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http://www.healthline.com/diabetesmine/a -techie-type-1-reviews-the-new-medtronic-revel-insulin-pump-cgm-system#3
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ComputeJ(q)as:

Artificial pancreas Patent application 
control system WO 2008157780 A1

Calculate optimal insulin dose by defining 
insulin injection as the linear combination 
of gain and state, which minimize a 
quadratic cost function.

The optimal parameter q* is defined as :

Thom R. PrédirebΩŜǎǘPas Expliquer(1991)

ShmueliG. To explainor to predict (2010)

AbdelnoorM, Sandven I: Etiologisk versus prognostisk strategi i klinisk 
epidemiologisk forskning (2006)

Overview

The aim of epidemiology
The researchprocess
Regressionanalysis

To explainor to predict: Explain Mechanisms

Causality
DAGs
Exposure& outcome
Confounder, Mediator, Collider

To explainor to predict: Predict Diagnostictests, Forecasting

Personalizedmedicine
Statistical learning, bigdata, blackbox
Predictionerror

EPIDEMIOLOGY
The studyof the occurrence and distributionof health-related states or events in 
specified populations, including the study of DETERMINANTSinfluencing such states, 
and the application of this knowledge to control the health problems. 

Studyincludes surveillance, observation, hypothesis testing, analytic research, and 
experiments. Distributionrefers to analysis by time, place, classes or subgroups of 
persons affected in a population or in a society. Determinantsare all the physical, 
biological, social, cultural, economic and behavioralfactors that influence health. 
Health-related states and events include diseases, causes of death, behaviors, 
reactions to preventive programs, and provision and use of health services. Specified 
populationsare those with common identifiable characteristics. !ǇǇƭƛŎŀǘƛƻƴΧ ǘƻ 
ŎƻƴǘǊƻƭΧ makes explicit the aim of epidemiology ςto promote, protect, and restore 
health. 

¢ƘŜ ǇǊƛƳŀǊȅ άƪƴƻǿƭŜŘƎŜ ƻōƧŜŎǘέ ƻŦ ŜǇƛŘŜƳƛƻƭƻƎȅ ŀǎ ŀ ǎŎƛŜƴǘƛŦƛŎ ŘƛǎŎƛǇƭƛƴŜ ŀǊŜ 
causes of health-related events in populations. In the last 70 years, the definition 
has broadened from concern with communicable disease epidemics to take in all 
processes and phenomena related to health in populations. Therefore epidemiology 
is much more than a branch of medicine treating epidemics. 

Porta M: A Dictionary of Epidemiology, Fifth Edition, 2008

John Snow, 1854

Preventible Wounds OtherCausesof death

Florence Nightingale, 1858
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26/1-2016

ά¢ƻ summarize, it is not reasonable, in our view, to 
attribute the results to any special selection of cases or to 
bias in recording. In other words, it must be concluded 
that there is a real association between carcinoma of the 
lung and smokingΦέ

άΦΦΦƛǘ is concluded that smoking is an important factor in 
the cause of carcinoma of the lungΦέ

DOLL R, HILL AB. Smoking and carcinoma of the lung. 
BMJ 1950;4682:739-748. 

Richard Doll, Austin Bradford Hill, 1950

Ill: Åshild Irgens

Marit B Veierød, 2015: Melanoma incidence on the rise again
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To explain
Understanding

Mechanisms 

Expert knowledge

What is the best estimate for the association 
between the main exposure and the main 
outcome?

Etiology

Causality

Fokus på ̡

Causality

What is causality? 

The Counterfactualconcept

Interventionsand causality

Consequencesof actions

Philosophic
background

Ultimate goal: 
Action!
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Implantation of 
blastocysts from RAG-
deficient mice into 
pseudo-pregnant mothers 
results in the 
development of viable 
mice that lack mature B 
and T cells. However, if 
normal embryonic stem 
(ES) cells are injected into 
RAG-deficient blastocysts, 
somatic chimaeras are 
formed, which develop 
mature B and T cells. 

Problem of interest

Aim

Main outcomeDesign

Statistical analysis

Categorical
Lung

cancer

Continuous
Blood 

glucose

Censored
Life 
time

Experimental
RCT

Observational
Case-Control

Cohort

Regression analyses

Based on expert knowledge of the topic under investigation, we want to 
estimate the association between an exposure and an outcome as 
unbiasedly as possible. 

Knowledge of the topic makes it plausible that the estimated association 
can be interpreted as an effect, i. e. causal, i.e. as a quantification of 
mechanisms. 

The expert knowledge about the topic is formalised in a graph of the 
variables studied, a Directed Acyclic Graph (DAG). 

In a DAG, one variable is defined as the main outcome, and one variable 
is defined as the main exposure. 

Expert knowledge is used to define other variables as either 
a confounder, a mediator, or a collider. 

