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Epidemiology
is to:

identify the etiology or cause of a disease and the 
relevant risk factors

determine the extent of disease found in the 
community

study the natural history and prognosis of disease

evaluate both existing and newly developed 
preventive and therapeutic measures and modes of 
health care delivery

provide the foundation for developing public policy



First, we determine whether there is an 
association between a factor and 
development of a disease.

Second, we derive appropriate inferences 
regarding a possible causal relationship from 
the patterns of association that have been 
found 



STUDY DESIGN



Objectives

To understand the difference between 
descriptive and analytic studies

To identify the hierarchy of study designs, and 
the strengths and weakness of each design

To be able to apply different study designs to 
the same research question



Types of studies

• primary 
– Observational
– Experimental (interventional)

• Secondary (review article)
– Narrative
– systematic
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A systematic review is an overview  of primary studies.

A meta-analysis is a mathematical synthesis of results of two 

or more primary studies .

Although meta-analysis can increase the precision of  a result, it is 
important to ensure that the methods used for the review were 
valid and reliable 



TYPES OF EPIDEMIOLOGICAL STUDIES
1. OBSERVATIONAL STUDIES

A. DESCRIPTIVE STUDY

DESCRIBE DIESEASE BY

TIME

PLACE

PERSON

B. ANALYTICAL STUDIES

CROSS SECTIONAL STUDY

CASE-CONTROL STUDY

COHORT STUDY

2. EXPEREMENTAL STUDIES

RANDOMIZED CONTROLLED TRIAL (RCT)

FIELD TRIAL

COMMUNITY TRIAL



Hierarchy of Study Types

Descriptive

•Case report

•Case series

•Survey

Analytic

Observational

•Cross sectional

•Case-control

•Cohort studies

Experimental

•Randomized 

controlled trials

Strength of evidence for causality between a risk factor and outcome



Descriptive studies

Cannot establish causal relationships

Still play an important role in describing trends and 
generating hypotheses about novel associations

The start of HIV/AIDS research
– Squamous cell carcinoma in sexual partner of Kaposi sarcoma patient. 

Lancet. 1982 Jan 30;1(8266):286. 

– New outbreak of oral tumors, malignancies and infectious diseases 
strikes young male homosexuals. CDA J. 1982 Mar;10(3):39-42. 

– AIDS in the "gay" areas of San Francisco. Lancet. 1983 Apr 
23;1(8330):923-4. 



Analytic Studies

Attempt to establish a causal link between a 
predictor/risk factor and an outcome.

 You are doing an analytic study if you have any of the 
following words in your research question:  

– greater than, less than, causes, leads to, compared with, more 
likely than, associated with, related to, similar to, correlated 
with



DESCRIPTIVE  STUDIES



Types of descriptive studies

Case report
Describe the experience

of a single patient
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Case report

• Late-onset multiple sclerosis mimicking brain 
tumor: a case report. 

• A case report: Kikuchi-Fujimoto disease 



Types of descriptive studies

Case-series report
Collection of more than 1 case which occure in a 

short period.
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Case-series report

Eosinophilic meningitis: a case series report 

Histoplasmosis in pregnancy: a case series report 
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CROSS SECTIONAL STUDY



Defined 
population

Not
Exposed,
Do not

Have dis.

Not
Exposed,
Have dis.

Exposed,
Do not 

Have dis.

Exposed, 
Have dis.

Gather data on exposure & disease



Cross-Sectional Study: Definition

Conducted at a single point in time or over a 
short period of time. No Follow-up.

Exposure status and disease status are 
measured at one point in time or over a 
period.

Prevalence studies.  Comparison of prevalence 
among exposed and non-exp.



Cross-Sectional: Uses

Very useful for public health planning (number 
of beds in a hospital).

Disease etiology.  Conduct this by obtaining 
data on risk factors for a disease.

Hypothesis generating



Cross-sectional: Advantages

Usually use population-based samples, 
instead of convenient samples.  
Generalizability.

Conducted over short period of time

Relatively inexpensive



Cross-sectional: Disadvantages

Difficult to separate cause from effect, 
because measurement of exposure and 
disease is conducted at the same time. 

Neyman Bias. Longer-lasting cases.  



CASE CONTROL STUDY









Design of Case-Control Studies

Cases: persons/group with a given disease

Controls: persons/group without the given 
disease 

Ascertain exposure or background of the 
two groups and compare the proportion



Selection of Cases

Ideally, investigator identifies & enrolls all incident 
cases in a defined population in a specified time 
period 

Select cases from registries or hospitals, clinics

When all incident cases in a population are 
included, the study is representative; otherwise 
there is potential for bias (e.g. referral bias)

Use of prevalent vs incident cases



Selection of controls

Critical that the exposure in the controls is 
representative of the exposure in the population

Matching cases to controls :Ideal controls would 
have same/similar characteristics as the cases

Controls may be selected from nonhospitalized
persons living in the community or from 
hospitalized patients admitted for diseases other 
than that for which the cases were admitted.



