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Observational Study Designs II:
Case-Control Study Designs

Highlights from Week #3

• Introduced new ways to classify epidemiological 
study designs:
• Goal
• Timing and directionality
• Unit of analysis
• Outcome 

• Discussed design features of cohort studies
1. Cohort specification (closed vs. open cohorts)
2. Selection of exposed
3. Selection of unexposed
4. Sources of exposure information
5. Classifying person-time (induction, latency, lag time, immortal PYs)
6. Sources of outcome information
7. Approaches to follow-up

• Stressed the importance of field methods (research 
methods, research administration methods)
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• Discussed how principles of experimental studies 
are applied to observational cohort studies

1. Randomization of treatment so groups are comparable on known 
and unknown confounders.  

2. Use placebo in order to reduce bias.
3. Blinding to avoid bias in outcome ascertainment.  

• Answered a question: When does observational 
study emulate an RCT design?

1. The values of treatments under comparison correspond to well-
defined interventions

2. The conditional probability of receiving every value of treatment, 
though not decidedly by the investigators, depends only on the 
measured covariates (exchangeability)

3. The conditional probability of receiving every value of treatment is 
greater than zero, i.e., positive (positivity)

Highlights from Week #3
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 Design features of case-control studies
1. Selection of cases and controls
2. Advantages and disadvantages of methods used to increase 

study accuracy:
 Restriction
 Matching

3. Exposure classification

 Special types of case-control studies
 Nested case-control
 Case-cohort
 Two-stage case-control study
 Counter-matched studies

Learning Objectives
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Case-Control Studies 
(from Epi 203)
 Imagine a population in which a cohort study 

could be conducted
‒ Identify cases as you would in the cohort study

‒ Sample from the study base (person-time) to determine 
exposure distribution in the population that gave rise to the 
cases = Controls

‒ Controls must be sampled independent of exposure!

 + More efficient version of cohort study

 - Sampling creates new opportunities for bias

5

1. Think of the selection of cases and controls as occurring 
from an underlying cohort (aka “study base”)

2. Distinguish if underlying study base is fixed (closed) or 
dynamic (open) cohort

3. A inappropriate control group is usually the result of the 
inability to identify a well defined secondary study base 
(or the result of ignoring the study base concept entirely)

4. Incident sampling of cases is preferable to prevalent 
sampling

5. Plans for measurement are part of study design

Case-Control Key Concepts
(from Epi 203)
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1. Think of the selection of cases and controls as 
occurring from an underlying cohort (aka “study base”)

2. Distinguish if underlying study base is fixed (closed) or 
dynamic (open) cohort

3. A inappropriate control group is usually the result of the 
inability to identify a well defined secondary study base 
(or the result of ignoring the study base concept entirely)

4. Incident sampling of cases is preferable to prevalent 
sampling

5. Plans for measurement are part of study design

Case-Control Key Concepts
(from Epi 203)
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 This disparaging term was given to case-
control studies because their logic seemed 
backwards (trohoc is ?? spelled backwards)  
and they seemed more prone to bias than 
other designs.

 No basis for this derogation.

 Case-control studies are a logical extension of 
cohort studies and an efficient way to learn 
about associations.

“TROHOC” STUDIES

8



5

 When exposure data are expensive or difficult to obtain
- Ex: Pesticide and breast cancer study

 When disease has long induction and latent period

- Ex: Cancer, cardiovascular disease

 When the disease is rare
- Ex: Studying risk factors for birth defects

 When little is known about the disease
- Ex. Early studies of AIDS

 When underlying population is dynamic

- Ex: Studying breast cancer on Cape Cod 

When is it desirable to conduct a 
case-control study? 

9

OR is assumed to approximate RR

Q1. Where do you get information on the 
numerators for OR? 

Q2. Where do you get the information for the 
denominators of OR? 

Case-Control Studies as 
Approximation of  Cohort Studies
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Main Epidemiologic Study Designs 
for Testing Hypotheses

 Randomized controlled trial = 
Investigator assigns exposure and 
follows participants overtime to 
ascertain the outcome

 Cohort study = Analogous to RCT, 
but investigator does not assign 
exposure

 Case-control study = Analogous to 
cohort study, but with more 
efficient sampling

11

Q1. Where do you get information on the 
numerators? 
 Cases = numerators of the rates of disease being compared you would 

have measured in exposed and unexposed groups in the corresponding 
cohort study

Q2. Where do you get the information for the 
denominators? 
 If this were a cohort study, you would have the total population (if you were 

calculating cumulative incidence) or total person-years (if you were 
calculating incidence rates) for both the exposed and non exposed groups, 
which would provide the denominators for the compared rates.

