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Chapter I: Basic Terminology 
 

Knowledge of Human Health and Diseases  
 
 
 

Basic Sciences    Epidemiology   Clinical Sciences  

 

 
 
 
 
However, all these disciplines are interrelated to some extent. 

Epidemiology: 
The word “Epidemiology” came from two Greek words: ‘Epi’ – that means upon, and ‘Demos’ – that 
means people. Thus Epidemiology is the study of the people.  
 
It is the study of distribution and determinants of disease prevalence in human population. 

Health: 
WHO defies Health as a state of complete (physical, mental, social) well-being and not merely the absence 
of disease. 
 

Ecology: 
Ecology is concerned with the universal or general relationships of various objects in an environment. It 
studies the behavior of living things to their animate and inanimate surroundings. 

Host: 
Host is the person or living organism, upon which parasites live. 

Infectious Disease: 
The disease that can be easily transmitted to one person (host) to another by direct or indirect contact is 
called the infectious disease. 

Epidemic: 
We usually use the term “Epidemic” to refer the acute outbreaks of diseases (usually infectious). However, 
for epidemiological purposes, we can define ‘Epidemic’ as the unusual (excessive) presence of same sort of 
disease in a population. That is, 
a) this definition covers any disease or injury including non-infectious diseases  
b) There is no geographical specification (may cover a city or country) 
c) This may encompass any time period (may last for hours to decades) 
d) The number of case is not pre-determined or there is no general limit for an outbreak to be an epidemic 
 

Primarily concerned with 
experimental and laboratory 
techniques. This includes 
biochemistry, physiology, 
pathology, etc. 

Largely based on 
observational studies, also 
has some experimental 
aspects. Usually concerned 
with a group or community 
in context with their health 
rather than individual. 

Usually carried out in 
hospitals to diagnose an 
individual case, and 
recovering him or her. 
This includes adult 
medicine, neonatology 
etc. 
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Endemic: 
In an endemic pattern of disease incidence, a small number of persons are involved which continuously 
lasts for a long period with a given geographical or localized territorial involvement. 

Pandemic: 
An a pandemic pattern of disease outbreak, a large number of persons are involved which is short drawn 
and spreads from one to another in a very short time. 

Exposure: 
The factor that may influence the occurrence (or frequency) of a disease is usually referred to as ‘Exposure’ 
in the epidemiological usage. 

Risk Factor: 
Factors whose presence is associated with an increased probability that the disease will develop later are 
called risk factors. 

Chronic: 
Continual or lasting of a condition for a long time. 

Induction Period: 
Time of onset of the disease after the subject is being exposed is called the induction period. 

Types of Population: 
External population:  The population of ultimate interest, but which we are not attempting to study 
directly. For example, we may wish to study the relationship between hypertension and stroke in general, 
but study only subjects in Dhaka city, recognizing that generalizing to other areas will require consideration 
of differences between Dhaka and those other areas. 
Target population: The population for which we intend to make estimates. 
Actual population: the population to which our estimates actually apply. This population may not be 
obvious or even knowable. 
Study population: The group of participants for whom we have collected data. The study population is 
usually regarded as an unbiased sample of the actual population, differing from it only from through 
unsystematic sampling variability error. 

Population at Risk: 
‘Population at risk’ is the proportion of study population that is exposed (at risk of being diseased), subject 
to the condition that they are free from the particular disease under study. 
 

Life expectance: 
The average number of years an individual is expected to live is called life expectancy.  

Generalization: 
Applicability of the study findings outside the study population. 
 

Cause and Effect: 
A factor or characteristic or condition is called a cause (of an effect) if its presence can induce a particular 
outcome or effect. 
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Sufficient Cause: If one or more factor(s) or characteristic(s) or condition(s) can initiate an effect, then we 
term them as a ‘sufficient cause’. 
Necessary Cause: The ‘necessary cause’ has to be present for producing an effect. In absence of a 
necessary cause, only sufficient cause might not be able to produce an effect. 

Grouping of Persons for Epidemiological usage: 
For generalization, we have to group persons according to outcome factors. This grouping can be done 
using some predefined criteria, such as,  
a) Manifestational Criteria (Similarities with respect to symptoms, signs, body functioning, behavior) 
b) Experiential Criteria (Similarities with respect to experience that began before onset of the disease) 
One should note that these two criteria might have incomplete correspondence due to various reasonable 
causes, that is, the groups obtained by using either criteria might not be the same. 
 
Association in Epidemiological Usage: 
Let us consider two factors – one is considered as the independent factor that alone is responsible for the 
manipulation or subsequent change in another factor (that is the response or outcome factor). Then the 
association between these two factors can be classified as the following flow-chart diagram: 
 

Cause and effect association 
 

Non-Statistical Association    Statistical Association 
 
 
 
 
 

 
Causal Association      Secondary Association 

        
 
 

Direct  Indirect         
 
 
 
 
 

 
 
 
 
 

 
To distinguish between causal and non-causal (secondary) association, other than prior knowledge, 

we might consider Time order and Strength of association. 
One should note that the distinction between direct and indirect causal association is only a 

relative one -  one can consider an association direct, while another might find an intermediate factor 
between them. 
 
Also, association and causation are two distinct concepts. We will discuss about Multiple Causation later. 
 

(Change in one independent 
factor is not followed by the 
response or outcome) 

(Change in one independent 
factor is followed by the 
response or outcome) 

(This relation-
ship results 
from associa-
tion of both 
factors with a 
third party) 

(Change in one factor is 
directly followed by 
response factor) 

(change in 
one factor is 
not directly 
followed by 
response 
factor, i.e, 
there exists 
an interme-
diate factor) 
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Purposes Of Epidemiology: 
The main purposes of Epidemiology can be classified into the following heads: 
1) Identifying the Risk factors that causes disease for understanding how or why any particular disease 

occurs 
2) Determining the magnitude, pattern and distribution of disease status  
3) Identify the factors or conditions that might be used or modified to prevent the occurrence of a 

particular disease 
4) For planning and policy formation by understanding. 
5) For administrative purposes to gain control over the situation by implementing necessary measures 
6) Evaluating the effectiveness of a vaccine or a clinical diagnosis or a health program  
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Chapter II: Types of 
Epidemiological Studies 

 
In Epidemiology, we are basically concerned with the study of disease status in various conditions. To find 
and explore the risk factor that causes disease, we go through the following sub-types of Epidemiology: 

 
  Epidemiology 

 
 

 Observational   Experimental  
 

 
Descriptive  Analytic  
    

I. Observational Study 
In some epidemiological studies, investigator is a more passive observer (that is, he does not conduct any 
artificial manipulation on study factor), and he only records (or collects from various sources) those 
information that he feels necessary. Such studies are usually called as ‘Observational studies’. These are 
often classifies into two types: 

a) Descriptive Epidemiology: 
This area of Epidemiology is mainly concerned with the study of distribution of disease or health related 
characteristics, which describes the distribution of health status or condition in terms of various personal 
characteristics of the study population (such as age, sex, race, location etc.). Since this part helps us 
describe the characteristics of disease, we call it Descriptive Epidemiology. It is also used for comparison 
purposes, from one population to another or from one part to another in the same population.  
 

   Descriptive 
 
 
      Measurement      Distribution 

 
 
A. Measurement: 

Types: 
We can categorize principal measurements of epidemiological research as: 

Measurement of Descriptive Epidemiology      
 

            
 Association Disease Frequency Potential Impact 

 
 
 
 
 
 
 
 
 
 

These access the 
strength of statistical 
relationship between a 
risk factor and a disease 
under investigation.  

These characterize the 
occurrence of disease, 
disability or death in 
human population. They 
tells us how common an 
illness or health even is 
in reference to the size 
of a given candidate 
population 

These show the 
expected contribution 
of a study factor to the 
frequency of a disease 
in a given population 
(usually helpful in 
testing effectiveness of 
new drug or program). 
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Obviously, potential impact measures can be considered as the combination of frequency and association 
measures. Anyway, we will discuss the measures of disease frequency here in full details (rest will be 
described later while analyzing data collected from various analytic designs). But before that, we define 
some basic terminology: 
Ratio: A ratio expresses the relationship between two numbers (usually the size of two non-overlapping 
comparable groups, e.g., sex ratio) in the form x : y. 
Proportion:  This is a specific type of ratio in which numerator is included in the denominator (The 
resulting number is dimension less and stays equal to or between 0 and 1, e.g., proportion of male birth in 
all births). 
Another such measure is ‘Rate’, which we will describe a bit later. 
 
Measures Of Disease Frequency: 
In epidemiological literature, some authors use the term ‘Disease accounting’ to describe these measures. 
 
 

 Disease Frequency 
           
  

Prevalence   Incidence  Removal 
 
 
 
 
a) Incidence: 
Incidence is the frequency of occurrence of any event (say, a disease in our epidemiological context) over a 
period of time. 
Estimation: It is the number of new cases within a given period. 

Incidence   
= (New cases at a given time period)/(population at 
risk during that period).  

= t

t

I
N

 

Measurement: We can measure incidence as: 
 Incidence   

 
 

Risk  Rate  
1) Risk: Risk is defined as the probability of a disease-free individual’s developing a given disease over 

a specified period, conditional on that individual’s not dying from any other disease during that period. 
Characteristics: 
1. Risk refers to an individual level, that is, risk has direct interpretation on the individual level 
2. Risk is dimensionless. 
3. Risk is conditional probability varying between 0 and 1. 
4. Risk usually refers to the first occurrence of the disease for each disease-free person (although it is 

possible to consider the risk of developing the disease twice or more within a given period). 
5. The concept of risk requires a period reference (arbitrary fixed) that describes the time span over which 

new cases are detected. 
6. Risk is used to test etiologic hypotheses for diseases with restricted risk periods (typically acute 

conditions). 
Method of Estimation: 
There are two methods popular for estimating risk: 

Amount on hand Addition of amount Removal from total 
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Actuarial or Cumulative Incidence (CI) method 
Formula: 

ˆˆ

2

I
R CI

wN
= =

−
 

where I = number of cases diagnosed during a given period 
 N = number of disease free subjects during that period 
 W = number of withdrawals  

Often we consider a special case termed as ‘Simple Cumulative method’ where there is no withdrawals  – 
appropriate only for fixed cohorts. 

