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This session’s learning outcomes 

•  Recognise the role of evidence based practice in 
clinical medicine 

•  List and define possible explanations for an 
observed associations (chance, bias, 
confounding, causation), and cite examples of 
each 

•  Be able to describe the hierarchy of evidence in 
study design 

•  List the Bradford-Hill criteria for establishing 
causation and apply these to specific examples 

•  Be able to apply epidemiological skills to clinical 
decision making  
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14th December 1799 

•  Albin Rawlins 
–  Early hours 1/3 litre blood 

•  James Craik 
–  Morning ½ litre blood 
–  11.00am ½ litre blood 
–  Afternoon 1 litre blood 
–  Appeared to recover slightly 
–  Late evening – more blood-letting 

•  Blood appeared viscous and didn’t flow easily 
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•  “Their gums were rotten even 
to the very roots of their very 
teeth, and their cheeks hard 
and swollen, the teeth were 
loose neere ready to fall 
out….. Their breath a filthy 
savour. The legs were feeble 
and so weak, that they were 
full of aches and paines, with 
many blewish and reddish 
staines or spots, some broad 
and some small like flea-
biting.” 
–  William Clowes, English Surgeon 
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Alexander Hamilton 1809 

•  “It had been so arranged, that this number 
was admitted, alternately, in such a manner 
that each of us had one third of the whole. 
The sick were indiscriminately received, and 
were attended as nearly as possible with the 
same care and accommodated with the same 
comforts…..Neither Mr Anderson nor I ever 
once employed the lancet. He lost two, I four 
cases; whilst out of the other third, thirty-five 
patients died.” 
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•  But many doctors slated the evidence…. 
particularly the so-called “numerical 
method”….. they were more interested in 
treating the individual patient lying in front 
of them, than in what might happen to 
large numbers. 
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Evidence based medicine 

•  The concept of evidence based medicine 
has been evolving over the past 30 years. 

•  Methods to critically appraise clinical 
information and classify it according to the 
strength of evidence was first presented in 
a Canadian Medical Association Journal 
series on how to critically appraise 
literature in the early 1980’s. 
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Evidence based medicine 

•  Concepts emerging from the literature on 
“critical appraisal” promoted what has 
become known as evidence based 
medicine (EBM), suggesting that clinicians 
should use critically appraised information 
in clinical practice for optimal care of their 
patients 
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Sackett defines Evidence Based 
Medicine as: 

•  The conscientious, explicit and judicious 
use of current best evidence in making 
decisions about the care of individual 
patients       
     BMJ 1996; 312: 71-72  
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Criticism of EBM 

•  Attempts over the last 2 decades of the 
twentieth century to implement EBM in the 
UK and elsewhere generated a 
controversy that has questioned the value 
of EBM in clinical practice  

•  Some practicing doctors regard EBM as 
an academic exercise for medical students 
that has no relevance to clinical practice  

•  Often the translation of results from RCT’S 
conducted in teaching hospitals is not 
appropriate for General Practice 
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Criticism of EBM 

•  It is impossible for any clinician to have the 
time to critically appraise even one article 
per week let alone the number that would 
need to be appraised to answer questions 
(estimated at 3.5 per clinical session) 
arising in a busy practice.  

•  Governments, healthcare commissioners 
and providers have used the jargon of 
EBM to justify decisions, directives, or 
incentives that are seen by clinicians as 
inappropriate 
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Hierarchy of studies 

•  Systematic reviews and meta-analyses 
•  Randomised Controlled Trials 
•  Cohort studies 
•  Case-control studies 
•  Ecological studies 
•  Descriptive/cross-sectional studies 
•  Case report/series 
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Resources 

Cochrane Collaboration 
•  www.cochrane.org 
 
Evidence-Based Medicine 
•  http://ebm.bmj.com/ 
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Why EBM Should Matter to Clinicians 

•  Revalidation 
•  Patient Care 
•  Medical Knowledge 
•  Professionalism 
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Evidence based medicine 

•  Evidence based medicine does NOT 
replace clinical decision making and is 
only a tool 
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Evidence based medicine 

•  Clinical findings 
–  how to properly gather and interpret findings from the 

history and physical examination. 

