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Objectives

By the end of this section, you will be able to:

Describe the major types of descriptive 

studies and their primary uses

Describe the major types of analytic studies 

and their purposes
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Definition of Epidemiology

 The study of the distribution and determinants of health-
related states or events in specified populations and the 
applications of this study to control of health problem 
(Last, 1998)

Greek roots 

epi = (what is) upon

demos = the population

logy = study of
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Type of Studies

DESCRIPTIVE 

(distribution)

Time, Place, Person

 Identify and classify 

diseased individual

ANALYTIC 

(determinants)

Causes, Risk Factors

Test specific hypotheses

Generate new hypotheses
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The study of the distribution and determinants of health-related states or 
events in specified populations and the applications of this study to 
control of health problem (Last, 1998)

Different methods are used in 
an epidemiological 

Investigation

*Source: Introduction to basic epidemiology and principles of statistics for tropical disease control; CDC, 2002



Types of Studies

Study Designs

Descriptive

To study distribution

Time, Place, Person

Analytical

To study determinants

Causes, Risk Factors
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Experimental Clinical trial

Observational

Cohort

Case-control

Cross-sectional

Descriptive Observational

Cross-sectional

Case 
report/series

With
comparison 

group

No
comparison 

group

Exposure 
given by 

researcher 

Natural
exposure
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HIERARCHY OF EPIDEMIOLOGICAL 
STUDIES

Clinical Trial

Cohort

Cross-sectional / Case control

Cross-sectional

Case series / Case report
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Descriptive

Observational

Experimental

Quality



The 2 Steps Of Research Questions : 

Measurements

Type

1.  Size

2.  Association

Cross-sectional

Prevalence

Prevalence rate 
ratio

Case-control

Prevalence

Odds ratio

Cohort

Incidence

Incidence rate ratio
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Types of Studies

Study Designs

Descriptive

To study distribution

Time, Place, Person

Analytical

To study determinants

Causes, Risk Factors
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*Source: Introduction to basic epidemiology and principles of statistics for tropical disease control; CDC, 2002



Non Cases

Describe only Cases 

Descriptive Study10



Descriptive studies

Studies that describe the patterns of 

disease occurrence by time, place, and 
person

Allow planners and administrators to 
allocate resources efficiently

Used for hypothesis generation

Often providing first important clues about 

etiology
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Types of Descriptive Studies

CASE REPORT & CASE SERIES

Description of an outcome or the condition of one 
or more person with a similar diagnosis

Provide an important link between clinical medicine 
and epidemiology

Useful for generating hypotheses and examining 
new diseases

Cannot make conclusion about etiology or risk 
factors 
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*Source: Introduction to basic epidemiology and principles of statistics for tropical disease control; CDC, 2002



Descriptive Studies

ADVANTAGES

Allows for the 

description of 

new disease 

processes

outcomes 

associated with 

rare diseases

DISADVANTAGES
Impossible to 

determine disease 
frequency

Cannot establish 
causality between 
exposures or risk 
factors and disease 
outcome
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Case report14



Case series15



Types of Studies

Study Designs

Descriptive

To study distribution

Time, Place, Person

Analytical

To study determinants

Causes, Risk Factors
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Non Cases

Describe Cases and 
Non cases

Analytical Study17

Study factors associated with the problem



Analytic Studies

Test hypotheses concerning the relationship 
between a suspected risk factor and an 

outcome

Measure the magnitude of the association 
effect, and its statistical significance

 Implies a comparison among two or more 

groups

Two main types

Observational and Experimental
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*Source: Introduction to basic epidemiology and principles of statistics for tropical disease control; CDC, 2002
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Experimental Clinical trial

Observational

Cohort

Case-control

Cross-sectional

Descriptive Observational

Cross-sectional

Case 
report/series

With
comparison 

group

No
comparison 

group

Exposure 
given by 

researcher 

Natural
exposure
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Using epidemiology to identify the 

cause of disease

Factor1

Factor 
2

Disease

Gender

Smoking

Lung 
cancer
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Types of Observational Studies

STUDY

Descriptive Analytical

Observational

Cross-
sectional

Case-Control Cohort

Experimental

Most analytic studies fall in this category

 No human intervention involved in assigning 
study groups

 Simply observes the relationship between 
exposure and disease

 Subject to many potential biases

Careful design and analysis may help minimize 
biases

 Three main types

Cross-sectional, Case-Control and Cohort

21



Analytical studies design by time 

sequence

22

Past Current Future

Exposed

Non-exposed

Case

Control

Disease

Non-disease

Exposed

Non-exposed

Measure current exposure and outcome simultaneously

Cross-sectional analytic study

Retrospective or case-control study Prospective or cohort study



Cross-sectional Studies

 The most frequent use and easiest step to find an association

 Examine the relationship between a disease and other variables of 
interest they exist in a population at a given time

