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Is there an association? 

Is there bias? 

Possible explanations 

Confounding Chance Causal 

Yes 

Epidemiologic Reasoning 

No 



Epidemiologic Study Designs 
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Experimental Studies 

• Randomized Controlled Trials 

• Other Experimental Studies 

Observational Studies 

• Cohort Studies 

• Case-Control Studies 

• Cross-Sectional Studies 

• Ecologic Studies 

• Case Series 



Randomized Controlled Trials 

• Treated and untreated subjects are followed over 
time to determine whether they experience the 
outcome (e.g., relapse, death, clinical 
improvement) 

• Assignment to treatment or non-treatment is by 
randomization 
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Randomized Controlled Trials 
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Randomized Controlled Trials 
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a b 

c d 

Yes No 

Yes 

No 

a+b 

c+d 

a+c b+d 

CHD 

Intervention 

Relative risk = 
a/(a+b) 

c/(c+d) 
= 

CHD risk in intervention group 

CHD risk in usual care group 



RCT Questions 

• How did they randomize patients? 

• Could allocation be predicted? 

• Are groups fairly balanced with respect to covariates (check Table 1)? 

• Was there a lot of lost to follow up? 

• Did they perform an intention to treat analysis? 

• Were outcomes assessed in the same way across groups? 

• Was the study appropriately powered 

• Are the results generalizable to your patient population? 



http://www.consort-statement.org/ 
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Examples of RCTs 



Quasi-Experimental Studies 

• Sometimes called pre-post/before-after intervention 

• Non-randomized intervention studies 

• Used to evaluate the effectiveness of specific interventions 

• Often used for Quality Improvement initiatives 

• Used increasingly in medical fields 

• Social sciences full of examples 



Key Questions 

• Why did the authors choose a quasi-experimental design? 

• Is the temporal sequence clear? 

• Did they clearly identify which quasi design they used? 
• Are there systematic differences in respondent characteristics that could cause the 

observed effect? 

• Are there a large number of concurrent activities? 

• Is this maturation (naturally occurring effect)? 

• Could the effect be due to regression to the mean? 

• How much attrition is there? 

• Is there a practice effect? 

• Did measurement change over time? 

• How did they analyze their data? 

 

 
Harris, et al. J Am Med Inform Assoc. 2006 





Examples of Quasi-Experimental Studies 



Cohort Studies 

• Exposed and unexposed subjects without disease 
are followed over time to determine whether they 
experience the outcome 

• Randomized controlled trials are a special case of 
the cohort study 
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Cohort Study 
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Cohort Studies 
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a b 

c d 

Yes No 

Yes 

No 

a+b 

c+d 

a+c b+d 

CHD 

Smoking 

Relative risk = 
a/(a+b) 

c/(c+d) 
= 

Risk of CHD among smokers 

Risk of CHD among nonsmokers 



Cohort Questions 

• How was exposure measured/defined? 

• Were subjects at risk for development of outcome? 

• Were outcomes assessed equally across exposure groups 

• Does the study sample represent the source population (selection 
bias, internal validity)? 

• Is loss to follow up/mortality informative (missing data, selection 
bias)? 

• Could the exposure or outcome have been misclassified (information 
bias)? 

• How was confounding assessed/controlled for? 

 

 



http://www.strobe-statement.org/index.php?id=strobe-home 
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Examples of Cohort Studies 



Case-Control Studies 

• Compare exposure among persons with the disease 
(cases) to exposure among persons without the 
disease (controls) 
 

• Most commonly used epidemiologic study design 
despite many potential biases 

• If not designed well 
 

• If designed well, can be thought of as an efficient 
cohort study 

• Measures of association can approximate rate ratios or risk 
ratios 
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Case-Control Studies 

• More efficient than the equivalent cohort study 

• Makes it possible to study rare diseases 

• Makes it possible to study diseases that take a long 
time to develop 

• Used for outbreak investigations 
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Case-Control Studies 
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a b 
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ad 
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Questions for a Case-Control Study 

• Was there a pre-specified hypothesis defining a relationship between an 
exposure and an outcome? 

• Were the exposure and health outcome clearly and operationally defined? 

• Was the control group appropriate? 

• Was the measurement of exposure both in the cases and controls accurate 
and unbiased? 

