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managing a system
=

ability to predict the results of possible actions and 
interventions

Without this ability we do not manage—we play roulette.



Which systems can we predict?
• Very, very small ones (~ 1-10 components)

Have a chance to get the laws right (physics, sociology, ...)!

• Very, very large ones (~ 1028 cpmponents)

Statistics works!













Complex Systems
• Too large and heterogeneous to get all the laws right.
• Too small, dynamic, and interdependent to use standard statistics.
• Consequence: „Everything is so complicated ...“ 

• Status quo 2018?



What are Complex Systems?

• Complex Systems consist of many components.
• These components have specific properties and interact with each 

other.
• Details matter! Who interacts with whom under which 

circumstances?

• Interactions change the properties of the system.
• Changing properties alter the interactions of the components.
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These feedbacks are what makes Complex Systems complex!



What are Complex Systems?

• Complex Systems are co-evolving multiplex networks.

• States of individuals/firms/... change as a function of the networks.
• Networks change the states of the individuals.



(„big data“)



Managing Complex Systems

• Gamechanger 1: New data.
• Digital fingerprints form all areas of life.
• Storage and computing power extremely cheap.

• Gamechanger 2: New methods.
• New maths: network theory (each dataset is a network!), dynamical stochastic processes, ...
• New statistics: inference, data mining, machine learning, full scale simulation

• New data  All properties & their changes can be seen in vivo in the data.
• New methods Interaction networks can be learned from the data.
•  Complex Systems can be managed!

(a first in the history of mankind)
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Example: Health & Medicine

Patient flows

Metabolic processes

Therapies

Disease progressions

Genetic processes

Disentangling myriads 
of risk factors and their 
impact on health

Disentangling myriads 
of risk factors and their 
impact on health



How healthy is Austria?
patients with diabetes patients with pancreatic cancer

patients with diabetes and pancreatic cancer

diabetes

pancreatic cancer
• nodes = diseases
• links = diseases are often co-

occurring
• size of nodes = disease 

prevalence

Source: medical claims data for Austria (inpatient & outpatient sector)
8M patients, 2y, 2M hospitalizations, 100M encounters
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Comorbidity networks

Patients acquire diseases that are in close  
network-proximity to those that they already 
suffer.

Chmiel A, Klimek P, Thurner S, New J Phys 16, 115013 (2014)



Predict incidences using comorbidity 
networks

population-wide 
forecast of 85%-95% 
of all disease 
incidences within the 
next ten life years

Chmiel A, Klimek P, Thurner S, New J Phys 16, 115013 (2014)



Comorbidity networks and prevention

Prevention of this 
disease hard

Prevention easy

Probability of causation: 
0.73

€1,000
€10

Identify comorbidities Check causation Treat causing diseases



Comorbidity networks and polypharmacy
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Comorbidity networks and polypharmacy
ca. 300 different 
combinations of 
antidiabetics and statins 
in Austrian population

~90 different types

Heart attack, heart failue, 
cardiomyopathy, ischemic 
heart diseases, aneursysms, 
...

optimal, 
personalized 
therapy?

optimal, 
personalized 
therapy?

Kautzky-Willer, Thurner, Klimek, J Intern Med, 10.1111/joim.12567, 2016



Comorbidity networks and polypharmacy



How (non)-genetic is a disease?

diseases

mechanism A

mechanism B

i j

k

Disease mechanism B (e.g. 
genetic defect, exposure to 
environmental chemical, ...) 
explains disease phenotype j 
much better than mechanism A

Klimek, Aichberger, Thurner, Sci Rep 6, 39658 (2016)



How (non)-genetic is a disease?

phenotypic

genetic

metabolic

toxicogenomic

molecular comorbidity networks:
Two diseases are comorbid if they relate to 
the same
genetic,
metabolic, or
toxicogenomic
pathobiological mechanism.



Individual disease risks

genetic:
schizophrenia,
osteoarthritis,
chronic bronchitis, ...

pathway-based:
depression,
epilepsy,
obesity, ...

Toxicogenomic:
dermatitis,
gastroenteritis,
nephritic syndrome, 
...

Most diseases with high pathway or toxicogenomic contributions 
have low (but >0) genetic ones  diseases cluster on axes!



Consequences für Pharma R&D

The more non-genetic contributions to 
disease risk, the lower the number of 
successes in developing new drugs
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non-genetic disease contributions

glomerular disorders

depression

arthropathy

epilepsy



THANK YOU!


