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The computerisation of health related data 
➔ extraordinary opportunities for research

• Cheaper and quicker research

• Research that couldn’t otherwise be done

• It is up to us to ensure we take the opportunity 
to do 

– Better and

– Believable research



“We have more data than we know what 
to do with; the challenge is getting 

sensible answers out of it.” 
Diane Greene, senior vice president of Google Cloud



When we give a drug what we really want to 
know is what would happen to this person if I 
give this drug compared to what would happen 
to this person if I do something different



Drug A 

Rate of outcome

Comparison



Population

Recruited, consent obtained

Randomised

ComparisonDrug A 

Rate of outcome



Are randomised trials magic?



Randomisation, if well executed and 
with adequate sample sizes can, 
uniquely, overcome confounding:
➢ known and unknown
➢measured and unmeasured

Yes



Why don’t we just do RCTs?

• Often do not include key groups of interest e.g. children or 
pregnant women

• Don’t measure “real life” e.g. warfarin

• Drug combinations

• Disease combinations

• Expensive, time consuming and difficult to do well

• Lack statistical power

• Long term outcomes



Statins and cancer
• Case-control study published in 2005: odds ratio for 

colon cancer related to statin use 0.50

N Engl J Med 2005;352:2184-92



How can we decide what to believe? 

➢ A key challenge for novel observational research…… 
how do we know we have the right answer?



How can we decide what to believe? 
1. Replication

2. Innovation

3. Validation



1. Replication
Can we learn from genetics and biological sciences?

If an answer is robust and definitive…..it can be replicated



Measles mumps rubella vaccination 
and autism

• 1998 Lancet paper: MMR vaccination might cause 
autism

• MMR vaccine coverage fell internationally

• Measles outbreaks occurred



MMR coverage by time of 2nd birthday, England
NHS Immunisation Statistics, HSCIC

Study raises 
concerns



MMR vaccination and autism

• United Kingdom Medical Research Council funded 
case-control study 

• Similar large studies in USA and Denmark

• Only possible because of electronic health records 
(big data)



72,0

74,0

76,0

78,0

80,0

82,0

84,0

86,0

88,0

90,0

92,0

94,0
%

 M
M

R
 c

o
ve

ra
ge

Autism risk 
published

Autism risk 
published

MMR coverage by time of 2nd birthday, England
NHS Immunisation Statistics, HSCIC

Our study 
published



Effect
.5 .75 1 1.25 1.5 2

 Combined

 Current study

 DeStefano et al

 Madsen et al ASD

 Madsen et al autism

Effect size (95% CI)

0.92 (0.68 – 1.24)

0.83 (0.65 – 1.07)

0.93 (0.66 – 1.30)

0.86 (0.68 – 1.09)

0.87 (0.76 to 1.001)

Decreased risk Increased risk

Smeeth et al, Lancet 2004;354;963-9

MRC study 



2. Innovation part 1

Novel designs: largely about confounding

– Propensity scores

– High dimensional propensity scores

– Case-only approaches

– Marginal structural models

– Regression discontinuity

– Instrumental variables

– and many more…..



Glitazones and fractures

• Concerns raised in RCTs but inadequate power

• GPRD based study: issue is who to compare to who 

(Douglas et al PLoS Med 2009 :e1000154). 



Start of 
observation period

First glitazone
prescription

End of 
observation period

Baseline period

Risk period during exposure



Glitazones and fractures
Fractures 

during 
treatment

Age adj

Rate ratio

95% CI

Any glitazone, all fractures

Overall 720 1.43 1.25-1.62

Glitazone duration

0-1 year 235 1.26 1.07-1.47

1-2 years 179 1.49 1.24-1.79

2-3 years 127 1.70 1.37-2.12

3-4 years 104 2.31 1.80-2.97

4-7 years 75 2.00 1.48-2.70



Sulphonylureas and fractures
Fractures 

during 
treatment

Age adj

Rate ratio

95% CI

Any sulph, any fracture

Overall 348 0.84 0.66-1.08

Sulphonylurea duration

0-1 year 102 0.89 0.69-1.16

1-2 years 61 0.77 0.56-1.05

2-3 years 53 0.94 0.67-1.31

3-4 years 43 1.09 0.76-1.59

4-7 years 62 1.01 0.71-1.43



2. Innovation part 2

Novel implementation:

– Negative controls

– Causal pathways

– Different comparator groups

– and many more…..



Innovation: novel aspects

PDE5 inhibitors and risk of malignant melanoma

• Increased risk shown

• Conflicting studies



Methodology



Primary Results



But…. 