 Controls = relative size of the exposed and unexposed person-time in the 
study base ≈ person-time denominators you would have measured in the 
corresponding cohort study

Case-Control Studies as 
Approximation of  Cohort Studies
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 Cases are the same people that would be 
cases in the underlying cohort study

• Can randomly sample cases if sampling is 
independent of exposure

 Controls are a random, or conditionally random 
within strata, sample of study base

 Exposure distribution in the controls is the 
same as in the population that gave rise to the 
cases, conditional on matching factors

Definitions of  Cases and Controls
(from Epi 203)

13

Sources of  Controls 
(from Epi 203)
 Primary study base

• Base population known

‒ Study of Kaiser Permanente members

‒ Study conducted within existing cohort, “Nested case-control”

 Secondary study base

• Identify cases first, base population not known

‒ Hospital-based case-control study

• Must identify person-time contributed by persons who 
would have become a case in your study had they 
developed the disease

14
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Selection of  cases

15

 Advantages

Because of selection process, investigator is usually 
assured that they come from the same base population 
as the cases.

 Disadvantages

Time consuming, expensive, hard to contact and get 
cooperation; may remember exposures differently than 
cases

1. Design features of  case-control 
studies
1. Selection of  Controls
- General population controls

16 RGL2008 Ch 8
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1. Design features of  case-control 
studies
1. Selection of  Controls
- Neighborhood Controls

 Sample residences

 May individually match cases to one or more 
controls residing in the same neighborhood

 If neighborhood is associated with exposure, 
must control for matching in the analysis

 Neighbors may not be the source population of 
the cases

• Cases at a VA hospital

17

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Friend/Family Controls

 Being named as a friend control may be 
related to exposure

• Reclusive people are less likely to be named

 Investigators depend on cases for identifying 
controls

 Friend groups often overlap, so persons with 
more friends are more likely to be selected as 
a control

18
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1. Design features of  case-control 
studies
1. Selection of  Controls 
- Random Digit Dialing

 Case eligibility should include residence in a 
house with a telephone

 Probability of calling a number ≠ probability of 
contacting an eligible control

• Households vary in the number of people, amount of 
time a person is at home, and the number of 
operating phones

 Method requires a great deal of time and labor

19

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Random Digit Dialing

 Answering machines, voicemail, and caller ID reduce 
response rates

 Cell phones reduce validity of assuming source 
population can be randomly sampled using this method

• Recent CDC survey showed 2% increase in binge drinking 
compared to 2009 data – more cell phone numbers included, 
and average age of respondents decreased

 May not be able to distinguish business and residential 
numbers - difficult to estimate proportion of non-
responders

20
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21

- Random Digit Dialing

Clagett et al 2013

 crucial for studies of vector-borne 
disease, such as Lyme disease, 
for which risk is intrinsically 
linked to geographical location

 can help control for variation in 
ecological risk factors that are 
tied to geographical location, like 
vector and host habitat in the 
peridomestic environment

Use RDD or residential 
telephone numbers from a 
commercial marketing database

1.Design features of  case-control 
studies
1. Selection of  Controls 
- Neighborhood controls

22 Clagett et al 2013
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1. Design features of  case-control 
studies
1. Selection of  Controls 
- Hospital-Based Controls

 If not randomly selecting controls, must be cautious that control 
selection is independent of exposure

 Limit diagnoses for controls to conditions with no association with the 
exposure

• May exclude most potential controls

• Exclusion criteria only applies to the cause of the current hospitalization

 Reasonable to exclude categories of potential controls on the 
suspicion that a given category might be related to exposure

 Imprudent to use only a single diagnostic category as a source of 
controls

23

http://epiville.ccnmtl.columbia.edu/interactiv
e/bias_interactive_exercise.html

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Hospital-Based Controls, cont.

 May not represent exposure distribution in source 
population if exposure is associated with 
hospitalization, other diseases, or both

• Example: Hospital-based study examining smoking and 
pancreatic cancer where controls are selected from persons 
admitted to the hospital for other conditions.  