•  Aetiology 
–  how to identify causes for disease (including its 

iatrogenic forms). 

•  Clinical manifestations of disease 
–  knowing how often and when a disease causes its 

clinical manifestations. 
•  Differential diagnosis 

–  when considering the possible causes of a patient’s 
clinical problem, how to select those that are likely, 
serious and responsive to treatment. 
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•  Diagnostic tests 
–  how to select and interpret diagnostic tests, in order to 

confirm or exclude a diagnosis, based on considering 
their precision, accuracy, acceptability, expense, 
safety, etc. 

•  Prognosis 
–  how to estimate a  patient’s likely clinical course over 

time and anticipate likely complications of the disorder. 

•  Therapy 
–  how to select treatments to offer a patient that do more 

good than harm and that are worth the efforts and 
costs of using them. 

Evidence based medicine 
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•  Prevention 
–  how to reduce the chance of disease by identifying 

and modifying risk factors and how to diagnose 
disease early by screening. 

Evidence based medicine 



© Imperial College London Page 30 

Homeopathy 

•  200 year old system of medicine 
•  Based on principle of like cures like 
•  Ultra-dilution 
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Homeopathy 

•  “BMA estimates that the NHS spends 
about £4 million a year treating 54,000 
patients in four homeopathic hospitals” 1 

•  “Camden PCT spent £1.86m between 
2005/8” 2 

1 Telegraph 
http://www.telegraph.co.uk/health/alternativemedicine/7864217/Homeopathy-is-a-bitter-pill-for-the-
taxpayer.html 
2 The Guardian http://www.guardian.co.uk/society/2009/jun/10/complementary-medicine-nhs-more4 
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How much do we know? 

15%

21%

47%

4%

5%
8%

Beneficial

Likely to be beneficial

Unknown effectiveness

Likely to be ineffective or
harmful
Unlikely to be beneficial

Trade off between
benefits and harms
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Randomised Control Trials 

•  Comparison against placebos 
•  Inappropriate controls 
•  Missing trials 
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Where does epidemiology fit? 

•  Much of what underpins clinical medicine 
is epidemiological evidence 

•  “The study of the distribution of health 
related states or events and the 
determinants of health related states or 
events in specified populations, and the 
application of this study to control of health 
problems - to promote, protect and restore 
health”. 

John Last 
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Important problem 

•  In 1989 there were 1,340 sudden infant 
deaths 

•  Devastating for family 



"And this woman's child died in 
the night; because she overlaid it."

  
The first book of kings, old testament 500BC 
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Theories Put Forward to Explain Sudden 
Infant Deaths 

•  Sudden arrest of breathing 
•  Infection 
•  Suffocation 
•  Inhalation of vomit 
•  Enlargement of the thymus (status 

thymico-lymphaticus) 
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Status Thymo-lymphaticus 

•  Theory that enlarged thymus compresses 
the trachea and hinder respiration 

•  1930s irradiation of the thymus gland in 
infancy recommended 

–  The transactions of the second international paediatric congress, 
Stockholm, August 18-21, 1930. Acta Paediatr 1930;11:241-335 
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 “After a most careful statistical investigation 
describe status thymo-lymphaticus as a 
good example of the growth of medical 
mythology, in which a nucleus of truth is 
buried beneath a pile of intellectual 
rubbish, conjecture, bad observations, and 
rash generalisation, and that it is as 
accurate to attribute the cause of death to 
‘an act of god’ as to status lymphaticus” 
  William Boyd, A textbook of pathology 1963 
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1950s and 60s 

•  1,400 infant deaths or 20% of the mortality 
of infants aged four weeks to two years in 
1955 

•  Estimated rate in 1960 was 1.4 per 1000 
live births 
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Definition 

 "The sudden death of any infant or young 
child which is unexpected by history, and 
in which a thorough post mortem 
examination fails to demonstrate an 
adequate cause for death".  
–  Beckwith J B (1970) 
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1970s 

