
Epidemiology



Definition: Epidemiology is the study of distribution 

and determination of health related states or events in 

a specified population and the application of this study 

to the control of health problems.

(John M. Last, 1988)



Classical Epidemiology is population- oriented and 

addresses the community origin of health problems 

e.g. nutrition, behaviour, psychosocial state of the 

population.

Clinical Epidemiology is patient-orientated to health 

settings and aimed at improving diagnosis, treatment 

and prognosis of patients who already suffer a medical 

condition.



Compartments 

and

scope of Epidemiology



1. Descriptive epidemiology- it deals with the

distribution of health states and events in the three

epidemiological dimensions of time, place and

person.

2. Analytic epidemiology- It deals with verification

of cause effect hypothesis of health related states

and events formulated on the basis of their

distribution pattern.



3.Experimental epidemiology- It deals with 

experimental confirmation of the cause effect 

associations upheld by observational studies of 

analytical epidemiology.

4.Applied epidemiology- It deals with the use and 

application information collected through 

descriptive, observation and experimental studies. 



5.Constructive epidemiology- It deals with the

application of epidemiological methodology in the

investigation of epidemics and their management

during epidemic and inter-epidemic phases.



Aims of epidemiology

According to the International Epidemiological 

Association (IEA), epidemiology has 3 main AIMs



1.To describe the distribution and magnitude of health 

and disease problems in human population.

2.To identify aetiological factors (risk factors) in the 

pathogenesis of disease; and

3.To provide the data essential to the planning, 

implementation and evaluation of services for the 

prevention, control and treatment of disease and to 

the setting up of priorities among those services.



The ultimate aim of epidemiology is to lead to 

effective action:

1. to eliminate or reduce the health problem or its 

consequences; and

2.to promote the health and well-being of society as 

a whole.



Principles of Epidemiology



1.Epidemiology is the study of occurrence distribution 

& causes of  disease of mankind. It is mainly conc-

erned  with  the preventive and social science, an 

important aspect of community medicine. Epidemio-

logy focuses on population or community  to the 

distribution  and determinants of disease for the 

purpose of preventing disease & promoting health.



2.Epidemiology approach offers the community health 

nurses a theoretical basis or framework implement-

ing and evaluating health care at community level.

3.Epidemiology primary  purpose is disease prevent-

ion & early intervention for the maintenance and  

promotion of health  by which the ultimate aim that 

is the well-being of the society can be achieved.



4.Epidemiological difference between infectious and  

non-infectious  diseases mainly depends on the   

element of time. In comparison to infectious disease, 

non-infectious diseases have long incubation period 

and a lower frequency of occurrence.

5.Epidemiological study methods can  be classified in

different  ways  and there is no strict limitation about

any classification.



6.Epidemiological process  in  which the epidemiolo-

gical investigation takes place in six steps:

(a) establishing the occurrence of a problem 

(b) verifying the  diagnosis 

(c) collecting  related data  

(d)  describing the occurrence in terms of person, 

place and time 

(e) formulating  a hypothesis  and 

(f) testing the hypothesis.



7. Epidemiological measurements are so many criteria  

or standards are set also  used for these measure-

ments. The  main  measurements  have  concern  

with  mortality and morbidity  rate.



Advantages Of Epidemiology



1.Epidemiology provides framework  within which 

basic science and  behavioural  science can be used 

for community nursing practice. 

2.It provides an inter-disciplinary language to promote 

inter-professional communication and  trust.

3. Public health principle  of family  is the unit of 

society, prevention and control of disease and health 

promotion are activated and quantities through 

epidemiological approach.



4.The epidemiological  model  promotes understand-

ing the relationship between the environment and 

agent  that expose susceptible populations at risk of 

impediments to health.

5.The epidemiology  helps  to plan effective need 

based health care services on the basis of  

epidemiological  information  regarding frequencies 

and distribution of  disease and disabilities, their 

associated factors and causes.



6.The epidemiology helps to determine the 

effectiveness of health care services planned and 

implemented  on   the  basis of  predetermine criteria  

regarding its relevance, effectiveness, efficiency and  

impact on community health. This  can  help  to plan 

better service in future.

7.Nursing process extended through application of 

epidemiological method to describe community 

needs and evaluate nursing services.



8.An epidemiological perspective provides a method 

of extending the relationship of family problems  to 

community welfare.

9.The epidemiology  helps  to identify syndrome  by 

describing the distribution and association of clinical 

phenomena in  the population.

10.The epidemiology helps  to determine  the useful-

ness  & effectiveness of new innovative  techniques, 

measures and programmes.



