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The good news is that we live longer. The bad news is that we live longer! The 
longer we live, the sicker we may get with diseases, some of which never seen 
before. At the same time, life and physical sciences are getting much better at 
understanding how we (humans) function, how/why we get sick, and how/if we can 
be treated. However, the more we learn, the more we realize there is so much we do 
not know. We begin to appreciate that getting sick is not as simple as one may have 
thought in the past and that many things, some of them somewhat vague, such as 
“stress,” have the ability to make us sick, or sicker. Researchers have argued that 
the only way we can move our understanding forward is if we start looking "at the 
forest" and not just “the tree.” In this seminars, students will be introduced to 
disciplines such as systems biology, systems medicine, and systems pharmacology, 
which argue that we have to consider events at the "human/host" level and look at a 
patient from a holistic point of view, and not only at the level of specific molecule or 
gene. What this requires is that we bring together biology, physiology, engineering, 
computational and social sciences in ways that we still do not know, so that we can 
put together all the, sometimes confusing information we obtain when we study 
diseases, patients, and drugs and look at the entire system. We will draw from our 
research experience and interactions with physicians, pharmacologists, biomedical 
scientists and engineers, to provide an overview of what might be the "next" frontier 
in medicine.
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On health and diseaseOn health and disease

Question

What is health? Can you provide a definition or 
description of what health is ?
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On health and diseaseOn health and disease

Answer
Well … it’s not the easy to define health
Maybe it is a little like pornography:

“I shall not today attempt further to define the 
kinds of material I understand to be embraced 
within that shorthand description ["hard-core 
pornography"], and perhaps I could never 
succeed in intelligibly doing so. But I know it 
when I see it, and the motion picture involved in 
this case is not that”
1964 by United States Supreme Court Justice Potter Stewart
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On health and diseaseOn health and disease

Answer
The WHO is struggling with a definition of health 
sometimes comparing it to “drowning”

– Most time we know intuitively what drowning is until 
we are asked to define it

– By the way … drowning is among the leading causes 
of death by unintentional injury
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On health and diseaseOn health and disease

Answer
Usually broad definitions are used

– a complete state of physical, mental and social well-being, and 
not merely the absence of disease or infirmity

– a dynamic state of well-being characterized by a physical and 
mental potential, which satisfies the demands of life 
commensurate with age, culture, and personal responsibility

– a condition of well being, free of disease or infirmity, and a basic 
and universal human right

– Health does not just mean the physical well-being of the 
individual but refers to the social, emotional, spiritual and cultural 
well-being of the whole community. This is a whole of life view 
and includes the cyclical concept of life-death-life

(http://www.who.int/bulletin/bulletin_board/83/ustun11051/en/)
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On health and diseaseOn health and disease

Question

What is disease? Can you provide a definition or 
description of what disease is ?
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On health and diseaseOn health and disease

Answer
Well … guess what ? It’s not straightforward to 
define disease either !
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On health and diseaseOn health and disease

Answer
Well … guess what ? It’s not straightforward to 
define disease either !
A definition in Merriam-Webster reads:

– “an impairment of the normal state of the living animal or plant 
body or one of its parts that interrupts or modifies the 
performance of the vital functions, is typically manifested by 
distinguishing signs and symptoms, and is a response to 
environmental factors (as malnutrition, industrial hazards, or 
climate), to specific infective agents (as worms, bacteria, or 
viruses), to inherent defects of the organism (as genetic 
anomalies), or to combinations of these factors”

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1299105/
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On health and diseaseOn health and disease

Question

Why do we need a better understanding of what 
factors affect health, which requires a better 
definition of terms such as health and disease ?
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On health and diseaseOn health and disease

Answer
A variety of reasons …
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On health and diseaseOn health and disease

Answer
A variety of reasons …
You will be reimbursed for medical expenses for 
treating a disease but not for “un-avoidable signs 
of ageing” (walking slower ?)
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On health and diseaseOn health and disease

Answer
A variety of reasons …
You will be reimbursed for medical expenses for 
treating a disease but not for “un-avoidable signs 
of ageing” (walking slower ?)
But take osteoporosis for example (decreased 
bone strength), it was recognized as a disease 
only in 1994 switching from unavoidable” part of 
normal aging to a pathology.
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On health and diseaseOn health and disease

Answer
A variety of reasons …
Homosexuality in the first half of the 20th century 
was viewed as an endocrine disorder (hormone 
production imbalance) requiring hormone 
treatment. Later it was categorized as a mental 
disorder (poor ability to function in ordinary life)  
requiring electroshock or neurosurgery. In 1974 it 
was de-pathologized.
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Let’s talk about disease …Let’s talk about disease …

We often judge the impact of a disease using a 
variety of metrics

– Impaired function
– Loss of work ours
– Cost of treatment
– Duration of treatment

But certainly the ultimate metric is … death



July

Things have changed over 
time
Things have changed over 
time

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm4829a1.htm
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… top 10 leading causes of 
death in the USA 
… top 10 leading causes of 
death in the USA 

http://www.cdc.gov/mmwr/preview/mmwrhtml/mm4829a1.htm
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Do you notice anything 
interesting in the shift of 
causes of death due to 
disease ?

Do you notice anything 
interesting in the shift of 
causes of death due to 
disease ?



