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Cohort Studies Review 

• Advantages: measurement of exposure, outcome, 
covariates decided at baseline, can assess temporal 
ordering of exposure and disease

• Disadvantages: expensive, can be inefficient and time 
consuming



Will there be enough cases to 
study?

Say we’re interested in studying 
whether occupational exposure 
to xray increases the risk of 
testicular cancer among male 
health care workers. 

Very few cases of testicular 
cancer are diagnosed each year. 

Sometimes it may be useful to 
start by gathering cases of 
disease.



Why a case-control design?

• Outcome being studied is rare

• Outcome has long induction period or long latent 
period
• Etiologic relationship takes years to manifest

• Exposure data is difficult or expensive to obtain
• Biologic/genetic measurements, record abstraction



Case-Control Design

• Compare cases 
(diseased) and controls 
(non-diseased) with 
respect to exposure 
level

• Contrast the odds of 
exposure among cases 
with odds of exposure 
among controls

• Cases and controls 
sampled from a “study 
base” (ideally the same 
study base)



Basic case control design

1. Start with cases of disease (D+/D-)

2.  Determine exposure status (E+/E-)





Case control examples



Pros and Cons
Pros

• More efficient than cohort studies

• Good for studying rare diseases or disease with long latency

• Cost saving

• Need for follow-up time is avoided

Cons

• Less efficient than cohort studies if exposure is rare

• Reduced precision compared with cohort studies

• Increased potential for bias



Case control studies: good for studying multiple 
exposures of interest



Study Base (Source Population)

• One of the most important and challenging aspects of designing a 
case control study is defining the study base

• Sample cases- from hospital, doctor’s office, disease registry etc
• Who are the comparable controls for these cases?

• Cases and controls must be drawn from the same ‘study base’

• Controls must be members of the underlying source 
population/cohort from which the cases are drawn

• Want controls to represent the experience of the entire non-
disease study base



Morgenstern IJE 1980



Total population

New cases/Exposed PT

New cases/Unexposed PT

COHORT STUDIES



Total population

Obtain a representative sample of cases 
that occur in the study base (=case series)

Obtain a representative sample of the 
study base itself (=control series)

CASE-CONTROL STUDIES



Conducting a traditional case-
control study

1. Define the source population for the study 

2. Define the exposures and outcome of interest

3. Identify cases (=D+) and determine exposure status

4. Sample controls from the source population and determine 
exposure status
• The purpose of the control group is to represent the distribution of 

exposure in the source population

5. Calculate and interpret the odds ratio



Types of Case Controls Studies

1. Cumulative case control (traditional case control design)

Controls = those in the study base who do not experience the 
outcome

2. Case-cohort design

Controls sampled from the entire cohort at baseline (=start of 
follow-up period)

3. Nested (density) case control design

Controls selected throughout the course of the study, from 
individuals at risk (in the risk set) each time a case is diagnosedIn

 a
 d

ef
in

ed
 c

oh
or

t



Traditional case control study

Controls are selected from 
those in the population 

who do not have the 
outcome (disease) of 

interest



Odds Ratios

Cases Controls

Exposure + a b

Exposure - c d

Proportion 
Exposed a/(a+c) b/(b+d)

Odds Ratio: [a * d] / [b * c]



Odds Ratio in Cohort Study Odds Ratio in Case Control Study



Distribution of 1,357 Male Lung Cancer Patients and a Male 
Control Group According to Average Number of Cigarettes 
Smoked Daily Over the 10 Years Preceding Onset of the 
Current Illness

Odds Ratios with Multiple 
Exposure  Categories

2x2 Table comparing 1-4 daily 
cigarettes to 0 daily cigarettes

Cases Controls

E+ 55 129

E- 7 61

2x2 Table comparing 25-49 daily 
cigarettes to 0 daily cigarettes

Cases Controls

E+ 293 154

E- 7 61



ADHD cases were 
consecutively 
recruited from 
children coming for 
initial or follow-up 
assessment from 
October 2003-
August 2007 in two 
pediatric clinics

