






















Cohort and Case Control 
Studies

Additional Considerations, Reporting Guidelines, and Critical 
Appraisal 



Some Additional Considerations
Advantages and Disadvantages
Examples
Classifying Exposures and Outcomes
Biased selection of individuals for your study



Cohort Studies: Advantages

• Clear temporal sequence, we know the exposure happened 
before the outcome as everyone start off outcome free 
• An important feature for determining causation

• Can study multiple effects of the same exposure
• Rare exposures can easily be studied 
• Can truly measure risk as all individuals begin without the 

outcome of interest



Cohort Studies: Disadvantages

• Can be very time consuming and expensive 
• Can end up following people for decades 

• Loss to follow up: whenever you are following individuals through 
time there is a chance you lose contact with some of the 
participants
• It is important to minimize this as much as possible to avoid biased 

results (attrition bias)

• Potential for outcome misclassification if there are major 
advances in disease detection during the follow up period 

• Difficult to study rare outcomes



Example: Framingham Heart Study 
(Multipurpose Longitudinal Cohort)





Cohort Study 
Example



Case Control Studies: Advantages

Generally, less 
resource 

intensive than a 
cohort study 

Can study rare 
outcomes in an 

efficient manner

Allow for multiple 
exposures to be 

studied at the 
same time



Case Control 
Studies: 
Disadvantages

Hard to study rare exposures

Can only study one outcome at a time

Can be difficult to determine 
if the exposure truly 
happened before the 
outcome 

Did the outcome appear 
today, or did it go 
undiagnosed until today? 

Subject to selection and recall bias



Cohort vs. Case-Control Studies 

Forward Directionality 
(exposure to outcome)

Backwards 
Directionality (outcome 

to exposure)

Retrospective Retrospective Cohort 
Study Case-Control Study

Prospective Prospective Cohort 
Study -



Example



Case-Control 
Study 
Example



Defining and Classifying Exposures

• Clear definitions for exposure are very important
• Is the exposure chronic?

• In assessing a relationship between Type I Diabetes and stroke diabetes status 
could be considered a chronic exposure 

• Or transient? 
• In assessing the relationship between smoking and stroke smoking status might 

be transient. What if a smoker quits smoking mid cohort?
• Are there different levels of exposure?

• Sometimes smoking exposure is defined using “pack-years” 
• Is there a latency period between the exposure and when risk due to 

the exposure may begin? 
• Are you considered at increased risk of stroke immediately after your first 

cigarette or after you accumulate a certain exposure level? 



Defining and Classifying Outcome Events

• A clear definition of what does and does not constitute and 
outcome event is important 

• The time at which the outcome occurs defines the person-time 
contributed to the study so gathering this information as precisely 
as possible is important 
• For some events like death, a stroke, a heart attack this may be clear
• For other events like the development of cancer this may be ambiguous
• Do you classify an event having occurred at time of diagnosis, time of first 

symptoms, something else? 



Misclassification Bias

• Systematic error in measurement causing individuals exposure or 
outcome status to be misclassified (or mis-measured in the case 
of a continuous variable) 

• Imperfect diagnostic tests (low sensitivity/specificity) 
• Imperfect measurement instruments 









Diagnostic Tests

• A test with low sensitivity will misclassify 
some diseased individuals as healthy 
• In a study assessing disease prevalence this 

will result in an underestimate of the 
prevalence

• A test with low specificity will misclassify 
some healthy individuals as diseased 
• In a study assessing disease prevalence this 

will result in an overestimate of the 
prevalence 



Differential vs. Non-differential 
Misclassification Bias
• Imprecise tools can lead to misclassification of outcomes and/or 

exposures leading to the prevalence of the exposure or outcome 
to be misestimated 

• If the misclassification of the outcome does not depend on the 
exposure status (or vice versa) the misclassification bias is non-
differential 

• If the misclassification of the outcome depends on exposure 
status (or vice versa) the misclassification bias is differential 



Differential Misclassification Bias Example

• Case control studies often rely on recall of 
past exposures 

• Individuals with a disease are more likely to 
recall a past exposure than healthy 
individuals: recall bias

• Questions about past exposures are more 
sensitive in cases than controls 
• Differential – depends on case/control status