•  Interest in sleeping position 
•  Fashion to place babies on front to avoid 

gastro-oesophageal reflux 
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Cot death incidence (one week to one year) 
England and Wales 1965-1989 
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Some proposed risk factors 

•  Toxic gas in mattresses 
•  Sleeping position 
•  Smoking 
•  Temperature/overwrapping 
•  Bottle feeding 
•  Infection 
•  Infanticide 
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Case control studies 

•  Mitchell et al. Cot death supplement. Results 
from the first year of the New Zealand cot death 
study. NZ Med J 1991;104:71-76 

•  de Jonge et al. Cot death and prone sleeping 
position in the Netherlands. BMJ 1989;298:722 

•  Fleming et al. Interaction between bedding and 
sleeping position in the sudden infant death 
syndrome: a population-based case control 
study. BMJ 1990;301;85-9 
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Fleming et al. 

•  All infants dying suddenly in Avon & 
Somerset over 18 month period 

•  Contacted GP and health visitor and asked 
to identify 2 other infants living in same 
neighbourhood of same age 

•  Parents visited ASAP as part of 
bereavement service - detailed structured 
interview 
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Fleming et al. 

•  67 unexplained deaths (cases) 
•  134 comparison babies (controls) 
•  Detailed structured history 

–  social factors 
–  maternal medical history 
–  pregnancy and perinatal history 
–  medical history of baby 
–  details of infants last sleep 
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Odds ratio 

 Cases 
(Deaths) 

Controls 
(comparison) 

Exposed a b 

Unexposed c d 

Total   
 

 

Odds of exposure in cases = a/c 	


Odds of exposure in controls = b/d 	
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Sleeping position 

 Cases 
(Deaths) 

Controls 
(comparison) 

On front 
(Prone) 

62 76 

On side or 
back 

5 58 

Total 67 134 
 

 



Sleeping position 
 Cases 

(Deaths) 
Controls 
(comparison) 

On front 
(Prone) 

62 76 

On side or 
back 

5 58 

Total 67 134 
 

 

Odds of lying on front in cases = 62/5 = 12.4 	


Odds of lying on front in controls = 76/58 = 1.3 	
 OR = 	
12.4/1.3	


= 	
 9.5	
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Environmental risk factors for SIDs 

•  Sleeping position (9x) 
•  Head covering (20x) 
•  Smoking in pregnancy 20 day (9x) 
•  Thermal insulation/overwrapping 
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Cot death incidence (aged 1 week to 1 year) 
England and Wales 1965-1989 
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Cot death incidence (aged 1 week to 1 year) 
England and Wales 1965-2009 
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SIDs in England and Wales 

•  Since 1991, the UK cot death rate has 
fallen by 75%, and has been hailed one of 
the most successful public health 
campaigns ever, estimated to have saved 
more than 15,000 lives. 

•  1,326 deaths in 1989 down to 316 deaths 
in 2009* 

•  But cause still not known 

* Office for National Statistics figures at fsid.org.uk 
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Copyright restrictions may apply."

Paterson, D. S. et al. JAMA 2006;296:2124-2132. 

5-HT1A Receptor Binding Density in a SIDS Case and a Control 
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Break	
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Garlic pills and giving up smoking 

•  Four subjects who smoked were 
randomised into receiving garlic pills, a 
natural treatment, or a placebo to help 
them stop smoking. The two who received 
garlic pills stopped, the two who received 
placebo did not (p=0.33). 

•  Conclusion 
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Low mortality from heart disease in men 
who wear a silk tie 

•  A study was carried out to measure 
mortality from heart disease in men. A 
strong association was found between 
wearing a silk tie and low mortality. 

•  Conclusion 
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Lecture feedback 

•  Using an online voluntary evaluation 
form, on a scale of 1 to 5, 90% of 
respondents rated the epidemiology 
undergraduate course a ‘5’ (excellent). 