• Special case: Berkson’s bias (Berksonian bias, Berkson’s 
fallacy)

24

http://epiville.ccnmtl.columbia.edu/interactiv
e/bias_interactive_exercise.html
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Exposure Disease Hospitalization

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Hospital-Based Controls, cont.
 Berkson’s Bias: a form of selection bias will occur if the 

exposure directly affects risk of being hospitalized, 
even if exposure is unrelated to the study disease or 
control diseases

25

 Joseph Berkson, 1940: drawing cases and controls from 
hospitalized patients could lead to biased results

• A type of selection bias

• Occurs when both exposure and disease affect selection and 
specifically because they affect selection (e.g., rare and acute 
conditions) 

• Generates downward bias when both exposure and disease increase 
the chance of selection

• Downward bias can induce a negative association if the association in 
the source population is positive but not as large as the bias

• Example: c-c studies showed 10-fold increase in endometrial cancer 
odds for women taking estrogen regularly (estrogens 
bleadingdetection of cancer)

• Remedy: use more than one control group, separately and aggregately

Berkson’s bias

26
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Advantages

 Same selection factors that led cases to hospital also 
led controls to hospital

 Easily identifiable and accessible (so less expensive 
than population-based controls)

 Accuracy of exposure recall comparable to that of cases 
since controls are also sick

 More willing to participate than population-based 
controls

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Hospital-Based Controls, cont.

27

Disadvantages

Since hospital based controls are ill, they may not 
accurately represent the exposure history in the 
population that produced the cases

Hospital catchment areas may be different for different 
diseases 

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Hospital-Based Controls, cont.

28
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1. Design features of  case-control 
studies
1. Selection of  Controls 
- Deceased Controls

 Not members of the source population for the cases

 If exposure is associated with mortality, dead controls 
will misrepresent exposure distribution in source 
population

 Even if cases are dead, generally better to choose living 
controls

 Do not need a proxy interview for living controls of dead 
cases

29

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Comparability of  Information

 Comparability of information is often used to guide 
control selection and data collection

 BUT

• Non-differential exposure measurement error does not  
guarantee that bias will be toward the null

• Efforts to ensure equal accuracy of exposure data tend to 
produce equal accuracy of data on other variables

• Overall bias due to non-differential error in confounders and 
effect modifiers can be larger than error produced by unequal 
accuracy of exposure data from cases and controls

30
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1. Design features of  case-control 
studies
1. Selection of  Controls 
- Incidence Density Sampling

 Sample controls at a steady rate per unit time over 
period in which cases are sampled

 Probability of being selected as a control is proportional to 
amount of time person spends at risk of disease in 
source population

 Individual may be selected as a control while they are at 
risk for disease, and subsequently become a case

 Incidence density sampling or “risk set sampling” is a 
form of density sampling in which you match cases and 
controls on time

31

Incidence Density Sampling (full 
cohort)

32
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Incidence Density Sampling

33
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Incidence Density Sampling

34
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Control could become a case 
or could be sampled twice
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Case-Cohort Sampling

35
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Sampling from those at risk at 
the beginning of follow-up

Case-Cohort Sampling
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Cumulative Sampling

37
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Sampling of survivors at the end of follow-up

Cumulative Sampling
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1. Design features of  case-control 
studies
1. Selection of  Controls 
- Measures of  Association
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Person‐time Data

Exposed Unexposed

Cases x1 x0

Person‐time T1 T0

Case‐control Data

Exposed Unexposed

Cases x1 x0

Controls y1 y0

• Can also estimate the risk ratio or incidence odds ratio 
from case‐control studies

• The measure of association estimated by the OR depends 
on the control sampling scheme

39

1. Design features of  case-control 
studies
1. Selection of  Controls 
- Measures of  association based on control sampling scheme

Control Sampling 
Method

Description Measure of effect 
estimated by the OR

Case‐cohort Persons at risk of disease at 
baseline

Average risk ratio* 
(incidence proportion)
Rate ratio

Density sampling Proportional to person‐time
accumulated by persons at risk of 
disease during follow‐up

Rate Ratio

Cumulative case‐
control

Persons at risk of disease who are 
non‐cases at the end of follow‐up

Incidence Odds Ratio Risk 
Ratio*

* Only need rare disease assumption when estimating the risk ratio from 
the odds ratio. 

