportunities to the tribe. It gives them greater ability to spot external threats, as they aren’t always involved in distracting interaction with others. It also allows for beneficial hierarchies to develop, where some people are leaders and some are followers – more often the introverts. Hierarchies are important for tribal strength as not everyone can lead.


Electrical balance plays a crucial role in specialization. I am speculating on this point, but I think the speculation is logical. I strongly believe that men have generally higher levels of excitation than women, and that this excitation is particularly in the neural circuits that involve external sensory processing, running from the peripheral nervous system up to the thalamus, and maybe to the prefrontal cortex. This developed in order to give men 1) generally higher levels of analytical and systematizing capability that results from higher levels of excitation in the brain, and 2) greater abilities in scanning the external environment for threats and opportunities that they could hear, see, smell, taste or feel, all of which senses are crucial in scanning the external environment. Women have generally lower levels of excitation (at least on the external processing circuits), which provides for their skills at 1) maintaining tribal cohesion because they do not overreact to minor stressors and problems within the group, 2) using emotion, which is easier to perceive and understand in subtle ways in a less noisy brain, as a guide in engaging in relationships with other people, and 3) nurturing children as they are able to filter out sensory assault of infants and children, whether the sounds of crying or the smell of feces, and not react to the child as a threat. The lower levels of external excitation allow for greater attention to be paid to the large numbers of internal sensors that allow for a more careful regulation of the woman’s internal state, which is likely important for successful gestation.



Electrical balance is also important in introversion and extroversion. One famous psychologist, Hans Eysenck, proposed in the 1960’s that introversion and extroversion were driven by variations in electrical excitation. Essentially, people who are behaviorally introverted, or inhibited, are compensating through behavior for a brain which is insufficiently inhibitory, or, in other words, overly excitatory. Consistent inhibited behavior is viewed as an inhibited, or introverted, personality. Conversely, extroverted people are behaviorally compensating for a nervous system that is too inhibitory, or insufficiently excitatory. They seek interaction with others as a way of driving more sensory information into their brain. Eysenck’s theory was ultimately not embraced by science because 1) the evidence was spotty, and 2) in my opinion, this is just the type of grand unified theory that science tends to hate. I believe Eysenck was in fact correct, and actually developed this theory myself without knowing Eysenck had also developed it, 40 years before, until I stumbled across it doing a Google search.


3.
Autism, Evolution and Excitation


Evolution has walked a fine line related to excitation. High excitation is a good thing up to a point. As discussed above, excitatory balance exists within a range within groups of individuals. In all likelihood, the distribution of excitatory set points follows a typical bell curve. Most individuals, probably 90%, are within one standard deviation from the average for their gender. However, some individuals fall two or three standard deviations from the average. The bell curves for men and women overlap to a degree. If excitation increases as you go to the right on the graph, the male average would be to the right of the female average, how far to the right I do not know. However, some women who are two or three, and maybe just one, standard deviations to the right of the female average would likely be more excitatory than an average man.


Having variations in excitatory balance is beneficial for the tribe. However, it is not always beneficial for all individuals within the tribe. If evolution is always pushing the group’s excitatory balance up, and if some individuals are two or three or more standard deviations from the average, then some individuals are going to end up getting pushed over the line at which higher excitation goes from being good to being bad. While this whole arrangement is good for the group, because it maximizes general function, it is often bad for these individuals. These limited numbers of individuals who are across the line tend to develop behaviors (as well as other problems such as seizures) that today have been labeled as autistic.


Thus, in this theory, autistics are individuals who were genetically designed to be the most excitatory of individuals in the tribe, so excitatory that real risks of being pushed into dysfunction appeared. However, this group of people was evolutionarily conserved because of the great benefits accrued to the tribe due to their presence. These individuals were genetically designed to be highly intelligent and highly competent at pattern recognition and systematizing, skills the tribe needed. They were also highly introverted, which allowed them to put their considerable talents to good use for the tribe. However, there was a sizable risk for these individuals that a genetic mutation, or a change in environment, would result in additional excitation being loaded upon their nervous system – and even a minor upward surge in neural excitation could force them across the line into autistic dysfunction.


