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and Genetic Epidemiology





> To obtain an unbiased & precise 
estimate of the true effect of an 
exposure or intervention on 
outcome in the population at 
risk

> To use this knowledge to 
prevent and treat disease

Major goals in Epidemiology



Manolio et al. Nature 
Reviews Genetics 2006

Cohort vs. case-control studies



Manolio. Nature Reviews Genetics 2006

Estimated incidence rates in cohorts

Compared to cohorts, case-control studies are cheap, fast and powerful

However, case-control studies suffer from several drawbacks: 
the need to identify appropriate controls

they are more sensitive to recall bias



> An exposure and outcome are associated if 
there is a differential distribution:
– The prevalence of exposure differs between 

cases and controls.

> An exposure is causal for the outcome if the 
presence (or absence) of the exposure 
directly or indirectly influences whether the 
outcome occurs.

Association and Causality



> Selection Bias
– When there is a difference between study participants and the general population (affects 

generalizability, e.g, the Nurses’ Health Study) OR when cases and controls are drawn from 
different source populations (e.g., cases are recruited through population-based cancer 
registry, controls are recruited from the local gym). 

> Survival bias
– When cases are recruited some time after they were diagnosed. Might lead to a milder form 

of disease. This is especially true for aggressive/fatal disease (e.g., pancreatic cancer, heart 
attack)

> Diagnostic bias
– If the investigator determining the outcome knows whether the person was exposed or not to 

the risk factor under study (e.g., if the radiologist knows that a potential pulmonary disease 
patient smokes, they may look more carefully at the x-ray).

> Recall bias
– Accuracy and completeness of exposures, lifestyle behaviors,… (e.g., cases might be more 

motivated to complete a questionnaire accurately). 

Some sources of bias in epidemiology



> A confounder is often defined as a 
factor that is:

1. A risk factor for the disease
2. Associated with the exposure
3. Not a direct result of the exposure

> Confounding can lead to false 
positive findings. 

Confounding

Exposure Outcome

Confounders 

Grade level



BREAKOUT ACTIVITY
Confounding example: Birth order and Down 
syndrome

1. Can you think of a factor that would 
confound the observed association?

1. How can you use data on your proposed 
confounding factor to reassess the 
association between birth order and Down 
Syndrome?

1. Can you think of potential confounders in 
genetic epidemiology?



> Later order children have 
higher risk
– Maternal age is associated with 

birth order 
– Maternal age is associated with 

Down Syndrome

> Stratifying on maternal age, 
there is no longer evidence of 
an association between birth 
order and Down syndrome

Confounding example: Birth order and Down 
syndrome



Genetic epidemiology is the study of the role of 
genetic factors in determining health and disease 
in families and in populations, and the interplay of 
such genetic factors with environmental factors.

What is genetic epidemiology?



Biobanks are becoming a large part of (genetic) epi research



Why do we want to study how our genome is 
involved in disease?
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Public Health

Understanding Biology Clinical Applications



Why do we want to study how our genome is 
involved in disease?

Public Health

Understanding Biology Clinical Applications
Identify people with 

high risk of 
developing disease





Liede et al. BCRT 2018



New York Times, April 16, 2019

“In about 5,000 subjects, analysts 
identified at least one variant known to 
significantly increase an individual’s risk 
of breast and ovarian cancer. Among the 
Ashkenazi Jews in the positive group, 81 

percent had one of the three founder 
mutations, suggesting that 23andMe’s 
test could be helpful for them. Among 

the rest, 94 percent carried variants that 
would have failed to be detected by 

23andMe.”

Genetic testing of BRCA1

https://www.23andme.com/brca/

https://www.23andme.com/brca/


Why do we want to study how our genome is 
involved in disease?

Public Health

Understanding Biology Clinical Applications
Understand the 

causes of disease



“Association does not imply causation”



 HDL ->       MI risk

HDL (“Good”) Cholesterol and Myocardial Infarction (MI)

Increasing HDL concentrations 
might help decrease 

cardiovascular disease risk. 



People who carry genetic variants that increase HDL do not have a lower risk of 
MI

Since HDL is correlated with exercise, weight loss, diet (nuts, fish) it is 
likely that these lower your risk for MI rather than HDL itself
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Voight et al, Lancet 2012



Why do we want to study how our genome is 
involved in disease?

Public Health

Understanding Biology Clinical Applications
Develop new 
treatments



> In 2014, an estimated 0.5% of US 
adults age ≥ 18 had RA (~1.3M 
people).

Rheumatoid Arthritis – an inflammatory, crippling, incurable 
disease 



A study of 10 million genetic variants in 29,880 RA cases and 73,758 
controls

Okada, Nature, 2014



Identified genes are targets of approved therapies for RA, and further suggest that 
drugs approved for other diseases may be repurposed for the treatment of RA

Okada, Nature, 2014

Lymphoma/Leukemia/Liver cancer

Breast cancer

Cancers/psoriasis
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Affected male

Deceased male

Female

Affected Female

Deceased Female

Affected female with 
different cancer

CRC – colorectal cancer
BC – breast cancer 
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CRC 58
CRC 52
BC 71

CRC 79
BC 70
Stroke 81 CHD 63

What would you say to this patient?


