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50 YEARS

‘Fantasy’ Study:

‘Best possible’ Study:
Internally valid retrospective cohort 

study
All rugby players:
-Accurately identify all rugby players
-Accurately measure head impacts
-Accurately measure all confounders
-Accurately measure outcomes

Controls:
-Accurately identify representative controls
-Accurately measure head impacts
-Accurately measure all confounders
-Accurately measure outcomes

-Control group is identical to rugby 
group, except for head impacts
-Causal graphs
-Matching, restriction
-Regression, propensity scores, etc

-Counterfactual outcomes or RCT
-Time travel
-Switch-on/off head impacts



Carefully and systematically examining research to 
judge its trustworthiness, its value and relevance

What was done?

What were the results?

Can we believe the results?

Do the results apply to us?

What does this study add to what is known already?

What’s the bottom line?



-3:1 population controls
-Matched on age, sex, year of birth, socioeconomic status

Male Scottish internationals aged 30+ @2020.

EXPOSED

CONTROLS

Retrospective Cohort Study

-Mortality:
• Death certificates

-Neurodegenerative disease (ICD 9-10):
• Hospitalisations [Scottish Morbidity Record]

• Dispensed prescriptions [Prescribing Information System]

• Death certificates

Median 32 years follow up to Dec 2020

What was done?



What were the results?

Neurodegenerative disease
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11.4%

5.4%

Hazard Ratio
2.67 

(95% CI 1.67 to 4.27)



Can we believe the results?

• Which biases DISTORSIONI?
• How likely?
• Direction?
• Magnitude?

‘Systematic errors that result in an 
incorrect estimate of the association 
between exposure and the health 
outcome’



Can we believe the results?

Analysed subjects systematically differ from the intended study population
• ‘37% of our potential cohort of former international rugby players could not 

be matched CORRISPONDONO to their health records’
• Migration/loss to follow up (informative right censoring)?

Study measurements (exposure, confounders, outcomes) differs systematically from the truth
• Inaccurate outcomes - Death certificates, Scottish Morbidity Record, ICD 9/10 codes

-Likelihood – Possible
-Magnitude – Uncertain, but possibly large
-Direction – Uncertain

-Likelihood – Probable
-Magnitude – Uncertain, but possibly small
-Direction – Uncertain, likely to underestimate risk?



-Likelihood – Very likely
-Magnitude – Uncertain, but possibly large
-Direction – Uncertain, but likely to exaggerate risk

-Age, socioeconomic status controlled for 
by matching.
-Other confounders not controlled

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 



(If true) are these results relevant to me?

 Scotland Vs other countries?
 Historical Vs current rugby?
 Elite Vs community rugby?
 Males Vs females?
 Adult Vs youth rugby?
 Rugby Vs other collision sports?

Do the 
results 
apply 
to us?



• Many previous studies
• Similar study designs
• Similar results in elite athletes
• No association in amateus

Experiment

Bradford-Hill Criteria: Viewpoints to determine if causation CAUSALITA' can be deduce

What does this study add to what is known already?



What’s the bottom line?

What we can say from this study:
• Do head impacts in rugby cause neurodegenerative disease? We don’t know
• If so, what is the absolute increase in risk due to head impacts? We don’t know

What we want to know:
• Do head impacts in rugby cause neurogenerative disease?
• If so, what is the absolute increase in risk due to head impacts?

Vs

However:
• (Some) NDD is (probably?) possibly more common in Rugby internationals compared to general population controls
• Cannot say if this is due to head impacts/concussions, or another reason e.g. alcohol







What were the results?

Mortality Neurodegenerative disease





Caveats
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