•  Conclusion 
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Recent use of antacids and stomach 
cancer 

•  A study of people diagnosed with 
stomach cancer found cases had a 
much higher usage of antacids in the 
four months prior to diagnosis than 
matched controls 

•  Conclusion 
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What is an association? 
•  Link 

•  Relationship 

•  Correlation 
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What is an association 

•  Association refers to the statistical 
dependence between two variables, that is 
the degree to which the rate of disease in 
persons with a specific exposure is either 
higher or lower than the rate of disease 
without that exposure. 
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Association and causation 

•  Chance 
•  Bias 
•  Confounding 
•  Cause 
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Chance, coincidence 

•  Most studies based on an estimate from 
samples 

•  The role of chance can be assessed by 
performing appropriate statistical 
significance tests and by calculating 
confidence intervals 
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Confidence intervals 

•  The range within which the ‘true’ value 
(e.g. the strength of an association) is 
expected to lie with a given degree of 
certainty (e.g. 95% or 99%) 

•  If independent samples are taken 
repeatedly from the same population, and 
a confidence interval calculated for each 
sample, then a certain percentage (e.g. 
95%) of the intervals will include the true 
underlying population parameter 
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P value 

•  The probability that a result could simply 
be due to chance 

•  Threshold usually <0.05 = 1/20 
–  ie if p<0.05 we can be pretty sure (at least 95% 

certain) that result of a study is not due to chance 
–  If p>0.05 then result could be due to chance 
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Association and causation 

•  Chance 
•  Bias 
•  Confounding 
•  Cause 
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Bias  

•  Bias is a systematic error leading to an 
incorrect estimate of the effect of an 
exposure on the development of a disease 
or outcome of interest. The observed 
effect will be either above or below the true 
value, depending on the nature of the 
systematic error. 
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Bias  

•  Bias is a consequence of defects in the 
design or execution of an epidemiological 
study.  

•  Bias cannot be controlled in the analysis 
of a study, and it cannot be eliminated by 
increasing the sample size. 
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Bias 

Two broad types 
•  Selection 

–  occurs when there is a systematic difference 
between the characteristics of the people selected 
for a study and the characteristics of those who 
were not.  

•  Measurement (or information) 
–  occurs when measurements or classifications of 

disease or exposure are inaccurate  
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Association and causation 

•  Chance 
•  Bias 
•  Confounding 
•  Cause 
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Confounding 

•  A potential confounder is any factor which 
is believed to have a real effect on the risk 
of the disease under investigation and is 
also related to the risk factor under 
investigation.  

•  This includes 
–  factors that have a direct causal link with the 

disease (e.g. smoking and lung cancer) 
–  factors that are good proxy measures of more 

direct unknown causes (e.g. age and social class). 
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Common confounders 

•  Age 
•  Sex 
•  Socio-economic status 

–  Poorer people have rates of almost all diseases 
•  Geography 

–  Disease prevalence varies greatly by place 
–  North and South 
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Confounding - example 

•  Coffee consumption is associated with the risk 
of cancer of the pancreas.  

•  Disputed because coffee consumption is 
correlated with cigarette smoking, and cigarette 
smoking was known to be a risk factor for 
pancreatic cancer. 
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Confounding 

Confounder 
(e.g. smoking) 

Outcome 
(e.g. ca pancreas) 

Risk Factor 
(e.g. coffee drinking) 
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Association and causation 

•  Chance 
•  Bias 
•  Confounding 
•  Cause 
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Causation 

•  Judgement based on a chain of logic that 
addresses two main areas: 
–  Observed association between an exposure and a 

disease is valid 
–  Totality of evidence taken from a number of 

sources supports a judgement of causality 
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Causation - Bradford Hill 1965 

Factors to consider 
•  Temporal relationship 
•  Plausibility 
•  Consistency with other investigations 
•  Strength of the association 
•  Dose-response relationship 
•  Specificity 
•  Experimental evidence 
•  Coherence 
•  Analogy 

   also consider reversibility 
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Association and causation 

•  Bias 
•  Chance 
•  Confounding 
•  Cause 
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Break	
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MMR 

•  Combined vaccine  
–  measles, mumps and rubella (German measles) 

•  Given in two stages, at ages 12-15 months 
and 3-5 years. 

•  Since MMR was introduced in the UK in 
1988 the number of children catching 
these diseases has fallen to an all-time low 
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Why is it given? 