40
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1 < RR < IRR < OR

Findings from a hypothetical cohort 
study of  20,000 persons followed for 10 
yrs

41

 Of all case–control studies involving incident cases, 82% 
sampled from a dynamic population; only 18% of studies 
sampled from a fixed cohort

 Case–control studies can be conducted in a dynamic 
population, and the resulting OR directly estimates the 
IRR from this dynamic population, provided that either the 
exposure distribution is in steady state in the dynamic 
population, or sampling of control subjects is matched on 
time in a dynamic population

New developments
(why we don’t need a rare disease assumption)

42 Vandenbroucke and Pearce 2012
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A) OR estimating IRR

B) OR estimating RR

C) Both

Q: What effect estimate could be obtained from 
cumulative case-control studies?

43

Exercise

 Question: What effect estimate could be obtained from cumulative case-
control studies?

 Answer: C

The odds ratio in a cumulative study estimates either rate ratio (IRR) or risk 
ratio (RR), but only if disease is rare. The approximation to the rate ratio is 
closer than the approximation to the risk ratio. Each control represents a 
sample from a fixed number of people, rather than person-time. 

In the case-cohort study, the people who serve as the source of the control 
sample constitute the denominator for the risk, but in the cumulative case-
control study, controls are drawn just from non-cases, which is not the full 
denominator. With rare disease, almost everyone is a non-case, so the odds 
ratio in a cumulative case-control study is a good approximation to the risk 
ratio, but will be even closer to the rate ratio. 

Exercise Answer

44
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1. Design features of  case-control 
studies 
2. Methods used to increase study accuracy
- Restriction

 Limit who can be included in a study to prevent 
confounding

 Restricts pool of potential participants

 While this may decrease generalizability, it may help with 
validity 

 If a population is too heterogeneous might not be able to 
answer any questions.

45

1. Design features of  case-control 
studies 
2. Methods used to increase study accuracy
- Apportionment of  study subjects

 Try to improve study efficiency by selecting certain proportion of 
subjects into groups.  

 Can be based on exposures and disease status.

 Common in case-control studies: selecting multiple controls per case.

 Maximum efficiency in case-control study: 

‒ n/(m+n) where m=# cases, n=# controls. (Under the null and when no need to stratify)

‒ 1:1 = 50%, 1:2=66%, 1:3=75%, 1:4=80%, 1:5=83%

 Most cost-efficient ratio of controls to cases (under null):

= sqrt (C1 / C0), C1 = cost of case, C0 = cost of control

46
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• What is the key objective in matching?

• What types of factors should be matched?

47

1. Design features of  case-control 
studies 
2. Methods used to increase study accuracy
- Matching

Exercise

Q: Make a DAG that explicitly accounts for the 
matching process:

• E.  Exposure

• D.  Disease

• C.  Matching variable.  Assume it is a confounder of the E -> D relationship

• S.  Matching (selection) process

What are the consequences of matching for estimation/ 
testing of an E -> D effect?

48
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Question: Make a DAG that explicitly accounts for the matching 
process

 Answer:

49

Exercise Answer

• Selection of reference series (unexposed, or controls) by making 
them similar to index subjects on distribution of one or more 
potential confounders.

• This balancing of subjects across matching variables can give more 
precise estimates of effect with proper analysis.

• Key advantage of matching is not to control for confounding (which 
is done through analysis), but to control for confounding more 
efficiently!

• Matching must be accounted for in one’s analysis:

• matching controls to cases on an exposure can introduce selection 
bias

50

1. Design features of  case-control 
studies 
2. Methods used to increase study accuracy
- Matching
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Case-control matching introduces 
selection bias

51

 By matching on M, we have eliminated any association between M and 
D in the total sample.

 But selection is differential wrt both exposure and disease.

 Exposure distribution (E) of controls is now like the cases’.

 The controls’ disease risk falsely elevated by the increased prevalence 
of another risk factor

 If M-E not associated, then matching will not lead to bias, but may be 
inefficient.

M

E D

Matching variable

associated with E

?

