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Norwegian law: To systems of compensation for occupational disease
- Social security act [Folketrygdloven] (1967)
- Act on occupational injury insurance [Lov om yrkesskadeforsikring] 1989

• From 1990: Compensation of income loss (sometimes millions of kroner)

• Profitable field for lawyers

• Active public debate



Two main topics

General causation: Concepts and 
models

Etiologic diagnosis: Specific 
causation (causal analysis in 
single cases)



Understanding of causation in medicine: 
three necessary basic disciplines

MEDICINE: IN PARTICULAR -
EXPERIMENTAL MEDICINE AND 

EPIDEMIOLOGY

PHILOSOPHY OF SCIENCE: 
ANALYTIC TOOLBOX

LAW: LEGAL FRAMEWORK



Medicine: two main aspects

Medical practice  (Diagnosis, prognosis, treatment, and prevention)

Action-oriented goals

Theoretical medicine (Science of human biology and pathology)

Cognitive goals



Active decisions in Occupational Medicine 
based on causal knowledge

Prevention

Retrospective 
evaluation of 

cause in 
compensation



Causal
judgements in 
occupational
medicine:
are they
(really) 
evidence-
based?

Do we have a 
sufficient base for 
correct decisions?

Do we confidently 
identify causes of 
disease?



Main challenges of causality in medicine

General causality

Groups of events

Knowledge of hazards

Primary prevention

Specific causality

What is the cause of this event?

• Prognosis and treatment  (e.g. Specific etiology of 
pneumonia)

• Compensation (e.g. work-related diseases)



Approaches 
to causal 
reasoning

What do you mean by ‘’a cause’’?   
- (semantics)

How do you recognize causes?  
(epistemology)

How do you handle them? 
(pragmatics)

What is «really» a cause?  
(metaphysics)



Causes in different fields of knowledge

Philosophy



Ultrabrief 
history

• Philsosophy

• Pre-Socratic Greek philosophers: 

• Thales of Miletus (c. 624 – c. 546 BC) 
Democritus (c. 400 BC)

• Aristotle (384–322 BC)

• David Hume (1711-1766)

• John Stuart Mill (1806-1873)

• John Mackie (1917-1981)

• Epidemiology

• Austin Bradford Hill & Kenneth Rothman

• Law

• Herbert Hart  & Tony Honoré

• Richard Wright



David Hume

1. “a cause to be an object followed by another and where all 
the objects similar to the first are followed by objects similar 
to the second.”

2. “...or, in other words, where the first object had not been the 
second would never exist.”

But also:

“Observation can only tell us that certain events regularly follow 
other events. The rest is subjective inference. “ 

Hume D. An Enquiry Concerning Human Understanding 
(1748), Section VII, Part 2 



David Hume: 
To different concepts of causality
1. Regularity theory of causation

• “a cause to be an object followed by another and where all the objects similar to the first are followed 
by objects similar to the second.”

2. Counterfactual theory of causation
• “...or, in other words, where the first object had not been the second would never exist.”



Definitions of causation from the epidemiological literature
(M Parascandola,  D L Weed 2001)

Production
Causes are conditions that play essential parts in producing the occurrence of 

disease.

Necessary 
causes

A necessary cause is a condition without which the effect cannot occur. For 
example, HIV infection is a necessary cause of AIDS. 

Sufficient-
component 
causes

A sufficient cause guarantees that its effect will occur; when the cause is present, 
the effect must occur. A sufficient-component cause is made up of a number of 
components, no one of which is sufficient on its own but which taken together 
make up a sufficient cause.

Probabilistic 
cause

A probabilistic cause increases the probability of its effect occuring. Such a cause 
need not be either necessary or sufficient. 

Counterfactual 
causes

A counterfactual cause makes a difference in the outcome (or the probability of the 
outcome) when it is present, compared with when it is absent, while all else is 
held constant. 



