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Description, prediction 
and cause (1957) 



Jerry Morris: “Uses of epidemiology”
(1957)

Historical study
Community diagnosis
Workings of  the health service
The individual’s risk of  disease
Completing the clinical picture
Identifying syndromes
Search for causes
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SOCIAL CLASS I
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Sudden Deaths of Conductors & Drivers, Aged 35-64, in Relation to Uniform, Trouser-
Waist Measurement, 1949-58*

London Busmen – Rates per 1,000 per annum

•The figures for drivers refer to 1953-58 only

JA Heady, JN Morris, A Kagan & PAB Raffle, Brit J. Soc. Med, 1961

Age Group 
(yrs)

Grade 32 or less 34-37 38 or more Total

35-64

Drivers 1.1 0.8 2.0 1.2

Conductors 0.5 0.5 0.7 0.7

Trouser Waist







Old men heading into the twilight 
have often complained that 
epidemiology is embracing 

irrelevance through its focus on 
complex approaches ….



“multivariate analysis (which in 
certain quarters is being substituted 
for scientific perception), can 
spread its soporific effect” and that 
(with respect to some analyses) “I 
am driven to believe that however 
excellent the prediction, the 
formula, from an aetiological and 
ontological standpoint, provides no 
insights whatsoever”  

Murphy EA. Epidemiological strategies and genetic factors. Int J Epidemiol 1978; 7:7-14.

Edmond A Murphy
1925 - 2009



RA Stallones
1923 –1986

Recent work in epidemiology 
demonstrates a “continuing concern 
for methods, and especially the 
dissection of risk assessment, that 
would do credit to a Talmudic 
scholar and that threatens at times 
to bury all that is good and beautiful 
in epidemiology under an avalanche 
of mathematical trivia and 
neologisms”

Stallones RA. To advance epidemiology. Annu Rev Public Health 1980; 1:69–82.



Abraham Lilienfeld
1920 - 1984

“Perhaps the most dangerous 
aspect of the state of our 
discipline today is that there 
is an unhealthy emphasis on 
HOW one conducts an 
epidemiologic study and not 
WHY and WHAT one does in 
such a study.  Simply put, we 
are training technocrats”.

Lilienfeld A. Epidemiology and the Public Health Movement: A Historical Perspective.  
Journal of Public Health Policy 1982;3:140-149







“Biologic interaction” … 
would “provide clues to 
the behaviour of the 
causal mechanisms 
involved”

Rothman KJ. Synergy and Antagonism in Cause -Effect Relationships. Am J Epidemiol 
1974;99(6):385-388.

Kenneth J Rothman





Diana Petitti

… had found “less and less 
evidence of scientific creativity and 
more and more striking deficits in 
the understanding of biology”.

Petitti D. The implications of alternative reviews about causal inference. In: Rothman 
KJ (ed). Causal Inference.  Massachusetts: Chestnut Hill; 1988



Diana Petitti

… had found “less and less 
evidence of scientific creativity and 
more and more striking deficits in 
the understanding of biology”.

… and the epidemiological 
literature becoming “an archive of 
the results of information derived 
from mechanical applications of 
multivariate analysis”

Petitti D. The implications of alternative reviews about causal inference. In: Rothman 
KJ (ed). Causal Inference.  Massachusetts: Chestnut Hill; 1988



“SIR – I share  Elwood’s high regard for 
Rothman’s Modern Epidemiology, and am 
at present treating myself to a refresher 
course on it (much reassured in the 
process by the author’s confidence in my 
statistical capability).  However, as a guide 
to modern epidemiology the book has 
serious limitations.  

Jerry Morris
1910 - 2009

Morris JN.  Letter to the Editor: Modern Epidemiology?. J Epidemiol Community 
Health 1988;42:100



“The student coming to it afresh could not gather 
that epidemiology is the basic science of public 
health. Thus in close on 150 years of 
epidemiological research (Dr Rothman doesn't 
have much space for history) it continues plausible 
that the main determinants of the health of 
populations and sizable subgroups in them are 
their economic-social-cultural conditions. The data 
on this are mostly cross-sectional and inevitably 
derived from studies of populations and groups as 
the unit, rather than from aggregation of 
individuals with their various attributes.” (p. 100)

Morris JN. Letter to the Editor: Modern Epidemiology? J Epidemiol Community Health 
1988;42(1):100.

Jerry Morris
1910 - 2009 



Rothman KJ. Causes. Am J Epidemiol 1976;104(6):587-592.