Base Population
Smokers Non-smokers Total

Beta-carotene D PY D PY D PY

Low 30 12000 6 20000 36 32000
High 10 12000 6 60000 16 72000
Total 40 24000 12 80000 52 104000

IDR = 3.00 IDR = 3.00 IDR = 5.06

Unmatched Case-control Study (All 52 cases and 52 randomly selected controls)
Smokers Non-smokers Total

Beta-carotene D not D D not D D not D

Low 30 6 6 10 36 16
High 10 6 6 30 16 36
Total 40 12 12 40 52 52

OR = 3.00 OR = 3.00 OR = 5.06

ORMH = 3.00 (1.16 - 7.73)

Matched Case-control Study (All 52 cases and 52 matched controls)
Smokers Non-smokers Total

Beta-carotene D not D D not D D not D

Low 30 20 6 3 36 23
High 10 20 6 9 16 29
Total 40 40 12 12 52 52

OR = 3.00 OR = 3.00 OR = 2.84
ORMH = 3.00 (1.31 - 6.88)

Example: Beta-carotene and lung cancer

52



27

Types of matching

Individual – one or more comparison subjects is selected for each index subject 
(fixed or variable ratio)

Category – select comparison subjects from the same category the index subject 
belongs to (male, age 35-40)

Frequency – Total comparison group selected to match the joint distribution of one 
or more matching variables in the comparison group with that of the index group 
(~category)

Caliper – select comparison subjects to have the same values as that of the index 

‒ Fixed caliper – criteria for eligibility is the same for all matched sets (age ± 2 years)

‒ Variable caliper – criteria for eligibility varies among the matched sets (select on 
value closest to index subject, i.e. nearest neighbor)

53

1. Design features of  case-control 
studies 
2. Methods used to increase study accuracy
- Matching

Appropriate matching
(Matching factor is a confounder)

Exposure Disease

Matching Factor

?

Analysis
Study Design Stratified Crude

Match Valid/Max Precision BIAS
No matching Valid/Reduced Precision BIAS

54
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Unnecessary matching:
(Matching factor is unrelated to exposure)

Exposure Disease

Matching Factor

?

Analysis
Study Design Stratified Crude

Match Valid/Reduced Precision Valid/Max Precision
No matching Valid/Reduced Precision Valid/Max Precision

55

Overmatching

1. Loss of information due to matching on a factor 
that’s only associated with exposure (non-
confounder).  Still need to undertake stratified 
analysis to address selection bias, but this was 
unnecessary.

2. Irreparable selection bias due to matching on 
factor affected by exposure or disease.

56
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Overmatching:
(Matching factor is associated with exposure)

Exposure Disease

Matching Factor

?

Analysis
Study Design Stratified Crude

Match Valid/Reduced Precision BIAS
No matching Valid/Reduced Precision Valid/Max Precision

57

Overmatching

58

Case-Control (unmatched) Case-Control (matched)
E not E E not E

Cases 44 110 154 Cases 44 110 154
Controls 26 130 156 Controls 29 125 154
ORcrude = 2.00 (1.16 - 3.46) ORcrude = 1.72 (1.01 - 2.94)

ORMH = 2.00 (1.09 - 3.66) ORMH = 2.00 (1.09 - 3.64)

Analysis
Study Design Stratified Crude

Match Valid/Reduced Precision BIAS
No matching Valid/Reduced Precision Valid/Max Precision

E D

M

?
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Matching on a intermediate 
variable

Exposure Disease
Matching

Factor

Analysis
Study Design Stratified Crude

Match BIAS BIAS
No matching BIAS Valid/Max Precision

59

Summary
 When might matching be a good strategy?
 Decision should reflect cost / benefit tradeoff

 Costs: 
• Cannot estimate effect of matching variable on disease. 

• May be not cost effective if limits potential study subjects.  

• Might overmatch.

 Benefits: 

• May provide more efficient study and manner to control for 
potential confounding.

 Compare sample sizes needed to obtain a certain level of 
precision with matching versus no matching (assuming 
correct analysis) 

 One should not automatically match!

60
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1. Design features of  case-control 
studies
3. Exposure Classification

 Same principles as discussed for cohort 
studies

 Cases’ exposure should be classified as of the 
time of diagnosis or disease onset, accounting 
for induction time hypotheses

 Controls should be classified according to their 
exposure status at the time of selection, 
accounting for induction time hypotheses

61

1. Design features of  case-control 
studies
4. Timing of  Exposure Classification

 Selection time does not necessarily refer to the 
time at which a control is first identified

• For hospital-based controls, selection time may be 
date of diagnosis for the disease that resulted in the 
current hospitalization

• Date of interview is often used if there is not an 
event analogous to the cases’ date of diagnosis