4.
Autism and Gender


High functioning autism is about ten times more common in males than females. Low functioning autism shows up four or more times more often in boys. I think the reason for that is that boys start with an average higher basal excitation level than average girls, at least in several important circuits involved in processing information about the external world. Boys may only need their electrical excitation to be two or three standard deviations from the mean in order to cross the line at which dysfunction sets in, whereas it may take four or five standard deviations of variation in girls to reach the same level of excitation at which autistic behaviors start. This means fewer girls will develop autism through this non-specific vector involving basal neural excitation.


Evidence that supports this is that the autism sex ratio averages generally 4.3:1, boys to girls. However, it is greatly modified by cognitive impairment: it may be close to 2:1 with mental retardation and more than 5.5:1 without. This indicates that a large number of autism cases in girls are associated with a genetic abnormality or environmental exposure that has wide health effects, including mental retardation. This contrasts with boys, where most boys do not have some a chromosomal defect that is responsible for their autism symptoms. The more likely cause for their autism is a genetic susceptibility to autism due to inherently higher levels of neural excitation that is triggered by multiple different environmental exposures.

5.
Evidence that Supports my Theory



a.
Relatives of Autistics

When the researcher who originally coined autism as a term, Kanner, was formulating his theory of autism, he noticed something strange. Of the first 100 cases he sampled, the average education was much higher than the general public. 74 percent of his fathers and 70 percent of the mothers held college degrees, and 38 percent of both groups had graduate degrees.
 Other researchers have found that relatives of autistic individuals were dramatically overrepresented in fields of science, math, and engineering, fields that require relatively high intelligence and systematizing ability.


This generally supports my theory. Evolution works through genetic lines. If a child is autistic, and the autism is idiopathic, there is a likelihood that the genes that predisposed him to autism also resulted in some autistic like symptoms in one of his parents or some of his siblings. These studies show high intelligence along with systematizing ability disproportionately in parents and siblings who are not autistic, indicating that genes that predispose to autism also predispose to high intelligence, which would be expected in persons whose nervous systems are biased towards higher excitation. This provides some support that high excitation is a core component of autism.

SECTION B.2 – THE REASON FOR THE INCREASING INCIDENCE OF AUTISM

Something that seems apparent to me is that the incidence of autism is increasing very quickly. While various factors have contributed to the increase in diagnosis, from a widening of the definition of autism, diagnostic substitution from other conditions like mental retardation, and a growing awareness of the condition, there factors, in my opinion, cannot alone adequately explain the huge increase in the autism caseload westernized countries in particular are experiencing. However, I do believe that the autism epidemic label is misplaced for numerous reasons, including the fact that autism is not caused by an infectious disease and by the fact that autism has existed in human populations for thousands of years – we have not gone from zero cases to millions in 30 years as some claim.


I am working on a separate paper on this topic which should be done in the next 30 days. And, I realize that an increasing incidence / prevalence of autism is a crucial tenet of this theory, which may result in a level of bias in me, since I really like my theory – I am working hard to control for the reality of that bias. This section is based on a premise that something has changed in the last thirty to fifty years to cause a significant and increasing percentage of the people, particularly male, to develop a set of behaviors and deficits that are commonly termed autistic.

This section does not speak to the role of vaccines in autism. It allows for a role for vaccines, and no role for vaccines. I have my own opinions on this matter, and am working on a paper on this as well which will be published here when complete. I do know my paper will conclude that if vaccines are involved in autism, they will only be a relatively small piece of the total puzzle, and certainly are not responsible for all cases of autism, i.e. autism is not a unique for of mercury poisoning as is claimed in one of the most famous articles on autism and vaccines. 
A.
An Understanding of Proximate Causation

Scientists have proved that the causation of autism is based in a mix of environment and genetics. This means that neither environment nor genetics individually can explain why autism occurs in many or even most cases. However, as a matter of logic, changes in the incidence of autism, just like changes in the incidence of other more easily explainable diseases like Type II diabetes, must largely stem from changes in the environment. This is because genes change in populations at an extremely slow rate. Genetic mutations take many, many generations to propagate themselves across diverse and geographically dispersed populations. Only the environment can change fast enough over the course of a single human lifetime to induce significant biological changes in the millions of people who are afflicted by autism. This means that the increasing incidence of autism must be directly caused by and largely proportional to changes in our environment. There is no other logical conclusion. The often ignored, but most important questions in the quest to understand autism is: what are the environmental changes that have occurred in recent human history that have unleashed the modern autism epidemic?