“In our ignorance of these hidden causal 
components, the best we can do in assessing risk 
is to assign the average value to everyone 
exposed to a given pattern of known causal risk 
indicators. As knowledge expands the risk 
estimates assigned to people will approach one of 
the extreme values, zero or unity”.(p. 12)

Rothman KJ. Modern Epidemiology. Boston: Little Brown & Co; 1986.





Schork NJ.  Time for one – person trials.  Nature 2015;520:609-611









Subramanian SV et al. The “average” treatment effect: A construct ripe for retirement. A
commentary on Deaton and Cartwright.  Social Science and Medicine 2018;210:77-82.

“ Statins are effective in lowering 
cholesterol for as few as 1 in 50 
individuals” 



Falconer DS.  The inheritance of liability to certain diseases, estimated from the incidence 
among relatives.  Annals of Human Genetics 1965;29:51.



Falconer DS.  The inheritance of liability to certain diseases, estimated from the incidence 
among relatives.  Annals of Human Genetics 1965;29:51.

Illustrations of two populations or groups with different mean liabilities. The liability is 
normally distributed, with the same variance in the two groups. The groups are compared by 
reference to a fixed threshold. The stippled portions are the affected individuals with the 
incidences shown





Pearson's univariate model, in which a proportion of a population differing a defined 
amount from the mean is affected by some condition 

Edwards JH.  Familial predisposition in man.  Br Med Bull 1969:58-64



Abrupt and gradual models relating many state genotype to two-state phenotype

Edwards JH.  Familial predisposition in man.  Br Med Bull 1969:58-64



The major contribution of stochastic events and bounds 
to personalised medicine: cancers  of bilateral organs

Cancer? Cancer?
Joung et al, Cancer Res Treat 2018



Variation of growth of genetically identical marbelled crayfish 

in an aquarium   

How well would epidemiologists be able to predict outcome?

Vogt et al. J Exp Biol 2008;211:510-23



“The chance events that contribute to disease aetiology can 
be analysed at many levels, from the social to the molecular. 
Consider Winnie; why has she managed to smoke for 93 
years without developing lung cancer? Perhaps her 
genotype is particularly resilient in this regard? Or perhaps 
many years ago the postman called at one particular minute 
rather than another, and when she opened the door a blast 
of wind caused Winnie to cough, and through this dislodge a 
metaplastic cell from her alveoli? Individual biographies 
would involve a multitude of such events, and even the most 
enthusiastic lifecourse epidemiologist could not hope to 
capture them. Perhaps chance is an under-appreciated 
contributor to the epidemiology of disease”.44

Davey Smith, Epidemiology, epigenetics and the gloomy prospect. IJE 2011



Thought experiment ...
• Everyone in Bristol has to smoke 20 cigarettes a day from 

adolescence on
• No-one in Bath smokes at all
• Follow up for 50 years ... Where has more lung cancer?
• Within Bristol – how does smoking relate to lung cancer risk?
• Within Bristol – what causes one individual rather than 

another to get lung cancer?
• Between Bristol and Bath what causes the huge difference in 

rate of lung cancer?  
• At a population level an exposure may be responsible for 

nearly all cases, but account for little of the difference in risk 
between individuals …..

• Between individuals chance may be a major factor in who gets 
disease 



Thought experiment ...
• Everyone in Bristol has to smoke 20 cigarettes a day from 

adolescence on
• No-one in Bath smokes at all
• Follow up for 50 years ... Where has more lung cancer?
• Within Bristol – how does smoking relate to lung cancer risk?
• Within Bristol – what causes one individual rather than 

another to get lung cancer?
• Between Bristol and Bath what causes the huge difference in 

rate of lung cancer?  
• At a population level an exposure may be responsible for 

nearly all cases, but account for little of the difference in risk 
between individuals …..

• Between individuals chance may be a major factor in who gets 



Thought experiment ...
• Everyone in Bristol has to smoke 20 cigarettes a day from 

adolescence on
• No-one in Bath smokes at all
• Follow up for 50 years ... Where has more lung cancer?
• Within Bristol – how does smoking relate to lung cancer risk?
• Within Bristol – what causes one individual rather than 

another to get lung cancer?
• Between Bristol and Bath what causes the huge difference in 

rate of lung cancer?  
• At a population level an exposure may be responsible for 

nearly all cases, but account for little of the difference in risk 
between individuals …..

• Between individuals chance may be a major factor in who gets 
disease 





Thought experiment ...
• Everyone in Bristol has to smoke 20 cigarettes a day from 

adolescence on
• No-one in Bath smokes at all
• Follow up for 50 years ... Where has more lung cancer?
• Within Bristol – how does smoking relate to lung cancer risk?
• Within Bristol – what causes one individual rather than 

another to get lung cancer?
• Between Bristol and Bath what causes the huge difference in 

rate of lung cancer?  
• At a population level an exposure may be responsible for 

nearly all cases, but account for little of the difference in risk 
between individuals …..

