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Concepts

Case-control study: A type of epidemiology study 
design which  are used to assess the association 
between occurrence of disease and an exposure 
suspected of causing (or preventing) that 
disease. 



◆ Question 1 
Will  people be susceptible to get lung 

cancer if they smoke?

Question 2
Will female be susceptible to get breast 

cancer if they don’t breast-feed their baby  ?
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Diagram of a case-control study.
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◆ A. cases who are exposed
◆ B. controls who are exposed
◆ C. cases who are not exposed
◆ D. controls who are not exposed





◆ The odds ratio (OR) is a measure of the association 
between frequency of exposure and frequency of 
outcome used in case-control studies. 

◆ The OR is called an indirect measure of risk because 
incidence rates have not been used; instead, the risk of 
an outcome associated with an exposure is estimated 
by calculating the odds of exposure among
the cases and controls. 

◆ OR( Odds Ratio)= ad/bc
◆



The history of case-control study

◆ First modern c-c study was Janet Lane-
Claypon’s study of Breast cancer and 
reproductive history in 1926. 

◆ Lane-Claypon tracked down 500 women with a 
history of breast cancer - the “cases” - and 
compared them with 500 women who were free 
of the disease but otherwise broadly similar, 
known as “controls”.



◆ To demonstrate their comparability, Lane-
Claypon evaluated both groups with respect to 
several variables, including occupation and 
infant mortality (both taken as proxies for 
social status), nationality, marital status, and 
age.



◆ Her conclusions agreed with those of modern 
reviewers: breast cancer was associated with 
age at menopause, artificial menopause, age at 
first pregnancy (age at marriage used as a 
proxy), number of children, and lactation



◆ Four c-c studies implicating smoking and 
lung cancer appeared in 1950, establishing 
the method in epidemiology. 



◆ Doll’s case-control study: Data for this study 
were collected from hospitalized patients in 
London and the surrounding communities 
over a four-year period (April 1948 to 
February 1952). 



◆ Hospital personnel at more than 20 hospitals 
were asked to contact investigators whenever 
a patient was admitted with a new diagnosis 
of lung cancer. These patients were then 
interviewed about their smoking habits. At 
the same time, investigators interviewed a 
random sample of patients from the same 
hospitals, but with different illnesses, about 
their smoking habits. 



◆ Using external data, the relative risk of lung 
cancer in smokers vs. non-smokers was 
estimated in relation to daily consumption of 
tobacco. 



◆ This finding was summarized succinctly by 
stating that the results suggest that “above 
the age of 45, the risk of developing the 
disease increases in simple proportion with 
the amount smoked, and that it may be 
approximately 50 times as great among those 
who smoke 25 or more cigarettes per day as 
that among non-smokers." 



SOME IMPORTANT DISCOVERIES MADE IN CASE 
CONTROL STUDIES

1950's
◆ Cigarette smoking and lung cancer

1970's
◆ Diethyl stilbestrol and vaginal 

adenocarcinoma
◆ Post-menopausal estrogens and 

endometrial cancer 



1980's
◆ Aspirin and Reyes syndrome
◆ Tampon use and toxic shock syndrome
◆ L-tryptophan and eosinophilia-myalgia 

syndrome
◆ AIDS and sexual practices

1990's
◆ Vaccine effectiveness
◆ Diet and cancer



◆ Design of case-control study
1) Identify and select cases 
2) control
3) exposure

4) analysis and explanation



Patient profile

◆ A 55-year-old woman was in excellent health 
until 2 weeks before admission, when she 
developed malaise, low-grade fever, cough, 
and generalized muscle pain.



Patient profile

◆ Although she took aspirin, her symptoms 
became worse over the next several days, in 
particular, increased muscle pain, which made 
it very difficult for her to rise from a chair.



Patient profile

◆ She then consulted her personal physician, 
who performed a thorough evaluation. The 
patient's history was unremarkable except for 
insomnia over the previous year, which she 
treated with self-prescribed L-tryptophan. 



Patient profile

◆ On physical examination: mild, diffuse 
muscle tenderness and a mild, erythematous 
maculopapular over much of her body. 
Laboratory examination:  blood eosinophil 
count (2000 cells per mm3, <250 cells per 
mml) and mildly elevated aldolase levels. 
Eosinophilia-myalgia syndrome (EMS) was 
diagnosed.