• No dose/duration effect
• No effect on non-sun related cancers





Exposed

Unexposed

PDE5 inhibitor

Malignant 
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Sensitivity analysis 

Association between prior solar keratosis and first initiation 
of a PDE5 inhibitor

Matthews A et al  PLoS Med 14;13(6):e1002037
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“As you will see the referees had some concerns although 
this is clearly a high quality study. We would have 
considered it for publication if your findings had been 
different”

JAMA



3. Validate
Can we use what we believe to be true to validate our 
new findings?



3. Validate
Can we use what we believe to be true to validate our 
new findings?

➢Genetic effects

➢High quality primary research

➢ Randomised trials



Randomised genetic variation

• Mendel’s 2nd law means genetic effects will – usually -
be unconfounded

• If a genetic variant has the same action as a drug, we 
have a natural experiment that is analagous to a 
randomised trial



Drug intervention
RCT

Sample

Randomisation

Drug Placebo/no drug

Event
rate

Event
rate

Mendelian randomisation

Population

Random allocation of alleles

Genotype AA Genotype aa

Event
rate

Event
rate 

Genetics

Hingorani A, Humphries S. Lancet 2005; 366:1906-8.

Davey Smith G, Ebrahim S. Int J Epidemiol 2003; 32:1-22.

Mendelian randomisation

Variant phenotype Wild type phenotype



Proton pump inhibitors: do they reduce 
clopidogrel effectiveness? 

• Proton pump inhibitors may inhibit the metabolism 
of clopidogrel to its active form by CYP2C19 
inhibition 

• Among people taking clopidogrel, proton pump 
inhibitors may lead to increased risk of vascular 
events

• Great scope for confounding by indication



Proton pump inhibitors: do they reduce 
clopidogrel effectiveness? 

• Among people taking clopidogrel

• Within person comparison showed no increased risk 
from proton pump inhibitors (Douglas et al BMJ 
2012;e4338)



Drug intervention
RCT

Sample

Randomisation

Clopidogrel + PPI Clopidogrel

Event
rate

Event
rate

Mendelian randomisation

Population

Random allocation of alleles

Genotype AA Genotype aa

Event
rate

Event
rate 

Genetics

Mendelian randomisation

Inhibited CYP2C19 Normal CYP2C19



Proton pump inhibitors: do they reduce 
clopidogrel effectiveness? 

• Among clopidogrel users, people with genetically 
inhibited CYP2C19  did not have a higher event rate 
(Holmes et al JAMA 2011;306:2704-2714)
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Age-standardised prevalence of overweight and obesity ages ≥20 years, by sex, 1980–2013

Ng M et al Lancet 2014



• Cohort study within the Clinical Practice 
Research Datalink (CPRD)

• 5.2 million people with BMI measures

• 33.9 million person-years of follow-up 
included

• 184,594 people (3.5%) experienced one of the 
21 commonest cancers

Body mass index and cancer





• Population cohorts
• Genetic findings

Uterus: 
risk ratio 

1.60 
per 5kg/m2

(95% CI 1.52 to 1.68)

Uterus: 
risk ratio 

1.62 
per 5kg/m2

(95% CI 1.58 to 1.67)

BMI and cancer

Best prior 
evidence

Electronic 
health records

5.2 million people
(Lancet 2014)



• Population cohorts
• Genetic findings

Uterus: 
risk ratio 

1.60 
per 5kg/m2

(95% CI 1.52 to 1.68)

Uterus: 
risk ratio 

1.62 
per 5kg/m2

(95% CI 1.58 to 1.67)

BMI and cancer

Best prior 
evidence

Electronic 
health records

Unanswered 
questions

5.2 million people
(Lancet 2014)



Different causes

Bhaskaran K et al Lancet 2014
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Getting it wrong?

Statins and cancer
• Case-control study published in 2005: odds ratio for 

colon cancer related to statin use 0.50

N Engl J Med 2005;352:2184-92



Propensity score based study of statins

# data from the British Heart Protection Study

Smeeth L et al Br J Clin Pharmacol 2009;67:99-109.

Outcome Hazard ratio (95% 
CI) conventional 
adjusted

Hazard ratio (95% 
CI) propensity score
adjusted

Hazard ratio 
observed in RCT

First MI 1.20 (1.09-1.31) 0.87 (0.77-0.98) 0.73 (0.67-0.79)



Propensity score based study of statins

# data from the British Heart Protection Study

Smeeth L et al Br J Clin Pharmacol 2009;67:99-109.

Outcome Hazard ratio (95% 
CI) conventional 
adjusted

Hazard ratio (95% 
CI) propensity score
adjusted

Hazard ratio 
observed in RCT

First MI 1.20 (1.09-1.31) 0.87 (0.77-0.98) 0.73 (0.67-0.79)

➔No effect on cancer



Statins and cancer
Statins and cancer
• Largest ever randomised trial >20,000 people, 11 

year follow-up: no effect1

• Meta-analysis of 174,000 trial participants showed 
no effect2

1. Lancet 2011;378:2013-20
2. Lancet 2015;385:1397-405 

Smeeth L et al Br J Clin Pharmacol 2009: clearly 
demonstrated no effect







The computerisation of health related data 
➔ extraordinary opportunities for research

• Cheaper and quicker research

• Research that couldn’t otherwise be done

• It is up to us to ensure we take the opportunity 
to do 

– Better and

– Believable research



How can we decide what to believe? 

➢ A key challenge for novel observational research…… 
how do we know we have the right answer?



How can we decide what to believe? 

1. Replication

2. Innovation

- study designs

- innovative implementation

3. Validation

- randomised genetic effects

- best observational evidence

- RCTs


