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Course description: 

This year’s course in evolutionary medicine will tackle the most fascinating questions in human health and disease. We will spend the semester exploring how tradeoffs involving natural selection and evolutionary history influence health and disease.
Each session will involve a case study in which evolutionary concepts are useful in understanding the pathophysiology and sometimes in guiding treatment.  This course will be offered concurrently with a UNM School of Medicine elective of the same name.  
Evolutionary biology has important implications for the medical concepts of health, “normal” physiology and illness. One is the recognition of tradeoffs that sometimes promote health and other times result in illness. Many of these ideas challenge the conventional wisdom of the health sciences.  A key part of the course is to encourage critical thinking skills and we will apply a healthy dose of skepticism to the medical and evolutionary literature.  

Goals:
By the end of this course students will:

- be able to search the literature to find publications in evolution and medicine.

- be able to describe how an evolutionary perspective can help a clinician or researcher. 

- learn to critique and evaluate evolutionary medicine hypotheses.

- recognize evolutionary problems in medicine. 

- understand key evolutionary concepts related to health and disease.
- learn to develop and critique novel hypotheses in evolutionary medicine.

Required Readings:

 Updated on the blog:

http://evolutionmedicine.com

Course Requirements & Grading:

Students will be expected to participate weekly with mini-lectures, discussion, and writing projects.  Students should complete assigned readings prior to that week’s meeting and be prepared for discussion. Each week, students will write a brief essay on that week’s topic. 
1) Attendance and participation - 25%

Students are expected to be present in each session.  Students will be allowed a maximum of one missed class only if permission is obtained beforehand from the instructor. For an unexcused absence or any more than two missed classes, your grade will be affected. 

2) Writing projects - 25%

Students are expected to turn in a written essay in a hard copy at the beginning of each class. These will generally be between ½ page and ¾ page long. You need not have a references section. Students will turn in their own work. Plagiarism is not acceptable and will result in no credit (and will adversely affect your grade). Do not copy and paste anything from any other source. I want to know your thoughts, how you think through problems, and how you express yourself. Writing assignments will be graded on a 5 point scale. The lowest score will be dropped, so you could skip one assignment at the maximum. Two missed assignments will affect your grade. Writing assignments turned in after the time they are due (but on the same date) will receive one half point off for lateness. If turned in after the due date, I will take one extra point off per day it is late.
Topics will be posted on the syllabus and on the website. 

3) Journal club - 25%
For the journal club assignment, students will be assigned a journal article to present to the group, analyze, and provide commentary. For this group project, student will receive a group grade and individual grade. See the grading rubric.
4) Final project- 25%
This will be a presentation on a topic of the student’s own choosing. Presentations will include a live presentation (no pre-recorded work) with media that supports the student’s message (e.g. powerpoint, slides, poster, or handout)

Course Outline:

Week 1 - August 18
Introduction to Evolution and Health and Disease  - how human and pathogen evolution has shaped human health and disease.

Key concepts covered in this section: natural selection, phylogeny, distinction between proximate and ultimate causation, resistance evolution, evidence-based medicine.

Levels of Analysis – differentiating between proximate “how” questions and ultimate “why” questions of human diseases.

Features of evolutionary medicine hypotheses:

· Include an evolutionary concept (e.g. selection)
· Are concerned with included humans or human-associated biota (e.g. bacteria, viruses, arthropods that are disease agents or vectors, or microbes that provide protection from illness),
·  Relate to a human disease or medical condition

Evolution kills: The problem of antibiotic resistance. 

Evolution cures: Phage therapy for resistant pathogens. 

Readings (Read prior to the first meeting).

1. Alcock and Schwartz. A clinical perspective in Evolutionary Medicine: What we wish we had learned in medical school.  Evolution: Education and Outreach, 2011. 
2. Stearns. Evolutionary Medicine: Its Scope, Interest, and Potential. Proceedings of the Royal Society B, 2013.
Writing project – answer the following:

How are humans still evolving?

How might access to modern medicine affect human evolution?

Week 2 - August 25  

Aging and menopause

- key evolutionary concepts: antagonistic pleiotropy, declining power of selection, selection shadow, inclusive fitness, balancing selection

5:30pm. Senescence - why we get old
Declining power of selection – does natural selection keep post-reproductive people alive?

Antagonistic pleiotropy – do genes that promote youthful health also cause disease in the elderly?

Disposable soma hypothesis.

The role of infection in diseases of senescence.

Reproductive senescence and menopause.

Topics for discussion:

What explains the frequency of lipoprotein ApoE in humans; could balancing selection explain the persistence of an allele that is associated with cardiovascular disease and Alzheimer disease.