Also, for accumulated periods, 
ˆˆ 1 (1 )i

i

R CI CI= = − −∏  

Assumption: The mean withdrawal time occurs at the midpoint of the period. 
 
Incidence Density (ID) method 
This is based on instantaneous rates (described below) to get more detailed picture of disease occurrence.  
Assumption: There is no secular trend present in the data. 
Comparison: Both methods produce approximately the same results if the onset of disease and time of 
withdrawals can be known precisely. 
 
2) Rate: Rate is defined as the instantaneous potential change in disease status or number of observed 

case of a particular disease at a specified time, per unit of time relative to the size of the reference 
population. The elements of rate are thus, 

- number of persons affected, 
- reference population (in the same unit as the above one) 
- specification of time 

Characteristics: 
1. An incidence rate refers strictly to a population and therefore, has no direct interpretation on the 

individual. 
2. The incidence rate is expressed in units of (1/time) 
3. The incidence rate can exceed one (simply by changing the units) 
4. As an instantaneous measure, the incidence rate refers to a ‘point in time’ and has no referent period. 
5. Rate is used to test etiologic hypotheses for diseases with extended risk periods (typically chronic 

conditions). 
Methods of Estimation: 
There are two methods available for estimating rate: 
A. Instantaneous Rate: 
It is just the conditional probability of occurrence of new cases during a very small time interval, 
considering candidate population as a function of time. Due to practical obstacles of making this 
consideration true, this measure is rarely used. 
Formula: This is estimated as- 

0

ˆ ˆ
t

t
t

I
R ID

N dt
= =

∫
 

B. Average Rate: 
Formula: This is estimated as (an approximation of instantaneous rate)- 

 ˆ ˆ I
R ID

PT
= =  

where I = number of new cases that occur during the period 
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PT = Amount of population-time (to get this we multiply 
observed candidate population with their respective observation 
period) 

Calculation of population-time denominator: We do it in two ways: 
• For stable population:  PT = ( )N t× ∆  

• For dynamic population:  PT =
N

i
i

t∆∑  

Relationship of CI and ID: In general, ( )CI ID t≈ × ∆ . 

Also for rare diseases, one year CI is approximately same as ID. However, one should keep in mind that ID 
can be used to estimate rates and risks, but CI is usually limited to estimating risks. 
 
 
Advantage of Incidence: 
- Suitable for studying both acute and chronic conditions. 
- Appropriate for identifying risk factors 
Considerations while calculating incidence: We need to know the following facts to calculate incidence: 
1. Knowledge of health status of the study populations to identify disease status 
2. Time of onset 
3. Specification of numerator (individual number or number of cases) 
4. Specification of denominator (average population at risk or person time denominator) 
5. Period of observation. 
Special Case: Attack Rate: We defined incidence in terms of a period reference. Sometimes, we take 
them conveniently: such as, during an epidemic, to investigate local outbreaks, we determine the study 
period as the entire epidemic duration – so that we can pinpoint the cause of the epidemic. We call such 
measure as attack rate (although it is not really a rate!). 
 
b) Prevalence: 
Prevalence rate measures the number of people in a population who have the disease at the given point of 
time, as an instantaneous snapshot. 
Estimation: Prevalence is the number of existing cases of a disease, divided by total population at a point 
in time. That is,  

 Prevalence = 
C
N

 

Advantage:  
- It is less costly to collect data for calculating prevalence. 
- More useful in health planning and administration of medical facilities. 
Possible Pitfalls: A high prevalence may be due to a high incidence. Similarly a low prevalence may be 
due to rapidly fatal process or rapid recovery of the disease, as well as the low incidence. The close 
relationship between all these measures, therefore, should be kept in mind while calculating prevalence. 
Since exposure-disease statuses are measured simultaneously, hypothesis generated based on prevalence 
data might not be of much use. 
Types: It is of two types, according to the duration of period: 

Prevalence 
 
 

Point  Period   
(i) Point Prevalence: We can sib-divide this as: 

     Point prevalence 
 
 

  Simple   Lifetime   Episodic  
• Simple Point Prevalence: At a given point of time, this is estimated as the number of prevalent cases, 

divided by the size of that population 
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• Lifetime Point Prevalence: This is estimated as the number of cases (prevalent cases including if they 
had the disease at any previous period of their lifetime  even if they are cured or in remission at that 
time) at a given point of time, divided by the size of that population 

• Episodic Point Prevalence: This is measured as the proportion of time that the person remains 
clinically ill (more than one survey result  of various times required for reliability ground). This kind of 
measure is useful in studying remittent diseases. 

(ii) Period Prevalence: This is a less frequently used measure. This is actually the substitute for risk 
when exact time of onset for individual cases is not known (which is often the case for mental 
illness).  
Estimation: Here we define a population, and take the prevalence at a point in time, and continue 
to add new incident cases with it during a pre-defined succeeding period of time. Then the period 
prevalence is estimated as: 

Period prevalence  
= (Number of existing and ongoing cases of a disease during 
a given period) / (Average population during that period). 

= 
C I

N
+

 

c) Removal: 
This is one of the forces, by which subjects get out of the study. This can happen in three ways: 

Removal 
 
 

Death Recovery      Migration 
Of them, we only discuss the first one due to its significance in epidemiological research.  
Death: This sort of data is readily available. Hence, mortality rates re more popular. 
Importance: Mortality rates are easier to collect and more reliable than incidence rates. 
Types: Some of the most common death rates are: 

• Cause-specific mortality rate (rate at which death occurs from a specific disease during the 
observation period) 

• Crude mortality rate (death rate within an entire population) 
• Category specific mortality rate (rate at which deaths occur in particular subgroups of the 

population during the observation period. E.g., race-sex specific mortality rate) 
• Age specific mortality rate (rate at which deaths occur within a particular age group – that is, 

numerator is the number of deaths in that age group and denominator is the size of population 
that belongs to that specific age group) 

• Age-adjusted mortality rate (statistically computed rate that adjusts death rates across age 
specific strata to a common reference age distribution – basically this has use in comparison 
purposes) 

• Case-fatality rate (rate at which deaths occur for a particular disease among individuals for 
the disease) 

• Fetal death rate (this includes all fetal deaths of children irrespective of the duration of 
pregnancy) 

• Neonatal mortality (deaths under 28 days of age in number of live births in the same year) 
• Post-neonatal mortality (deaths between 28 days and 1 year) 
• Maternal mortality rate (number of deaths from puerperal causes in a year , divided by the 

number of live births in that same year, which is useful in measuring the adequacy of obstetric 
care) 

To remove confusion, we need to distinguish between ‘cause-specific mortality rates’ (useful in 
epidemiological purposes), and ‘cause-specific case fatality rates’ (usually useful in describing clinical 
efficacy). In both, the numerator is the same – the number of persons dying of the disease during a certain 
period. The denominators of the rates, however, are different. In a mortality rate, the denominator is the 
total population within which the deaths occurred, while in case-fatality rate, it is restricted to persons with 
the disease. Thus the mortality rate expresses the probability that a member of a defined total population 
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will die of the disease, while the case-fatality rate expresses the probability that a member of a population 
of affected individual will die of the disease. 

Possible Pitfall: While calculating mortality rates, the major pitfall occurs due to the fact when subject dies 
of a reason other than the disease under study. In such cases, either by our judgement or by statistical 
assessment we determine their frequency and subtract them from the total number of affected individuals. 

 
Use of Measures of Disease Frequency: 
1. Description of disease frequency 
2. Planning and administrative purposes: 

- Incidence gives us insight about effectiveness of a health program or risk associated with an 
exposure. 

- Prevalence helps us estimating health needs. It also helps determining chronic conditions 
(such as mental illness).  

- Mortality rates provide quick estimation of extent of severity of a sudden epidemic. 
 
Relationship between various measures of disease frequency (Incidence, prevalence, and mortality rates): 
The prevalence of a disease depends upon its incidence rate and its duration, that is- 

Prevalence ≈  Incidence ×  Average duration of disease 
Under the assumption that all of them are stable over time. 
Anyway, we can generalize the relationship as- 
1. Mortality rates can be very close to incidence if interval between onset and death is short and if this 

happens with a very high frequency. 
2. The longer the period over which period prevalence is determined, the closer period prevalence 

resembles incidence. 
3. The shorter the period over which period prevalence is determined, the closer period prevalence 

resembles point prevalence. 
4. The shorter the average duration of disease, the closer period prevalence resembles incidence.  
5. The longer the average duration of disease, the closer period prevalence resembles point prevalence. 
 
Possible sources of errors while measuring Disease Frequencies: 
a. Attrition 
b. Use of incomplete data 
c. Use of non-random samples 
d. Variation in diagnosis  
e. Variation in response for the same disease 
f. Variation in data collection techniques 
 
Evaluation of Measures of Disease Frequency: 
While evaluating frequency measures, we must consider some factors: 
1. Specification of Time: Two things should be defined here- 
(i) The point in time at which the observation began 

• Calendar time (data on a specific event is collected at a specific point of time for everyone) 
• Chronological age (data on a specific event is collected at every one’s same age, say, 25th 

birthday of all the people in the population whose calendar age may be different at any point 
in time) 

• Time of onset 
(ii) The length of the period of observation 
2. Specification of Event: The usual form of even in which we are interested in Epidemiology, is ‘onset 

of illness’ (used as numerator of incidence). However, for the situation, where same individual can be 
found diseases more than once, we can consider ‘number of cases or attacks’ rather than ‘number of 
individuals being diseased’. We have to specify which one event do we want or need. 

3. Specification of Population: The number of prevalent or incident cases should be excluded from the 
denominator (since they are not covered by the definition of population at risk). However,  for rare 
disease, this has little impact on the rate. 
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B. Distribution:  To describe the occurrence of a disease in details, we need to say them with respect 
to person, place and time. That is why, some authors classify variables Epidemiological research 
affected by the following 3 sub-categories: 

Distribution of Descriptive Epidemiology 
 

 
Place  Personal Time   

a) Characteristic describing Person: Who is affected? 
b) Characteristic describing Place: Where do the cases occur? 
c) Characteristic describing Time: When do the cases occur? 
 