1.
An If / Then Theorem


This theorem that increases in autism incidence must result from environmental changes can be set forth in an If / Then model
:

If:

-
The incidence of autism really is increasing and not just the diagnosis (as most scientists believe is correct), and

-
Large numbers of humans have not seen significant genetic changes through natural selection that have caused them develop to autism (which would be basically impossible over the available time due to the large numbers of individuals involved);

Then the increasing incidence of autism must relate to either:


-
Changes in the genetic code in large numbers of people resulting from exposure to changed environmental
 conditions such as industrial toxins or pesticides, and / or

-
Changes in genetic expression and/or other biological processes resulting from a changed environment that are having a deleterious impact upon humans.

Either way, the starting point of the surge in autism incidence in our modern world is a changed environment, which is setting off biological alterations in humans through various mechanisms. This changed environment may involve a single change, several changes or a multiplicity of changes. However, logic would suggest the last of the three options is largely responsible.


2.
A Single Causal Explanation is not Logically Possible


Diagnosis (and incidence according to my theory) of autism is increasing across the globe, from rich to poor countries, in rural and urban populations, in temperate and in cold climates. There are many theories of single causal mechanisms, from the MMR vaccine to prenatal ultrasound exposure to mercury poisoning. However, due to the breadth of the population of the world who are being affected by autism, and the lack of consistency of exposure to these single causal vectors, it seems highly unlikely that a single cause is supportable. Autism is incident in populations that do not receive significant numbers of vaccinations. It is incident in groups who have widely varied exposure to mercury, from heavy to extremely low. It shows up in groups to whom prenatal ultrasound is not an option. This global pattern of affliction would not emerge if there were only a single causal vector. 

3.
Other Modern Scourges have Complex Proximate Causation


The complex causation of autism is similar to other medical scourges of the modern world. For instance, heart disease is not rooted in a single cause. For most people, it requires multiple risk factors such as bad diet, smoking, life stress, low levels of exercise and other aspects of today’s world in combination to induce disease. For a more limited number of people who are genetically susceptible, a smaller number of triggers may be adequate to precipitate disease. And a small number of people are genetically predisposed to develop cardiac disease without any environmental trigger. However, that is not the case for most modern humans.

Similarly, another modern scourge has a complex causal chain: cancer. Some individuals have a genetic predisposition for certain types of cancer, like breast or prostate cancer, which susceptibility increases the likelihood of cancer development. However, even for those cancers, many aspects of our environment play into one’s likelihood of affliction. Some environmental causal chains are relatively simple, such as smoking causing lung cancer, HPV infection leading to cervical cancer, or asbestos causing mesothelioma. Other causal chains are complicated, such as in bowel, pancreatic or liver cancer. However, it is pretty clear that many aspects of modern life play into one’s likelihood for getting cancer, from pesticide exposure, to levels of exercise, diet, wine consumption, life stress, exposure to solar radiation, and many other factors. All of these interact with each individual’s innate genetics in an incredibly complicated formula, with lots of chance thrown in to confuse causation even more. This combination of environment, genetics, and chance determine whether cancer will develop, what type it will be, and whether it will be fatal, and if so, how quickly.

While science implicitly understands how the above, and many other, diseases result from extremely complicated and multidimensional causal mechanisms that involve the interaction of genetics and environment, such an analysis does not seem to have been applied to autism. All of the research is focused upon highly narrow avenues of investigation, such as the involvement of a single chemical substance, like thalidomide, or the impact of changes to a very narrow range of genes, or the levels of a single neurotransmitter. And the results continue to be largely statistically insignificant because each individual causal link only plays a limited role in autism. I know that this is the way that science is preferentially carried out: specialization and isolation. However, no one seems to be applying the lessons science has learned in figuring out how many common physically manifesting diseases work – essentially using analogy and logic as a guide in solving a puzzle that is complicated by the fact that we are trying to peer into the minds of individuals rather than simply reading the results of physical measurement.