Readings:

1. Still Pondering an Age-Old Question. Flatt T and Promislow EL. 2007. Science (318) 1255-1256. 

2. Evolution of the human menopause. Shanley DP and Kirkwood TB. 2001 Bioessays 23. 282-287.

3. Nesse and Dawkins. Evolution: Medicine's most basic science. from The Oxford Textbook of Medicine, Modern Medicine: Foundations, Achievements, and Limitations, 2010.

4. Williams. Pleiotropy, Natural Selection, and the Evolution of Senescence. Evolution, 1957.
Writing project: Why do women cease to reproduce in middle age? How did menopause evolve in humans?

Week 3 – September 1
Recent Human Evolution -  Adaptation to High Altitude and Dairy
We will discuss the evolutionary biology of high altitude peoples of the Andes, Himalayas, and Ethiopian Plateau. How might gene-environment mismatch account for acute mountain sickness in Europeans? How many generations does it take to evolve solutions to the problem of living in a high altitude environment?

Why do some populations have trouble digesting milk?
1. Beall
2. http://news.nationalgeographic.com/news/pf/92910801.html
3. http://www.sciencedaily.com/releases/2010/05/100513143453.htm
4. How we are evolving. Pritchard JT.  Scientific American. October 2010 41-47.

5. Gene-culture coevolution between cattle milk protein genes and human lactase genes. Beja-Pereira et al. 2003. Nature Genetics 35(4):311-313.
Writing project: Why do the three major high altitude groups each have different adaptations to altitude?
Week 4 – September 8
Fever – The Heat Trial 
“50% of what doctors learn will be proven false, we just don’t know which 50%” is a common saying in medical education. Is it true. Are there evolutionary lessons hidden in medical mistakes? We will dissect the recently completed HEAT trial and consider some of the newest silver bullet therapies for sepsis. 
What is the function of fever?

Why do so many treatments for sepsis not work?

1. The smoke detector principle. Nesse R. 2009. Annals of the NY Academy of Sciences

http://www-personal.umich.edu/~nesse/Articles/SmokeDetectorPrin-Nesse-NYAS-2000.pdf
2. The adaptive value of fever. Kluger, MJ. et al. Infectious Disease Clinics North America. 1996.  
For discussion: A major pharmaceutical company has identified a molecule, Killikyne, produced by white blood cells, that is associated with severe septic shock and is highest in individuals who die of the disease. There is a promising new drug Blockatol that inhibits the molecule. It helps mice survive in experimental models of deadly septic shock. You have an opportunity to invest with a new group of venture capitalists. Millions of dollars could be made or lost. Do you advise to go forward with the investment in Blockatol development?

Week 5 – September 15
Reaction Norms in Medicine – what is normal and should be left alone vs. what is abnormal and should be treated.
In ecology it is well-known that traits can be expressed conditionally. A classic example is Daphnia a water flea that grows a helmet when exposed to a chemical derived from its predator. The helmet protects Daphnia from predation, but it does not develop when predators are absent, suggesting that this defense has a cost as well as a benefit. This variation in phenotype is termed a norm of reaction, and this example is an adaptive strategy that helps Daphnia survive. Humans might have adaptvie reaction norms like Daphnia. We undergo all sorts of body changes when callenged by infections or trauma. Are some of these changes reaction norms? Future advances in medicine could depend on deciding when a reaction norm is adaptive and and when it is not.
How can a mechanistic perspective of the human body cause problems for patients (and doctors)?  When to intervene? When to leave alone? How does natural selection affect the body’s response to disease?
Can you identify other possible reaction norms in medicine?

Reading:

Reaction Norms in Clinical Medicine: Identifying normal function in abnormal results. Alcock J., Aktipis A., Boddy A.M., Day T., Flinn, M.V. Hochberg, M.E. Gunther Jansen G, Read A., Maley C.C. In Preparation 2014.

Dodson S. 1989. Predator-induced reaction norms. Bioscience 447-452. 

For discussion: Should emergency doctors give intravenous fluids (normal saline solution) to gunshot victims: why or why not?
Week 6 – September 22 Journal Club
Journal Club – Student presentations on assigned journal articles. Critique and discussion. Each individual in the group will do part of the presentation. Powerpoint is not necessary for these presentations. Most articles have more than one idea or topic that can be discussed (although it is not necessary to discuss every detail). Groups can decide how to present and how to critique the paper and its proposals. 

Readings will be posted on the blog. 
Week 7 – September 29
Paleo diet or Paleo fantasy?

