Appendix: “Learning, Cognition and Stress” – The PowerPoint Presentation

The reader is invited to download the PowerPoint presentation of this lecture by going to the ABSAME home page (ABSAME.org) and clicking on [whatever is required to get the PowerPoint presentation of this lecture]. The following comments suggest accompanying lecture presentation points for each slide. The reader may wish to print out the PowerPoint program handout and distribute it and the commentary to students. (By the way, I happen to believe in the somewhat archaic and quaint notion that knowledge dispensed by scholars is in the public domain. Therefore, these materials are to be accessed freely, and readers are free to adopt, modify, add to them and incorporate them into their own student presentations).
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       Commentary

1. The majority of patients you will see as primary care providers will present with symptoms of stress disorders that are by-products of their body’s attempts to maintain homeostasis as it adapts to the stressful challenges of everyday life.

2. To understand the nature of the human stress response and the mechanisms by which these disorders develop, it is necessary to understand how and why the stress response evolved. So let us go back in time to when our ancestors were…

3. Single-celled organisms w/o nuclei who were limited in the degree to which they could adapt or develop. A dramatic genetic shift, eons ago, made the development of more complex organisms possible.

4. This shift occurred in response to the appearance of “introns” which suddenly made innovative adaptive changes in cell structure and function possible.

5. The processes that led to these cell changes were the foundation genetic changes that made possible subsequent brain structure/function enabling adaptive learning and cognition 

6. Meanwhile, these changes made possible the development of complex life support systems (respiration, circulation, digestion, elimination, immune system, etc) enabling the organism to survive in a hostile/challenging stressful environment

7. Thus, we define STRESS as…, triggering a…, and requiring the ability to learn from and adapt to experience, in order to maintain homeostasis.

8. So did learning play a role in evolution?

9. We know that if a mutation improves functioning, it is by chance

10. If learning provides a new survival skill, then natural selection will favor offspring whose genetic traits contribute to their survival. Thus, the genetic contribution is not what was learned but the ability to learn!

11. So we expand our definition of stress to any challenge from any source in any of these domains. These stressors induce a stress response that can impact our functioning in any or all of these domains. Adaptive coping skills are the by-products of the organism interacting with the environment, influenced by predisposing vulnerabilities (diathesis = genetics + acquired predispositions, e.g., allergies, depressive cognitions, etc) and learning experiences.

12. Thus, individual well-being or health, is a function of all the interaction of all the variables of influence exemplified in the following figure:

13. Here we see all the contributing domains of variables that define who your patient is, what influences their functioning, and how they came to be that way. The domains represent sources of stress and aspects of the patient’s existence that are impacted by stress. Thus, for example, biological stress impacts behavior, cognition, social/cultural functioning, and even the patient’s environment. The lines connecting each domain represent the mechanisms of interaction which are in part genetic, but largely learning or experientially based. Thus, your patient is a complex being and his/her condition is contributed to be multiple and interactive sources of influence, with much of those interactions learned. If you only inquire about the biological parameters of his/her illness, you are missing 4/5ths or 80% of the important data! If you are only treating the biological domain your treatment is targeting and implementing only 1/5 or 20% of your intervention potential! 

14. If learning has played such an important role, what is it and how does it work? 

There are two kinds of learning…

15. Implicit Learning…

16. and Explicit learning…

17. Sensory input from the stressor converges via the Thalamus and Rhinal Cortex, which forwards the information on to the amygdala and hippocampus, at the same time  “cc-ing” the info to the cortex to determine any relevant past experiences with this stressor.  The amygdala, rather like the Office of Homeland Security, evaluates the degree of “threat” or challenge and, based on implicit learning, is capable of an immediate emergent response. At the same time, the hippocampus, (the Central Intelligence System), consults the cortical “files”, weighs the evidence and, based on explicit learning (i.e., context and extenuating circumstances), advises the amygdala as to what level of response to make. In other words, the hippocampus controls and moderates the response of the amygdala. Together they forward a more informed decision to the hypothalamus, but we’ll learn more about what happens there later.

