
“Nested case control and case cohort studies: 
Estimation of relative risk”

The analysis of case-control studies



1. CHOICE OF CONTROLS IN CASE-CONTROL STUDIES
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2. Measures of relative risk and odds ratio in the 
underlying population

Measure Definition Alternative formulation
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Common numerator: exposed/non-exposed cases in the population: D1/D0

"the odds of exposure among those with disease“ - can be estimated from cases in a case-control study-
represent the underlying population of those with disease from where the cases were drawn!.

Denominators:  exposed/non-exposed individuals or their follow-up times

 By a suitable sampling scheme, each of these three denominators may be estimated 
by the exposed/non-exposed controls from a case-control study.



3.a. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (1)

Cumulative (Exclusive) sampling: from the disease-free in the end of the 
study period.



Cumulative (Exclusive) sampling

Odds ratio from case-
control = 

population odds ratio 
(without the non-rare 
disease assumption)



Cumulative (Exclusive) sampling - example: 



3.b. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (2)

Case-base, Case-cohort, Inclusive sampling: from the 
initially (in the beginning of the study) at risk of disease:

In a case-cohort study, cases are defined as those participants of the cohort who 
developed the disease of interest, but controls are identified before the cases 
develop. 
This means that controls are randomly chosen from all cohort participants 
regardless of whether they have the disease of interest or not, and that baseline 
data can be collected early in the study.

Controls are randomly selected from the parent cohort, 
forming a sub-cohort. No matching is performed.



Case-base, Case-cohort, Inclusive sampling

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



Case-base, Case-cohort, Inclusive sampling

Case-Cohort Studies vs Nested Case-Control Studies,Soyoung Kim, PhD, Division 
of Biostatistics, MCW- Volume 22, Number 1, February/March 2016 



3.b. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (2)

Case-base, Case-cohort, Inclusive sampling: from the 
initially (in the beginning of the study) at risk of disease:

 controls can become cases and selected 2 times in the 
case-control,

 the control group is a sample of the total population 
initially at risk of the disease,

 the odds of exposure in the control group estimates the 
odds of exposure in the population (N1/N)/(No/N) 
=N1/No

 It can be shown that the odds ratio from case-control = 
population risk ratio



Explanation

Exposure
cases Population at risk

IP Risk ratio

Yes
D1 N1 D1 /N1

(D1 /N1)/(D0/
N0)

No
D0 N0 D0/N0

From a cohort study measuring risk of disease in exposed (Ne) and 
unexposed (Nu) cohorts we can draw the following results table:



Explanation

Exposure Cases
Controls=Sample from 
source population

Yes
D1 N1/10

No
D0 N0/10

• Now assume a case-cohort, where controls are a sample of the 
source population:

• The risk of disease cannot be estimated from the above table, since denominators 
sampled from exposed and unexposed cohorts are only a sampling fraction of these 
two populations. 

• However, the risk ratio remains the same. If in the risk ratio calculation we replace 
the denominators by the 10% samples representing them, we obtain the same value for 
the risk ratio:

» RR=D1/(N1/10)/D0/(N0/10)



Case-cohort (Inclusive) sampling - example: 



Nested case-control studies
Case-control study nested in cohort:

Use an existing cohort design a case control study nested within the 
cohort study:

Cases for the case-control study are all cases identified in the cohort in a 
specific period (usually the whole period of the study)

Controls are usually chosen from those at risk of becoming cases (risk set) 
at the time of diagnosis of each case (incidence density sampling):

• Cost saving: collecting data on controls only (instead of the entire 
cohort) at risk at each time of diagnosis of cases.

• Collection of data on a sub-sample of subjects for unmeasured 
covariates in a cohort study.

New Data collection only restricted to Cases and matched Controls.



3.c. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (3)

Concurrent sampling, incidence density sampling: 
from those still at risk of the disease at the time of diagnosis 
of the case.  



Concurrent sampling, incidence density sampling:

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



3c. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (3)

Concurrent sampling, incidence density sampling: 
from those still at risk of the disease at the time of diagnosis 
of the case.  

controls  can become cases and selected as a cases,
 implies matching for time-at-diagnosis,
 the odds of exposure in the control group provide an 

estimate of Y1/Y0,

Odds ratio from case-control analysed as matched = 
population rate ratio



Concurrent sampling, incidence density sampling - example: 



Nested case-control studies

Sampling from those at risk

Ideally we would collect information on exposures of interest (or 
confounders) on all persons at-risk at the time of diagnosis of each case 
(the risk set).  

Sample the risk set instead:

• collect exposure information only for a subsample of those at risk 
(chosen at random).

• the sampled persons are then used to represent the risk set.



Sampling from the risk set: example

• Case at time (•)

• List all available 
controls (risk 
set) for each 
case and draw n
controls (e.g. n=2) 
at random for 
each case 
(sample)



Risk sets and sampling procedures

at each event time of a case (•):

 Note that subjects 4, 1 are selected twice as controls, and individual 1 
eventually becomes a case.

 This is perfectly OK, since these are at risk at the time where they are 
selected as controls for the sample of risk set.



Nested case-control studies
Study base/pool = “large” cohort.

 Expensive to measure exposure or confounders of interest for all 
individuals (e.g. expensive biochemical analyses, DNA analyses).

 Measure exposure/confounders only for cases and time-matched 
controls

 Usually for each case 1-5 controls are sampled from the risk set — i.e. 
persons at risk at the time of diagnosis of the case.

 Can use any case-control design (not only incident density sampling)

Study base/pool = entire population.

 Nested case-control study sampled from the entire population (e.g. using 
registries to define cases and sample the controls)

 Cannot afford to collect exposure/confounders information for the entire 
population, so only a subsample is used.

 Can use any case-control design (not only incident density sampling)



Study base/pool = entire population



Case-cohort vs. nested case 
control

• In a case-cohort study, cases are defined as those 
participants of the cohort who developed the disease of 
interest, but controls are identified before the cases 
develop. 

• This means that controls are randomly chosen from all 
cohort participants regardless of whether they have the 
disease of interest or not, and that baseline data can be 
collected early in the study.

• The main difference between a nested case-control study 
and a case-cohort study is the way in which controls are 
chosen. 

• Generally, the main advantage of case-cohort design over 
nested case-control design is that the same control group 
can be used for comparison with different case groups in 
a case-cohort study.

Encyclopedia of Public Health
Editors: Wilhelm Kirch

https://link.springer.com/referencework/10.1007/978-1-4020-5614-7


Analysis of nested case-control 
and case-cohort studies

• For both nested case-control and case-cohort 
designs, inverse probability weighting 
methods were more powerful than the 
standard methods. 

• However, the difference became negligible 
when the proportion of failure events was 
very low (<1%) in the full cohort.

Kim RS.
A new comparison of nested case-control and case-cohort designs and methods.
Eur J Epidemiol. 2015 Mar;30(3):197-207.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim RS[Author]&cauthor=true&cauthor_uid=25446306
https://www.ncbi.nlm.nih.gov/pubmed/25446306


Sampling options in case-control studies (summary 
– references)

ReferencesType of sampling
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