4.
Autism has a Complex Causal Chain as Well


Why can’t autism likewise have a similarly complicated causal chain in which changes in the environment dominate the increasing incidence of this condition? Why can’t autism, like heart disease and cancer, involve 1) certain limited groups of individuals who have a strong genetic susceptibility to autism (which we know happens in conditions like Rett Syndrome) that require little or no environmental trigger to start the causal chain; 2) other groups who develop autism through a simple and direct environmental causal chain (which happens for instance in fetal alcohol syndrome and lung cancer) and; 3) others, including most of the victims of autism, who require complicated and multivariate environmental exposures that triggers a genetic susceptibility, resulting from the individual’s highly excitatory nervous system, in order to plunge the individual into the world of autism? I think it can and does. And, why can’t those who make up this third group, in whom autism is increasing so quickly, be suffering from the same dramatically shifting human environment that is inducing such tragic disease and dysfunction upon the human race, in the form of heart disease, cancer, and many, many other scourges of humanity? I think they are.

So, if the majority of autism cases, falling within this third group of people, require multiple causal vectors, or triggers, how does this work? How do they join together to induce the symptoms in children and adults? The answer to this question starts with evolution.
B.
A Combination of Genetics and Environment

1.
Evolution and Genetics

Humans evolved over millions of years in a specific type of environment: one in which they were very close to nature, in which their daily lives were filled with movement, and in which they stayed close to the others in their tribe for reasons of survival in the face of hostile predators. Their environment was quiet, generally peaceful, and filled with natural beauty. They ate foods that contained large amounts of non-nutritious waste, like fiber and pulp, as well as a generally appropriate balance between fats, carbohydrates and protein. They were exposed constantly to pathogens and worms and bacteria in their daily lives. They were very tightly entrained to the cycles of light and dark. Over many generations, they developed a balance with their environment.


This balance with the environment manifested itself in balances within human biology, which scientists call these homeostatic balances. These balances are maintained largely through hundreds of negative feedback mechanisms that keep the set points in each system, whether temperature, salinity, or neurotransmitter levels, within acceptable limits. If a biological system is pushed out of a normal range for some period of time, such as when someone has a fever for days on end, dysfunction sets in. Most human disease results from disturbance in homeostasis in the body, a condition called homeostatic imbalance.


The set points in these homeostatic systems resulted from millions of years of interaction between the environments in which we lived and the genetics that underlie human biology. If a group of humans lived in a cold environment for generations, they were naturally selected over time to be shorter and rounder in order to retain heat. If another group lived in an area with high levels of solar radiation, their skin pigment turned darker over time in order to protect them against damaging solar rays. Humans, over their history, evolved to achieve balance with the environments in which they found themselves. 

2.
A Changed Modern World


 Today, for the first time in history, rather than reacting to their environment which changes slowly, humans are responsible for dramatically changing their own environment through the use of technology. Led by the western world and the corporations who are increasingly in charge of all aspects of our lives, this vast change has accelerated exponentially, particularly in the last 50 years.


The human body has not had a chance to keep up evolutionarily. Evolving new homeostatic set points that balance genetics with environment in a way that optimizes survival and reproduction in reaction to changing environmental circumstances requires lots of time, millennia. We have not had time to change genetically in order to biologically cope with the modern environment.


a.
The Curse of Modern Convenience

Almost everything about the world we live in is different than the world in which we used to live. With electric lights and window treatments, we no longer have to sleep according to the patterns of the sun. With processed foods, we no longer need to eat foods that contain the waste products that we previously consumed, but instead eat lots of lots of substances that have been manufactured for various reasons by corporations, none of which have to do with our health, including food colorings, preservatives, steroids, and stabilizers. With cars, elevators, golf carts, and motorized scooters, we no longer have to use our bodies to move; unfortunately for us lazy modern humans, our bodies are designed for work, and tend to fall apart when they aren’t worked.
 With antibacterial soap, suburban houses, and latex gloves, we no longer have the same levels of exposure to natural organisms and substances. With TV, movies, video games, and Blackberries, we can be constantly inundated with data and light and noise and stimulation. With advertising, we can constantly be subjected to the carefully calculated messages of our sponsors. This place we live today is unrecognizable from the places we used to live.