July

Do you notice anything 
interesting in the shift of 
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Do you notice anything 
interesting in the shift of 
causes of death due to 
disease ?

Emergence of … 
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On health and diseaseOn health and disease
Communicable diseases: Communicable diseases 
spread from one person to another or from an animal to a 
person. The spread often happens via airborne viruses or 
bacteria, but also through blood or other bodily fluid. The 
terms infectious and contagious are also used to describe 
communicable disease.

http://www.globalhealth.gov/global-health-topics/communicable-diseases/
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The “germ” theory of 
communicable diseases
The “germ” theory of 
communicable diseases

The germ theory is a fundamental tenet of 
medicine that states that microorganisms, which 
are too small to be seen without the aid of a 
microscope, can invade the body and cause 
certain diseases, and one must be able to isolate 
the microbe from the diseased human being.
Read more: Germ Theory - Disease, Microorganisms, Pasteur, and Diseases - JRank Articles http://science.jrank.org/pages/3035/Germ-
Theory.html#ixzz3y5wMlhGc



July

On health and diseaseOn health and disease

Many things are changing dramatically !

Note: DALY refers to Disability Adjusted Life 
Years, defined by WHO as “the sum of Years of 
potential life lost due to premature mortality and 
the years of productive life lost due to disability”

http://www.eea.europa.eu/data-and-maps/figures/the-shift-in-global-disease
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http://www.eea.europa.eu/data-and-maps/figures/the-shift-in-global-disease
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Years, defined by WHO as “the sum of Years of 
potential life lost due to premature mortality and 
the years of productive life lost due to disability”
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On health and diseaseOn health and disease
Non communicable diseases: Chronic, 
non-communicable diseases (NCDs) are 
the number one cause of death and 
disability in the world. The term NCDs 
refers to a group of conditions that are not 
mainly caused by an acute infection, result 
in long-term health consequences and 
often create a need for long-term treatment 
and care. These conditions include 
cancers, cardiovascular disease, diabetes 
and chronic lung illnesses. 

http://www.globalhealth.gov/global-health-topics/non-communicable-diseases/
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What do you think are the 
implications of this switch ?
What do you think are the 
implications of this switch ?
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Cuba (1989-2000)
35% reduction in per capita energy intake; 37% increase in physically activity
1.5-units BMI  shift; Obesity reduced from 14% to 7%. Decline in deaths attributed 
to diabetes (51%), coronary heart disease (35%), stroke (20%), overall (18%)

Psychological distress at any 
point in the life course is 
associated with higher 
cardiometabolic risk

Psychological distress at any 
point in the life course is 
associated with higher 
cardiometabolic risk

Post-1950 life expectancy in Sweden, 
Poland, E Germany , W Germany

Post-1950 life expectancy in Sweden, 
Poland, E Germany , W Germany

Behaviours and healthBehaviours and health

JACC, 66:1577 (2015)
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J. Physiol., 589:1017(2011)
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NCDs are a large and 
growing health challenge
NCDs are a large and 
growing health challenge

Deaths 
globally

57% 65% 68% 74%

0%

20%

40%

60%

80%

100%

1990 2010 2015 2030

Deaths in lower 
middle-income 
countries

Source: Lozano et al. 2012; WHO projections of mortality and causes of death 
(http://www.who.int/healthinfo/global_burden_disease/projections/en/)

60% 69%

0%

20%

40%

60%

80%

100%

2015 2030

42% 54%

0%

20%

40%

60%

80%

100%

2015 2030

Deaths in low‐
income 
countries

Other

NCDs



July

NCDs are a major driver of 
disability
NCDs are a major driver of 
disability

DALYs globally

DALYs in low‐ and 
middle‐income 
countries
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Social choices drive NCD 
epidemics
Social choices drive NCD 
epidemics

Social (structural) 
determinants

Risk factors Health – level 
and distribution

Trade
Food/ ag policy
Employment
Urbanization
Social protection
Housing
Norms
Exclusion
Governance

Biological and 
behavioral risk 
factors
• Obesity
• Tobacco use

Health-seeking 
behavior

NCD morbidity and 
mortality
• Cardiovascular 

diseases
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Examples follow

More non-health sector More health sector
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What are NCDs and their risk 
factors?
What are NCDs and their risk 
factors?

Source: Global status report on noncommunicable diseases 2010. Geneva: WHO, 2010
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CVD shows inequities by 
socio-economic status
CVD shows inequities by 
socio-economic status

Cardiovascular mortality (aged 45-64) by district socio-economic level in Porto Alegre, 
Brazil, 2008

Source: Bassanesi et al. 2008
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Social gradients in obesity 
differ across countries
Social gradients in obesity 
differ across countries

Obesity prevalence in women by education status in countries at different levels of 
economic development

Source: Monteiro et al. 2004

USA $50K
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The poor in poorer countries 
smoke more
The poor in poorer countries 
smoke more

Smoking prevalence by income quintiles

Source: Global atlas on cardiovascular disease prevention and control. WHO, World Heart Federation and World Stroke Organization, 2011 
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Income and health habitsIncome and health habits
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What might a “system model” 
look like ?
What might a “system model” 
look like ?
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Health is a system property !Health is a system property !