◆ EMS was first recognized in October 1989, 
when astute physicians determined that 
three people with unexplained myalgias and 
eosinophilia had consumed L-tryptophan, an 
essential amino acid available without 
prescription in drug and health food stores. 



1. Identify and select cases

◆ Specify the definition of a case
minimize the likelihood that an affected 
person (true case) is missed (sensitive) ; a 
nonaffected person is falsely classified as a 
case (specific)



◆ For example, in the previously cited study of 
EMS, cases met specific criteria including 
the following: elevated eosinophil counts, 
myalgia or muscle weakness, and residence 
in the study area. 



Select the cases

defined population
the  population from which cases arise.
in the previous cited study, the source
population consisted of residents of 
metropolitan area of minneapolist-st.



Representativeness:

◆ Ideally, cases are a random sample of all 
cases of interest in the source population (e.g. 
from vital data, registry data). More commonly 
they are a selection of available cases from a 
medical care facility. (e.g. from hospitals, 
clinics)

◆ newly diagnosed or incident case.



Select  of controls

◆Who is the best control? 
◆Where should controls come from? 



Study Base

Imagining the study base is a useful 
exercise before deciding on control 
selection.  

The study base is composed of a 
population at risk of exposure over a 
period of risk of exposure.



Cases emerge within a source 
population.  Controls should emerge 
from the source population, except that 
they are not cases.

For example, if cases are selected 
exclusively from hospitalized patients, 
controls must also be selected from 
hospitalized patients.



◆ If cases must have gone through a 
certain ascertainment process (e.g. 
screening), controls must have also (e.g. 
mammogram-detected breast cancer) 

◆ If cases must have reached a certain age
before they can become cases, so must 
controls. 
(thus we always match on age) 



THREE QUALITIES NEEDED IN 
CONTROLS

◆ Key concept: Comparability is more 
important than representativeness in the 
selection of controls

◆ The control must be at risk of getting the 
disease. 

◆ The control should resemble the case in all 
respects except for the presence of disease



Determination of exposure

◆ prior exposure to the risk factor of interest, 
as well as to other exposures. 

◆ the timing of exposures is critical. 



Determination of exposure

◆ Interviews and questionnaires are the most 
common means of determining a subject's 
exposure history. 

◆ Interviews should be standardized, 
monitored, and conducted by trained 
interviewers (the same manner). 



Determination of exposure

◆ Information concerning risk factors may 
also be obtained from medical, occupational, 
or other records.

◆ The most objective means of characterizing 
exposure is through the use of a biological 
marker



HOSPITAL-BASED
CASE-CONTROL STUDIES

◆ In this type of study, the investigator typically 
selects cases from persons with the disease of 
interest who are admitted to a particular 
hospital or hospitals; controls are selected 
from persons admitted with other conditions 
but with no evidence of the disease of interest 



HOSPITAL-BASED
CASE-CONTROL STUDIES

◆ Subjects are more accessible
◆ Subjects tend to be more cooperative
◆ Background characteristics of cases and 

control may be balanced 
◆ Easier to collect exposure information from 

medical records and biological specimens
◆ susceptible to distorted results 



Table 5-1 Approaches to sampling of controls in hospital-based case-control studies 



Confounding

◆ is a variable that influences both the dependent 
variable and independent variable causing a 
spurious association.

◆ Confounding is a distortion of  results  that 
occurs when the apparent effects of the 
exposure of interest are attributable entirely or 
in part to effects of an extraneous variable.



◆ Matching to reduce confounding



SIX ISSUES IN MATCHING CONTROLS IN CASE-CONTROL 
STUDIES to avoid confounding

1. Identify the pool from which controls may 
come.  This pool is likely to reflect the way 
controls were ascertained (hospital, 
screening test, telephone survey). 



2. Control selection is usually through 
matching. 
Matching variables (e.g. age), and 
matching criteria (e.g. control must be 
within the same 5 year age group) must be 
set up in advance.



3. Controls can be individually matched or 
frequency matched 

INDIVIDUAL MATCHING: search for one (or more) 
controls who have the required MATCHING 
CRITERIA. PAIRED or TRIPLET MATCHING is 
when there is one or two controls individually 
matched to each case. 