Measures used in Epidemiological studies



Measures of Disease frequency:

Incidence:

Prevalence:



Tool of measurement
1.Rate
2.Ratio
3.Proportions



Rate- It indicates the change in some event that takes 

place in a population over a period of time.

Eg. Death rate  =  Number of death in one year x 100
Mid year population

Rate comprises the following elements- numerator, 
denominator, time specification and multiplier. 
The various categories of rates are:

Crude rates : 

Specific rates : 

Standardized rates :



Crude rates : These are the actual observed rates such 

as the birth and death rates. Crude rates are also 

known as unstandardized rates.

Specific rates : these are the actual observed rates due 

to specific causes ( eg. tuberculosis); or occurring in 

specific groups (eg. age and sex groups) or during 

specific time periods (eg. annual, monthly or weekly 

rates)



Standardized rates : These are obtained by direct or 

indirect method of standardization or adjustment eg. 

age and sex standardized rates



Ratio- It expresses a relation in size between two 
random quantities. The numerator is not a component 
of the denominator.

Eg.  =  The number of children with scabies at a certain time        

The number of  children with malnutrition at a certain time



Proportion- It is a ratio which indicates the relation 

in magnitude of a part of the whole. The numerator is 

always included in the denominator. It is always 

expressed as a percentage.

Eg.= The number of children with scabies at a certain time x100
The total number of  children in the village at the same time



Epidmiologic Methods

Types of epidemiological studies –

Observational and Experimental



I. Observational studies

(A) Descriptive studies:

Concerned with distribution of disease including 

determining which sub-groups of the population do 

and don't have the condition.

(1) Population (correlational)  (2) Individuals

case reports

case series

cross-sectional surveys



(B)Analytical studies

i. Ecological  or Correlational- with population as 

unit of study

ii. Cross-sectional  or Prevalence- with individuals 

as unit of study



iii. Case-Control studies or  Case- reference- with 

individuals  as unit of study

All subjects have condition and matched with 

group who don't have condition. Risk factors 

compared.

Advantage: cheaper and of shorter duration. 

Disadvantage: recall bias, matching samples.



iv. Cohort studies or Follow-up- with individuals as 

unit of study

Types of cohort: (prospective and retrospective).

Design and conduct: one group is exposed to a 

factor, the control group is not 

Disadvantage: expensive, long duration, matching 

groups limited (only factors collected at the start 

can be measured) Retrospective subject to recall 

bias.



(2) Experimental or Intervention studies :used to 

test hypotheses. 

Randomized controlled trials  or clinical trial 

studies- with patients as unit of study 



Note: RCTs use randomization techniques. Despite 

the use of these techniques which should eliminate 

bias between experimental and control group (internal 

validity), there can still be bias such that the study 

population is not representative of the true patient 

population. This can result in the study having poor 

generalise ability or poor external validity.



e.g. - patients that are prepared to take part in clinical 
trials may be different to the normal population.
• The study patients may have more extreme param-

eters of an abnormality which makes them candidat-
es for the trial. (This often results in the phenomenon 
of regression to mean).

• The reporting of the study may not include those 
patients who elected to abandon the study. It is thus 
important to know whether a study reports outcome 
in terms of "intention to treat", and states reasons for 
patient withdrawal from the study.

• The conditions of the study environment may be far 
removed from the usual clinical setting.



ii. Field trials or Community intervention studies-

with healthy people as unit of study

iii. Community trials  - with communities as unit of 

study



B.  Analytical epidemiology

Objective - To test hypothesis.

Two distinct Types of observational studies-

i. Case control study 

ii. Cohort study 

From each of the study designs, one can determine

(a) Whether or not statistical association exists 

between disease & suspected factor.

(b) If exists, then strength of association.



i. Case control study / Retrospective study:

a) Both exposure & outcome have occurred before the 

start of study

b)  Study proceeds backwards from effect to cause

c)  Uses a control or comparison group to support or 

refute an inference.

So, case control study involves two populations –

cases and controls



Use:

1) To investigate rare diseases about which little is  

known

2) To  study chronic disease problem e.g. cancers, 

cirrhosis etc

Case & control must be comparable with respect to 

known confounding factors such as age, sex, occupat-

ion, social status etc.



Basic steps in conducting case control study:

1. Selection of cases & controls

2. Matching

3. Measurement of exposure

4. Analysis & interpretation  



1. Selection of cases:

- Definition of case [diagnostic {which stage} & 

eligibility criteria {old /advanced or new}]

- Sources [hospital or general population]

Selection of controls (must be free from the disease 

under study): - Sources [hospital, relative, neighbour-

hood, general population]

If many cases – then one is to one, 

if small – then 2, 3 or 4 controls may be needed.