 Describe characteristics or behaviors within a study population (Malaria 
prevalence, vaccine coverage)

 Used to examine potential risk factors (How those who receive vaccination 
differ from those who do not)

 Analyze results from a survey

 No information on the temporal sequence of cause and effect

 Assess both exposure and disease at the same time
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Purposes of Cross-sectional Studies

To assess the burden of disease in a population and to 
assess the need for health services

To compare the prevalence of disease in different 
populations

To examine trends in disease prevalence or severity 
over time

Not recommended for:

Study of rare diseases

Diseases with a short duration

Study of rare exposure
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Analytical studies design by time 

sequence
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Past Current Future

Exposed

Non-exposed

Case

Control

Disease

Non-disease

Exposed

Non-exposed

Measure current exposure and outcome simultaneously

Cross-sectional analytic study

Retrospective or case-control study Prospective or cohort study
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A Survey on musculoskeletal disorder27

Exposed:
Have disease

Exposed:
No disease

Not Exposed:
Have disease

Not Exposed:
No disease



Limitations of Cross-sectional Studies

You are dealing with a Prevalence !! Not an Incidence !!

Using prevalence rate ratio may not represent the true 

relative risk

The results of cross-sectional study may therefore be used 

only to postulate a hypothesis of an association 

Case-control or cohort studies may be required to 

confirm the association  
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Case-Control Studies

 The subjects are selected on the basis of whether they do (cases) 

or do not (controls) have a particular disease under study.  

 The groups are compared with respect to the proportion having a 

history of an exposure or characteristic of interest.* 

 Proceed conceptually form outcome to exposure

 Start with group of affected (cases) and not affected (controls)

 Then information about previous exposures is obtained for cases and controls

 Then the frequency of exposure is compared for the two groups
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*Source: Epidemiology in Medicine



Study Population30

Reference Population
Cases & Selected Controls

Cases Controls

Not 
Exposed

Exposed
Not 

ExposedExposed



Population

Non Cases
Factor A

Cases

Factor A

Cases

Factor ANon Cases
Factor A

Starting with “Cases” 

identification

Then selecting a group of 

“Controls”

Identify “exposure” status among 

both cases and controls

Compare the exposure status 

between the 2 groups

Calculate ODDS RATIO
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Selecting Controls (cont.)

 Multiple controls can be used to help add 

statistical power when cases are unduly 

difficult to obtain

 Using more than one control group lends 

credibility to the results

 More than 4 controls for a case is usually not 

cost-efficient
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Measure of association: Odds Ratio33

Odds Ratio 

=(A/C)/(B/D) 

=  AD
BC

Case Control

Exposed

Not Exposed C D

A B



Odds Ratio (Relative Odds)

Case-control study

Do not have incidence in exposed & incidence in 

non exposed  Cannot calculate the RR directly

Odds Ratio (OR) is alternative measure of 

association
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Case - control  study  analysis 

Odds :  event / non-event  

A six-sided die , odds  of  rolling  a “3”  is  1/5

Odds  ratio :  indirect  approximation  of  risk

Always over estimate the relative risk
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don’t  “directly”  know  groups’  exposures ;
can  not  measure  risk  directly



Case-Control Study

50 Cases of Lung Cancer (CA Lung)

50 Non lung cancer patients

Find an association Smoking VS CA Lung
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ID Age Sex 
Case or 
Control 

Smoke 

1 18 M Case Yes 
2 36 M Control No 

3 50 F Case Yes 
4 41 M Control Yes 
. . . . . 

 

 



Design of Case Control Study37

Time

Direction of inquiry

Population

Controls
(Not diseased)

Cases
(Diseased)

Exposed

Not exposed

Exposed

Not exposed



Design of Case Control Study38

Time

Direction of inquiry

Population

Controls
No lung cancer (50)

Cases
Lung cancer (50)

Smoke = 45

Not smoke = 5

Smoke = 15

Not smoke = 35



Measure of association: Odds Ratio

Odds of Smoking among CA Lung 

cases = 45/5 = 9

Odds of Smoking among Control = 

15/35 = 0.43

Odds ratio = (45/5) /(15/35) = (45x35) / 

(5x15) = 21

 Those who smoked were   21    times 

more likely to develop lung cancer 

than those who did not smoke
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Smoke

Not smoke

CA Lung No CA

5 35

45 15



OR<1 OR=1 OR>1
Odds 
comparison 

between 
cases and 
controls

Odds of 
exposure for 

cases are less 
than the odds 
of exposure for 

controls

Odds of 
exposure are 

equal among 
cases and 

controls

Odds of 
exposure 

for cases are 
greater than
the odds of 

exposure for 
controls

Exposure as a 
risk factor for 

the disease?