Advantages of Case Control Design

Relatively inexpensive

Good for diseases with long latency

Optimal for rare diseases

Multiple etiologic factors evaluated for single 
disease

Shorter time

Smaller sample



Limitations of Case Control Design

Identifying controls may be difficult

Temporal relationship between exposure & 
disease difficult to establish

Prone to bias (Recall) compared with other 
study designs



Limitations of Case Control Design 
Cont’d

Difficult to determine representativeness of 

cases & controls

Unless study is population based can’t 

measure incidence of disease

Bad for rare exposures (despite a large 

number of cases, may still end up with few 

exposed cases)



COHORT STUDY



WHAT IS COHORT

• Ancient Roman military 
unit, A band of warriors.  

• Persons banded 
together. 

• Group of persons with a 
common  statistical 
characteristic. [Latin]

• E.g. age, birth date, 









Cohort study is undertaken to support the existence 
of association between suspected cause and disease

A major limitation of cross-sectional surveys and 

case-control studies is difficulty in determining if 

exposure or risk factor preceded the disease or 

outcome.

Cohort Study:

Key Point:

– Presence or absence of risk factor is 
determined before outcome occurs.



SELECTION OF STUDY POPULATIONS

study beginning with:

 exposed and non exposed

 select a defined population before any of its 
members become exposed or before their 
exposures are identified.



Cohort studies

 longitudinal , prospective , concurrent

 retrospective, historical, non-concurrent

combined

 starts with people free of disease 

 assesses exposure at “baseline”

 assesses disease status at “follow-up”
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INDICATION OF A COHORT STUDY

When there is good evidence of exposure and 
disease. 

When exposure is rare but incidence of 
disease is higher among exposed

When follow-up is easy, cohort is stable

When ample funds are available



General consideration while selection 
of cohorts

 Both the cohorts are free of the disease.

 Both the groups should equally susceptible to 
disease 

 Both the groups should be comparable 

 Diagnostic and eligibility criteria for the 
disease should be defined well in advance.



Cohort studies
Strengths

• We can find out  
incidence rate and risk

• More than one disease 
related to single 
exposure 

• can establish cause -
effect

• good when exposure is 
rare

• minimizes selection and 
information bias

Weaknesses

• losses to follow-up

• often requires large 
sample

• ineffective for rare 
diseases

• long time to complete

• expensive

• Ethical issues



Comparison of Case/Control 
& Cohort Studies

 Inefficient

 Efficient

 Efficient

 Cheap

 Shorter

 Smaller

 Difficult to assess

 Efficient

 Inefficient

 Inefficient

 More Expensive

 Longer

 Larger

 Good to determine 
(RR)

 Rare Exposure

 Rare Disease

 Disease with long 
latency

 Cost

 Time

 Size

 Temporal 
Relationship

Case/Control Cohort



Experimental studies

-RANDOMIZED

-NON- RANDOMIZED



Study 
population

Current 
treatment

improve
Do not

improve

New 

treatment

improve
Do not

improve





Randomized Clinical Trials

The experiment is the strongest weapon in 
the scientific armamentarium to test a 
hypothesis.

Animal experiments are common in biology.

When human subjects are involved, 
opportunities for experimentation are limited.

Many ethical constraints.

An informed consent is mandatory





Why do we randomize?

Studies without Comparison

Studies with Comparison

Historical Controls

Simultaneous Nonrandomized Controls

Randomized Controls



Randomization



Why is Randomization 
Important?

The critical element of randomization is the 
unpredictability of the next assignment

So all groups are as alike as possible

Provides the best way to prove the 
effectiveness of a new agent or 
intervention



Randomization eliminates this bias because participants 
have an equal chance of being assigned to either group 
and the subgroups are as similar as possible. 

Comparing similar groups of people taking different 
treatments for the same disease (or class of disease) is a 
way to ensure that the study results are caused by the 
treatments rather than by chance or other factors. 
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Select Study Design to Match the 
Research Goals

Objective  Design 

Description of disease or spectrum Case series or report 

Cross-sectional study 

Determine population health 

parameters and operating 

characteristics of a new diagnostic test 

Cross-sectional 

Describe prognosis Cohort study 

Exploring relations (causal) Cohort study 

Case-control study 

Compare new interventions Randomized clinical trial 

Summarize literature Meta-analysis 
 

 





Study Pyramid
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Best

Worst



• Garlic is the key to good health

• Be sure to eat garlic with every meal

• Garlic-it’s heart healthy



Hypothetical Research Question

• Your mission:

Reduce the incidence of heart disease

• Your belief:

Garlic consumption is the key to good health

• Your hypothesis

Garlic intake decreases the risk of CAD



Example of a Cross-Sectional Study

prevalence of garlic consumption in CAD  

patients



Cross-sectional Study

Sample of Population

Garlic Eaters Non-Garlic Eaters

Prevalence of CAD Prevalence of CAD

Time Frame = Present



Example of a Case-Control Study

Are those with CAD less likely to have 

consumed garlic?



Case-Control Study

Patients with CAD

Patients w/o CAD

PresentPast

High Garlic Diet

High Garlic Diet

Low Garlic Diet

Low Garlic Diet

Cases

Controls



Example of a Cohort Study

To see the effects of garlic use on CAD 

mortality in a population



Prospective Cohort Study

Garlic Free

Garlic eaters

No 

CAD

CAD

CAD

No 

CAD

Present Future



Clinical Trial

Study 

Population

R

a

n

d

o

m

i

z

e

Garlic Pill

Placebo

CAD

No CAD

CAD

No CAD




