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Objectives of this lecture

1. Definition of epidemiology

2. Types of epidemiological studies

3. Bias, confounding and chance

4. The need for denominators

5. Prevalence and incidence
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What is Epidemiology? 

The basic quantitative science of public health

“The study of the distribution and determinants of health-related states or 
events in specified populations, and the application of this study to the control
of health problems”
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Describe
Explain 

& 
quantify

Change
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Examples of epidemiological research

• Does smoking cause lung cancer?
• Does the use of insecticide-treated bed-

nets protect against malaria?

• What is the prevalence of Sickle Cell 
Disease (SCD) in Kaduna State, Nigeria? 

• What factors influence the severity of 
SCD?
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Commonly used Terms

•Outcome: a defined disease, state of health, health related 
event or death

– response  
– dependent variable

•Exposure: an event which affects the outcome

– independent variable
– explanatory variable

•Covariates: alternative explanations or exposure variables

– independent
– confounders
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Epidemiological research

Designing a study to answer health questions 

– Systematic
– Unbiased 
– Relevant
– Ethical

Basic epidemiological research strategy

– Comparing groups of people
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Types of epidemiological research

Epidemiological studies

InterventionObservational

Clinical 
Trial

Community
Trial

Case-controlCohortCross-sectional

Ecological studies

7

Study Designs – observational studies

• Cross sectional studies 
• Data collected a ONE time point - prevalence
• Can take a short time to collect data/cheap

• Collect outcome and exposure at same time
• Reverse causality 

• Case-control studies 
• Id cases and controls 
• Collect data on past exposure
• Study rare diseases
• Bias -

• Selection bias of controls
• Recall bias

8

Study Designs – observational studies

Cohort studies

• Prospective studies
• Incidence
• Exposure measured before outcome – reduced bias

• Can measure rare exposures and study multiple outcomes
• High loss to follow up might happen and expensive 
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Key issues in epidemiology 

1. Bias
2. Confounding
3. Chance
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Bias

Kenya and Nigeria are playing a football 
match. 

Is it a good idea to have a Nigerian 
referee?
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Bias

Same logic applies to epidemiology

Comparing people who smoke and people who don’t 
smoke to look at lung cancer

- As the investigator, you may think that smoking causes 
lung cancer, and you may over-diagnose lung cancer in 
those that smoke

-You have biased your results, even if you are not 
aware of having done so!

12
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Definition of Bias

“Systematic error in selection of participants or obtaining information”

• This causes distortion between groups
• The result of bias is:
1. An incorrect estimate of exposure to effect

2. The observed effect is above/below the true effect
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Non – biased data

True value
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Bias – systematic error

True value
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Bias – systematic error

True value

Biased data – can over or under estimate the effect
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Types of bias 

1. Selection bias
2. Information bias

1. Observer bias
2. Responder bias
3. Instrument bias

17

Selection Bias

Systematic differences :

1. Between those participating and those that are not

2. Between participating groups

18
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Examples of selection Bias 

You want to know how much of a problem SCD is in a community

If you go to a one private clinic which specialises in case management in SCD, 
who will be coming forward? 

• Only those who can afford the care at the private clinic will be included

• This means that you have biased sample which does not represent how 
much of a problem SCD is in the community
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Selection bias

Solution:

You need to take a random sample of people in the community

A random sample means that every person has an equal chance of being 
selected
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How to avoid selection bias

Population

Unknown: we would like to 
make a statement about this 

population

Take a Random 
Sample

Use the sample to say 
something about the 
population
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Information bias

Errors in measurement of exposure or disease

Caused by:

1. The observer (observer bias)

2. The study participant (responder bias)
3. Instruments (instrumental bias)
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Observer bias 

A trial for a new drug which manages pain in SCD is being carried out. 

Patients are randomised to received the new drug or a control (current 
treatment)

If the investigator knows which study arm  a patient is, they may report 
differently how much pain is being observed.  

