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Learning outcomes from today..

• To understand the concept of frequency matching in a 

case-control study

• How to analyse a matched case-control study

• Advantages and disadvantages of matching



Confounding

• A situation where the relationship between exposure 

and outcome is distorted by the presence of another 

variable. 

• A confounder meets all three conditions listed below:

1. It is a risk factor for the disease, independent of the 

exposure of interest. 

2. It is associated with the exposure of interest.

3. It is not in the causal pathway between exposure and 

disease



Confounding

Exposure Disease

Confounder



Data example (hypothetical study Pearce BMJ 2016)

Case Non-case

Exposed 180 100,000

Unexposed 210 100,000

Case Non-case

Exposed 80 80,000

Unexposed 10 20,000

Case Non-case

Exposed 100 20,000

Unexposed 200 80,000

Total population

Young participants

Old participants

Crude OR=0.86(0.70; 1.05)

Age adjusted OR:

2.00(1.59; 2.51)

OR=2

OR=2



Data example, age is a confounder

Case Non-case

Young 90 100,000

Old 300 100,000

Exposed Unexpo.

Young 80,000 20,000

Old 20,000 80,000Age

Exposure Disease

OR=16

OR=0.3



Frequency matching

Selection of controls to match specific 

characteristics of cases

• Selection of controls with the same distribution as for 

the cases of one or more potentially confounding 

factors (e.g. age group).

• Useful if we want to make sure that all strata are have 

both cases and controls.



Frequency matching

Cases Controls

Age group Unmatched Matched

Young 90 195 90

Old 300 195 300

Total 390 390 390



Data example, Unmatched case-control

Case Control

Exposed 180 195

Unexposed 210 195

Case Control

Exposed 80 156

Unexposed 10 39

Case Control

Exposed 100 39

Unexposed 200 156

Unmatched case-control

Young participants

Old participants

Crude OR=0.86(0.65; 1.14)

Age adjusted OR:

2.00(1.38; 2.89)

OR=2

OR=2



Matching on a confounder

• We would usually match on a potential confounder but 

matching does not in itself eliminate confounding.

• When we select controls according to a factor related 

to exposure we get selection bias.

• Matching forces the cases and controls to be more 

alike with respect to the exposure of interest than 

would ordinarily be the case.

• The crude odds ratio biased towards 1.

• This can be dealt with in the analysis by using 

methods used for confounding.



Data example, Matched case-control

Case Control

Exposed 180 132

Unexposed 210 258

Case Control

Exposed 80 72

Unexposed 10 18

Case Control

Exposed 100 60

Unexposed 200 240

Matched case-control

Young participants

Old participants

Crude OR=1.68(1.25; 2.24)

OR=2

OR=2

Age adjusted OR:

2.00(1.42; 2.81)



Matching on a factor associated with the 

exposure

• Matching can introduce bias where none existed.

Exposure Disease

Matching factor



Data example, no confounding by sex

Case Non-case

Exposed 500 99,500

Unexposed 100 99,900

Case Non-case

Exposed 450 89,550

Unexposed 10 9,990

Case Non-case

Exposed 50 9,950

Unexposed 90 89,910

Total population

Men

Women

OR=5.0

OR=5.0

OR=5.0

Proportion exposed 0.9

Proportion exposed 0.1



Bias introduced, no confounding by sex

Case Control

Exposed 500 428

Unexposed 100 172

Case Control

Exposed 450 414

Unexposed 10 46

Total 460 460

Case Control

Exposed 50 14

Unexposed 90 126

Total 140 140

Matched case-control

Men

Women

OR=2.0

OR=5.0

OR=5.0



Why consider matching?

• Why consider matching in case-control study?

• Does not prevent confounding and can introduce bias?

• Cannot estimate the effect of matching variable

• Main purpose to improve precision.

• The stratified analysis (or regression analysis) should 

be enough to deal with the confounder.

• Matching can be used to make all strata informative.



Example: Alzheimer’s disease 

• Suppose you wanted to study the association between 

a drug used for blood pressure and Alzheimer’s 

disease.

• Age would be a confounder (associated with both use 

of drug and disease).

• Stratify by age group.

• If unmatched population controls, too few in the oldest 

strata and imprecise OR

• Matching on age group will give enough subjects in 

each strata.



Overmatching

When matching interferes with the logistics (1), statistical 

efficiency (2), or gives biased estimates (3):

1. Matching on many factors, or on factors that are difficult to 

match, adds to the expense and difficulty of study conduct.

2. When matching factor is not a true confounder, e.g. 

associated with exposure but not with outcome.

3. When matching factor produced by exposure and related 

to disease (e.g. an intermediate in pathway) or produced 

by disease and related to exposure.



Summary

• Matching in a case-control study can be considered 

means of providing more efficient stratified analysis.

• Not a direct means of preventing confounding.

• Stratification (or regression including matching 

variable) still necessary.

• Matching on a non-confounder will usually harm 

efficiency (usually more efficient neither to match nor 

to stratify)