2. Matching:

a. To ensure comparability between case & control

b. Confounding factors – associated both with

exposure & disease an is distributed unequally in

study and control group. Although associated with

exposure under investigation, is itself independ-

ently a risk factor for the disease.

Role of alcohol in oesophageal cancer – smoking.

Steroid contraceptive & breast cancer – age.



2. Matching:

c.  Suspected etiological factors should not be matched 

Matching procedures:

1) Group matching

2) Matching by pairs                                      



3. Measurement of exposure

This is done for both case & control

Obtained by interviews, questionnaire or studying 

past records



4.  Analysis

(i) Exposure rate among case & control to suspected 

factor

(ii) Estimation of risk (Odds ratio)

Among cases: a/(a+c) X 100;     

Among controls: b/(b+d) X 100

So after calculating frequency, P value is 

determined (depend on data). 



Odds ratio / cross product ratio 

(estimation of disease risk associated with exposure):    

Strength of the association between risk factor &    

outcome, closely related to RR.

Odds ratio = ad / bc 



Odds ratio / cross product ratio 

Derivation of odds ratio:

Odds ratio= Odds that a case was exposed / odds that a 

control was exposed

OR = 1 Exposure is not related to the disease

OR > 1 Exposure is positively related to the disease

OR < 1 Exposure is negatively related to the disease



BIAS: 
Any systematic error in the design, conduct or analysis 
of a study determination of the association between 
exposure & disease. It reflects some type of non 
comparability between study & control group.
⇛ Confounding bias

⇛ Memory / Recall bias

⇛ Selection bias
⇛ Berkesonian bias -different rates of admission to 

hospital
⇛ Interviewer’s bias – can be eliminated by double 

blinding



Advantages:

•Easy to carry out

•Rapid & inexpensive

•Require few subjects

•Suitable to investigate rare diseases

•No risk to subjects

•Allow to study several etiological factors

•Risk factors can be estimated



Disadvantages:

•Problem of bias

•Can not measure incidence, only estimate relative risk

Examples of case control study: Oral contraceptive & 

thrombo-embolic disease, Thalidomide tragedy.



Cohort study/prospective/forward looking/incidence 
study:
Features:

i. Cohorts are identified prior to the appearance of 

disease under investigation.

ii. Study groups are observed over a period of time to 

determine frequency of disease among them.

iii. Study proceeds forward from cause to effect.

Cohort: Group of people sharing a common character-
istics within a defined time period.



Indication of cohort study:

⇛ Good evidence of an association between exposure 

& disease, supported by descriptive & case control 

study. 

⇛ Exposure rare, but incidence high among exposed.

⇛ When attrition can be minimised- follow up easy, 

cohort stable, cooperative, accessible. 

⇛Ample funds are available.



Types of cohort study:

Prospective (concurrent cohort study)- Exposure 

and non-exposure are ascertained as they occur during 

the study; the groups are then followed up into the 

future and incidence is measured. 

Retrospective – exposure is ascertained from past 

records and outcome (development or nondevelop-

ment of disease) is ascertained at the time the study is 

begun. 



Types of cohort study:

Combined – Exposure is ascertained from records in 

the past and follow up and measurement of outcome 

continue in the future. 



Framework of cohort study:

•Cohort must be free from the disease under study

•Both – study & control groups should be equally 

susceptible to the disease

•Both the groups should be comparable in possible 

variables which may influence the frequency of 

disease.

•Diagnostic & eligibility criteria must be defined 

earlier.



Elements of cohort study

i. Selection of study subjects

ii. Obtaining data on exposure

iii. Selection of comparison group

iv. Follow up

v. Analysis



(i) Selection of study subjects

General population or Special group

(Select / Exposure gr.)

(ii) Obtaining data on exposure

a. Cohort members – interview / questionnaire

b. Review of medical records

c. Medical exam. or special tests

d. Environmental surveys



(iii) Selection of comparison group

a. Internal comparison

b. External comparison

c. Comparison with general population rates

(iv) Follow up:
a. Periodic medical examination
b. Review of physician & hospital records
c. Routine surveillance of death records
d. Mailed questionnaire / telephone calls /home visits
(v) Analysis



Incidence rate, Relative risk & Attributable risk.  

(AIR)

Incidence rate among smokers & incidence rate among 

non-smokers - then statistical significance P value.