FREQUENCY MATCHING: select a 
population  of controls such that the 
overall characteristics of the group 
match the overall characteristics of the 
cases. e.g. if 15% of cases are under 
age 20, 15% of the controls are also.



4. AVOID OVER-MATCHING.  match only on 
factors known to be causes of the disease.

5. Obtain POWER by matching MORE THAN 
ONE CONTROL PER CASE. In general, N of 
controls should be < 4, because there is no 
further gain of power above four controls per 
case.



◆ 6. Obtain GENERALIZABILITY by 
matching more than ONE TYPE OF 
CONTROL



Analysis



BASIC ANALYSIS OF CASE CONTROL 
STUDIES

Groups matched
Data is expressed in a four-fold table, and an 
odds ratio is calculated (relative risks have no 
meaning here – why?).

Cases Controls

Exposed 189               137
Unexposed 11                63

OR( Odds Ratio)= ad/bc=7.90



BASIC ANALYSIS OF CASE CONTROL 
STUDIES

Groups matched
Data is expressed in a four-fold table, and an 
odds ratio is calculated (relative risks have no 
meaning here – why?).

Exposed Unexposed

cases    23               36 
controls   7 86

OR( Odds Ratio)= ad/bc=7.50



the approximate 95% confidence interval for the OR is 
2.9 to 7.5



◆ The odds of exposure for cases divided by the odds 
of exposure for controls are expressed as the odds 
ratio (OR). 

◆ When incident cases and controls are sampled 
from the same source population, the exposure OR 
provides a valid estimate of the incidence rate 
ratio. In other words, if properly designed, a case-
control study can yield a measure of association 
between exposure and disease that approximates 
the incidence rate ratio. 



PAIRED ANALYSIS

Data is expressed in a four-fold table, and the 
number of  concordant and discordant pairs are 
calculated. Test is McNemar’s chi squared test for 
paired data.

Case
Exposed Unexposed

Exposed Both Mixed
Controls

Unexposed Mixed Neither



PAIRED ANALYSIS

Case
Exposed Unexposed

Exposed w x
Controls

Unexposed y z
◆ W--Both case and control exposed
◆ X---case exposed but control unexposed
◆ Y--Case unexposed but control exposed
◆ Z--Both case and control unexposed.



◆ OR=X/Y=57/5=11.4

XOdds ratio
Y

=
XOdds ratio
Y

=

the approximate 95% confidence interval for the OR is 
4.6 to 28.3 



◆ case-control studies suggested that ingestion 
of L-tryptophan was the cause of EMS. 

◆ Further case-control studies showed that 
nearly everyone with EMS (cases) but only 
about half of those without EMS (controls) 
had consumed L-tryptophan produced by 
one particular manufacturer. 



Table 5-5



◆ In November 1989, researchers from the Centers 
for Disease Control and Prevention (CDC) and 
local health departments published the first 
description of EMS.

◆ This newly recognized syndrome is characterized 
by incapacitating myalgias (muscle pains), elevated 
eosinophil counts, and, in some patients, arthralgias 
(joint pains), skin thickening, hair loss, and 
interstitial lung disease. 



◆ Risk of developing EMS among those 
consuming L-tryptophan from this 
manufacturer was estimated to be 20 to 40 
times higher than the risk among those 
consuming L-tryptophan from other sources. 



◆ The main advantage of case–control studies 
is that they are relatively simple to carry out

◆ Inexpensive
◆ Reasonably rapid
◆ Suited  to infrequent conditions
◆ Permit examining large numbers of possible 

risk factors
◆ May be organized as multicentre studies



Disadvantages:
1. Susceptible to bias if not carefully 
designed
2. Especially susceptible to exposure 
misclassification
3. Especially susceptible to recall bias
4. Restricted to single outcome
5. Incidence rates not usually calculable
6. Cannot assess effects of matching 
variables



◆ 1. What’s the step of a case-control study 
design?

◆ 2. The Odds ration of unmatched case-
control study is OR= AD/BC, what’s the four 
basic groups (A, B,C, D)defined by disease 
and prior exposure status?