DIRECTED ACYCLIC GRAPH (DAG)
See CAUSAL DIAGRAM.

CAUSAL DIAGRAM 
(Syn: causal graph, path diagram) A graphical display of causal relations among 
variables, in which each variable is assigned a fixed location on the graph (called a 
node) and in which each direct causal effect of one variable on another is 
represented by an arrow with its tail at the cause and its head at the effect. Direct 
noncausalassociations are usually represented by lines without arrowheads. 

Graphs with only directed arrows (in which all direct associations are causal) are 
called directed graphs. 

Graphs in which no variable can affect itself (no feedback loop) are called acyclic. 

Algorithms have been developed to determine from causal diagrams which sets of 
variables are sufficient to control for confounding, and for when control of variables 
leads to bias. 

Porta M: A Dictionary of Epidemiology, Fifth Edition, 2008



20/11/2017

6

RE RE

Exposure and response

RE RE RE

Confounder, mediator, collider

RE RE RE

Confounder, mediator, collider

Confounder ColliderMediator

Note: The presenceof either of thesemayaffect the associationof interest. 
Hence, includingeither of thesein regressionanalyses maychangeeffect
estimates. 

Confounding

Confounding is bias of the estimated effect of an exposure on an outcome 
due to the presence of a common cause of the exposure and the outcome. 

Confounding can be reduced by proper adjustment. Exploring data is not 
sufficient to identify whether a variable is a confounder, and such 
evaluation of confounding may lead to bias. Other evidence like 
pathophysiological and clinical knowledge and external data is needed. 
DAGs are useful tools when considering confounding variables.  
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Ex: Shopping time vs estradiol level. Simulated data. 

Ex: Shopping time vs estradiol level. Simulated data. 

Females
Males

Ex: Shopping time vs estradiol level. Simulated data. 

Ex: Shopping time vs estradiol level. Simulated data. 

Females
Males

ShoppingEstradiol
levels

Hours
Frequency
Intensity

Sex

Confounder:
Sex or gender? 

Biomarker
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COLLIDER
A variable directlyaffectedby two or more other variables in the causaldiagram. 

Porta M: A Dictionary of Epidemiology, Fifth Edition, 2008

Ex: Post-traumatic stress after terror attack. Simulated data. 

Grouped after 
length of 
hospital stay: 

> 2 weeks
< 2 weeks

Ex: Post-traumatic stress after terror attack. Simulated data. Ex: Post-traumatic stress after terror attack. Simulated data. 

Grouped after 
length of 
hospital stay: 

> 2 weeks
< 2 weeks

PTSDInjury
Severity

Hospitalization

PTSDInjury
Severity

Hospitalization
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RE RE RE

Confounder, mediator, collider

Confounder ColliderMediator

Note: The presenceof either of thesemayaffect the associationof interest. 
Hence, includingeither of thesein regressionanalyses maychangeeffect
estimates. 

> 2 weeks
< 2 weeks

Females
Males

Confounder. 
Correctto adjust

Onlyexpert knowledgecantell uswhat to do

> 2 weeks
< 2 weeks

Females
Males

Collider. 
Wrongto adjust

Oppgave 3 fra 
eksamen H2016

Regressionanalysisrecipe(kind of) 

Whenthe ultimate goal is to understand mechanisms, and to estimate
associationsbetweenan exposureand an outcomeas unbiasedlyas 
possible:

Useexpert knowledgeto identify exposure& outcome, confounders, 
colliders& mediators. UseDAGs to clarify and communicate. 

Findthe crudeassociationbetweenexposureand outcome

Measuredvariables:
Adjust for confounders
Do not adjust for colliders
Sometimesadjust for mediators

Unmeasuredvariables:
Sensitivityanalysis

Alas, real world maynot be so simple. 

Alas, real world maynot be so simple: 

Expert knowledgemaybe lackingor inconclusive, regardingwhich
variables and arrows to includeor leaveout in the DAG. 

Additional variables maycomeinto considerationas confounders
e.g. for indirect effects, resultingin a very complexDAG. 

It maybe hard to tell (basedon present knowledge) the direction
of a causaleffect, e.g. whether a variable is a confounderor a 
mediator, or a mediator or a collider. 

Feed-back maybe of concern.

Time-dependent covariatesmayexist.
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Topics not covered

Inverse probability weighting

Dynamicpath analysis
Time-dependent confounders
Marginal structural models

Latent variables 
Structural equation modelling

To predict

Doesnot have to explain/understand mechanisms, as 
long as it predictswell. 

Diagnostictests
Ex Diabetes diagnosis

Melanoma screening basedon picture and 
blood samples

Expecteddevlopment in disease(e.g. prognosisafter
sepsis)

Weather forecast

Geology

Fokus på y
Diagnostictests

Diagnostictests Forecasting