•  Measles vaccine prevents deaths and 
complications from measles, a potentially 
serious viral illness 

•  The mumps vaccine prevents mumps, 
which was the biggest cause of viral 
Meningitis in children 

•  The rubella vaccine prevents babies being 
damaged if their mother catches rubella 
when pregnant 
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Measles 
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Measles 
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Mumps 
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Mumps 
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Rubella 
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Rubella 
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Abstract 

•  Investigated a consecutive series of 
children with chronic enterocolitis and 
regressive developmental disorder. 

•  12 children (mean age 6 years [range 3–
10], 11 boys) were referred to a paediatric 
gastroenterology unit with a history of 
normal development followed by loss of 
acquired skills, including language, 
together with diarrhoea and abdominal 
pain. 
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Investigations 

•  Children underwent a number of 
gastroenterological, neurological, and 
developmental assessment and review of 
developmental records 
–  Ileocolonoscopy and biopsy sampling 
–  magnetic-resonance imaging (MRI) 
–  electroencephalography (EEG) 
–  lumbar puncture 
–  Barium follow-through radiography was done where 

possible  
–  Biochemical, haematological, and immunological 

profiles 
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Endoscopic view of terminal ileum in child three 
and in a child with endoscopically and 
histologically normal ileum and colon 
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Findings 

•  Onset of behavioural symptoms was 
associated by the parents, with measles, 
mumps, and rubella vaccination in eight of 
the 12 children 

•  With measles infection in one child, and 
otitis media in another. 

•  All 12 children had intestinal abnormalities 
•  Behavioural disorders included autism 

(nine), disintegrative psychosis (one), and 
possible postviral or vaccinal encephalitis 
(two) 
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Conclusions of authors 

•  “We identified associated gastrointestinal 
disease and developmental regression in a 
group of previously normal children, which 
was generally associated in time with 
possible environmental triggers” 
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Hierarchy of studies 

•  Systematic reviews and meta-analyses 
•  Randomised Controlled Trials 
•  Cohort studies 
•  Case-control studies 
•  Ecological studies 
•  Descriptive/cross-sectional studies 
•  Case report/series 
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Association and causation 

•  Chance 

•  Bias 

•  Confounding 

•  Cause 

D	

C	


D	


I	




© Imperial College London Page 106 

Causation - Bradford Hill 1965 

Factors to consider 
•  Temporal relationship 
•  Plausibility 
•  Consistency with other investigations 
•  Strength of the association 
•  Dose-response relationship 
•  Specificity 
•  Experimental evidence 
•  Coherence 
•  Analogy 

   also consider reversibility 
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The studies included in the review were 
as follows: 

•  five randomised controlled trials (RCTs)  
•  one controlled clinical trial (CCT) 
•  fourteen cohort studies 
•  five case-control studies 
•  three time-series trials 
•  one case-crossover trial 
•  one ecological trial 
•  one self-controlled case series trial 
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Authors’ conclusions 

•  “Exposure to MMR was unlikely to be 
associated with Crohn’s disease, 
ulcerative colitis, autism or aseptic 
meningitis (mumps) (Jeryl-Lynn strain-
containing MMR).” 
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Causation - Bradford Hill 1965 

Factors to consider 
•  Temporal relationship 
•  Plausibility 
•  Consistency with other investigations 
•  Strength of the association 
•  Dose-response relationship 
•  Specificity 
•  Experimental evidence 
•  Coherence 
•  Analogy 

   also consider reversibility 
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Andrew Wakefield 

•  “My responsibility is to the individual 
patient” 
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http://news.bbc.co.uk/1/hi/8695267.stm 
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This session’s learning outcomes 

•  Recognise the role of evidence based practice in 
clinical medicine 

•  List and define possible explanations for an 
observed associations (chance, bias, 
confounding, causation), and cite examples of 
each 

•  Be able to describe the hierarchy of evidence in 
study design 

•  List the Bradford-Hill criteria for establishing 
causation and apply these to specific examples 

•  Be able to apply epidemiological skills to clinical 
decision making  
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Further reading 