Pima or Tohono O’odham Indian heritage is associated with exceptionally high rates of obesity and diabetes. This Native American group also suffers elevated rates of hypertension, cardiovascular disease, and early mortality compared to other ethnic groups. Diabetes and other “lifestyle” diseases skyrocketed after World War II, when many Southwestern Native American communities adopted typical American lifestyle and dietary habits. Nearly half of the Pima in Arizona have been diagnosed with diabetes. In addition, kidney failure and cardiovascular diseases take a disproportionate toll in these communities. By contrast, a related community of Pima in Mexico consume a more traditional diet and have a much lower rate of diabetes, which is similar to that of the surrounding Mexican population.
To what extent are modern diseases like diabetes a result of recent changes in diet or other exposures? Should Tohono O’odham eat a Paleo diet? Should we? What are problems with the Paleo approach?

Readings:

1. Excerpt from Paleofantasy by Marlene Zuk 2013. 

2. Schulz L.O., Bennett P.H., Ravussin E., Kidd J.R., Kidd K.K., Esparza J., et al. Effects of traditional and western environments on prevalence of type 2 diabetes in Pima Indians in Mexico and the U.S. Diabetes Care. 2006 Aug;29(8):1866-71.

3. Neel JV. Diabetes mellitus: A "thrifty" genotype rendered detrimental by "progress"? Am J Hum Genet. 1962 Dec;14:353-62.

Writing project: (due next session).

Many websites argue for the Paleo diet, in which meat is emphasized, grains and processed foods are avoided? What would you tell your relative who is trying to get the whole family to eat Paleo? Is it a good idea or bad? defend your answer.
Week 8 – October  6
Hygiene Hypothesis
The hygiene hypothesis or “old friends” hypothesis and the microbiome

How does exposure to microorganisms affect chronic inflammation and allergic diseases?  Is exposure to a diverse microbial environment a good or bad thing for human?  Could it be possible that bacteria modulate the behavior, metabolism, and the fatness of humans?  How and when can physicians treat diseases by manipulating gut bacteria.

Reading:

Probiotics function mechanistically as delivery vehicles for neuroactive compounds: Microbial endocrinology in the design and use of probiotics. 2011. Lyte M. Bioessays. 33(8):574-81.

99th Dahlem Conference on Infection, Inflammation and Chronic Inflammatory Disorders: Darwinian medicine and the ‘hygiene’ or ‘old friends’ hypothesis 2010. Rook G. Clinical and Experimental Immunology. 160: 70–79.

For discussion: How could bacteria benefit by sensing the hormonal and stress state of their host?
Week 9 – October 13
Parasite manipulation of host behavior 

Manipulation of behavior and host physiology has been documented in a variety of infections in many vertebrate and non-vertebrate hosts. What is the evidence that this can occur in humans?

Readings:

For an introduction, read this Berkeley Science Review.
And: How Pernicious Parasites Turn Victims into Zombies.
1. Alcock J, Maley C, Aktipis A. (2014) Is eating behavior manipulated by the gastrointestinal microbiota? Evolutionary pressures and potential mechanisms. Bioessays. 
2. Malaria Infection Increases Attractiveness of Humans to Mosquitoes. Lacroix R, Mukabana WR, Gouagna LC, Koella JC (2005) PloS Biol 3(9):e298.

http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.0030298
Writing assignment: Do you think it is likely that our food cravings are driven by the evolutionary interests of our gut microbiota? Why or why not? Are there other explanations for why we crave fatty, sugary, and salty foods?
Week 10 – October 20 

Anorexia during illness– why do we often lose our appetite when we get sick. 
During sickness it is very common to lose one’s appetite and reduce energy intake. This anorexia of illness is one of a group of symptoms collectively known as sickness behaviors. Whether anorexia and other sickness behaviors are adaptive is uncertain and the optimal amount of nutrition to provide during illness is an unanswered question in medicine. However, some have speculated that anorexia of illness might be beneficial by assisting host defense during infection or by changing energy provisioning for various parts of the body.  If true, it is possible that providing fewer than normal nutrients during illness might speed recovery and improve survival. On the other hand, malnutrition or starvation has been associated with mortality in infection.

Readings and Writing Assignment
You are called to do a nutrition consultation for a patient in the ICU. The question is should we feed this patient less calories, more calories, or the same calories as the patient needed before they got sick?