Two main lines of research to 
establish causes of disease

• Experimental medicine
 Claude Bernard: Introduction à l’étude de la médecine 

expérimentale, 1865.
« Le milieu intérieur »

• Epidemiology
 John Snow, (cholera and the mystery of the Broad Street pump)

 Semmelweiss (childbed fever)

 Bradford Hill



Evidence of 
causality

Mechanistic 
Evidence

Probabilistic 
Evidence



Koch og Loeffler 1884

Robert Koch

Necessary causes
Koch’s postulates



Sufficient-
component 
causes

Sufficient cause, means a complete causal 
mechanism and, can be defined as a set of 
minimal conditions and events that 
inevitably produce disease.

A given disease can be caused by more than 
one causal mechanism, and every causal 
mechanism involves the joint action of a 
multitude of component causes.

Rothman & Greenland 2005



Kenneth J. Rothman 2005

Sufficient-component causes: Rothman



Sufficient-component causes: similar theories

• INUS conditions (insufficient but non-redundant parts of a 
condition which is itself unnecessary but sufficient for the 
occurrence of the effect).  (philosphy)

J.L. Mackie: INUS 

• NESS’ test [necessary element of a sufficient set]            (law)

Wright: NESS



What is valid medical knowledge?
Associations vs. causality

R.A. Fisher smoking a pipe .



Ioannidis JP. Why most 
published research 
findings are false. PLoS
Med 2005; 2: e124



US Surgeon General Luther 
Terry addressing press 

conference at release of the 
1964 Report on Smoking and 

Health



Hill AB. The Environment and Disease: Association or Causation?". 
Proceedings of the Royal Society of Medicine. 58 (5): 295–300.

1. Strength

2. Consistency

3. Specificity

4. Temporality

5. Biological gradient

6. Plausibility 

7. Coherence

8. Experiment

9. Analogy



(1) Strength
(2) Consistency
(3) Specificity
(4) Temporality
(5) Biological gradient
(6) Plausibility
(7) Coherence
(8) Experiment
(9) Analogy:

I argue that of the nine criteria, experiment
remains important and consistency
(replication) is also very essential.
Temporality also makes sense, but it is often 
difficult to document. 
strength mostly does not work and may even 
have to be inversed
There is little evidence for specificity in 
causation in nature
Biological gradient is often unclear how it 
should it modeled and thus difficult to prove.
Coherence remains usually unclear how to 
operationalize. 
Finally, plausibility as well as analogy do not 
work well in most fields of investigation, and 
their invocation has been mostly detrimental,
although exceptions may exist.



Approaches to Causal Inference in Public Health

• The classic approach to causal inference
• US Dep. Health Educ.Welf. (DHEW). 1964. Smoking and Health. Report of the 

Advisory Committee to the Surgeon General. Rep. DHEW Publ. No. [PHS] 
1103. Washington, DC: US Gov. Print. Off.

• Hill AB. 1965. The environment and disease: association or causation? Proc. R. 
Soc. Med. 58:295–300

• Potential outcomes framework (POA)
• Judea Pearl 

• James Robins et al.

Pearl Robins



Potential outcomes approach (POA)

The traditional counterfactual theory of causation according to which a cause is something such 
that, had it been absent, the effect would also have been absent (for at least some individuals)

Epidemiologists should restrict their attention to well-defined causal hypotheses, whose hallmark is 
well-defined interventions.

Counterfactual contrasts are adequately well-defined if and only if we can specify a corresponding 
adequately well-defined intervention on the putative cause, by which the counterfactual contrast 
would be (or would have been) brought about

Except for randomization, observational studies should emulate all aspects of experimental studies 
because doing so restricts observational studies to investigating well-defined causal hypotheses.



The potential outcomes approach

Hernan MA Ann Epidemiol. 2016 October ; 26(10): 674–680 

Causal contrasts
Questions about the causal effect of a treatment 
A on an outcome Y in a particular population can 
be expressed in terms of counterfactual 
contrasts.

The potential outcomes approach is used to 
estimate the numerical value of average causal 
effects like E[Ya=1] − E[Ya=0]. A non-zero average 
causal effect E[Ya=1] − E[Ya=0] ≠ 0 can be viewed 
as a sufficient, but not necessary, condition for A 
to be "a cause".

Interventions
Declaring a version of treatment sufficiently well-
defined is a matter of agreement among experts 
based on the available substantive knowledge.