This is an example of observer bias, where there is systematic error to under-
or over estimate the outcome of the trial. 
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Observer bias

Possible solutions:
1. Double Blinding - both participant and investigators do not 

know which arm the participant has been randomised to. 
2. Good training  - to ensure investigators know how to 

measure pain and are consistent 
3. Have a more objective outcome – ie something that can be 

more medically measured, ie antibody levels, blood sugar 
levels, 

4. Different person measures the outcome rather then be the 
person so collects data during the study. 

24
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Responder bias

A questionnaire on household cleanliness risk factors is 
being carried out

Questions include:
1. Do you have a latrine?
2. Do you wash your child’s face in the morning?
Can you think what kind of problem this will lead to?
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Responder bias

The people may be embarrassed and think that they should have a latrine, or 
they should be washing their child’s face
So they may say “yes”, even if it’s not true
This leads to systematic error, biasing towards an over-estimate of people 
with latrines or washing children’s faces
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Responder bias

Possible solutions:

1. OBSERVE: 

- Go and see the latrine, check whether there is evidence of use (beaten 
path, faeces in the pit)

- Go to the households and look at the cleanliness of the children’s faces

2. Also, if asking people to remember things from a long time ago – can 
they remember them?  Ie asking a mother with a 10year old – which 
vaccines they receive and when when they are younger?  

a. better to see the vaccination card
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Instrument bias

You are using weighing scales to measure weight

What kind of problem do you think could happen?

The weighing scales could always be giving a higher weight than the real 
weight
This would lead to a systematic error, always giving a higher weight 
Possible solutions:
1. Calibrate your weighing scales at the beginning of every day
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Confounding 

An alternative explanation to the relationship observed between exposure 
and disease

A confounder must:

1. Be associated with the exposure

2. Be an independent risk factor for the disease

3. NOT on the causal pathway
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Confounding 

1. Associated with the exposure R
2. An independent risk factor for the disease R
3. Not on the causal pathway R

Exposure 
(occupation)

Outcome 
(lung cancer)

Confounder (smoking)

30
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Confounding 

Is this confounding?

1. Associated with the exposure
2. An independent risk factor for the disease
3. BUT IS on the causal pathway

Exposure 
(alcohol intake)

Variable (alcoholic 
cirrhosis of the liver)

Outcome 
(liver cancer)
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Confounding 

Is this confounding?

1. Associated with the exposure

2. An independent risk factor for the disease ???
3. Not on the causal pathway

Exposure 
(smoking)

Variable (alcohol intake)

Outcome 
(lung cancer)
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Confounding 

1. Associated with the exposure
2. An independent risk factor for the disease
3. Not on the causal pathway

Exposure 
(occupation)

Outcome 
(lung cancer)

Confounder (smoking)
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Confounding 

You can take account of confounding
1. At the design stage

1. Collecting data on confounding variables
2. Randomisation

2. At the analysis stage in multivariable models
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Chance 

SAMPLE SIZE :  the power to detect a difference if there is true difference

You can account for chance using statistics

– confidence intervals and p-values
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Measuring disease

There are 100 cases of SCD in Kaduna South LGA

There are 50 cases of SCD Kudan LGA

In which LGA is SCD more of a problem?

36
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Measuring disease

There are 100 cases of SCD in Kaduna South LGA

There are 50 cases of SCD Kudan LGA

In which LGA is SCD more of a problem?

You cannot say, because:

1. You need to know how big Kudan and Kaduna South  are (the size of 
the population) 

2. Over how much time the data were collected
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Prevalence 

“The number of cases in a population at one point in time, taken as a 
proportion of the total number of persons in that population”
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Prevalence 

Calculating prevalence:

Number of cases / Number of people

Numerator / Denominator
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Prevalence 

•Kaduna South:
Population = 1000
Cases of SCD = 100

•Kudan:
Population = 200
Cases of SCD = 50 

•Kaduna South:
100 cases / 1000 people = 0.1 = 10%

•Kudan:
50 cases / 200 people = 0.25 = 25%

NOW you can say that SCD is more of a problem in Kudan
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Prevalence 

Measures burden of disease in a population

Very useful to help you:

1. Plan allocation of health care resources in communities

2. Know what services are needed in the population
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Prevalence 

Measures burden of disease in a population

Very useful to help you:

1. Plan allocation of health care resources in communities

2. Know what services are needed in the population

Disadvantages: Depends on.. 

1.frequency with which new cases occur

2.Average duration of the condition (time to recovery/death)
• Means prevalence can vary between populations simply because of 

differences in duration of condition
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Incidence 

“The number of new cases that develop in a population of individuals at risk
during a specified time interval”

Prevalence = at one point in time

Incidence = over a time period

Prevalence is like a photo

Incidence is like a video
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Interpreting your data

• Can you generalise your data to the population under study? 
(random samples)

• To other populations? 
• Analysis  to interpret your data: 

– Measures of effect: rates, risks and odd ratios
– Impact 

• Compare your data with other studies
– Standardising methods

• RELEVANT TO HEALTH
(research has the highest impact on policy when it is topically relevant to the 
pressing policy issue of the day and is operationally useful (Hennink and 
Stephenson 2004)

→ GUIDING POLICY → IMPROVING HEALTH
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