• Was the measurement of the outcome both in the cases and controls 
accurate and unbiased?  

• Were the important confounding variables accounted for and controlled for 
in the statistical analysis? 

 
Slide courtesy of Dr. Harris 



Examples of Case-Control Studies 



Cross-Sectional Studies 

• Study in which the status of individuals with respect to one or more 
characteristics is assessed at one point in time 
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Cross-Sectional Studies 

• May not be possible to determine whether 
exposure preceded disease 

• No distinction between new cases and existing 
cases 

• Not useful for the study of etiologic factors 

 

29 



Examples of Cross-Sectional Studies 



Ecologic Studies 

• Studies in which the units of analysis are 
populations or groups of people, rather than 
individuals 

• Useful for hypothesis generation 

31 



Cardiovascular Disease Deaths and Smoking Prevalence 
(Males, 1979-1994) 
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Ecologic Fallacy 

• Each individual in the population is characterized 
by the average for the population  

• Bias may occur because an association observed 
between variables on an aggregate level does not 
necessarily represent the association that exists at 
an individual level 

• Because you don’t know the joint distribution of 
exposure/disease/other factors at an individual level 
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https://www.tylervigen.com/spurious-correlations 



https://www.tylervigen.com/spurious-correlations 



https://www.tylervigen.com/spurious-correlations 



To view at your leisure 

• https://www.youtube.com/watch?time_continue=6&v=jbkSRLYSojo&
feature=emb_logo 

 

• Hans Rosling’s 200 Countries, 200 Years, 4 Minutes – The Joy of Stats 

https://www.youtube.com/watch?time_continue=6&v=jbkSRLYSojo&feature=emb_logo
https://www.youtube.com/watch?time_continue=6&v=jbkSRLYSojo&feature=emb_logo


Case Series 

• Studies without a comparison group 

• All study subjects have the disease (or  the 
exposure) 

• Impossible to make inferences about causality 

• Usually the first report of a new disease/syndrome 
• HIV, microcephaly due to Zika, SARS-CoV-2 
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Example 

• 30% of a series of CHD patients are found to be 
smokers 

• Can we conclude that there is an association 
between CHD and smoking? 

39 



Examples of Case Series 



Bias 

• Deviation of results or inferences from the “truth” 

• Antonym: Validity 
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Selection Bias Information Bias 

Completing risks Differential misclassification 

Healthcare access bias Non-differential misclassification 

Length-bias Detection bias 

Neyman bias (incidence/prevalence) Observer/interviewer bias 

Berkson’s bias (probability of hospitalization) Recall bias 

Friend control bias Reporting bias 

Citation bias Hawthorne effect  

Publication bias Lead time bias 

Losses/withdrawls to follow up Will Rogers phenomenon 

Missing information Protopathic bias 

Non-response bias Work up bias (verification bias) 

Healthy worker effect Temporal ambiguity 



Bias 

• Selection bias 
• Systematic error introduced when they study 

population does not represent the target population 
• The relationship observed within your study population differs 

from the relationship among those who didn’t make it into 
your study 

• Information bias 
• Generally occurs during data collection 

• An issue of misclassification where an “exposed” person is 
classified as “unexposed” or a person with the outcome is 
classified as not having the outcome, or vice versa 
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Selection Bias  

• Distortion in study results due to the manner in 
which subjects are selected for the study 
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Examples of Selection Bias 

• Bias related to nonresponse 

• Bias related to loss to follow-up 
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Nonresponse 

• Nonresponse may be due to refusal, migration, 
death, missing records 

• Nonrespondents may differ from respondents 

46 



Nonresponse 

Example: 

• Subjects who refuse to participate in a study of 
smoking and CHD may be more likely to be 
smokers 
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Loss to Follow-Up 

• In cohort studies and randomized controlled trials, 
persons who are lost to follow-up may differ from 
those who remain in the study 
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Loss to Follow-Up 

Example: 

• Prospective cohort study of the effect of smoking 
on CHD 

• Study dropouts may be more likely to be smokers 

49 



What Can Be Done? 

• Be aware of potential sources of selection bias 

• Proper study design 

50 



Information Bias 

• Errors in classification of subjects with respect to disease or exposure 
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Information Bias 

Example: 

• Case-control study of CHD and smoking 

• Persons with CHD may be more likely to deny 
smoking history 

52 



What Can Be Done? 