Quantitative counterfactual inference helps us 
predict what would happen under different 
interventions, which requires our commitment 
to define the interventions of interest.

The potential outcomes approach provides a 
vehicle for rigorous quantitative causal

inference.





Use of causal diagrams (directed acyclic graphs-DAG)

Proposed causal diagram to investigate the hypothesized causal effect of personal smoking on subsequent 
adult asthma. (Williamson EJ et al 2014 Respirology)



Illness An absence of well-being as perceived:

(i) by the affected individual (in the form of one or more symptoms); or

(ii) by others (from an abnormality of function, or from an abnormality of 
behavior for which the affected individual cannot be held responsible) 

Pathology Abnormality of tissue structure or of biochemical or 
physiological function that has the potential to cause 
illness or death

Disease A combination of pathological abnormalities that are thought 
to be inter-related

Disorder A broader term encompassing both illness and disease

Pathogenesis A sequence or combination of pathological abnormalities that 
gives rise to a specified disorder

Diagnostic precision in occupational disease

Coggon D, Martyn C, Palmer KT, Evanoff B. Assessing case definitions in the absence of 
a diagnostic gold standard. IntJEpidemiol. 2005;34(4):949-52



Need of abandoning the Osler paradigm for disease classification? 

• Phenotypes and endotypes in obstructive airways disease

• Overlap between asthma and COPD

• Network medicine and systemic biology

• Personalized medicine



Agusti A, Celli B, Faner R. Lancet. 2017;390(10098):980-7.



General causality: Literature sources (systematic reviews)
(some examples)

• Cancer:  
 International Agency for Research on Cancer (IARC) https://www.iarc.fr/

• International medical organizations:
 European Respiratory Society

 Baur X, Sigsgaard T, Aasen TB, Burge PS, Heederik D, Henneberger P, et al. Guidelines for the management of work-related
asthma. Eur Respir J. 2012;39(3):529-45.

 Vandenplas O, Suojalehto H, Aasen TB, Baur X, Burge PS, de Blay F, et al. Specific inhalation challenge in the diagnosis of
occupational asthma: consensus statement. Eur Respir J. 2014;43(6):1573-87.

• National agencies
 Arbejdsskadestyrelsen (DK)

 Omland O, Wurtz ET, Aasen TB, Blanc P, Brisman JB, Miller MR, et al. Occupational chronic obstructive pulmonary disease: a 
systematic literature review. Scand J Work Environ Health. 2014;40(1):19-35.

• National regulations:
 List of accepted causes of specific diseases (UK: «prescribed diseases»)



Part II
Specific causation-etiologic diagnosis



Diagnostic
evaluation of
patients in 
occupational
medicine

Clinical diagnosis: 
which disease 

process

Etiologic 
diagnosis: what is 
the cause(s) of the 

disease



Practical relevance of etiologic diagnosis

Base for prevention: 
primary, secondary

and tertiary

(Prospective risk) 

Base for evaluation
of compensation

(Retrospective risk)



Specific causation – etiologic diagnosis

Possibility of etiologic diagnosis

•Pathognomonic (or compatible) clinical 
picture

•Specific marker of disease

•Use of epidemiological evidence



Important considerations in etiologic
diagnosis uncertainty
What are the consequences of false positive and false negative 
diagnosis, for example interventions in occupational asthma:

• False positive diagnosis: change to non-exposed occupation 
financial loss  (or compensation to the wrong applicants)

• False negative diagnosis: Continued exposure  worse prognosis



Interstitial lung disease I



Interstitial lung disease II



Interstitial lung disease III



Silicosis in Swedish workers



Peto J, Hodgson JT, Matthews FE, Jones JR. Continuing increase in 
mesothelioma mortality in Britain. Lancet. 1995;345(8949):535-9





Spyratos et. Journal of thoracic
disease. 2013;5 Suppl 4:S440-5





Mesothelioma



Etiologic diagnosis of asthma

Work history

Measurement of airway calibre (at work and at home): Peak flow
measurement

Allergy diagnosis

SIC – specific inhalation challenge
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TB Aasen 10.2.2011



Is the clinical 
history a 

satisfactory 
means of 

diagnosing 
occupational 

asthma?