We describe them here one by one: 
Person: 
Persons can be characterized in terms of thousands of variables. But in epidemiological purposes, some 
demographic characteristics are usually adequate, some of which are: 
 
I. Age: 
Among the variables describing personal characteristics, ‘Age’ is the most important one, since it is found 
to be more associated with the risk factors than any other variables of personal characteristics, causing 
changes in frequencies of diseases.  
Disease and Age associations: Infant come with some maternal antibodies and hence has protection 
against diseases during first half year after birth. However, after that time, they tend to be victim of 
infectious, especially when they grow tendency to pick objects, and put them in their mouth. This is why, 
without proper medical facility, mortality and morbidity rate of such children is higher. Relation of age to 
acute disease is less consistent, but chronic conditions tend to increase with age. Again, the rate increases in 
the old ages. However, due to number population remain alive after, say, 55-year age, is very low, the 
frequency is not as high as it should be. 
Purpose: We study age-association because  
- We want to understand the causal association of the risk factor with the disease without the effect of 

age, which gives a clear picture of the disease mechanism. 
- For comparison purposes, if two or more populations are compared with respect to disease frequencies, 

without removing age effect, then the comparison might be meaningless. 
Measurement: Usually frequencies of almost all diseases show some association with age variable. To 
understand the disease, therefore, we need to measure the frequency of that disease in each age group and 
calculate the rates for each age-specific group. 
Age Curves: Age curves are the ones, where Y-axis shows the rates or frequencies (or other measurements) 
of the disease under investigation, and X-axis shows the age groups. It can be of two types: 
a) Current or Cross-sectional age curve: Such curves show rates or frequencies (or other measurements) 

of the disease under investigation for different age groups of the population, observed at a point in time.  
b) Generation or cohort age curve: Such curves shows rates or frequencies (or other measurements) of 

the disease under investigation for a cohort (say, a group of persons born in certain period), observed at 
their successive age-groups (that is, at successive points in calendar time as they grow older) from time 
to time. 
Applicability: Sometimes, it is incorrectly thought that one type of curve is superior to other in all 
situations. The fact is, both have their places and distinct way of describing diseases. While applying 
and interpretation of the two age curves, one must keep the distinction in mind, to avoid 
misinterpretation. Here are some situations and suggestion about appropriate age curves: 
(i) To describe an epidemic in a population, we prefer current age curve. 
(ii) To describe the condition of a chronic or permanent disease, which is due to an epidemic 

occurred in early life, the cohort age curve is more appropriate. 
Possible pitfalls in Interpretation:  Here we describe some situation where the interpretation of age 
association is difficult: 
1. When stability of disease is variable, we face problem of interpretation. 
2. If the measures of disease frequencies vary with some variables, causing different shapes of age-curves.  
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3. Due to difficulties in diagnostic procedures, determining cause of death of a 80-year old person is not 
as easy as that of a 20-year old person. 

4. Bimodality in age curves indicates non-homogeneous distribution of disease. This makes interpretation 
difficult. 

5. Finding different exposures for multiple -diseases cases is a challenging task. 
 
II. Sex: 
Disease and Sex associations: The most interesting as pect of disease rate analysis by sex is the contrast 
between mortality or morbidity rates! In general, although, morbidity rates are higher in females (may be 
due to more episodes of illness), death rates (including neonatal cases) are higher for males than females 
(same statement is true for attempted and successful suicide cases!). The recognized causes of higher death 
rates for males are:  

- Environment, 
- Hormonal balance, 
- Habit patterns. 

Some possible explanation for the relatively high morbidity and low mortality in women may be: 
- Women seek medical care more often, 
- Same disease tends to have more lethal course in men than in women. 

Measurement: The association between the disease under study and sex can be demonstrated by: 
a) Sex Ratio: Number of affected males (or females) as a percentage of totals affected. 
Assumption: The sex ratio in the population from which the cases were drawn is 50%. 
Limitation: The assumption (that is maintained by this measure) is not always true. 
b) Sex specific disease rates: Here the association between disease and sex is demonstrated by the non-

uniformity of sex-specific disease rates. 
Advantage: Fewer assumptions required. 
Limitation: Age distribution of the two sexes is not same in all population in general, which leads to non-
comparability. 
 
III. Ethnic Group: 
Disease and Ethnicity associations: A group of persons with some degree of homogeneity (may be with 
respect to common biological inheritance, or custom served) is called an ethnic group. In epidemiological 
usage, we group them by:  
a) Race: The major sub-division in the human kind might be as follows 

- White 
- Negroid 
- Mongoloid etc. 

Since each of these sub-divisions posses different biological, social mechanism, the frequencies of any 
disease are likely to vary. 

b) Nativity: Patterns of life style (food, occupation etc.) changes when people migrate from their own 
country to another. Comparing their disease status with those who remained at home in their countries 
is of significant importance. 

c) Religion: Studying people of various religions recognizes different frequencies in disease occurrence 
due to their respective religious practices. 

d) Reproductive social units: Different frequencies in disease occurrence due to environment, genetic 
background can be identified by studying people who are sub-divided into small social units who live 
by the side of each other, and prefer internal marriage for a long time. 

Measurement: In case of ethnicity, we measure association as we did in sex: 
a) Group Ratio: The frequency of persons of a given ethnic group with a specified disease is expressed as 

a percentage of the number of the same ethnic group (with all disease or a certain group of diseases). 
These frequencies might be compared between ethnic groups. 

b) Group Specific disease rates: The frequency of persons of a certain ethnic group with a certain disease 
is expressed as a percentage of the total number of persons with the same disease. These are compared 
with similar percentages among patients of the same ethnic group with other diseases (or among all 
patients  seen at a given hospital). 

However, both these methods are likely to result incorrect inferences since the population at risk is ignored. 
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IV. Occupation: 
Disease and Occupation associations: Occupationally related experiences can exert a profound effect on 
health, since people usually spend a significant portion of their lives at work. This contributes to large 
differences in disease rates from others. Due to easily accessibility (since we keep employee information 
up-to-date), we can easily use them for different purposes, such as: 
a) Occupation as a social status indicator 
b) Occupation involving special risks (e.g., employees of nuclear plants are exposed to the high risk of 

cancer, air traffic controllers have high rate of hypertension) 
c) Working condition (Coronary heard disease is more frequent to the workers who does desk-job, than 

those who work in the field.) 
Measurement: 
a) Age-specific mortality rates in each occupation group 
b) Standardized mortality ratio (Number of deaths, either total or cause specific in a given occupation 

group expressed as a percentage of the number of deaths that would have been expected in that 
occupational group if the age-sex-specific rates in the general population had obtained) 

 
V. Socio-Economic Status: 
This is the characteristic that can be defined in so many ways, such as- 

- Occupation (this is more common and popular) 
- Family income (Although a direct measure, measured by ‘Total family income’ or ‘Average 

family income per person’, or ‘Average family income per adult unit’, use of these are limited for 
lack of availability of comparable data in general) 

- Living place or area of residence (Data are readily available from administrative local units) 
- Living condition (crowding or not) 
- Dietary status (nutrition) 
- Social prestige etc. 

However, to encompass the total life style, we usually use all these variable. But for measurement purposes, 
using them all together pose difficulties. Then, for practical reasons, we just take  
• any of the above convenient variables, or 
• combination of some of those variables as an index, or 
• occasionally, in particular situations, special indices (some of which are popular among army personals) 
 as an indirect indicator of socio-economic status. 
 
VI. Marital Status: 
Classification: 

- Single 
- Married 
- Widowed 
- Divorced 

Disease and Marital Status associations: Epidemiologist have found death rates (for most specific or 
from all causes combined) vary from highest to lowest in this order: Divorced, widowed, single, married. 
The least mortality for married persons may be due to continuous support and care from their spouse. 
However, highest mortality in divorced, widowed persons may be due to stress that they experience while 
their split up or death of their spouses. We also note some interesting facts in the following disease specific 
cases in such sort of associations: 
- Widowed persons have higher rate of mental disease than married persons 
- Single male persons have higher rate of mental disease than that of single females 
- Married female persons have higher rate of mental disease than that if married male persons 
- Married persons (husband and wife) tend to share same chronic diseases  
- Women who have borne children have lower rate of breast cancer than that of infertile women 
 
VII. Fertility: 
Disease and Fertility associations: In short, pregnancy tends to unmask (initiate) the risk of certain 
disease (diabetes), while it often leads to remission of others (rheumatoid arthritis), hence obviously 
fertility has significant association with certain diseases. 
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Place: 
Place or geographical location often causes variation in frequency in diseases. Study of place provides 
important clues about disease etiology, and helps generating hypotheses. To administer medical care 
facilities, this knowledge provides proper guideline in the appropriate direction. From regularly collected 
data and published vital statistics we can easily collect such data. However, due to variation in regional data 
due to variation in medical facility, diagnosis, reporting, administration in data collection, they might not 
always be as useful as it seems to be. We can classify places under following heads: 
I. Natural: These are more useful in determining disease etiology than any other sort of boundaries. 

This is due to the fact that natural boundaries are characterized by some particula r climatic or 
environmental conditions (such as altitude, rainfall, mineral content, humidity, temperature, and 
water supply). Also, if the area is isolated from other by rivers or mountains, then the population 
living within the boundary might be distinguished in some respect (such as economic condition, 
social custom, genetic inheritance etc.). 

II. Political or administrative: This is not as precise as the above one for determining disease 
etiology, but this is a convenient way since data are readily available from following political 
boundaries for administrative purposes: 
a) Local: Sometimes we plot individual cases from available data on a local map, which indicate 

the distribution of the disease within local community. Such plots are frequently termed as 
‘Spot maps’. 
Limitations: There is no indication of population at risk (which makes it non-comparable). 
Also, such plots are not appropriate for mobile population. 

b) International: Disease and other health related rates vary widely among several nations 
significantly (may be due to climatic, etiologic, socio-economic, custom, genetic, diagnosis 
methodological differences). 

c) Urban-Rural: This is a special type of intra-country comparison. The comparison are done 
between urban (with lot of scope of air pollution, subject to social disorganization like 
homicide, violence etc.) and rural (having disadvantages of lack of job opportunity, literacy, 
medical facility) population. 