18. As you can see, there appears to be a hierarchy of types of learning, in fact sub-categories of implicit and explicit learning that serve the individual at various specific stages of development, from reflex (maximal genetic influence, minimal environment influence) to social learning (minimal genetic influence, maximal environmental influence). Note that operant conditioning and its more complex version, social learning, both involve the reinforcing consequences of environmental and social feedback.  

19. Which brings us to the process of reinforcement which we define as any event, in any of these domains, that reduces stress and restores homeostasis. Note the range of examples here and, therefore, the extensive influence of this learning-from –experience process.

20. There are two types of reinforcement: the reward of achieving something positive and the “reward” of avoiding something negative. Both play a role in health care. A patient can maintain her health because it makes her feel good (positive) or because she wants to avoid going to the doctor (negative). As can be seen, then, “reinforcement” is in the eye of the beholder. This means cognition plays a big role, but more on that later.

21. Of course it makes a difference how, or on what schedule, you were reinforced. Pediatricians recognize that early child training is more effective (learns more rapidly) if continuously reinforced while later on, intermittent reinforcement will be more effective in maintaining desirable behaviors.

22. So what has Learning and Reinforcement got to do with the stress response?  The stress response is LEARNED in response to experience, but it makes a difference whether the stress is acute or chronic. As Robert Sapolsky pointed out in his book, Zebras don’t get ulcers because their stress is short term and acute. They either escape their predators, or they get eaten – stress is short term, a matter of minutes. Humans, however, have 30-year mortgages, 4-8 year presidential terms, medical school and residencies, and long term relationships.

23. So there are two parts to the learned stress response: the immediate nervous system response (remember the amygdala?) for emergent situations…

24. and a more sustained Neuroendocrine response for those chronic stress situations where the body needs to respond over an extended period of time. In these cases the nervous system recruits the endocrine and circulatory systems to carry out a prolonged, delayed response to the stress condition, thus kicking into gear…

25. The hypothalamus-pituitary-adrenal or HPA axis.

26. Recall that the incoming stressor information activates both the amygdala and the hippocampus. The hippocampus modulates the amygdala as both activate the  hypothalamus, pituitary and adrenal (HPA) axis. Note that in acute stress, the adrenals release glucocorticoids, which feedback to the hippocampus, which then signals the hypothalamus to shut down the release of corticotrophic releasing factor (CRF), shutting down the stress response.

27. This neuroendocrine system looks something like this – every time your stress response is activated, these nerve impulses fire, hormones are secreted and target organs, tissues and cells are triggered. No wonder you feel aroused, jazzed, pumped up, on edge, anxious. You are primed for “fight or flight”. But what if the stress is prolonged, chronic, lasts for hours or days?  With acute stress the response shuts down quickly (minutes?) whereas with chronic stress, the hormones keep pumping, and glucocorticoids flood the blood stream impairing the hippocampus’ ability to shut down the stress response. As a result, the amygdala continues to be activated, glucocorticoids continue to flow, and adaptive systems begin to break down.

28. Thus, A prolonged stress response can be deleterious to you health! Look what happens to these life support systems under prolonged chronic stress.

29. And these. All of these stress disorders are the result of stress-induced dysfunction of the body’s attempts at adaptation. What happens?  Let’s take the immune system for example.

30.  Acute stress activates the immune system, but chronic stress mutes or impairs its function. The culprit here is again an excess of glucocorticoids in the blood stream which impairs immune system functioning. No wonder patients are more susceptible to disease and dysfunction when under excessive stress. 

31. Chronic stress also impairs how we think and what we think about ourselves. These are cognitive processes so let’s take a look at the role of cognition in the stress response.

32. The left-hand column here lists the cognitive processes examined in the mental status exam. However, they are better understood in terms of the functions they serve, shown in the right-hand column, e.g. system arousal, information storage, information organization, and utilization.

33. Cognition is actually an extension of the learning process. The brain identifies and records not only sensory information but also commonalties among these stimuli, and sequences of operations (behaviors) as a means of organizing information. The storage of this information involves memory.

34. There are two basic types of memory which, like learning, are defined in terms of their neural operations, since they are the result of the two types of learning noted earlier.

35. There are various sub-categories of memory which are defined here in terms of their mediating brain structures. We begin to see how stressor information is sensed, learned, and stored, and the bio-behavioral mechanisms involved in these processes.