• Between individuals chance may be a major factor in who gets 
disease 







Davison C et al.  Inheriting heart trouble: the relevance of common-sense ideas to 
preventive measures.  Health Education Research 1989;4:329-40.







Senn S.  Statistical pitfalls of personalized medicine.  Nature 2018;563:619-621



Senn S.  Statistical pitfalls of personalized medicine.  Nature 2018;563:619-621





… “stems in large part from the 
emergence of a clearer understanding of 
the epidemiologic concepts that have 
become the basis of modern 
epidemiology”. 

Attribution of the apparent improvement in the 
status of epidemiology (1986)

Rothman KJ. Modern Epidemiology. Boston: Little Brown & Co; 1986.



“Epidemiology has established a toehold as a scientific discipline. Whereas 
epidemiologic results were once greeted mainly with scepticism, they are now 
generally accorded some degree of respect. At mid-century, epidemiologist had 
trouble persuading the scientific community of a relation between smoking and 
lung cancer. By 1984, the situation had changed so much that a weak 
epidemiologic association observed between beta-carotene and cancer occurrence 
was the stimulus for a biochemical hypothesis on anti-oxidants, which was 
published in Science. The paper begins with the observation that

[E]pidemiological studies indicate that the incidence of cancer may be slightly 
lower among individuals with an above-average intake of beta-carotene and other 
carotenoids [Burton and Ingold, 1984].

The respectability evinced by this integration of epidemiology into the fold of the 
biologic sciences stems in large part from the emergence of a clearer 
understanding of the epidemiologic concepts that have become the basis of 
modern epidemiology.” (p. 5) 

Rothman KJ. Modern Epidemiology. Boston: Little Brown & Co; 1986.



“Epidemiology has established a toehold as a scientific discipline. Whereas 
epidemiologic results were once greeted mainly with scepticism, they are now 
generally accorded some degree of respect. At mid-century, epidemiologist had 
trouble persuading the scientific community of a relation between smoking and 
lung cancer. By 1984, the situation had changed so much that a weak 
epidemiologic association observed between beta-carotene and cancer occurrence 
was the stimulus for a bio-chemical hypothesis on anti-oxidants, which was 
published in Science. The paper begins with the observation that

[E]pidemiological studies indicate that the incidence of cancer may be slightly 
lower among individuals with an above-average intake of beta-carotene and other 
carotenoids [Burton and Ingold, 1984].

The respectability evinced by this integration of epidemiology into the fold of the 
biologic sciences stems in large part from the emergence of a clearer 
understanding of the epidemiologic concepts that have become the basis of 
modern epidemiology.” (p. 5) 

Rothman KJ, Greenland S.  Modern Epidemiology (second edition).  Philadelphia, PA: 
Lippincott-Raven; 1998



Bradford Hill “Criteria” 

“wrong” … “useless and misleading” … “saddled 
with reservations”.

Rothman KJ. Modern Epidemiology. Boston: Little Brown & Co; 1986.



“the ‘epidemiological 
criteria for causality’ were 
an intellectual disgrace and 
the level of argument .. was 
sometimes more worthy of 
literary critics than 
scientists”,

Spirtes P, Glymour C, Scheines R.  Causation, Prediction, and Search.  New York: Springer-Verlag; 
1993.

Peter Spirtes



Bradford Hill’s criteria for causality

1) Temporal Relationship

2) Strength

3) Dose response Relationship
4) Consistency

5) Plausibility
6) Coherence

7) Analogous explanations

8) Specificity
9) Experiment



Bradford Hill’s criteria for causality

1) Temporal Relationship

2) Strength

3) Dose response Relationship
4) Consistency

5) Plausibility
6) Coherence

7) Analogous explanations

8) Specificity
9) Experiment

Sterne J. An Introduction to causal inference. Presented at the 2018 Society for Research 
Synthesis Methodology meeting.  Bristol, UK, July 17–19, 2018



Mid-1980s non-communicable disease epidemiology 
questions 

Was HDL-cholesterol (HDL-C) protective against coronary disease?

Did higher triglyceride level increase CHD risk?

Why was stomach cancer incidence declining? 

What was the major aetiological factor in cervical cancer? 

Could alcohol protect against CHD?

Was inflammation important in cardiovascular disease? 

Did antioxidants reduce the risk of cancer and cardiovascular disease?

What caused peptic ulcer? 