From such classifications, we may pull explanation of a geographic variation beyond just 
descriptive level by drawing scatter diagram, deriving inter-relationship (measured by correlation 
coefficient), or testing hypothesis about them. 

III. Study of Migrants: One of the most important studies in epidemiological research is the study of 
migrants where we  focus to separate genetic factors from environmental factors. Comparison of 
mortality and morbidity rates of migrants- 
• with those for their kin who remained at home permits study of genetically similar groups 

under different environmental conditions. 
• with residents of the new country (where the migrants migrated) provides information on 

genetically different groups under similar environmental conditions. 
Interpretation of an association of disease with place: While interpreting in such cases, we might need to 
consider the following conditions: 
♦ (Age distribution or ethnic or religious) characteristics of inhabitants 
♦ Characteristics of the place:  
§ Biological Environment: Such characteristics influence disease pattern 

- by providing condition (e.g., temperature,  humidity) necessary to survival of parasites outside 
the body 

- by providing conditions suitable for reproduction of animal vectors 
- by determining the size and kind of animal populations available for a role either as host for 

intermediate stages of the parasites or as reservoir of infection 
§ Chemical Environment: Chemical conditions peculiar to certain places are capable of influencing 

the health of human through at least two known mechanisms - peculiarities in the chemical 
composition of 
- drinking water 
- air 

§ Physical Environment: This plays an obvious role in mortality and morbidity directly connected 
with exposure to heat, cold or lack of oxygen (as in higher altitude). 
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§ Cultural Environment: Culture is usually determinant of the degree and kind of physical and 
chemical environment exposure. 

♦ Mixture of the above two types of explanation may be applicable. 
 
Time: 
Time has always been a necessary ingredient for almost all kind of epidemiological measurement of 
establishing causal association. 
 
Lengths of time: There are major three kinds of lengths of time usually used in epidemiological context: 
I. Point Epidemics: The circumstance, where mean interval between exposure and onset of the 

disease to a large amount of population is very short, is usually termed as ‘Point epidemic’. This is 
an indication of exposure of those people to a similar causal risk factor (almost simultaneously), 
and determining of the risk factor and its causal mechanism is the objective of such kind of study. 

II. Secular Trends: This refers to the changes over a long period of time (may be years or decades). 
Due to lack of appropriate data, mortality measures are the obvious (source being only the vital 
statistics or death certificates).  
Measurement: For full understanding of the secular changes, one might like to analyze the birth 
cohorts in terms of their pervious common experiences (say, disease in an early stage of life). 
Limitations:  
• The problem of measuring such kind of trend is, diagnosis procedure usually do not remain 

the same over a long period of time. Added diagnostic facility makes them incomparable with 
previous cases. Then any significant change over time may not be attributed to only 
epidemiological reasons, this can be attributed to the simple fact that the medical care has 
improved.  

• The second problems are the assumptions involved in such kind of calculation to eliminate the 
effect of trend (which are sometimes, not practical or feasible). 

• It had been observed that, changes that occur over a long period (say, over decades, which 
may be due to genetic causes) is less productive of hypotheses than that of those with a usual 
short (not very short though!) period of time. 

• While extrapolating such trend into the future, one should keep the distinction between 
current and cohort patterns in their minds, otherwise misleading interpretation might result. 

III. Cyclical Fluctuations: This refers to recurrent alterations in the frequencies of disease cyclically, 
cycles being annual or seasonal or other form of periodicity. Chronic diseases are little affected by 
such periodicity. However, both infectious and non-infectious diseases are influenced by 
seasonality (some diseases are more common in winter, some are in summer, etc., which may be 
attributed to crowding of people in the cold winter, increasing activity in the water due to high 
temperature in summer). 

 
Clustering in Time: Like spot maps in place characteristics, we plot cases of a particular disease over time 
(as before, with no reference regarding population at risk). We say it as ‘Clustering in time’.  
Note that, 
q These are best seen in the cases where interval between exposure and onset of disease can be measured 

accurately.  
q However, if this interval is variable for the disease, then the use of such technique is questionable.  
q The motivation of use of such technique is to determine association between the risk factor and the 

outcome, and study similar future outbreaks in a more satisfactory manner. 
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Interpretation of Descriptive Associations: 
One of the most important roles of Descriptive Epidemiology is to generalize a situation and suggest 
possible hypotheses. Here, we are not supposed to arrive at a definite conclusion, but should be able to 
formulate hypotheses. For seeking possible explanation of descriptive associations, we go through the 
following ‘check list’: 
ü Errors in Measurement: This may result in apparent associations at several levels - 

a) Differences in access to medical care (minor illness may be more frequently diagnosed in 
some groups where others rarely do so due to the readily access to individual medical 
facilities) 

b) Differences in Utilization (e.g., women tend to use medical care more frequently than males 
do) 

c) Differences in Precision (This may be due to variation in availability of sophisticated medical 
diagnosis procedure ) 

d) Differences in reporting (Some may feel shy about reporting their diseases to data collector) 
ü Differences between groups with respect to more directly associated demographic variables: Age is 

related to almost all diseases and risk factors. Sex and ethnicity comes down next in the list. Therefore, 
to show any differences or compare among populations, we need to adjust the rates, that is, standardize 
the rates with respect to age, sex, ethnicity or other variables that might be directly associated. 

ü Differences in environment 
a) Nutritional differences (e.g., heart disease might be related to diet, and its level of fat) 
b) Cultural differences (customs, relational patterns, habits comes from culture: e.g., alcohol 

might be related to heart conditions) 
c) Differences in sexual practices or experiences 

ü Differences in Bodily constitution 
a) Anatomic differences (e.g., weight of skeleton might be cause of arthritis) 
b) Physiologic differences (e.g., level of immunity due to hormonal differences) 
c) Mental differences (e.g., violent behavior might be a good cause of hart conditions) 

ü Differences in Genetic constitution (e.g., some genes may be weak, unable to cope with some special 
conditions). 

 
 
Purposes of Descriptive Study: 
1. Descriptive study gives us insight about the magnitude of the disease cases in terms of easily 

understood rates and ratios. 
2. It helps us figure out the disease etiology and thus provides basis for formulating new etiologic 

hypotheses by identifying nonrandom variations in the distribution of the disease in the population(s). 
3. It leads and directs us to further research. 
 
Procedures in Descriptive Study: 
A. We define the population to be studied 
B. We select the disease to be studied 
C. We describe the disease with respect to place, time or personal characteristics 
D. We use appropriate measurement to measure the disease condition 
E. We then compare the indices with standard ones or other normal population 
F. We formulate etiological hypotheses based on comparison results. 
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Process of formulating Hypotheses based on ‘Descriptive study’ results: 
Descriptive studies provide the first step in finding ‘cause’ of a disease by classifying population sub-
groups with various rates of disease occurrence. In the process, we try to formulate hypotheses about the 
distribution of disease in terms of causal relationship of a suspected factor with outcome or response 
variable. Some authors consider this as an integrated part of the strategies of epidemiological research, and 
we completely agree with them. 
 
Elements: Core of these hypotheses is stated with respect to very specific  
1) population, 
2) reason being considered, 
3) outcome or disease under study, 
4) dose-response,  
5) time relationship  
– all these being the basic components of a hypothesis.  
 
Statement:  In simplest terms, a statement of frequency might be ‘There were 457 cases of lung cancer’, the 
only requirement being the count of patients with lung cancer. However, the statement has little utility in 
epidemiological purposes since some essential features are ignored. Therefore, the statement would gain 
needed precision if we write ‘On January 1, 2005, in the population of Bangladesh (element 1), there were 
457 cases of lung cancer (element 3) due to smoking (element 2) 4-6 cigarettes per day (element 4) for at 
least 15 years (element 5)’. However, for comparison purposes, such statement is not adequate with out 
reference to the size of candidate population. Then we prefer to use rates, ratios, or proportions. This is why 
use of rates, ratios, or proportions is so popular in hypotheses for epidemiological usage. 
 
Purpose: The basic purpose of formulating a hypothesis is to describe and compare population(s) or their 
sub-groups, which are essential to Descriptive Epidemiology. 
 
Methods:  Macmahon, Pugh, Ipsen (1960, pp 36) decried 4 methods of formulating hypotheses: 
1. The method of Difference (If the frequency of disease varies widely in two circumstances, then we 

search for some factor that is present in one, but absent in another) 
2. The method of Agreement (If we can find some factor that is common in several same kind of 

particular diseased circumstances, we identify that as the cause of that disease) 
3. The method of Concomitant variables (this is the direct approach in search of disease causing 

mechanism) 
4. The method of Analogy (if two or more disease has almost the same distribution in one population, then 

all of them might be due to same cause). 
 
Consideration for evaluating a hypothesis: After generating a hypothesis from any of the methods 
described above, one might ask, “How reliable is the new hypothesis?” To evaluate the new hypothesis, the 
following points are recommended to check: 
a. We should keep in mind that, due to various reasons (multiple causes of disease, error in classification, 

observational error) the disease-exposure relationship might be influenced. 
b. For epidemiological purposes, our hypotheses should be confined to specific areas of interest. 
c. We need to determine the number of alternative hypotheses against our hypothesis, which varies 

widely in various circumstances due to types of relationship existing among the related variables. 
d. A hypothesis should be evaluated (if possible) in context of statistical association, after being sure of 

its causal mechanism. 
e. Unusual cases should be assessed carefully. 
f. Temporality should be kept in mind while evaluating a hypothesis. 
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Sources of Epidemiological Data: 
To test an etiologic hypothesis in any design, the first step is the collect data. From various sources, we can 
collect epidemiological data. We discuss some of them here along with their strength and weakness: 
q Vital Statistics: This is a major and easy to access source of information about health of a population. 