36. Now we are able to address some current clinical controversies. For example, how reliable are memories? And WHY? Note that people can develop a belief in a memory of an event that did not happen by imagining that it did. A patient can “believe” they experienced a symptom merely at the suggestion or questioning of a relative, friend, or even their physician.

37. And how about personal memories? What is your earliest memory?  How old were you? Are children likely to remember significant early life events, like trauma or…

38. sexual abuse? 

39. In fact brain development continues into the late teens and early 20’s…

40. This leads some legal experts to question whether teenagers should be subject to the death penalty, since they “can’t be expected to operate with the level of maturity…of an adult”. Especially under stressful conditions.

41. So what happens to memory under conditions of chronic stress?

42. As we have seen, the flood of glucocorticoids can damage the hippocampus and seriously impede the individual’s ability to think, to cope, to adapt, or find innovative solutions to problems. If stress impedes our ability to learn, remember and think, what implications does this have for our ability to communicate with one another, especially under stressful conditions? What implications does this have for doctor-patient communication?

43. Let’s take a look at language. The ability to communicate is the result of a remarkable evolutionary change in brain structure that occurred over 100,000 years ago, right before the “out of Africa” migration (related?). The FoxP2 gene effected a change that enabled the brain to learn, remember and conceptualize auditory representations of experience. Rather like a new program for processing certain data.

44. Thus, this particular learning ability of the brain imposes a certain universal structure on all languages that are composed of these components. Note that while these structural elements are universal, the assigned meaning within them can be quite variable…

45. depending on environment, culture, experience, etc. Therefore, concepts, in terms of meaning, can be highly idiosyncratic, complicating communication and requiring continuous clarification (what are the implications of this for doctor-patient communication?) 

46. So what about Emotion? Does cognition effect Emotion?  Yes. Physiological arousal and environmental context can be identical for two people, yet different cognitive meanings assigned to the experience can result in markedly different emotional responses (Consider Republican VS Democratic emotions in response to the recent election).

47. Also, consider how emotion influences our perceptions of threat (and vice versa).

48. Fear or anxiety can foster uncertainty and a sense of lost control, while anger can foster certainty and a sense of control

49. So is stress a cause of anxiety? And if so, how do you treat it?

50. Let’s look at PTSD, a form of anxiety. What is it? How do you explain its symptoms? Why did these vets improve?

51. Recall that acute stress triggers an amygdala “fight or flight” response that can be modulated by past experience via the hippocampus. Past experience can include cognitive and emotional memories of threatening stimuli that can generate anticipatory (anxious) responses, leading to adaptive (coping) or maladaptive (e.g., avoidance) behavior. Recall that under SEVERE and chronic stress, the amygdala essentially overrides the hippocampus. In effect, the amygdala runs amuck.

52. So what about depression? Does stress cause Depression? If so, how do you treat it?

53. Under chronic stressful conditions, the hippocampus is inundated and impaired by excessive glucocorticoid in the blood stream, impairing its ability to find adaptive solutions to problems. The patient responds in stereotypic ways, the same maladaptive response over and over. In effect, the hippocampus is shut down. Its ability to adapt, cope, find solutions, and assign context to the emotional state generated by the amygdala is severely impaired.

54. Thus, anxiety and depression, like all the stress disorders, are byproducts of very similar bio-behavioral processes. However, there are some unique features of each 

55. And these have implications for treatment, if we understand the underlying bio-behavioral mechanisms. For example, in the treatment of anxiety…

56. While in the treatment of depression…

57. Our goal has been to demonstrate that the disorders patients bring to the attention of their physicians are, for the most part, by-products of adaptation to stressors from a multiplicity of sources. These stressors generate a stress response that, under moderate acute conditions, can adaptively restore homeostasis to the organism. However, too much stress can be detrimental to your health. The complex interactions among these variables are genetically and experientially influenced. Learning and cognition have played central roles in defining your patient’s health or disease experience and the contributions of etiological factors in all of the domains in this figure. Effective treatment requires full knowledge of the potential influence of all of these domains, and the application of treatments targeting as many of them as possible.
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