And, it is increasingly being shown that this modern world is bad for us. Researchers have shown that the symptoms of children with learning disorders and ADHD are substantially worse in classrooms lit exclusively by fluorescent lights. Children with ADHD who are on diets that include preservatives and food colorings have their symptoms exacerbated. Patients of surgery whose recovery rooms include windows that let in views and light from the outside world have much better recoveries than those whose rooms do not. There is increasing evidence that people who are exposed to dirt, soil from the ground that we use to walk on before we paved everything, derive significant benefits from interacting with bacteria and other substances contained in that material that we as children used to eat.



b.
Changed Sensory Environment

Our sensory environment has vastly changed. Our bodies did not evolve to deal with constant noise and vibration, of the type we see in automobiles, and furnaces, and stereos. Our nervous systems when they evolved were not exposed to shrieking car alarms, squeaky brakes on buses, motorcycles with straight pipe exhausts, honking horns, vacuum cleaners, crowded restaurants, and Dolby sound systems in movie theaters. 1,000 years ago, we were not exposed to enormous levels of visual overstimulation in the form of fluorescent lights, TV screens with images that are designed to hyper-stimulate our brains in order to draw our attention, and hundreds of daily advertising images that were scientifically designed to draw our eyes and our brains through neural stimulation and excitatory up-regulation (think Pokemon). In the past, we did not experience the chemical assaults on our olfactory and gustatory systems because of the myriad of products we are exposed to with tailored chemicals. In pre-modern cultures, we also received a lot more touch than we receive today in our sterile automobile dominated, suburban world in which many of us go days without touching another person. Touch was an important part of the background of life for humans when were evolving, whether through shared grooming activities, or bumping into people around the campfire, or sleeping close to others to preserve bodily warmth. Touch from other people releases important neurotransmitters that help us remain resilient to the stressors in the world around us.



c.
Changed Psychosocial World


Moreover, this dramatic increase in the levels of previously foreign sensory stressors is happening at a time when psychosocial stressors are reaching unprecedented levels. Daily psychosocial stressors in pre-modern societies involved adequate access to food and shelter, stresses inherently associated with being part of a tribe and a family, and general stresses associated with survival.


The psychosocial stressors today are vastly different and more complicated. Stressors associated with employment at a large corporation with a vertical hierarchy are intense and getting worse all of the time. Numerous studies show that financial pressures in the new corporate economy are the single biggest stress on family life, and that as both parents work longer hours in more insecure jobs, marriages and parent child relationships suffer greatly. Juliet Schor has documented that the average employed person is now on the job an additional 165 hours, or the equivalent of an additional month per year, compared to twenty years ago. The stress is particularly severe on women, who now average more than eighty hours a week of combined paid work, home work and child care.


The stressors of a modern, mass media society are also intense. Corporations have spent the last 50 years figuring out how best to manipulate us consumers in order to get us to buy lots of the stuff they are trying to sell. And, they ruthlessly use the measures they have found effective, whether it is politicians using constant fear mongering to get us to vote for them, or the beverage industry tapping into the stimulation of our brains to get us to watch their television advertisements, or the fashion industry (and other industries) using a constant stream of messages trying to make us feel insecure to get us to attempt to solve our insecurity problems by purchasing their product.


Moreover, competitiveness is reaching new heights as we have been manipulated into thinking we need more stuff in order to be successful members of society. The average family unit which in paleolithic times used to be oriented around peaceful existence and sustenance, is now bent on excelling in all things, from school, to work, to after school activities, to the size of the house and expensiveness of the four cars. Down time, family time, relaxation, and quiet time are largely things of the past in many American families. Pressure has become the new currency of the realm: pressure to excel, pressure to consume, pressure to purchase, and pressure to be afraid are all the products of our modern media driven society.


d.
Reduction in Adaptive Coping


All of this has occurred during a time when the coping behaviors that have served man well for our entire history have been largely thrown away under the assault of modern media pressures and corporate control. This is particularly bad because good adaptive coping was likely part of the reason humans were able to become so intelligent. Proper coping by individuals in societies over millennia, through diet, sleep, relaxation, ritual, religion and other ways, likely allowed evolution over time to amp up the excitatory balance in our brains, resulting in generally stronger mental function. The elimination of most of those adaptive coping strategies in mass over a 100 year period of time, and the replacement of those strategies with others that are much more profitable for industry and much worse for us, is setting us humans up for massive biological dysfunction, which is inconveniently showing up in staggering rates of chronic disease.