• Use data collection tools that have been validated, 
pretested 

• Use similar data collection methods for all subjects 
in study (cases/controls, exposed/unexposed) 

• Ensure that research staff are “blind” to subjects’ 
disease and exposure status 

53 



Confounding 

• Confounding is the distortion of an exposure-
outcome association brought about by the 
association of another factor with both outcome 
and exposure 

• A confounder is a variable that masks the true 
relationship between an exposure and a disease 
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Confounding 

• In order for confounding to occur, a variable must 
be a risk factor for the disease and be distributed 
differently among exposed and nonexposed 

• If only one of these conditions is met, there will be 
no confounding 
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Smoking 

Example 

CHD 

High dietary fat  

consumption 

High dietary fat 

consumption is 

associated with higher 

CHD risk 

Smokers are more 

likely to have high fat 

consumption than 

nonsmokers 



Example 

• Suppose you wish to study the effect of smoking on the 
risk of CHD 

• Smokers are more likely to have high dietary fat 
consumption than nonsmokers 

• High dietary fat consumption is a risk factor for CHD 

• Therefore, high dietary fat consumption is a confounder 

58 
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Smoking 

Example 

CHD 

Family history  

of CHD 

People with family 

history of CHD have 

higher risk of CHD 

Smokers are NOT 

more likely than 

nonsmokers to have 

family history of CHD 



Example 

• Suppose you wish to study the effect of smoking 
on the risk of CHD 

• Family history of CHD is a risk factor for CHD 

• Family history of CHD is not more common in 
smokers than nonsmokers  

• Therefore, family history of CHD is not a 
confounder 
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Control of Confounding 

• If a variable is a confounder, then controlling for 
that variable will result in a change in the 
estimated effect of the exposure on the disease 
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Control of Confounding 

At design stage: 

• Randomization 

• Matching 

• Restricting study to certain groups 

 

At analysis stage: 

• Statistical methods (stratification, standardization, 
regression) 
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Why Is Confounding Important? 

• Interferes with search for causal associations 

• If association is not causal, intervention will not be 
effective 
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Is there an association? 

Is there bias? 

Possible explanations 

Confounding Chance Causal 

Yes 

Epidemiologic Reasoning 

No 



Criteria for Causality 
Temporality* 

• The cause must precede the effect in time  

Strength of the association* 
• Strong associations are more likely to be causal than weak associations 

Dose-response effect* 
• If higher levels of exposure result in higher risk of disease, the association is more 

likely to be causal 

Consistency 
• Repeated observation of the association in different populations under different 

circumstances supports causality 

Biological plausibility  
• Causality is supported if the association makes sense in the context of current 

biological knowledge 

* Applied to findings of a single study 

66 



Summary of Common Study Designs 

Design  Advantages Disadvantages  

Case Control  Cheaper 
Quicker/easier to conduct  

Good for long latency  
Can assess multiple exposures  

Good for rare diseases 

Prone to bias, including selection  
Retrospective, prone to recall bias  

Typically, only assess one outcome  
Cannot establish risk  

Cannot establish prevalence  

Cohort Prospective  
Can directly establish risk  

Can assess multiple outcomes  
Good for rare exposures  

Prone to bias, including selection  
More expensive  

Longer/harder to conduct  
Not good for rare diseases  

Not good with long latency periods  

Clinical Trials  Prospective  
Can directly establish risk  

Eliminates selection bias  

More expensive  
Harder to conduct  

Possible ethical issues 



Useful tools for study design and evaluation 

• CONSORT (RCTs) 
www.consort-statement.org/ 

 

 

• STROBE (observational studies) 
https://www.strobe-statement.org/index.php?id=strobe-home 

 

 

• Quasi-experimental  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5669452/ 
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Name that study design! 

• 1000 UMMC patients are enrolled and assessed for ETOH use.  They are 
then followed for 10 years to see if they develop esophageal cancer. 

 

• 30 patients with esophageal cancer at the VA are enrolled and compared 
with 30 VA patients without esophageal cancer to determine what factors 
are associated with this type of cancer. 

 

• 30 Internal Medicine Residents are randomly assigned to either review the 
medical literature with the support of an Epidemiologist or review the 
medical literature alone and then their desire to ever work with an 
Epidemiologist again is assessed. 

 