The predictive value of the clinical history 
(by experts) compared to objective 
methods

• Positive predictive value:

• Total 63%  (isocyanates 46%)

• Negative predictive value:

• Total: 83% (isocyanates 83%)

Malo etal: Am Rev Respir Dis 1991;143:528-32
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Aasen TB, Kongerud J. Arbeidsrelatert astma - diagnostikk og oppfølgning. 
Tidsskr Nor Laegeforen. 2014;134(20):1955-9.
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National laboratory for SIC (specific inhalation challenge) in Norway
Yrkesmedisinsk Avdeling, Haukeland universitetsykehus, Bergen

Volum: 12,8 m3
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Vandenplas O, Suojalehto H, Aasen TB, Baur X, Burge PS, de Blay F, et al. Specific
inhalation challenge in the diagnosis of occupational asthma: consensus statement. 
Eur Respir J. 2014;43(6):1573-87.



When there is no test available for etiologic diagnosis, 
can we use attributable fraction as a measure of 
probability of causation?



Kjuus H, Hauge OA, Kongerud J, Aasen TB. Vurdering av 
årsaksforhold ved yrkesrelaterte lungesykdommer. En 
epidemiologisk tilnærming. . Tidsskr Nor Laegeforen. 
1996;116(6):736-8.



Legal attitudes toward the use of epidemiological evidence in 
proof of specific causation: (use in British and American courts)

• that epidemiological evidence is irrelevant to proof of specific 
causation;

• that where only epidemiological evidence is available, normal 
causation rules may sometimes be relaxed, so increase in risk can 
satisfy the causation element;

• that the threshold for proof of specific causation using 
epidemiological evidence is RR > 2.

Broadbent A. Epidemiological evidence in proof of specific causation. Legal Theory. 2011;17(04):237-78.





Attributable fraction vs. excess fraction
(After: Greenland & Robins 1988)

Re : risk of disease in exposed persons
Ru : risk of disease in unexposed persons

RR: relative risk �� =
��

��

EF: excess fraction �� =
�����

��
=

����

��
= 1 −

�

��

AF: attributable fraction is the fraction of cases that can be attributed to the
exposure, consisting of:
1. Excess cases
2. Etiologic cases: cases where the exposure contributes to the disease, but

that probably had occured finally without the exposure (but later)
Generally: AF>EF



Problems with the attributable fraction

• The Exclusive Cause Fallacy:
 The assumption that the number of cases caused by an exposure is exactly 

equal to the excess fraction:        EF=
����

��

• The Counterfactual Fallacy:
 The assumption that if, hypothetically, an exposure was removed entirely, 

then the reduction of level of risk in the exposed population would equal EF. 



What can epidemiological evidence prove??
(after Robins and Greenland)

Standard of evidence in many countries: probability of causation
>50%

• It is wrong to hold that RR>2 as a necessary condition for and that
RR<2 is evidence against specific causation

• However: RR>2 might be sufficient to prove specific causation («more 
likely than not»)



Tidsskrift for erstatningsrett, forsikringsrett 
og velferdsrett. 2013;10(3):148-72.



A. Newman 
Taylor: The 
Prescription 
of Disease, 

2006



Rothman & 
Greenland 
2005

Philosophers agree that causal propositions cannot be 
proved, and find flaws or practical limitations in all 
philosophies of causal inference. 

Hence, the role of logic, belief, and observation in evaluating 
causal propositions is not settled. 

Causal inference in epidemiology is better viewed as an 
exercise in measurement of an effect rather than as a 
criterion-guided process for deciding whether an effect is 
present or not. 

Am J Public Health. 2005;95:S144–S150



Conclusions

There are many different concepts of cause in 
use

The literature abounds with (statistical) 
associations. These are in general of limited 
practical use if they are not proven causal.

Knowledge of general causation is established 
for many exposures and disease in occupational 
medicine, but controversies persist.

Demonstration of specific causation is in general 
difficult and often controversial (with a few 
exceptions)