The musculature of humans comprises an incredibly important component of the human stress response. It is in moving, fleeing a predator, attacking a prey, or just playing with a friend, that humans bleed off a significant portion of the stress than accumulates over the course of the day. Horses who are stressed who are prevented from moving because they are penned tend to die quickly – movement is a required component of how they deal with stress. It is also required for humans. However, as a society, we seem to have decided that movement is no longer necessary. We drive instead of walk. We sit on our sofas instead of running. We play video games instead of tag. We gain weight as a result, only further stressing our bodies.

We have also decided as a society that sleep, one the most important other components of stress management, is a luxury we can’t afford. We have gone from sleeping 9 hours a night a century ago to 7 hours today. Our kids stay up past midnight playing videogames. We watch TV on average 3 hours a day. Late shows have replaced quality rest in many people. And, we are suffering as a result. Poor sleeping is associated with obesity, high blood sugar levels, type II diabetes, and poor resiliency to stress.


Moreover, we have decided that eating for health is no longer needed. Now we eat what tastes good, what is easily available, what is being pushed by the food industry, and everything in excess. We are completely ignorant, for the most part, on how food impacts health. We keep ourselves in blissful ignorance of the toxic substances we consume with such voracity, whether they be trans fats, partially hydrogenated oils, sugars stripped of all nutrients, or colorings, preservatives other chemicals of all varieties that make food delivery more profitable for the companies who feed us. Our choices are now driven by brand identify, our sugar addiction, our perceived need for convenience, or many other factors that have nothing to do with being healthy, which was the original purpose of eating food.


Instead of using traditional coping strategies like exercise, relaxation, appropriate choice of diet in order to normalize our frazzled nervous systems, we have substituted cigarette smoking, copious quantities of alcohol, fast food, social isolation, video games played alone, self stimulation through internet usage and text messaging, mental and physical vegetation on the sofa in front of the television, and many other maladaptive coping strategies that do little in the long term to make us feel good or be healthy.


3.
Maternal Transmission of Environmental Stress to the Fetus

Another part of how this works involves pregnant women. As discussed above, modern society presents a highly stressful environment to the human nervous system. We constantly subject ourselves to stressors that are not recognized as such, such as driving in a car or spending the day in a modern office environment. Further, we have become increasingly worse at coping with stressors. This adds stress loads to people every day of their lives. These stresses hit pregnant women as well. It is well known that psychological stress during pregnancy is a risk factor for physical, psychological and development outcomes. Schizophrenia and problems with the emotional development of children have been linked to maternal stress. Mothers of autistic children have reported significantly higher than average levels of stress in their lives during pregnancy. Physiologically, maternal stress causes changes in the brains of fetuses. The fetuses’ physiological stress pathways are altered in the presence of stress related chemicals. In particular, the cerebellum and the amygdala are altered by exposure to high levels of cortisol.


Recent animal data suggest that increased maternal stress prenatally is associated with an elevated cortisol response to stress in the newborn and a too-low response later in life. Intergenerational studies of malnutrition have involved rats whose mothers become malnourished by eating an isocaloric, protein restricted diet. They were fed the diet for five weeks prior to pregnancy and for the three weeks of pregnancy. Although small in size relative to well-nourished control pups, the experimental pups were otherwise healthy. However, tests of the experimental rats over their lifespan revealed adverse affects on cognitive performance, emotional reactivity (including stress responsiveness), and social interactions. In particular, prenatal protein malnutrition affects the inhibitory neurotransmitter, GABA, and produces negative physiological effect in in vivo long term potentiation, kindling, paired-pulse measure, and in vitro miniature inhibitory postsynaptic currents.


Prenatally malnourished rats also respond abnormally to a variety of psychological and physiological stressors. Examination of the effects of stress on measures of neurobiological development and function in the neonatal rat showed that stress excessively activated immediate early genes that regulate brain function. In prenatally malnourished rats, stress in the neonatal period also altered both neurogenesis and the apoptotic pruning of excess neurons in the hippocampal cortex. Despite the relative preservation of prenatal neurons development in the brainstem (e.g. locus ceruleus and raphe nuclei), prenatal malnutrition disrupted postnatal processes that underlie normal plasticity.