Exposure 
reduces 

disease risk

(Protective
factor)

Particular 
exposure is not

a risk factor

Exposure 
increases 

disease risk
(Risk factor)



Case-Controls :  Advantages

Permit the study of rare diseases

Permit the study of diseases with long latency between 

exposure and manifestation

Can be launched and conducted over relatively short 

time periods

Relatively inexpensive as compared to cohort studies

Can study multiple potential causes of disease
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Case-Controls :  Disadvantages

 Information on exposure and past history is primarily based on 

interview and may be subject to recall bias

 Validation of information on exposure is difficult, or incomplete, 

or even impossible

 By definition, concerned with one disease only

Cannot usually provide information on incidence rates of 

disease

Choice of appropriate control group may be difficult

Methodology may be hard to comprehend for non-

epidemiologists and correct interpretation of results may be 

difficult
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Cohort Study

The most powerful observational study for 

identifying an association of risk factors and a 

disease

Size of problem = incidence (new cases)

The most time consuming 

The most expensive 
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“COHORT”
in Epidemiology
A group of persons who are 

followed over time



Cohort Study

Start with a group of people without the 

disease

Then divide people on the basis of the 

exposure to a suspected risk factor

Follow the “whole group” for a period of time

Then asses the disease occurrence outcome 
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EffectCause

Factors Disease

Case-Control

Factors Disease

Cohort
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Analytical studies design by time 

sequence

47

Past Current Future

Exposed

Non-exposed

Case

Control

Disease

Non-disease

Exposed

Non-exposed

Measure current exposure and outcome simultaneously

Cross-sectional analytic study

Retrospective or case-control study Prospective or cohort study
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Exposed

Not Exposed

Factors Disease2015 2025

Disease

Disease
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Exposed

Not Exposed

Factors Disease2015 2025

(b)

(d)

Disease (a)

Disease 

(c)



50

Smoke (500)

Not smoke (500)

Factors Disease2015 2025

(b)

No CA lung 
= 499(d)

CA lung = 

45 (a)

CA lung 

= 1 (c)

No CA lung 

= 455



Relative Risk51

CA Lung No CA

Smoke

Not smoke

A B

C D

A+B

C+D

Relative Risk  =  A/A+B
C/C+D



CA Lung No CA

Smoke

Not smoke

• Incidence of Smoker who develop Lung Cancer = 45 /500

• Incidence of Non -Smoker who develop Lung Cancer = 1 /500

• Relative Risk of smoking for Lung Cancer =                     = 45

• Those who smoked were 45 times more likely to get lung cancer

45/500
1/500

45 455 500

1 499 500
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Interpretation of relative risk (RR)

Relative Risk of smoking for CA Lung =  45

Those who smoked were 45 times more 

likely to develop lung cancer than those 
who did not smoke.
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Cohort Study

Comparison between 

“a group of persons with 

a factor -- Exposed”

VS

“a group of persons without 

the factor -- Non-exposed”
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Measurement of Associations

Cross-sectional

Case-Control

Cohort
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Point Prevalence Rate Ratio

Odds Ratio

Relative Risk
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Experimental Studies

 The person conducting the study randomizes the 

subject into exposed and unexposed groups and 

follows them over time to compare their rates of 

disease development.

Ex. May include trails of the efficacy of a new drug 

compared with the efficacy of the drug currently in use
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Experimental Studies

Randomization helps ensure comparability of 

the group and avoids many of the biases 

inherent in non-experimental studies

Considered as a widely accepted “gold-standard”
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Randomized Control Trials (RCT)59



Experimental Studies: Limitations

Expensive

Not suitable for the study of rare disease 

outcomes

Take a long time to perform

Complex problem of ethics

Not feasible
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Thank you
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แบบทดสอบ
1 การศึกษาดงัต่อไปนี้ด  าเนินการวจิยัโดยใช ้study design ชนิดใด

2 การศึกษาดงักลา่ววดัขนาดของปญัหาดว้ยอะไร (Prevalence or 

Incidence)

3 การศึกษานี้ใชอ้ะไรเป็นการวดัขนาดของความสมัพนัธข์องปจัจยัเสีย่งและปญัหา 

(Prevalence Ratio/Odds Ratio/Relative Risk)
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