 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.
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