Triglycerides and HDL cholesterol – which has the stronger 
association with coronary heart disease?
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Phillips A, Davey Smith G.  How independent are "independent" effects?  Relative 
risk estimation when correlated exposures are measured imprecisely.  J Clin 
Epidemiol 1991;44:1223-31.



Triglycerides and HDL cholesterol with measurement error.  Which 
now has the stronger association with coronary heart disease?

Phillips A, Davey Smith G.  How independent are "independent" effects?  Relative 
risk estimation when correlated exposures are measured imprecisely.  J Clin 
Epidemiol 1991;44:1223-31.
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The Emerging Risk Factors Collaboration. Major lipids, apolipoprotiens and 
risk vascular disease. JAMA 2009; 302: 1993-2000

Risk of coronary heart disease according to 
triglyceride level, with and without adjustment



Risk of coronary heart disease according to HDL-C 
level, with and without adjustment

The Emerging Risk Factors Collaboration. Major lipids, apolipoprotiens and 
risk vascular disease. JAMA 2009; 302: 1993-2000



“The current findings suggest that therapy 
directed at HDL-C as well as non-HDL-C may 
generate substantial additional benefit”

The Emerging Risk Factors Collaboration. Major lipids, apolipoprotiens and 
risk vascular disease. JAMA 2009; 302: 1993-2000



Davey Smith G, Phillips AN.  Correlation without a cause: an epidemiological odyssey.  Int J 
Epidemiol.  2019, in press



Association of strength of a SNP’s effect on LDL-C 
with its strength of effect on CHD risk, with 
adjustment
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Do R et al. Common variants associated with plasma triglycerides and risk for 
coronary artery disease. Nature Genetics 2013;45:1345–1352



Association of strength of a SNP’s effect on HDL-C 
with its strength of effect on CHD risk, with 
adjustment
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Association of strength of a SNP’s effect on HDL-C 
with its strength of effect on CHD risk, with 
adjustment
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Association of strength of a SNP’s effect on 
triglycerides with its strength of effect on CHD risk, 
with adjustment
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Do R et al. Common variants associated with plasma triglycerides and risk for 
coronary artery disease. Nature Genetics 2013;45:1345–1352



Association of strength of a SNP’s effect on a lipid 
fraction with its strength of effect on CHD risk, with 
before and after mutual adjustment
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Lower GM Jr.  Systematic epidemiologic theory: conceptual foundations and axiomatic elements. 
Med Hypotheses. 1983;11(2):195-215.



Richardson T et al. A transcriptome-wide Mendelian randomization study to uncover tissue-
dependent regulatory mechanisms across the human phenome.  bioRxiv 2019



Triangulation and the Bradford Hill Criteria 

• Strength
• Consistency
• Specificity
• Temporality
• Biological Gradient
• Plausibility
• Coherence
• Experiment
• Analogy

Hill AB. The Environment and Disease: Association or Causation? Proc R Soc Med. 
1965;58: 295–300. 



Smoking and low birth weight
• Time trends and between populations 
• Observational studies
• Cross-contextual comparisons
• Negative control studies
• Within-sibship studies
• Children of twins
• Mendelian randomization (MR)
• Non-genetic instrumental variables
• Randomized controlled trials (RCTs)

Krieger N, Davey Smith G.  The tale wagged by the DAG: broadening the scope of 
causal inference and explanation for epidemiology.   Int J Epidemiol 2016; 45: 1787-
1808. 



Doll R et al. LUNG CANCER AND OTHER CAUSES OF DEATH IN RELATION TO SMOKING A 
SECOND REPORT ON THE MORTALITY OF BRITISH DOCTORS. BMJ 1956;10:1071-1081
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Age-specific cumulative lifetime cigarette consumption for males, 
England & Wales, by year of birth 1831-1941

Lee et al



Age-specific cumulative lifetime cigarette consumption for females, 
England & Wales, by year of birth 1831-1941

Lee et al



Age-specific lung cancer mortality rates for males, 
England & Wales, by year of birth 1831-1941

Mortality data published by Office of Population Censuses and Surveys, London



Age-specific lung cancer mortality rates for females, 
England & Wales, by year of birth 1831-1941

Mortality data published by Office of Population Censuses and Surveys, London



Li S et al, Association of religious service attendance with mortality among women. JAMA 
Internal Medicine 2016;176:777-785







Lancet 1998
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“Old” diseases and “new”.  Mortality among the different social classes in 1950.  England and Wales.
Males aged 20-64 incl.

Social Class
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Community Diagnosis

JM Morris, Uses of Epidemiology, 1st Ed. 1957



Perhaps epidemiology is 
now poised to become 

modern? 



Annual Jerry Morris 
Lecture

30th September 2019

London School of 
Hygiene and tropical 

Medicine 


