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Epidemiologic research: 

Objective : 
 To obtain a valid, precise and generalizable estimate of the effect of 

an exposure on the occurence of an outcome 
 

Obligation of an investigator: 
 1) design their study to achieve this 
 2) acknowledge that it will never be perfect 



4 explanations for a study result: 

1) Random error 
 determined by study size 

 
2) Confounding 

 determined by ‘nature’ 

 
3) Bias 

 determined by researcher 

 
4) Causal 



Attempts to solve this: 

1. Random error 
Increase study size and efficiency 
Present a quantitative assessment of the remaining random error (p-value 

or confidence interval) 
 

2. Confounding 
Prevent in the design or use analytic techniques to adjust 
Sometimes discuss residual or unmeasured confounding 

  

3. Bias 
Rarely considered or discussed, let alone quantitatively assessed 



Bias 

Bias: 
The effect measure found in a study differs from the causal effect 

measure due to systematic error in the 
• Study design or  
• Collection of the data or 
• Analysis of the data 



Bias 



Bias: a structural approach 

 

Identification of a common structure will help:  
 to classify the many types of bias together 
 to recognize bias in a study design 
 to think about ways to solve this 
 
 
For this talk a focus on the structure of selection bias 



Example 1: low birth weight paradox 

Survival is lower in babies whose mothers smoke than in babies whose 
mothers do not smoke. 

 
However, the opposite is the case in babies with low birth weight. 
 
Weight > 2000 gram: rate ratio mortality for smoking vs non-smoking 

1.80 (95% CI: 1.72, 1.88) 
Weight < 2000 gram: rate ratio mortality for smoking vs non-smoking 

0.79 (95%  CI: 0.76, 0.82) 
 
Should we advise smoking in mothers who expect a LBW baby?  

 



Explanation LBW paradox 

Suppose there are only two causes of LBW, smoking and a congenital 
defect 

 
If a baby with LBW had a mother who did not smoke, what can we say 

about the congenital defect? 
 
There is an inverse association between smoking and the congenital 

defect. 
 
If the congenital defect also leads to increased mortality, the effect 

measure of the risk of neonatal death in smoking mothers vs non-
smoking mothers is biased. 



Explanation LBW paradox in a DAG 

 
 
 
 
 
 
Smoking is a proxy for not having a congenital defect.  
 
(When more causes of LBW exist, babies from non-smoking mothers are 

more likely to have another risk factor for mortality) 

Smoking mother 

Congenital defect 

Neonatal death LBW 



Example 2: recurrence risk research 

Jama 2011, 822-3 



Stroke due to PFO 

PFO (patent foramen ovale) is a congenital risk factor for stroke. 
 
Clots from the venous part of the circulation pass through the PFO into 

the arterial circulation and get stuck in the brain. 
 
However, presence of PFO protects for a recurrent stroke. 



Explanation: Stroke due to PFO 

Suppose there are only two causes of stroke, PFO and hypertension.  

If a person with stroke does not have PFO, what can we say about the 
presence of hypertension?  

There is an inverse association between PFO and hypertension in people 
with a first stroke. 

 



Explanation: Stroke due to PFO 

Jama 2011, 822-3 



Explanation: Stroke due to PFO 

Suppose there are only two causes of stroke, PFO and hypertension.  

If a person with stroke does not have PFO, what can we say about the 
presence of hypertension?  

There is an inverse association between PFO and hypertension in people 
with a first stroke. 

 

You are interested in the risk of recurrent stroke in people with PFO. 

If hypertension is also a risk factor for recurrent stroke, the effect 
measure of the risk of recurrent stroke in people with PFO compared 
to people without PFO is biased. 



Explanation: Stroke due to PFO 

 
 
 
 
 
 
PFO is a proxy of not having the other risk factors 
 
(When more causes of stroke exist, non-PFO subjects are more likely to 

have another risk factor for recurrent stroke) 
 
 
 

PFO 

Hypertension 

Stroke 2 Stroke 1 



Thrombophilia and venous thrombosis 
recurrence 

First and recurrence risk by coagulation defect 
 

   RR first VT RR recurrent VT 

factor V Leiden  3-8  1.2 (0.7 - 1.9) 

prothrombin 20210A  3  0.7 (0.3 - 2.0) 

PC/PS/AT deficiency  10  1.8 (0.9 - 3.7) 

high FVIII  5  1.1 (0.7 - 1.8) 

high FIX   3  0.9 (0.5 - 1.7) 

high FXI   3  0.6 (0.3 - 1.1) 