This includes information about birth (and/or adoption), death (fetal), marriage, (and/or divorce, legal 
separation), etc along with many other things. 
a) Death Certificate: This gives us information about the frequency, cause, of death including 

characteristics of the descendents. However, measurement error occurs in such data due to various 
causes. Thus, we have to be careful about using such data and consider  
- the diagnosis status before death,  
- familiarity with the disease of the physician who certified, 
- method used in autopsy. 
The problem is, we do not always have access to the above sort of additional information. Also, 
determining cause of death is not as easy it seems if there exists multiple causation (disease).  

b) Certificate of live birth:  Usually disease or health conditions in early life have profound effect on 
later stages of life. In this context, ‘registration of live births’ can be considered as a cornerstone in 
the system of vital statistics. This includes information of live birth about its parents, race, 
legitimacy status, birth-weight, birth-injuries, congenital malformations, etc – which are useful in 
epidemiological usage.  

c) Certificate of fetal death:  Thought less informative, but may have certain use. 
q Community health service 

(i) Death registration: Some says that the introduction of death registration was the foundation 
of modern Epidemiology. However, certain difficulties with such data still exist. Some of 
them are: 
1) Sometimes the information may not be accurate and/or complete. 
2) Various part of the world uses variety of diagnostic labeling for the same disease. 

However, this problem was solved partially by setting international standards. 
3) Presence of more than one pathological condition for death is another problem. To solve 

this problem, in 1940 in Great Britain and in 1949 in America, a major change was 
introduced in the method of assigning cause of death by setting some general rules. 

4) In terms of immediate usefulness, it has been found that processing, classifying, listing, 
publishing takes a lot of time. 

(ii) Morbidity reporting: For administrative purposes, or to identify the health-related needs, 
governments of various countries started this process of data collection from a very long time. 
Recently, the process improved a bit, keeping its original format unchanged, the routine 
sources being- 
• Death reporting: This helps us get the geographical distribution of disease very easily. In 

the process, each individual practicing physician is responsible for the followings 
- Reporting of cases (if considered threat to community, may be infectious or not. 

Some of them are:  
I. Cholera 
II. Plague 
III. Louse-borne relapsing fever 
IV. Louse-borne typhus fever 
V. Yellow fever 
VI. Small pox etc.) 

- Reporting on epidemics (unusual outbreaks. However, it has been seen that ‘rare’ 
conditions are reported consistently, while ‘common’ conditions are usually 
neglected.) 

However, for social stigma, or may be due to legal and ethical issues of physician-patient 
relationship, sometimes reporting are ignored by the physicians. 

• Disease Register: This is a mechanism for identifying and recording information on the 
salient characteristics of all the people who have been diagnosed as having a given 
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condition in a given area. It exercised, this mechanism might be the source of accurate 
information with detailed picture of morbidity. 

• Absenteeism: This source (usually office register about presence of employee) of 
information has great importance in identified diseases that are occupationally 
determined. However, this source of information may be subject to questionable accuracy. 

• Medical statistics of the armed forces: Sometimes this is the most complete, accurate 
source of information. However, the subjects are limited to a specific range of age or sex, 
or condition – such as - physical fitness. 

• Hospital records: Surprisingly, the reports from hospitals are usually least informative! 
They are restricted to administrative data only. Some important points about this source 
are: 
- These information may give a biased picture of disease status of a community (if 

there are other places to treat, such as a private physician’s office, people may go 
there instead of coming to hospital due to various reasons) 

- There is usually no candidate population, no definite population at risk to use to 
calculate any measure. 

- Due to lack of automation system or hospital policies, data may be difficult to collect 
- The data might not comparable with those of other hospitals or sources due to the 

following reasons: 
1. Access to the hospital 
2. Availability of beds 
3. Desire for care by a specific physician 
4. Insurance policies offered in the hospital. 

• Other sources, may enable us to measure some special cause-specific rates, such as- 
1) Records of private physicians 
2) Data from insurance programs  
3) Industrial health plans 
4) School records 
5) Veteran administration 

(iii) Morbidity Survey:  Sometimes, due to lack of complete, accurate information, we have to go 
for this option. It is generally of two types: 
- Surveys of the frequency of a specific disease or group of disease in the population of a 

limited geographical area who are assumed representative of the target population. In that 
area, we collect information from all possible sources (such as, practicing physician, 
hospital, administrative records) and data are checked for duplication or those who came 
from external areas other than our defined area. Sometimes door-to-door interview is also 
required if the affected persons do not come to any sort of medical attention. 

- Special surveys of a given population to estimate disease rates from all causes. This may 
require an expensive survey within total population in search of a representative sample. 

Usually these surveys are done to determine prevalence of chronic cases. 
(iv) The census: This is the principle source of ‘denominator’ that is used to estimate various 

disease and death rates. The census can be done in two ways (classified to avoid duplication): 
- De facto (location of persons at the time of census) 
- De jure (location of the residence place of the person) 

The only problem of this source is that they are not regularly updated per month or year due to 
expensive undertaking of census. For this reason we might have to use, say, 10-year-old information. 
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b) Analytic Epidemiology: 
This area of Epidemiology is mainly concerned with the determination of the distribution of disease (that is, 
reasons for unequal frequencies in different sub-groups of a population) in terms of possible causal 
factor(s). This phase usually searches for the causes of unequal distribution of disease in the population 
(that is, here, we try to seek explanation: ‘why the rate of disease occurrence is different in different 
groups?’).  In this phase, we may examine the new hypotheses (testable propositions) suggested or 
generated from descriptive study findings. Analytic studies are mainly designed to test such hypotheses, 
which can be either rejected or not rejected by the epidemiological studies; and finding valid estimates of 
hypothesized cause-effect relationship. In this purpose, we may go for either of the following approaches 
(in all these cases of basic design, individual is the unit of observation and analysis) based on type of 
problem, amount of precision of estimates required, time and resource given:  
 

Analytic  
      

     
Incomplete      Basic Design Hybrid   

  
 
Case-Control   Cohort   Cross-sectional  
 
[1] Cohort Study: 

By the word ‘Cohort’, we generally refer to a group of persons who share a common or same 
experience during a given time interval. For example, all the students of a particular batch in any 
department of a university might be considered as a cohort, because they all share the common class, have 
similar courses, teachers, examinations etc. Therefore, all third year students of University of Dhaka 
majoring at ‘Applied Statistics’ during 2004-05 might be considered as a cohort. 
Nomenclature: This study is also known as  
– Follow-up study 
– Incidence study 
– Panel Study 
– Prospective study 
Characteristics: 
- This study proceeds from cause (exposure) to effect (disease). 
- The candidate population is composed of all non-diseases (non-case) persons, and they are followed 

forward in time. 
Assumption: 
- Exposed and unexposed groups must be comparable (that is, they all should be similar in all 

characteristics except the exposure status). 
Flow-Chart:       Follow-up  
Classify subjects by Exposure (cause)     Follow for Disease (effect) 
Procedure: The basic algorithm is simple: We have to have estimates of disease occurrence of a group of 
people that are exposed, then we compare the them with the estimates of disease occurrence of a group that 
are ‘not’ exposed (but other characteristics of the two groups are the same). To do so, all we do is: 
a. We select a group of healthy (non-diseased) people (we often call them as ‘study subject’) whose 

exposure status is known to us. If we do not know this information in advance, we have to collect this 
information first hand from our selected study population.  

b. We divide the group into two categories: exposed and unexposed (usually they are called as 
‘Comparison group’). For comparison purpose, one might like two categories to have equal number of 
persons. Often they are from separate population – but this is all right, if they are similar to one another. 
It is very important to assure that exposure status is not misclassified, otherwise information bias may 
occur in the final result. 

c. This is the most important and major step called - ‘Follow-up’. All the subjects are followed for a pre-
specified amount of time (note that the duration of follow-up depends on the types of outcome or 
disease involved). 
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d. After follow-up period is over, we need to know the frequency of disease (that is incidence or in some 
cases mortality) in both groups. 

        The results are put in the following table (simple case):  
 Diseased Non-Diseased 

Exposed A B 
Unexposed C D 

Total A + C B + D 
and diseased and non-diseased column totals are compared (exposed, unexposed row totals pre-
determined by examiner). 

e. For comparison, we use appropriate measures (we will discuss them later). If the measures for the two 
groups differ significantly, an exposure-disease association is said to exist. 

Description of the procedure: 
In Follow-up study, we select healthy cohorts, classify with respect to exposure (this is the risk 

factor that was hypothesized) status and followed forward in time. The whole process can be described as: 
a) Identification of Study group: 
According to convenience of data collection, availability of exposure, type of disease, we identify study 
groups (composed of exposed persons) from the following sources (some methodological difference might 
exist among them): 
     Study Group  
 
 
    General population Volunteers  From available  records Specially composed groups  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
b) Selection of Comparison group: 
From general population (or conveniently formed groups from available records about their exposure 
status), we might select a group as ‘comparison group’ similar to the exposed groups in all characteristics, 
except the exposure status, that is, they are not exposed. However, selecting comparison group for specially 
exposed groups poses a problem, sometimes comparability being unsatisfactory. 
c) Follow-up for a pre-determined period: 
The study and comparison groups are followed for a pre-determined time (no matter how they were 
chosen), and routinely data on outcome (which may be in the form of disease occurrence or morbidity data) 
is collected. For rare disease, a large group should be taken for follow-up. 

For frequently 
occurred disease, 
we can collect data 
from general 
population(s) and 
classify them 
according to the 
exposure status. 
However, this is an 
expensive method 
to collect data, 
especially if the 
outcome is rare. 
Then we have to 
follow a large 
number of persons 
for a long time. 
Anyway, 
sometimes this is 
considered as the 
most informative 
method. 

These are the 
self-selected 
groups who 
willingly 
agree to 
volunteer for 
follow-up. 
However, this 
group is very 
much 
susceptible  
to bias. 

Various readily 
accessible records make 
them available to us. 
Some of them are: 
Medical-care subgroups 
(from medical and 
insurance records, 
including pregnancy 
routine check data), 
occupational sub-groups 
(under the assumption 
that they are 
representative of general 
population, do not 
involve any special risk) 

For rare diseases, 
this is the 
economically 
efficient way. 
Here cohort is 
composed of 
persons having 
unusual level of 
exposure. 
However, to 
classify, we 
might be needing 
to have prior 
information or 
collect first hand 
data on exposure 
status on general 
population. 



