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Time table

14.00 — 14.15: Introduction (Bender)

14.15 — 14.25: Variability and variation in height and body shape since
the 19th century (Staub)

14.25 — 14.35: The impact of personalized nutrition on health outcomes
(Fuentes)
14.35 — 14.45: Evolution of the Microbiome: molecular insights from

ancient samples (Rayo)

14.45 — 15.15: Discussion with the audience
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What is Evolutionary Medicine?

» Evolutionary medicine or Darwinian medicine
investigates human disease vulnerability and
disease aetiologies (genetics, behaviour,
environment, pathogens, etc.) from evolutionary
perspective.

« It also addresses future developments in human
health as a result of present-day medical and socio-
economic practices.

« Biomedical scientific concept since ca. the 1990s

* Humans still evolve, in terms of morphological
structures and disease patterns / prevalence.

+ “Medicine without evolution is like engineering
without physics” (R. Nesse, ASU)

Sick

The New Science of

Darwinian Medicine

RANDOLPH M. NESSE, M.D., AND

GEORGE C. WILLIAMS, PH.D.
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Figure 4: IS Web of Knowledge citations with terms “Dar-
winian medicine” or “evolutionary medicine” published
between 1991 and 2010.

Alcock 2012
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The Institute of Evolutionary Medicine (IEM) - vision

,Learning from the past for the present and the future.”

We are a leading international and globally connected research, teaching and service institute which is part
of the medical faculty at the University of Zurich. We analyse ancient biological material and associated data
to better understand modern human health issues and diseases. Due to specialist scientific expertise,
excellent infrastructure and state-of-the-art methodologies, we are able to work on various interdisciplinary
research questions in the context of the field of Evolutionary Medicine.

Past Present

Cognition Substance abuse

Cardiorespiratary fitness Atherosclerosis
Efficient energy extraction Obesity, metabolic problems

Climactic adaptation (skin calar) Melanoma, vit. D deficiency
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Makility Arthropathy

Pictorial summary of the evolutionary eticlogy of selected pathologies

Rahlietal. PHYSIOLOGY = Wolume 31 = November 2014
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The big picture - Possible aims for Public Health

- Evolutionary theory offers a new perception of the human body and the
human society: Human biological traits still evolve. We are not simply “stone
age bodies in a modern world” ... but we are both at the same time, adapted
and adapting, biological compromises in a rapidly changing environment, with
the later also being full of co-evolving pathogens.

- Socio-economic impact of medical technology, environmental changes

- Evolution as a concept in Public Health
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Disease and evolutionary etiologies

Genetic
= Allergies Variation

= Atherosclerosis
= Obesity
» Meningitis

= Periodontitis

' Microbes &
= Type Il Diabetes N Parasites

Immune
Response
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Concept of mismatch

« Cultural and technological evolution is faster than biological evolution

 Human bodies developed over millions of years as hunter-gatherers
are incompatible with modern lifestyles

« Human psychology is poorly adapted, too
» This explains many of physical and psychiatric diseases
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Epidemiological transitions

Interaction of environment, pathogen, host

Neolithic transition (domestication)

« Decrease in health

* Increase in infectious disease

Early 20th century (housing, sanitation medical care, diet)
» Decrease of infectious disease

* Increase of chronic disease

Modern transition

« antibiotic-resistant pathogens

* new diseases (AIDS, obesity)

The Lancet

The first transitional period (Neolithic period) enabled large population increase, which
led to technological advances but also increasing zoonotic diseases, periodic famine
and malnutrition. Present globalisation enables the rapid spread of pathogens.
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.Relaxed natural selection®
(Henneberg et al. 1978, Henneberg 1997; Stephan and Henneberg

2001)
Due to improved technology, increased mobility (,gene flow™)
Differential fertility (birth control) and mortality

98% in developed countries reach reproduction period (no premature
mortality)

Increase of _infertile genes”- IVF, up to 4% of births due to assisted
reproduction technology (ART). Australia: 1.2 %, offsprings need
ART as well

Accumulation of less favourable genes, diseases
Gene therapy as solution If medical treatment fails?
Increased intragroup-variability since the Neolithic
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Decrease in bone robusticity and increase in variation
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Public Health implications of relaxed natural selection

“relaxed natural selection”

Diabetes Type | (red) and Type || (blue) prevalence by selection opportunity
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FIGURE 2. Correlation of the prevalence of the Type 1 and Type 2 dia-
betes mellitus with the opportunity for natural selection in 118 coun-

> potentlal accumu Iatlon Of “d |Sease genes” :::r;zz'l-:aat.?gg ::dtlgﬁed“a\}ﬁgrovided by the International Diabetes

Logarithmic scales. Opportunity for natural selection in a given country is mea-
Cave trade—Off sured as the ratio (1 — I)/ly,, where I._ is the Biological State Index. The Biologi-
cal State Index of a given population expresses a probability of an individual
passing her/his genes to the next generation under the conditions of mortality and
fertility prevailing in this population. The lower the ratio, the less opportunity for
selection exists. For calculations for the Biological State Index and the application
of WHO and International Diabetes Federation, see Refs. 1%, 30, and 39.

> increased intra-group variability
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Adelaide, Australia

The field of evolutionary medicine uses evolutionary principles to understand frank.ruehk@iom. uzh.ch
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Contributions by Evolutionary Medicine

« To study pathogen / antimicrobial resistance evolution
 To study the whole ecosystem

« To study the future of medical technology and its impact, eg. reproductive
medicine, epigenetic influences

« The imminent conflict of our short-term and long-term evolutionary genetic
endowment (mismatch) is aetiologically linked to the major causes of death
in first-world countries such as cardiovascular or oncological disease

« Concept of variation (genetics, morphology) > personalized medicine
(Henneberg and Saniotis, 2012)

« Incorporate evolutionary thinking into teaching at Medical Faculties / medical
community Standard dose

« “Why?” not only "How?” // \\

Genotype-specific dosages
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Public Health opportunities

Evolutionary approaches offer new opportunities to address the complex
challenges of global health, in which populations are differentially
exposed to the metabolic consequences of poverty, high fertility,
infectious diseases, and rapid changes in nutrition and lifestyle. The
effect of specific interventions is predicted to depend on broader factors

shaping life expectancy (Wells 2017).
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Take home messages

Evolution is ongoing

How do we adapt? The disassociation between culture and biology is
central to many diseases and pandemics

More profound understanding of health and disease, impact of
environment > better prevention and treatment, change in lifestyle

Evolutionary medicine can provide a framework for health promotion in
order to increase the effectiveness of public health theory and programs

Evolutionary Medicine provides a crucial holistic perspective for the
ONE HEALTH concept
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Thank you for your attention
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