• Typically leads to an overestimation of the 
odds ratio 

Cases Controls

Exposed a b

Not Exposed c d



Interpreting Differential 
Misclassification Bias
• Differential misclassification can lead to 

either an over or underestimate of the 
association 

• It is up to the reader to consider carefully
• If differential misclassification has occurred
• If this might have over or underestimated the 

association 
• What magnitude of misestimation might be 

present 



Non-Differential Misclassification Bias 
Example

• To avoid using recall a case control study 
may use administrative health data to 
determine exposure status 

• The classification of exposure status in 
healthcare data may be imperfect

• But if there is no reason to believe the 
magnitude of inaccuracy depends on 
outcome status the bias is non-differential

• The direction of non-differential 
misclassification bias is always in the 
direction of the null 

Cases Controls

Exposed a b

Not Exposed c d



Interpreting Non-Differential 
Misclassification Bias
• The direction of non-differential misclassification bias is 

always in the direction of the null 

• It is up to the reader to consider carefully
• If non-differential misclassification has occurred
• What magnitude of misestimation might be present 

• In a study finding no association where non-differential 
misclassification may have occurred this might be the 
reason no association was found

• In a study where an association was found, and non-
differential misclassification occurred then the association 
may be underestimated 



Some ways to avoid (or lessen) 
misclassification bias
• Use valid measures with as high sensitivity/specificity as possible 
• Blinding: individuals assessing exposures should be blinded to 

outcome status (and vice versa)
• In a case control study if an interviewer assessing exposure status knew 

the person had the disease they might be tempted to probe more deeply 
for evidence of exposure: Interviewer Bias or Diagnostic Suspicion Bias 



Selection Bias

• Different from sampling error (which is random)

• Selection bias is systematic
• It results from a flaw in the study design (flawed sampling procedures)
• Or other factors related to study participation (like withdrawing from the study)

• Your study sample is systematically different from the population you 
intended to study and this is somehow related to your exposure or 
outcome

• There are many different sub-types of selection bias



Selection Bias Example

• The Canadian Community Health Survey (CCHS) is an annual survey 
facilitated by Statistics Canada to gain health information on 
Canadians 

• Households are randomly selected to participate and face-to-face 
interviews were conducted with a randomly selected member of the 
household (prior to widespread internet use, now the CCHS is mostly 
performed online) 

• In 2002 there was a mental health focused version of the CCHS. 
• Among all households selected in 2002, 77% participated 
• Using the results from the survey it was estimated that the prevalence 

of schizophrenia was 1.1%



Selection Bias Example

• If the target population is all adults in Canada – what are some 
ways that this study may have been impacted by selection bias? 



Selection Bias Example

• Based on the study methodology it is not possible for individuals 
experiencing homelessness or individuals living in institutions (care 
homes, prison, etc.) to be included in the study. 
• What if there is a differing prevalence of schizophrenia in these individuals than 

in those studied? Sampling bias or ascertainment bias (some members of the 
population are less likely to be included than others – and this relates to the 
outcome of interest)

• What about the 23% of households who declined to participate in the 
study? 
• Could this be related to having schizophrenia and being either unable or 

unwilling to answer a health survey? Non-response bias (some members of the 
population are less likely to respond than others – and this relates to the 
outcome of interest)



Other forms of selection bias

• Self-selection or volunteer bias: 
individuals who volunteer for a 
study may be systematically 
different than the population of 
interest 

• Attrition bias: individuals who drop 
out of study may be systematically 
different from individuals who stay 
in a study

• Survivorship bias: non-survivors 
may be systematically different from 
survivors 



Assessing Selection Bias

• There is not a statistical procedure for determining if selection bias has 
occurred or not

• You need to think critically when designing or reading a study to ensure 
that the intended population is being appropriately represented in the 
study 

• Often the effects of selection bias are beyond that which can be fixed 
or adjusted for through statistics 

• You should always consider selection bias when evaluating a studies 
merit 



Reporting Guidelines







Critically Appraising 
Observational Studies



Critically Appraising Research

• It is important that all research is critically evaluated such that the 
reader can decide if they are willing to accept the research claims 
to be true 

• It is reasonable to view research results with a certain level of 
skepticism initially and carefully examine all aspects of the 
research study for potential flaws

• Perhaps, if no substantial flaws can be identified it is then 
reasonable to drop our skepticism and accept the study results 



Critically appraising research

• There are many proposed frameworks for critically appraising a 
research study

• We will work through the framework proposed by Dr. Scott Patten 
from the textbook Epidemiology for Canadian Students



Step 1: Identifying the research question and 
hypotheses
• The author’s question or hypothesis (or both) should be clearly stated 
• If the purpose of critical appraisal is to determine how well an author 

answered their question the question must not be vague 

• A research question may look like this: “Is there a difference in 90-day 
outcome among ischemic stroke patients treated with endovascular 
therapy vs. standard of care?”