 

Copyright © 2004 Mohammad Ehsanul Karim™ v1.0 <wildscop@yahoo.com>  24 

d) Possible Pitfalls: 
The major practical obstacle in cohort study (especially in longitudinal studies) is the attrition or subject-
loss. In spite of all efforts, there is usually some loss of subjects. This may happen due to several reasons: 

- Migration 
- Lack of willingness to cooperate 
- Death due to another reason or disease (other than the one under investigation) 
- Use of certain preventive measures or medical procedures (change of exposure status) 

In such cases, we face problem in calculating their risks. If we cut them entire ly from the study, there will 
be loss of resources already applied (previous surveillance, examination) on them. Again, we can not 
entirely keep them in the study not knowing what would happen to them if they were in the study (certainly, 
we do not know if they might be considered at risk or diseased).  
e) Analysis of collected data: The collected data is summarized in the four-fold table (simple case): 

 Diseased (D+) Non-Diseased (D-) 
Exposed (E+) A B 

Unexposed (E-) C D 
Total A + C B + D 

 
Risk Quantification using Measure of Association:   
A. Risk Ratio (RR): 
Risk ratio can be defined as: 

RR  = (incidence of disease in exposed group) / (incidence of 
disease in unexposed group) 
 = (Risk of diseased if exposed) / (risk of disease if 
unexposed) 

=
( | )
( | )

P D E
P D E

+ +
+ −

 

=
( )

( )

A
A B

C
C D

+

+
 (from the above table) 

Interpretation: Value of RR close to 1 indicates that the disease and exposure to the risk factor are 
unrelated – that is the risk of occurrence is the same for both exposed and unexposed individuals. Thus 1 is 
considered as the null value. Any discrepancy from 1 will be considered as an indication of association 
(RR<1 as negative association and RR>1 as positive association). Theoretically, RR can be as big as 
infinity. RR = 1.67 (say) means that the exposed individuals are 1.67 times as likely to develop the diseases 
as are unexposed individuals. 
B. Risk Odds Ratio (ROR): 
This is defined as: 

ROR  = (odds that exposed individual will have the disease) / 
(odds that unexposed individual will have the disease) 

= [(Probability of disease if exposed)/(Probability of no 
disease if exposed)] / [(Probability of disease if 
unexposed)/(Probability of no disease if unexposed)] 

= |

|

D E

D E

O
O

+ +

+ −

 

= 

( | )
( | )

( | )
( | )

P D E
P D E

P D E
P D E

+ +
− +

+ −
− −
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=

A
A B

B
A B

C
C D

D
C D

+

+

+

+

 

= 
A

B
C

D
 

=
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BC

 

Interpretation: Value of ROR close to 1 indicates that the disease and exposure to the risk factor are 
unrelated – that is the risk of occurrence is the same for both exposed and unexposed individuals. Thus 1 is 
considered as the null value. Any discrepancy from 1 will be considered as an indication of association 
(ROR<1 as negative association and ROR>1 as positive association). 
Risk Quantification using Measure of Potential Impact: 
Attributable Risk: 

AR  = [(Incidence of disease among those exposed) – (Incidence of disease among those unexposed)] / 
(Incidence of disease among those exposed) 

 = 
( | ) ( | )

( | )
P D E P D E

P D E
+ + − + −

+ +
 

Interpretation: Value of AR close to 0 indicates that the disease and exposure to the risk factor are 
unrelated – that is the risk of occurrence is the same for both exposed and unexposed individuals. Thus 0 is 
considered as the null value. Any discrepancy from 0 will be considered as an indication of association 
(AR<0 as negative association and AR>0 as positive association).  AR = 1.34 (say) means that the risk of 
developing the disease is increased by 134% for those individuals exposed to the risk factor. 
 

Person-Years: The logical way to deal with the attrition problem is to consider a person-year concept, 
simultaneously calculating disease-free time (time may be computed in various convenient units, year 
being an example only) contributed by each individual. That is, we multiply the number of person with the 
respective time they were being followed to get an outcome. This concept has advantage of following a 
dynamic population; the fixed cohort is no more essential. However, this method is not without loopholes. 
Critiques argue that, in some cases, outcome takes some time after being exposed (temporal sequence). 
Thus considering only the initial times (or arbitrary time interval) might not be significant at all, giving 
possible misleading results or estimates. 

There are several alternative courses of action that have been proposed for assessing influence of 
the attrition in epidemiological literature. However, those are considered as a last resort, but before 
applying them, we must try to reduce subject loss, keeping the loss at a minimum level (since all the 
alternatives are somewhat subject to bias). The suggestions are: If data on their disease status is collected 
on a regular basis, then for a subject loss between any two periods, 
i. We suppose that the subject is lost immediately after the last examination at which he was present. 
ii. We assume that he was at risk half the time between the two periods (that is, at the mid-point. In 

epidemiological usage, this assumption is mostly preferred, although it artificially converts a 
dynamic cohort into a fixed cohort while calculating risk) 

iii. We calculate two estimates, considering lost immediately at last examination at which he was 
present in one case, and in other, we consider him lost immediately prior to last examination at 
which he was present. The true estimate is supposed to lie between them. 
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Advantages: 
1. Often considered as the strongest observational design for establishing cause-and-effect relationship. 
2. We can directly calculate incidence, hence directly estimate risk. 
3. Several possible outcome related to exposure can be studied simultaneously. 
4. Since exposure status must be known, bias due to misclassification can be minimized (that is, this kind 

of study is free from selection bias). 
5. Since disease develops at the later stage, etiological hypothesis can be truly examined, and spurious 

relationship is less likely to occur. 
6. It is greatly feasible if exposure is rare. 
Limitations: 
1. One of the assumptions of this study design is that – exposure status must be known before the 

beginning of the follow-up: which can be sometimes hard to achieve. If classification regarding this is 
not correct, then information bias is likely to occur. 

2. This study design is not particularly good for generating new etiological hypotheses in the middle of 
the study. 

3. For rare diseases, this design is not feasible. For such diseases, this study design costs a lot of time; not 
to mention - money, and manpower, than any other available studies. Also, to get reasonable estimates, 
this requires a large population (study subject) in such circumstances. 

4. Attrition (subject-loss) is a potential problem in this sort of study, which causes bias in estimates. This 
may seriously affect validity of the results. 

5. Administration is very difficult due to loss of staff, funding, up-to-date record-keeping system. 
6. Changes in exposure status, disease characteristics, diagnosis procedures also lead to distortion of 

results. 
 
 
 
Historical Cohort Study 
Characteristics: 

- This type of design actually combines the advantage of both Cohort and Case-control study. 
- Time interval of this design covers past to future (rather than past to past like Case-control, or 

present to future like Cohort study) 
- Direct calculation of incidence rates are possible 

Procedure: The procedure is as follows: 
a. Cohorts are constructed retrospectively (as in Case-control studies) using the adequate records of 

previously existing groups on their exposure status. 
b. Study subject are traced in the present (often in future) time  
c. In this design, we follow healthy cohorts (classified with respect to exposure status as in Cohort studies) 

forward in time for outcome 
 
 
 
Prognostic Cohort Study 
Characteristics: 

- Cases may not be free from a specific disease 
- Outcome of interest may be cure / survival / improvement / psychological adjustment. 
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[2] Case-Control Study: 
Nomenclature: This study is als o known as  
- Case-referent study 
- Case-history study 
- Retrospective study 
Characteristics: 
- This study involves a backward directional design (mostly), that is, both exposure and disease status is 

known from a (past) period before the beginning of the study.  This is the reason of the name 
‘Retrospective’. 

- The study proceeds from effect (disease) to cause (exposure). 
Assumptions: 
- The diseased cases to be selected are representative of the cases (of the disease under investigation) of 

the target population. 
- Disease and non-diseased groups must be comparable (that is, they all should be similar in all 

characteristics except the disease status). 
- Method(s) of data collection and their source(s) should be appropriate (precise) and similar for both 

diseased and non-diseased groups. 
Flow-Chart:           Reliable Information 
Check back for Exposure (cause)     Classify subjects by Disease (effect) 
Procedure: The basic algorithm is quite opposite to cohort studies (compare!). Here, we have to have 
estimates of exposure status of a group of people that are diseased, then we compare the them with the 
estimates of exposure status of a group that are ‘not’ diseased (but other characteristics of the two groups 
are the same). The purpose is to determine if two estimates differ at the significant proportion or not. To do 
so, all we do is: 
a. We select diseased cases (in usual epidemiological terminology, we term them as ‘Case’) from various 

records (for example, from hospital which is very popular due to less-expense and labor in data 
collection. However, if such easy means of data collection is not available, then we have to go for hard 
way: ‘collecting information about the specific disease status of a population within a given date’ 
which is usually less biased process) from a particular time period. 

b. We try to find a group that is very close to the diseased group in all respect except the disease status, 
that is group is chosen in such a way that makes them comparable. We have many procedures of 
selection of such groups. At first to avoid bias we need to construct a sampling frame from 

– General population representing case (but not diseased, that is population at risk) 
– Relatives of the case 
– Associates of the case 
– Other patients attending in the same hospital with the case (these exist some controversies of 

this last approach). 
Then using (random) sampling methods (if possible) we select the comparable group (they are usually 
called as ‘Controls’). Alternatively, we might use matching and other techniques for control selection. 

c. We collect information of our selected subjects (both cases and controls) about their exposure status 
during the period under investigation from various sources (for example, from government vital 
statistics, relatives, hospital records, administrative records such as office documents of absence due to 
disease). An important thing to mention here is that, no matter how careful we are - some information 
might be unrecoverable. This is termed as ‘non-response’. This is a potential cause of introduction of 
bias in study result. 

d. Using the collected information, we construct the following table (simple case):  
 Diseased Non-diseased Total 

Exposed A B A + B 
Unexposed C D C + D 

and compare the exposed and unexposed row totals (diseased, non-diseased column totals pre-
determined by experimenter.). 

e. For comparison, we use appropriate measures (we will discuss them later). If the measures for the two 
groups differ significantly, an exposure-disease association is said to exist. 
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Description of the procedure: 
Case-control study is the one, in which investigation is conducted based on past experiences on disease 
under study. In this study, we need some specified diseased persons whom we call ‘Cases’. For comparison 
purpose, we need another group of persons who are not diseased (whom we call ‘Controls’), but rests of the 
characteristics are same as diseased persons. The whole process can be described as: 
 
a) Selection of Cases: 
In case-control studies, required characteristics or criteria of study groups should be defined very clearly, 
otherwise, the results might not be generalized for target population(s). Here we prefer incidence data 
rather than prevalence, or other form of data. The following procedures are popular in assembling cases in 
this study: 