Non-ADHD controls 
were randomly 
selected from 
computerized lists 
of outpatients 
admitted for acute 
respiratory 
infection at the 
same two clinics 
during the same 
time period



Case control studies in a 
defined cohort

-Taking advantage of the best features of cohort and case-control designs

-Case control study that takes place within a defined cohort
-Case cohort study
-Nested case control study

-Overall idea:
• Assemble cohort
• Follow over time
• Some individuals will develop disease (cases)
• Take a sample of those individuals who do not (controls)



Case Cohort Design 



A large cohort study in the Netherlands 
of 120,852 people followed since 1986

All cohort members completed baseline 
questionnaires and provided a blood 
sample

It would have been very expensive and 
inefficient to do lab testing on blood 
samples for the entire cohort, so a 
random sample of 3123 individuals was 
chosen from the baseline cohort



Advantage of a case-cohort 
design

• The same control series can be used in several studies



Nested Case Control studies

-Controls selected from individuals in 
the ‘risk set’ at the time a case occurs

-A person who has already developed 
the disease (=case) is NOT eligible to be 
sampled as a control

-However, controls are able to become 
cases if they later develop the disease

• An individual could be a control 
and then selected as a case at a 
later time point



• A person selected as a control 
is still eligible to be selected 
again as a control as long as 
they remain at risk for disease

• The same person may serve 
as a control for multiple cases

Nested Case Control studies









Review: Case Control Designs



Practical issues 
concerning selection of 

cases and controls



Defining Cases

• Ideally, cases in a case-control study will comprise all (or a 
representative sample) of members of a defined 
population who the outcome of interest during a specific 
period of time

• Eligibility criteria for cases must be carefully specified, just 
like in cohort studies and RCTs

• Incident cases vs. prevalent cases
• Which should be used to study disease etiology?



Principles of Control Selection

Two important rules for control selection:

1. Controls must be selected independently of exposure

2. Controls must be selected from the source population 
that gave rise to the cases
• Ideal= random sampling from source population
• This is often where case-control studies run into 

difficulty



Types of study base
Can select controls from either a primary or secondary study base

1. Primary study base

• Cases are a representative sample of all cases in a defined population 
and controls are sampled directly from this source population

• The cases are subjects within the base who develop disease

2.  Secondary study base

• Cases are selected before the study base is identified

• The study base then is defined as the source of the cases; controls are 
people who would have been recognized as cases if they had 
developed disease



Examples: primary or secondary base?

Imagine a study of Hep-C co-infection among men in the MACS 
study. Investigators recruit all men who develop Hep-C from 
1990-1995.

Imagine a study of brain tumors at Roswell Park Hospital. The 
investigators recruit all incident cases of brain tumor during 
2020. 



Comparing Control Selection

• It is easier to sample controls from a primary study base 
• Well-defined
• Cohort, population registry

• Control sampling is very difficult from a secondary study base 
because it is difficult to identify who is or isn’t a member of the 
study base

• Risk of bias is much greater with a secondary study base than with a 
primary study base





Population Controls

• In a population-based study, the source population is a 
geographically defined area (e.g., city, province etc.)

• When a population roster is available, selection of 
population controls is simplest
• Census lists, drivers license records

• If no roster is available:
• Random digit dialing
• Neighborhood controls





Random Digit Dialing

• Controls sampled in this way are 
mostly representative of the 
population

• However:
• Not everyone has telephones
• People at home during the day may 

not represent the pop’n
• Caller ID
• Low response
• Cell phones?



Neighborhood Controls 

• Sampling residences in a systematic way

• Drawing controls from the same neighborhood as the 
cases, certain confounding variables are accounted for 
(e.g., SES, climate)

• Sampling houses rather than individuals

• Non-response can be very high (like in RDD)

• Multi-unit dwellings



Friend/Relative Controls 

• May be more willing to participate

• Could control for SES, ethnicity, genetics (?)