Reading 1: Self medication as adaptive plasticity by Singer et al. 2009. PLOS One

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0004796
Reading 2 Anorexia – clinical brief. Evolution, Medicine, and Public Health. Alcock J, LeGrand EK. 2014. Nov 5; (1):149. doi: 10.1093/emph/eou026. PMID: 25376481
http://emph.oxfordjournals.org/content/2014/1/149.full



Optional 3) Illness induced anorexia may reduce trade-offs between digestion and immune function. Adamo et al. 2010 Animal Behavior

Week 11 – October 27
Special Guest Lecture 

Katie Hinde PhD, Center for Evolutionary Medicine, Arizona State University.
The evolution of milk
Readings: 

1. Cortisol in mother’s milk across lactation reflects maternal life history and predicts infant temperament. Hinde K. et al. Behavioral Ecology (2014), 00(00), 1–13. doi:10.1093/beheco/aru186
2. Infant Gut Microbiota: Developmental Influences and Health Outcomes. Martin M. Sela D. Chapter 11 in Clancy K. et al. (eds.), Building Babies: Primate Development in Proximate 233 and Ultimate Perspective, Developments in Primatology: Progress and Prospects 37, DOI 10.1007/978-1-4614-4060-4_11, © Springer Science+Business Media New York 2013 

Writing project:

TBA
Week 12 – November 3 

Evolution and Cancer

Application of selection and ecological dispersal theory to neoplasia is a hot and productive area in evolutionary medicine. 

Aktipis CA Maley CC Pepper JW. 20122 Dispersal Evolution in Neoplasms: The Role of Disregulated Metabolism in the Evolution of Cell Motility. Cancer Prev Res; 5(2) 1-10. 

Writing Project:

Explain how a watch and wait approach to some cancers might improve survival. Give some real world examples and use evolutionary predictions to back up your answer.

Week 13 – November 10
Developmental Origins of Health and Disease (DOHaD)

The notion that early life experiences, including nutrient transfer from the mother in utero, can shape the risk of later adult diseases first came to light when Barker documented a curious association between birth weight and adult cardiac events in British men. Babies born small had a higher risk of chronic inflammatory diseases as adults. These small babies have been described as adopting a “thrifty phenotype.” That is, nutrient deprivation as a fetus is thought to have shaped the developmental trajectory in these individuals. This shift results in reduced expenditure on muscle and increased energy storage as fat. In terms of human development, the thrifty phenotype also preserves priority energy access for key organs, such as the brain.  For an expanded treatment of these concepts, see Kuzawa et al: Developmental Origins of Adult Function and Health: Evolutionary Hypotheses.

Babies born small, because of poor maternal nutrient provisioning in utero, may have an advantage if they develop a metabolic thriftiness which we will describe in class. The key question is whether these fetal physiological adjustments, favoring a thrifty phenotype, will be adaptive in later life.
Kuzawa-chapter-for-evolutionary-anthropology
The reading for next week is posted above. Please get started early since it is a book chapter.

Writing assignment (read especially carefully pages 1-4):

Kuzawa points out that humans have the fattest babies of any mammalian species (p. 3-4, look also at Figure 1, p. 15. As he explains, there are several adaptive explanations for why this might be so:

#1. Insulation (p. 3). Human fat might help keep babies warm, since they have immature metabolism and high surface area (and lack of fur)  and thus have have difficulty regulating body temperature.

#2. Surplus energy that can be spent on brain development. Kuzawa proposes that fat is like a bank account of extra energy that permits human to have large brains that have large energetic demands. As Kuzawa points out, energy use by the brain cannot be turned off, unlike in other tissues like muscle.
Week 14  – November 17
Evolution of Virulence

Hospital Acquired Infections – are medical workers vectors of disease?

Do pathogens evolve toward commensalism?

Readings:

1. Evolution of virulence. Ewald PW. 2004. Infect Dis Clin N Am (18) 1-15.

For discussion:

 Why do "hospital-acquired" infections get different antibiotics than "community acquired" infections? Which are generally worse and why?

Week 15 - November 24 
Links between microbiota and depressive symtpoms
We will explore adaptive and non-adaptive hypotheses for depression, fear, and anxiety during this session. 


1) A bacterial cause of depression? Rook Can We Vaccinate Against Depression
2) This is a long but good paper that also proposes a pathogen source of depression: Pathos D
3) This review summarizes evidence for a microbiota-depression link: Melancholic Microbes
4) Immune links with depression: McCusker and Kelley Sickness Behavior
Writing assignment:

Anxiety and depression often go together. Do you think that anxiety and depression are most often adaptive (beneficial to the organism) or maladaptive (harmful to the organism)? In light of the readings, defend your answer.
Week 16 – December 1
Final Presentations
The format that I expect you to use for your final presentations: with no more than 15 slides, and taking no more than 20 minutes. 
Week 17 - December 8
Finals Week  
End.