               Study Population 
 
 

   General population      Medical Records 
 
 
 
 
 
 
 
 
 
b) Selection of Controls: 
Using the same sources of case selection, we might select control in such a way that both of them remain 
comparable. Selecting controls involve the following steps: 
i) Preparing a Sampling frame : To make controls comparable, it is important how cases were 

selected. If the cases were representative of the general population, then the controls should also 
be representative of that population. But if the cases are selected from medical records, then 
controls should be similar with respect to all characteristics except disease status. Then more 
sophisticated methods (such as, matching) should be applied. Some possible criteria in this regard 
might be-  
• Relatives (spouses or siblings) of the Cases 
Advantage: Similar genetic or social background 
Limitation: -       Due to sex difference, spouses might not be appropriate 

- The case might not have any family left  
- For small families, randomization might not be possible 

• Associates of the Cases (since they share common experience day by day) 
Advantage: Usually large number of associates are available, therefore randomization possible 
Limitation: Information about them might be of personal nature (less volunteers). 
• Other patients from the same hospital (hoping that they might be similar to case groups with 

respect to racial characteristics or locality. However, in case of a hospital specialized in some 
sort of medical diagnosis, where people attend from various distant places or wide 
geographical areas, this supposition might not be valid) 

Advantage: Usually such groups are cooperative and collected information is precise, not to 
mention, cheap. 
Limitations: -      Usually not representative of the target population 

- Risk factor of their disease might be similar as the one under study 
 

ii) Selecting controls from the frame:  
• Selection process is random, if possible or feasible. Such procedure offers great advantage of 

generalization.  
• otherwise non-random samples are taken quite frequently due to less quantity of data  
• Also there are some other methodologies are suggested, such as - 

This method is a laborious one. The 
objective is to take data that is 
representative of the general population 
within a given time period. Usually these 
data are collected from administrative 
records. However, bias is less likely to 
occur in this method. 

This method is more popular for its readily 
availability (if the data are organized as we 
need). From the records of hospital or 
physicians these data are collected within a 
given time period for the disease under 
study. 
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1. Pairing (for convenience of data collection, case and control being selected at the same 
time, both from close neighborhoods, e.g., person being closest to case at the time of data 
collection – both are taken in the sample. However, this procedure requires sampler not to 
select at any haphazard order),  

2. Matching (to make the distribution of cases and controls more similar to each other. 
However, they might not be representative of target population. Some argue that 
matching in case-control studies are not as efficient as they are in follow-up studies, 
especially in the case where matching variable(s) being artificial or unnecessary. Also 
matching with a large number of variables require a large number of subjects in the frame, 
making the cost higher and/or takes time to identify appropriate controls),  

3. Stratification (where small samples might not be satisfactory),  
4. mathematical modeling (usually multivariate regression methodologies) 

c) Collection of data from various sources: 
Information can be collected from any of the following sources, or from their combinations: 

Sources of information 
 
 

Vital Statistics   Interview  Medical Records  Employee Records 
 
 
 
 
 
 
 
 
 
 
 
d) Possibl e Pitfalls: 
Confounding: The variables associated with exposure and influences disease are called confounding 
variables, which are external to study variables, but have impact on study findings – being the cause of 
possibly misleading results. Comparative studies or causal mechanism should be, therefore, examined for 
any such variables that are known or found to be strongly associated with either the suspected study factor, 
and/or outcome. Influence of some major demographic characteristics (e.g., age, sex, and ethnicity) is 
already recognized on disease, and should be dealt with care. In Case-control studies, this is a serious 
challenge to have all the extraneous factors removed due to having least (or no) control over study 
situations. However, matching, stratification etc are the possible remedial measures to have the impact 
removed at the analysis stage.  
Non-response: In the literature of data collection methodology, non-response due to various reasons being 
the greatest challenge of all time, reducing the volume of data. Some of the reasons for this are: 

- patient or informer can not recall required information 
- patient is lost, or could not be contacted 
- information is of personal nature 
- the data was collected but destroyed 

e) Analysis of collected data:  
Using collected data, we simply construct the following table: 

 Diseased (D+) Non-diseased (D-) Total 
Exposed (E+) A B A + B 

Unexposed (E-) C D C + D 
Risk Quantification using Measure of Association:   
Exposure Odds Ratio: 
§ Independent Samples: 

EOR  = (odds that diseased individual has been exposed) / (odds 
that healthy individual has been exposed) 

From 
administrative 
records, some 
vital statistics 
(such as 
mortality rates) 
can be collected 

Interviewing patients 
or their relatives 
might be a source, if 
they can recall 
correctly. However, 
this source may be 
subject to bias 
sometimes. 

Information 
about 
employee can 
be collected 
from official 
documents, 
their medical 
bills, etc. 

Routinely recorded 
medical data may be 
the valuable source of 
information, if 
organized. Also 
sometimes insurance 
records are as 
informative as they 
are. 
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Approximations: 
1. Under assumption of restricted risk period (acute condition), EOR ≈ RR 
2. Under assumption of fixed cohort, EOR ≈  ROR 
3. Under assumption of extended risk period, EOR ≈ Rate calculated from ID (of population time 

denominator) 
§ Matched or paired samples: We can estimate risk using EOR from McNemar’s test in matched 

samples. 
§ On Rare frequency of diseases: Under assumption that the disease frequency is very low and the 

classification of cases and controls are not based on their exposure status, we go for this formula to 
estimate incidence rates indirectly. 

In case-control studies, it is important to remember that incidence rates cannot be directly calculated (of 
course, Bayes’ theorem can help us only if we have prior information about the probability of being 
diseased.) 
Interpretation: Value of EOR close to 1 indicates that the disease and exposure to the risk factor are 
unrelated – that is the risk of occurrence is the same for both exposed and unexposed individuals. Thus 1 is 
considered as the null value. Any discrepancy from 1 will be considered as an indication of association 
(EOR<1 as negative association and EOR>1 as positive association). 
 
Advantages: 
1. In some instances, this is the only feasible design to use. 
2. This study is relatively easy and less expensive to carry out. 
3. This requires less time than many other study designs. 
4. It is very suitable to rare diseases or those with very long period of development. 
5. It is appropriate for identifying more than one risk factor from the same set of data. 
6. Ethical problem is very minimal in this study. 
7. This study is very easily repeatable. 
8. Usually requires less study-subjects than cohort study. 
Limitations: 
1. Incidence cannot be measured directly without additional information (however, if such information is 

available, using Bayes’ theorem we might solve this problem). 
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2. Selection of appropriate control is not easy, and there exists a lot of controversial theory regarding this. 
There is always a chance for control groups being not comparable (from two separate populations with 
distinction in characteristics) to case groups. 

3. Since study factor information is obtained after disease occurrence, the study result is vulnerable to 
potential bias. 

4. Information on some past events might be very hard to obtain (if possible at all). Even if we can get 
them, they may be only partial or incomplete, and subject to bias. 

5. Relative gain of matching is unsatisfactory in some cases. 
6. Susceptible to confounding by unknown exposures. 
 
 
 
Analytic Studies: Cohort Studies versus Case-Control Studies: 
 

Cohort Study versus Case-Control Study 
Proceeds from cause(exposure) to effect(disease) Proceeds from effect(disease) to cause(exposure) 
Usually involves large number of subjects Usually involves less number of subjects 
Suitable for study of rare exposure Suitable for study of rare diseases 
Incidence can be directly measured Incidence can not be directly measured 
Relatively expensive Relatively inexpensive 
Can yield information about more than one 
disease outcome 

Cannot yield information about any diseases 
other than the disease under study  

Needs follow-up from now till the pre-defined 
period ends 

Investigator need not wait for the disease to 
occur, he gets this information from collected 
data (direction backward) 

Attrition is the major potential source of bias 
here 

The major problem here is to make control 
groups comparable to case groups 

Spurious relationships are less likely to occur 
since outcome comes at a later stage than 
hypothesis generation 

Spurious relationships are likely to occur since 
outcome occurs before the generation  of new 
hypothesis 

Healthy cohorts are classified with respect to 
exposure status at the beginning of the study 

Subjects are grouped as cases (diseased) and 
controls (non-diseased) at the beginning 

 
The simplest possible table for analysis in these studies is as follows: 
 

  Case-Control Studies 
 

Disease (D) 
 Present (D+) Absent (D-) 

Present (E+) A B 

 
 

Cohort 
studies 

 
 

Exposure (E) 
Absent (E-) C D 

 
In either study, for a positive cause-effect association, ‘A’ will tend to increase, while a substantial decrease 
in ‘D’ from the above simple four-fold table, therefore being different from those frequencies of ‘B’ and 
‘C’. 
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Time orientation in Cohort Studies and Case-Control Studies: 
  Past   Present   Future 
 

Case-Control 
 
 
 

Cohort 
 
 
 
 
 
 
Historical Cohort  
 
 
 
 
 
 
[3] Cross-sectional Study: 
Nomenclature: This study is also known as  
- Survey study 
- Prevalence study 
Characteristics: 
- This study involves a non-directional design (mostly). 
- This design involves disease prevalence (not disease incidence – not even indirectly). 
- Exposure and disease status assessed at the same time (or at one point in time). 
Flow-Chart:  (Random) Sampling  Collect data from selected subjects 
Target  Study   Selected          Prevalence 
Population population  Subjects 
Procedure: The basic algorithm is very short: all we do is - 
a. A study population is selected from a target population in a point of time. 
b. Using sampling  (random usually, but not always) we select subjects. 
c. After a subject being selected, we question (or examine) the subjects about their disease status, current 

or past exposure status or others. 
d. From the examination or observation of the subjects, we estimate the prevailing cases in the target 

population. 
Measures: We use PR (prevalence ratio) and POR (prevalence odds ratio) to measure from this study 
design. 
Advantage: 
1. It is less expensive, and rapid to accomplish. 
2. Typically it is descriptive in nature to quantify magnitude of the problem and can be used to 

differentiate population with respect to several characteristics. Thus it is very often helpful in 
generating new etiologic hypotheses. 