• A research hypothesis may look like this: “We hypothesized that 
ischemic stroke patients treated with endovascular therapy would have 
better 90-day outcomes than those treated with standard of care.” 



Step 2: identify the exposure and outcome 
variables 

• This should be clear from the research question and methodology

• If either of these is vague it can be difficult to appraise the rigor of 
the study 

• Sometimes there are multiple exposures and/or outcomes. The 
authors should clearly define one of these to be of primary 
interest and the others to be of secondary interest 



Step 3: identify the study design

• Is the study observational or experimental? 

• What is the unit of analysis (aggregate or individual)?

• If experimental, how was the intervention assigned (random or 
non random)?

• If observational, what type of observational study (cohort, case 
control, etc.)?



Step 4: Assessment of selection bias

• Assess how individuals were 
selected into the study and whether 
the sample is an accurate 
representation of the population of 
interest 

• Common types of selection bias: 
ascertainment bias, non-response 
bias, volunteer bias, attrition bias, 
survivorship bias

• If you believe selection bias may 
have occurred, try to describe and 
quantify it as best you can 

Outcome No Outcome

Ex
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a b
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C D



Step 5: assessment of misclassification bias
• Assess whether you think the exposure 

and/or outcome was vulnerable to 
misclassification bias

• If so, is the bias differential or non-differential 
in nature?

• If you think there is bias what is the 
magnitude of the bias?

• Recall examples of misclassification bias: 
low sensitivity/specificity of diagnostic tools, 
vague definitions or classification criteria, 
recall bias, interviewer bias, diagnostic 
suspicion bias

Outcome No Outcome

Ex
po

se
d

a b

classified 
a

classified 
b
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d

c d



Step 6: Assessment of Confounding and 
Effect Modification
• Did the study consider that other variables may impact the 

exposure/outcome association?
• Did the study miss any confounders? 
• Was effect modification (heterogeneity of effect) considered?

• Did the study employ any methods to control for this?



Step 7: Assessing the role of chance

• Examine the confidence intervals reported in the study
• Are they very large and imprecise? Or are they narrow indicating good 

precision?

• Are you concerned the study has made a Type I Error? 
• How many comparisons were made? Were any methods used to 

conserve the Type I Error rate?

• Are you concerned the study has made a Type II Error? 
• Did the study justify the chosen sample size with a power calculation? 



Step 8: Assessing causality

• If the study is asserting a causal relationship, what type of 
evidence was presented to support this?

• Recall the Bradford-Hill causal criteria: consistency, biologic 
plausibility, dose-response, temporality, strength, reversibility 



Step 9: Assessing generalizability

• Do you think the study findings might apply beyond the intended target 
population? 
• Ex. Do you think a study performed in the US could be generalized to Canada?
• Do you think a study performed in younger people could be generalized to older 

people?

• Sometimes this is reasonable to consider as there may be limited 
resources to perform a follow up study in a new population 

• This is more a manner of subjective opinion rather than fact 
• Just because a study cannot be generalized beyond its target 

population does not make it poor quality



Approaching critical 
appraisal

• Critical appraisal should be approached 
systematically, following the steps laid out

• If at any time a fatal flaw in the study is 
found, you may decide to halt the appraisal 
process and decide there is no value in 
further assessment 
• Ex. if a study is found to be subject to large 

misclassification bias, assessing things like 
precision is unnecessary. It does not matter the 
width of a confidence interval if it surrounds an 
invalid point estimate. 



Critical Appraisal Example





Step 1: Identifying the research question and 
hypotheses



Step 1: Identifying the research question and 
hypotheses

“The aim of our study was to compare the prevalence of alcohol 
and psychoactive drugs in drivers admitted to hospital for 
treatment of non-fatal injuries after road traffic accidents with 
prevalence in drivers in normal traffic, and to calculate odds 
ratios for single and multiple substance use.”



Step 2: identify the exposure and outcome 
variables 



Step 3: identify the study design



Step 4: Assessment of selection bias



Step 4: Assessment of selection bias



Step 5: assessment of misclassification bias



Step 5: assessment of misclassification bias



Step 6: Assessment of Confounding



Step 7: assessing the role of chance



Step 8: assessing causality



Step 9: assessing generalizability
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