Christiansen, JAMA 2005 



Thrombophilia and venous thrombosis 
recurrence 

Christiansen, JAMA 2005 

With thrombophilia  

Without thrombophilia  

HR 1.5 (0.8-2.8) 
With thrombophilia 

Without 
thrombophilia 

HR 1.4 (0.9-2.2) 

Baglin, Lancet 2003 



Thrombophilia and recurrent VT 

 
 
 
 
 
 
 

Thrombophilia 

Other risk factors 

VT 2 VT 1 



Example 3: obesity paradox 

Survival is lower in subjects with obesity than in subjects with normal 
weight 

 
However, the opposite is the 
case in patients with 
chronic diseases 
 
Should we advise weight gain 
in these patients?  

 

 



Heart Failure 



Acute coronary syndrome 



COPD 



Interpretation of these studies 

Weight loss—apart from controlling edema in the short term—
should never be part of the medical advice given to HF patients 
with moderate degrees of obesity (up to 35 kg/m2). 
 
Anker et al, Clin Pharmacol Ther 2011 



Explanation obesity paradox  

Suppose there are only two causes of heart failure, obesity and a genetic 
factor. 

 
If a person with heart failure does not have obesity, what can we say 

about the genetic factor?  
 
There is an inverse association between the two causes of heart failure.   
 
If the genetic factor also leads to increased mortality, in people with 

heart failure, the effect measure of the risk of mortality in patients in 
persons with normal weight compared to those with obesity is 
biased. 



Explanation obesity paradox  

Obesity is a proxy for not having a genetic factor.  
 
(When more causes of heart failure exist, normal-weight subjects are 

more likely to have another risk factor for mortality) 

BMI 

Genetic factor 

Heart failure Death  



Example 4: differential loss to follow-up 

Randomised trial into the effect of a New Oral AntiCoagulant (NOAC) on 
stroke risk.  

A side effect of NOAC is bleeding, especially abnormal uterine bleeding 
(AUB). 

Women have a lower risk of stroke. 
 
 
 
 

NOAC 

Sex 

AUB Stroke C 



Explanation 

If a person who stays in the study has the treatment, what can we say 
about their sex?  

 
There is an inverse association between treatment and sex in the people 

who stay in the study.   
 
What can we say, in people who stay in the study, about the risk of 

stroke in persons who are treated compared to those who are not 
treated? 

 
We expect an overestimation of the risk of stroke in the treatment group 

in the people who stay in the study (more men in the treatment 
group) 



Example 4: differential loss to follow-up 

Groenwold RHH et al. CMAJ 2014 



Conclusion example 4: 

Even in a randomised trial, where sex was perfectly balanced at baseline, 
missing outcome data led to imbalance in the groups. 

 
The imbalance was linked to a prognostic variable. 
 
Despite intention-to-treat analysis, the estimated treatment effect was 

biased.  



Common structure that we can identify in 
these examples: 

 
Individuals are selected into the analysis based on a factor that is an 

effect of the exposure and shares common causes with the outcome. 
 
Or: conditioning occurs on a factor that is a common effect of two 

variables, one of which is either the exposure or a cause of the 
exposure, and the other is either the outcome or a cause of the 
outcome.  

Exposure 

Cause of the outcome 

Outcome Common effect 



Variations on this structure 



Common structure: 

LBW paradox: 
Conditioning on LBW that is an effect of smoking and of a genetic defect 

that is also a cause of neonatal death 
 
Index event bias: 

Conditioning on a first event that is an effect of PFO/thrombophilia and 
of another common cause of both first and recurrent events 

 
Obesity paradox: 

Conditioning on heart failure that is an effect of obesity and of another 
factor that is also a cause of mortality 

 
Differential loss to follow-up: 

Conditioning on subjects left in the study which is an effect of the 
treatment and a result of being female which is related to stroke 

 
 
 
 



What to do?  

Obligation of an investigator: 
 1) design their study to obtain a valid, precise and generalizable 

estimate of the effect of an exposure on the occurence of an outcome 
 2) acknowledge that it will never be perfect 
 
• Recognize the (possible) presence of bias by analysing the causal 

structure of your research question 

• Try to prevent or adjust in the analysis by means of additional 
stratification or inverse probability weighting 

• Sometimes sensitivity analyses are possible 

• If selection bias can not be prevented or adjusted for, it can be 
acknowledged qualitatively in the discussion 

 



Questions? 
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