 Interviewers should be blinded to case-control 
status whenever possible

62
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 Nested case-control

 Case-cohort

 Two-stage case-control study

 Counter-matched studies

2. Special types of  case-control 
studies
Variations in case-control study designs

63

Zablotska et al. 2013.64

2. Special types of  case-control studies
Variations in case-control study designs
Nested case-control study
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Zablotska et al. 2013.65

2. Special types of  case-control 
studies
Variations in case-control study designs
Case-cohort studies
 Advantages: 

• Could conduct several analyses from a single cohort using the same control 
group (since we are taking a sample from the cohort at enrollment, the 
control group could be compared with any number of case groups)

 Disadvantages:
• Need a larger sample of controls since some of them could be later sampled 

as cases, decreasing precision compared with a typical case-control study

‒ If incidence rate is 20%, then need to select 25% more controls compared to the 
typical study to ensure that there will be as many controls who never become 
cases in the study

‒ Not very important if the disease is uncommon, i.e. incidence rate<5%

66
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Example, case-cohort design

67 Piltoft et al. 2017

How to analyze case-cohort data?

 Cox proportional hazards model

 Need to adjust variance

• Several methods exist

68

Straightforward with no 
adjustment of  the 
variance

Controls are weighted 
in proportion to the 
sampling scheme 
from the underlying 
cohort

Poor performance!

Barlow et al. 1999
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Example, case-cohort design

69 Piltoft et al. 2017

 Cases and controls randomly sampled from the community
 Exposure tied to employment status  use existing data
 Stage II: interview all exposed (all workers) and a sample of unexposed

 Use the information on the disease-exposure relationship from Stage I (1,000 subjects) and 
the confounder information from Stage II (340 subjects)

 Adjust exposure-outcome estimate and its variance for the method of sampling in Stage II

2. Special types of  case-control 
studies
Variations in case-control study designs
Two-stage case-control studies

70 Tager  2000
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71 Martel et al. 2008

 Nested case-control study uses only information for the cases and controls actually used 
in the case-control study  lower precision of the exposure effect estimates 

 Additional loss in efficiency because of matching on potential confounders (exposure-
concordant pairs (risk sets) do not contribute to the estimation of the exposure effect) 

 The counter-matching design uses stratified sampling of exposures (not confounders ) 
and adjusts for the sampling strategy by weighting the probability of being sampled from 
a given exposure stratum in the risk set at the time the case appears. 

2. Special types of  case-control 
studies
Variations in case-control study designs
Counter-matched studies

72
Tager  2000
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 700 women with asynchronous (2nd primary) bilateral breast cancer 
were individually matched to 1400 controls with unilateral breast 
cancer on date and age at diagnosis of the 1st primary breast cancer, 
race, and registry region, and counter-matched on radiation therapy 
(RT)

 Each triplet (1case:2controls) comprised two women RT+ and one 
woman RT-

Optimized the informativeness of the collected dosimetry data by 
increasing the variability of radiation dose within the case–control 
sets and enhanced ability to detect radiation–genotype interactions

Counter-matching on exposure (or a correlate of exposure) is more 
efficient than simple random sampling for assessing exposure dose–
response and gene–exposure interactions

73

2. Special types of  case-control 
studies
Variations in case-control study designs
Counter-matched studies: effects on statistical power

74 Bernstein et al. 2004



38

75

Conclusion: No clear 
indication that carriers of 
deleterious BRCA1/ 
BRCA2 mutations were 
more susceptible to the 
carcinogenic effects of 
radiation than non-car-
riers. No G x R 
interaction.

Bernstein et al. 2013

 Advantages: 
substantial gains in statistical efficiency compared to simple random 

sampling at a first stage of analyses focused by design on variables 
correlated with the counter-matching variable

 Disadvantages:
will lose efficiency at a second stage of analyses aimed at variables 

independent of the counter-matching variable and not conceived as 
a part of the initial study

 E.g., counter-matching is more efficient than random sampling for assessing the 
main effect of R and R x G interaction effects, but less efficient for estimating the 
main effect of G

2. Special types of  case-control 
studies
Variations in case-control study designs
Counter-matched studies

76
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 Case-control studies should be conducted in 
such a way that they approximate a cohort 
study design

 Subject selection and exposure and outcome 
assessment play crucial role in getting valid 
results from case-control studies which would 
approximate the results from a cohort study 
design

 Multiple opportunities for selection and 
measurement/information bias, which could 
undermine or even overwhelm study findings

Summary
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