3. This is just like statistical sampling procedures, and supported by s ampling theory (if random sampling 
is done). 

4. It is often useful in planning and policy formation about health oriented programs. 
5. It gives a basis of comparison of results obtained from other study designs. 
Limitations: 
1. This is not appropriate for rare diseases or those with a short duration. 
2. Incidence measures are not useful here (but a slight modification of them can make them prevalence 

measure). 
3. With out random sampling and additional information, the results can be very misleading. 

We search for 
past exposure in 
cases & controls  

We select appropriate 
cases and control from 
records 

We select cohort 
and classify with 
respect to exposure 
status 

Follow-up to see 
the frequency of 
disease(response) 
occurrence in both 
groups 

From existing 
records, we 
classify cohort 
with respect to 
their exposure 
status 

Identify past 
cohorts or groups 

Follow-up for 
outcome 
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4. No cause-effect or temporal sequence can be established here which is possible in almost all other 
designs. 

Recommendations in selection of Observational (Analytic) Study Design: 
We can select study design based on the following considerations 

- Availability of prior knowledge 
- The type of measurement we need (incidence or prevalence) 
- Induction period 
- Characteristics of the risk factor 
- Characteristics of the outcome under study 
- Restrictions (time or resource constraints) 

Here are some suggestions for design selection according to some common aspects that we usually face- 
i) For rare diseases, cohort or cross-section is not appropriate; then cross-sectional is most feasible. 
ii) For rare exposure conditions, cohort study is more appropriate. 
iii) Interval between the cause (suspected) and the development of disease is an important factor in 

choosing study design. Then cross-sectional is not recommended. Also, the shorter the interval, 
the more appropriate Cohort will be. For longer duration, cross-sectional is suitable. 

iv) If we need to estimate incidence measures (provided that no additional information is available), 
then we have to go for Cohort study. 

v) For policy formation purpose only, cross-sectional is recommended for its swiftness and less-
expense. 

vi) Case-control Study should be the first approach for the testing of a new hypothesis. 
vii) In case of availability of precise information regarding disease-exposure status of a group of 

person, we may use Case-control easily. But in absence of complete information, or list of 
comparable persons (the frame), case-control is not recommended. 

viii) When attrition is very likely to occur, cohort study is recommended to avoid. 
ix) When sets of estimates are already available but we need the reassurance, we might want to go for 

cross-sectional study. 
Epidemiological Study cycles: Schematic diagram of epidemiological process can be described as- 
 
    Descriptive Study: Data 
    collection, data analysis  
 
New hypothesis suggested by   Formulation of Hypothesis  
Analysis of Analytic Studies     or  testable propositions 
 

  Analytic studies to test the hypothesis  
 
Observational Study: Descriptive versus Analytic Epidemiology: 
a) Descriptive studies are concerned with distribution of disease while analytic studies are mainly 

concerned with the determinants of diseases. 
b) Descriptive studies are designed for generating new etiologic hypotheses (suspect the cause of disease), 

while analytic studies are designed for testing them (anyway, analytic studies might also suggest new 
hypotheses) and can determine association between the suspected cause and the disease.. 

Advantages of Observational Studies: 
1. Because researcher is just an observer here, there are no ethical constraints involved. Also, this makes 

them more feasible to conduct. 
2. Since nothing is artificially manipulated, the study population is more representative of the target 

population. 
Limitations of Observational Studies: 
In observational studies, investigator has the least control over the situation (than interventional studies) 
and hence bias is likely to occur. Selection and information bias is not possible to correct at analysis stage 
(if not corrected at design stage), so if they occur, the results are often misleading. However, if confounding 
error occurs, it is possible to correct them at analysis stage. Anyway, this is not always an easy task to 
remove confounded effects. 
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II. Experimental (or Interventional) Study 
The experimental study (often called interventional study) is the study in which the investigator artificially 
manipulates study factor. If a difference in response is obtained due to this manipulation, the study factor is 
said to have an effect. It is considered as the most rigorous test for establishing causal association. Based on 
whether randomization will be used or not, experiments are sub-divided into two types: 
 

Experimental (Intervensional) Study 
 
 

Random Experiment    Quasi-experiment       

a) Random Experiments or Randomized Trials: 
Randomized trials are the experimental studied, in which randomization is used to allocate study subjects. 
Procedure:  The procedure is as follows: 
a. In this study, a group of appropriate subjects are taken. 

- The study factor (e.g., treatment) is randomly allocated to the subjects, 
- Others (controls) are not given the treatment under investigation 

b. For a period of time, both groups of subjects are followed. 
c. After the pre-defined period, the measurements of every subject are taken. 
d. These groups are compared, and a significant difference between these groups suggests that the 

treatment has an effect (either in favor or not). 
Purpose: 

• Testing efficacy of the new drug or treatment 
• Examine the impact of a medical program 

Subtypes: 
Random Experiment  

 
 

Laboratory Experiment  Clinical Trials  Community intervention  
A> Laboratory Experiment (usually of shortest duration to estimate biological responses). 
B> Clinical Trials (This may have a bit longer duration and has two sub-categories:  

⇒ therapeutic trials and  
⇒ Prophylactic trials  
Of them, Epidemiologists are concerned with the latter since it deals with prevention and control of 
diseases, while therapeutic trials are concerned with treatment of diseased cases). 

Clinical Trial 
 
 

 
 Therapeutic   Preventive  
 

 
  Uncontrolled Controlled  Natural 

 
However, Prophylactic (preventive) trials have sub-types: 
 
§ Uncontrolled experiment (Experimenter does not have control over study situation, results are 

very much subject to bias here) 
§ Controlled experiments: Experimenter organizes the experiment in such a way that he has total 

control over the study situation. To do so, he has to go through the following steps: 
 

1. Formulation of Hypotheses objectively 
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2. Select participants:  
            Reference Population 

 
 

Study Population 
 
 

Participants   Non-participants  
 
 

Experimental Subjects Control group 
Guideline: 

- The participants from studied experimental population should be 
representative of generalized reference population 

- The study population should have high probability or frequency of 
incidence at the time of experiment 

- Study group should agree with all the terms and conditions of experiments 
- The area of experiment should have appropriate medical support or facility 

in case of emergency (specially in case of fatal outcomes or diseases)   
- Selected Control group should have same setting as experimental subjects 

3. Choose study design options 
q Blinding or Masking: In assessment of outcomes, investigator might be biased knowing 

the status of exposure. Same thing can be true for the subject. To avoid such problem, 
different forms of blinding is used, such as,  

- Single blinding (Subject does not know his or her exposure status) 
- Double blinding (Neither subject, nor experimenter knows) 
- Triple blinding (extenuation of the concept to the data analyst) 

Advantage: No subjectivity in determining outcomes 
Limitation:  

- Might not be feasible in all conditions, especially if the disease is fatal 
- Physician of the subjects has right to know about his patients  
- Special care should be taken for both exposed and unexposed groups 
- In case of side effect of drugs, the real reason can not be known 

q Sequential Design: To remove the limitations of blinding approach, this sequential design 
approach is occasionally adapted. Here the experiment is interrupted as soon as statistical 
significance has been obtained, there is no pre-determined size and/or time of follow-up 
here. Another extension to these designs is the ‘Semi -sequential designs’ where we can 
substitute experimental units. 

q Multiple Field trials: We may have several control groups against experimental groups at 
the same time. This concept is also useful for testing several treatments at the same time. 

q Sample Size determination: According to minimum requirement of size determined by 
the level of statistical confidence desired, we should select an appropriate sample size. 
Too small sample size might not be adequate for statistical significance tests, where too 
large sample size might cost a lot. 

4. Administer treatment: one group of subjects (randomly selected) are given the experimental 
treatment that is suspected as the cure of some specific disease, while others (controls) may be 
given  

- no treatment 
- a sham treatment or placebo 
- the standard treatment available (usually less preferred) 

5. Measuring outcome 
6. Analyze collected data using appropriate techniques or methods after controlling them for 

known sources of bias 
§ Natural experiment: Sometimes, on rare occasions, it might happen that without human 

intervention, situations arise which have many aspects of experiment from that we can draw 
conclusion about a cause-effect relationship. We usually term them as ‘Natural experiments’. 
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Advantage: Inexpensive and no ethical considerations involved 
Limitations: Due to lack of randomization, serious bias may prevail in the results  

C> Community Intervention  (It is usually of longest duration, deals with natural population and concerned 
with prevention of disease through modification of risk factor in a community). 

Advantages of Randomized trials: 
1. Eliminates selection bias. 
2. Experimenter has most control over the study situation. 
3. Control group tends to be more comparable with experimental subjects. 
4. Statistical inferences are completely valid in carefully designed randomized trials. 
Limitations: 
1. Since experimenter artificially manipulates study factor, so study population may not be representative 

of the target population. 
2. These may be situations where this design may not be feasible, or too costly to conduct. 
3. This involves ethical problems: that is, we do not know if the treatment really works or not (if we 

would have known the experiment would not be necessary), we are not sure if giving them to diseased 
persons will be beneficial or harmful. For fatal disease, this is a serious consideration. 

b) Quasi- Experiments: 
Quasi-experiments are the experimental studied, in which randomization is not used to allocate study 
subjects. 
Procedure and Purpose: Almost same as randomized trials, except the randomization feature. 
Subtypes: 

Quasi-experiment 
 
 

Laboratory or Clinical Studies    Program or policy Studies  
A> Laboratory or Clinical studies. 
B> Program or policy studies (These are used to evaluate effectiveness of an existing health program. 

These also have use in alleviating social problems). 
Advantages of Quasi-experiments: These are less expensive in some circumstances, and may be more 
feasible than the alternatives. 
Limitations: Susceptible to extraneous risk factors due to lack of randomization (volunteer distribution 
might be different than that of study population).  
 
Epidemiological Studies: Observational versus Experimental: 
1. In experimental studies, investigator studies the impact of a factor by artificially manipulating it. But in 

observational studies, the investigator can only ‘observe’ the process without intervening it. 
2. The main challenge in observational studies is the control of extraneous sources of bias, which is less 

frequent in experimental studies, since in planned experiment, the factor is always kept under direct 
control. 

3. Experiment is preferred for establishing causal disease-exposure association more objectively, while 
observational studies are preferred for understanding disease mechanism.  
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Summary: Epidemiological Flow Chart 
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