4.
Biology Breaking Down in the Face of Environment


The normal range of set points for various homeostatic biological systems, the set points that evolved in the pastoral or forested settings of our past, are not working in our sub-urbanized modern communities. The specific balance between excitation and inhibition that favored excitation in modern humans is proving to be dangerous in our modern world. This is because the world is louder and brighter and faster than ever before. Also, the coping strategies that traditionally allowed humans to evolve to a more excitatory set point have increasingly been thrown out the window


a.
Biological Adaptations and Maladaptations


Our bodies are undergoing extreme changes due to their interaction with this changed environment. Some of these changes are adaptations that our bodies have made, such as increased blood pressure in response to a world that sets off the human stress response more easily and frequently. Some of these interactions, over time, result in local exhaustion, such as when pancreatic exhaustion (Type II diabetes) strikes in response to a modern lifestyle of unhealthy food and no exercise. Some of these interactions simply result in biological failure over time, which damage the ability of the organism to thrive or even survive. Our bodies have trouble adapting to substances and situations that are simply toxic. We can’t adapt to pesticide poisoning, or cigarette smoke, or mercury in our fish. Some toxins simply cause biological break down.


All of these biological adaptations, alterations and exhaustions involve the shifting of the underlying homeostatic balances in response to an interaction with some type of external force. These outside forces are called stressors. Anything in this world that humans inhabit can function as a stressor, from temperature if it is too hot or too cold, to noise and vibration that is sufficiently intense, to bacteria and viruses, to blunt trauma. The interaction between humans and stressors results in strain on the human body. The strains that are imposed upon human biology are different in the modern world than they were before, and surprisingly, since we supposedly have been making ‘progress’ all these years, are usually more toxic as well.


Some of these strains are quite easy to spot. Staggering levels of lung cancer, emphysema and cardiovascular disease are all consequences of over exposure to a particularly potent stressor: tobacco as smoked and chewed today. An exponential increase in obesity and type II diabetes follow from a diet dominated by simple sugars, in a culture in which eating habits have deteriorated and the population is largely sedentary. Others strains are harder to trace and understand. The causal pathways of gastrointestinal dysfunction, from celiac disease to irritable bowel syndrome to leaky gut syndrome, are challenging to tie down. In addition, the causes and paths of the various mental illnesses are shadowed with much mystery.


Regardless of the ease or difficulty in determining causation, it is becoming increasingly clear that modern humans are under massively increasing levels of strain. The diseases we used to die from, infectious diseases, have been tamed to a remarkable degree by scientific progress, greatly extending average human lifetimes. However, new diseases and problems have been cropping up in us at a remarkable pace, from cardiovascular disease to gastrointestinal dysfunction to autoimmune disorders. The increasing prevalence of some of these conditions is closely tied to extended life duration; i.e. prostate cancer and Alzheimer's disease. However, many of the newly dominant diseases are occurring in younger and younger victims – such as obesity, autoimmune conditions like allergies and lupus, and mysterious conditions like fibromyalgia and chronic fatigue syndrome.


The massive increase in incidence of these newly dominant disorders indicates that something different is happening biologically in humans. While our life spans have consistently increased, at least until the last decade, we are having greater problems during the time we are alive, even during the earlier parts of our life spans. We increasingly need medications and medical devices to live comfortably in the face of problems like gastrointestinal reflux disease, arthritis (autoimmune disorder), and high blood pressure. These disorders are indicators of the fact that the homeostatic balances underlying many systems in human biology are being pushed from their normal set points. This shows up today in chronic disease; a recent study showed that over 50% of Americans now take medications for one or more chronic diseases.


For instance, obesity has reached epidemic levels. The maintenance of a proper weight is a matter of great importance for humans generally. It allowed a greater chance of survival in the face of predators for our ancestors. It reduces the presence of major problems in modern humans, like Type 2 diabetes, premature joint wear, and cardiac dysfunction. However, obesity is proliferating in modern societies at a staggering rate. And, it is sending cascades of dysfunction across human populations world wide, from Africa to Russia to America. Obesity results from a break down in the normal interaction of humans with the world in which they evolved – our habits of movement, diet, work and coping have all changed under the pressure of modern capitalism and international media. These have all become stressors that are inducing strain upon humans, which is manifesting itself in part in obesity.