• However, friend/relative controls tend to have an 
exposure distribution that is more similar to cases than 
that of the source population

• Selection of controls may not be independent of 
exposure



Spouse Controls



Sibling Controls 



Hospital Controls

• Control group selected from patients treated at the same 
hospital as the cases 

• Easily accessible population
• Assumption is that patients treated for another disease would 

have also been treated for the disease under study at the same 
hospital 

• Not a random sample of the source population, possible 
that controls are not selected independently of exposure 



Coffee and Pancreatic Cancer



• Controls selected from a group of patients hospitalized by 
the same physicians who had diagnosed and hospitalized 
the cases’ disease

• Investigators attempted to make the selection process 
similar for cases and controls

• However, one of the first things told to any GI patient is 
“reduce coffee intake”

• Controls had an unusually low prevalence of exposure 
(coffee intake)

• Results of McMahon study not replicated when population 
based controls were used



• In this study, the level of coffee drinking in cases was greater than the level of 
coffee drinking in controls
• Controls’ levels of coffee drinking ≠ of the level of coffee drinking in the 

population
• Coffee drinking may be abnormally low.
• Observed difference in coffee drinking between pancreatic cancer cases 

and controls could be due to: cases drinking more coffee than expected
or controls drinking less coffee than expected

Do patients with pancreatic cancer drink more coffee than people without 
pancreatic cancer in the same population?



Composing a hospital control 
series

• Exclude from the control series any hospitalizations for any conditions related to 
the exposure 

• Example: case control study of NSAIDs and colorectal cancer

• Prior history of disease should not exclude control subjects unless the same 
restriction put on cases 

• Patients with any disease that is not easily distinguishable from the study 
disease should be excluded 



Multiple Control Groups

• Some researchers have suggested using multiple control 
groups to examine alternate hypotheses and potential 
sources of bias

• Multiple controls of same type (e.g., 1:2 or 1:4) 

• Multiple controls of different type (e.g., hospital and 
neighborhood)
• Reassuring when results are concordant regardless of which 

control group is used
• When the results are discordant, it puts the investigator in a 

position to choose which is ‘most correct’



What is the ideal control group? 

• Some researchers suggest using both 

• Infer that the true effect estimate is somewhere 
between the two estimates 



Did mothers of children with brain tumors have 
more prenatal radiation exposure than control 

mothers?





Case Series

Control group 1

Control group 2



Bias in Case Control Studies

• Case control studies are 
particularly susceptible to bias
• Will discuss in further detail in the 

Bias lecture

• Poor recall vs. recall bias
• Poor memory can happen with 

both cases and controls 
• Cases often have different recall 

than controls (“rumination bias”) 
e.g., congenital malformations

• Sometimes cases are 
probed/investigated differently



Matching

• A frequent concern in case control studies is that cases and 
controls may differ in characteristics aside from exposure 

• Selecting cases and controls so they are similar on particular 
factors of interest (e.g., age)

• Frequency matching
• Same proportion (e.g., 10%) of older adults in cases and 

controls

• Individual matching
• For each older adult case, an older adult control is selected



Case-Crossover Study

• Useful to study etiology of acute events in situations where the 
exposure is transient and its effect occurs over a short time
• Subjects must cross back and forth between periods of risk

• Each case serves as his or her own control(s)

• Not concerned about other differences between the 
characteristics of the cases and those of a separate group of 
controls.

• This design also eliminates the additional cost that would be 
associated with identifying and interviewing a separate control 
population.



In this type of study, a case is 
identified (for example, a 
person who had a heart attack) 
and the level of exposure is 
ascertained for a short time 
period preceding the event (the 
at-risk period).

This level is compared with the 
level of exposure in a control 
time period that is more 
remote from the event. 