Another example of strain is autoimmunity. Autoimmune disorders, such as lupus, multiple sclerosis, and asthma are all significantly increasing in incidence. This increase can be traced to a large degree to changes in the activation of the human stress response, and in particular to variations in cortisol levels resulting from exposure to the chronic low grade stressors ever present in the modern world. This increase results from the same imbalance between humans and the environment they have created. It results in homeostatic imbalance that manifests itself in this instance in the human immune system attacking other portions of the human body. Something would seem to be very wrong when humans experience repeated allergic reactions, which can lead to severe illness or even death, from exposure to the pollen from the trees that surround us and / or foods that we eat.


There are many other biological repercussions from this imbalancing that has occurred, from migraine headaches (autoimmunity and circulatory) to shortness of breath (pulmonary and cardiovascular involvement) to urinary incontinence (musculature and interior sensing problems) to sensory processing abnormalities. Nearly every system in the human body is caught up in this shifting of biological equilibrium in response to an increasingly hostile world.



b.
Psychological Dysfunction


Moreover, it is not just biological conditions which are readily diagnosable that are becoming increasingly prevalent, but many adverse psychological conditions are shooting up in prevalence as well. These are harder to understand, diagnose and track due to many factors including the variations within each disorder, the requirement of relying on the subjective experience of the victim, and the normal psychological diversity within the human species. However, something very bad is happening here as well.


The conclusion is inescapable that the imbalances we are seeing due to a changing environment would do more than impact us physically. We know our brains change in response to the changes in our bodies, that the brain and the gastrointestinal tract are in constant communication, that the two are tied electrically, hormonally, and through the immune system. Hundreds of feedback loops connect the body and the brain intimately. The brain ultimately controls the body. But, the body also controls the brain.


Simple logic demands that we would start to see psychological problems in addition to the physical ones, generated from this changed environment that we have not had a chance to adapt to yet. And, that is exactly what we are seeing. Rates of pretty much every major psychological condition are rising, some dramatically. The diagnosis rates for autism and ADHD both went up over 350% over a recent 13 year period. The number of people being treated for depressive and anxiety based disorders has been rising quickly. Bipolar disorder is striking more and more people. About the only psychological condition that is not seeing increases in diagnosis is schizophrenia, and that is probably because schizophrenia was over diagnosed in the past.


5.
Modern Autism Incidence is Just Another Outgrowth of a Toxic 


World

The question that started this chapter is what is causing the surging increase in the incidence of autism in the world. The answer is basically the same if you asked that question about type II diabetes, or bipolar disorder, or irritable bowel syndrome. It is everything about the manufactured modern world in which we live. It is the cars, and the fast food, and the television, and the suburbanization, and the chemicals we are exposed to, and smoke in the air, and all the other stuff that is bad for us. All of these factors work together to force our bodies out of balance. Chronic disease results. What type of disease we gets depends upon many factors, including genes, upbringing, social class, occupation, coping strategies, diet, and others. In some individuals, who are genetically wired to have an excessively excitable nervous system, and an overactive stress response mechanism, and have other genetic characteristics that are not yet specified, autism is the manifestation of this underlying toxicity of our world. In others, it is depression, or a heart attack, or multiple sclerosis.


As the world modernized starting with the industrial revolution, the toxicity of our environment started to increase, quickly. However, it is only with the ‘advances’ since World War Two that modern society has really been created. If you want to find the most likely factors that lead to autism, look at the changes in our world that have occurred in the last 50 years. Cars really only became available to an average person after world war two when the factories that created tanks and jeeps were converted over to automobile production. Television sets only really started landing in people’s living rooms after World War Two. A processed, nationwide diet only started being fed to us in the last 50 years, after the interstate highway system was built under Eisenhower. The chemicals that lace our food are the creations of modern chemists. The omega 3 fatty acids that have been processed out of our diets were removed by giant agro-business corporations who took over agriculture in the last 50 years. The pressures of modern advertising were honed after the invention of the television and the computer. And, the government that is supposed to protect the health of our people has been gradually taken over by the corporations who run our world in the last fifty years.
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