Estimation of risk: RR & AR



Relative risk/Risk ratio: Incidence of disease among 
exposed/ Incidence of disease among non exposed.
Direct measure of strength of association between 
cause & effect.
RR 1 indicates no association 

(risk in exposed = risk in nonexposed)
RR < 1 : negative association, possibly protective    

(risk in exposed < risk in nonexposed)
RR >1 suggests positive association – possibly causal 

(risk in exposed > risk in nonexposed)
RR = 2 indicates that incidence rate is 2 times higher 
among exposed than non exposed.
Larger the RR, greater the strength of association. 
Risk does not necessarily imply causal association.



Attributable risk / risk difference:

⇛ Incidence of disease rate among exposed minus 

incidence of disease rate among nonexposed / 

Incidence rate among exposed X 100

⇛Amount of disease that might be eliminated, if the 

factor under study could be controlled or 

eliminated.  



It is the additional incidence of a disease under 

study which can be attributed to exposure

85% AR= 85% lung cancer are due to cigarette 

smoking means 85% of lung cancer can be attributed 

to smoking

TOTAL RISK = Background risk + additional risk 

due to exposure



Relative risk vs. Attributable risk: 

•RR is important in etiological enquires, larger the RR 

stronger the association between cause & effect. 

RR is a measure of strength of association.

•RR doesn’t indicate potential public health importance

*AR gives a better idea of the impact of successful 

preventive or public health programme might have in 

reducing the problem. How much of the disease that 

occurs can be attributed to certain exposure. 



ADVANTAGES:    

♪ Incidence can be calculated

♪ Several possible outcomes related to exposure can 

be studied.

♪ Direct estimate of RR

♪ Dose response ratio can be calculated



DISADVANTAGS:

* Involves large number of people.

* Long time, expensive.

Examples: Framingham heart study, smoking and 

lung cancer



Population Attributable Risk:

•Incidence of disease in total population minus (-)

incidence of diseases among those not  exposed to 

causal factor / incidence of disease in total population 

X 100

*



•PAR provides an estimate of the amount by which 

the disease could be reduced in that population if the 

suspected factor was eliminated or removed.

If 86% is the PAR then 86% of deaths from lung 

cancer could be avoided if the risk factor of cigarettes 

were eliminated.



•So best indices for community physicians would be 

PAR because they have to take care of the whole 

population. 

From PAR they come to know clearly how much 

of a disease could be wiped out by a particular 

action.



Bias in cohort study

•Bias in assessment of outcome – problem can be 

minimised by blinding the researcher regarding the 

identification of the exposed and non-exposed group.

•Information bias – regarding quality and extent of 

exposure; particularly in case of historical cohort

•Bias from non-response and losses to follow up.



Bias in cohort study

•Analytic Bias - if epidemiologist and data analyst 

both have strong preconceptions. 



Risk factors (cause) and disease (effect) association 

is detected by many epidemiological studies.

In ascending order 



Case report: One patient is described

Case series: Presentation of disease in no. of patients. No follow up, no 

control, no comparison group, no establishment of cause effect 

relationship.

Ecological: Group of people compared, not individual. 

(Unit of study population)

Cross-sectional study

Case control 

Cohort

RCT / Controlled clinical trial



EXPERIMENTAL OR INTERVENTIONAL 

STUDIES 

Three types



1. Randomized controlled trials or clinical trials

It involves some action, intervention or manipulation 

such as deliberate application or withdrawal of 

suspected cause in experimental group while making 

no change in control group  

Observe and compare the outcome in both the groups

Usually conducted among patients attending tertiary 

care institutions/hospitals/dispensaries etc 



2) Field trials

Field trials, in contrast to clinical trials, involve 

people who are disease free but presumed to be at 

risk. 

Data collection done at the field 



3) Community intervention trials

In this form of study the treatment groups are 

communities rather than individuals. 

This is particularly appropriate for diseases easily 

influenced by the intervention directed at group  

behavior 

Example: cardiovascular disease



RCT:

• They are experimental studies, where the effect of an   

intervention is assessed by collecting data before and 

after an intervention has taken place. 

•RCT is used to compare an intervention with one or 

more other intervention or with no intervention.



SELECT SUITABLE POPULATION 
(Reference or target population) 

SELECT SUITABLE SAMPLE 
(Experimental or study population) 

Those not eligible 

MAKE NECESSARY EXCLUSIONS 

Those who do not 
wish to give consent 

RANDOMIZE

Experimental Group                 Control Group 

MANIPULATION AND FOLLOW UP       ASSESSMENT    



Randomization

Statistical procedure by which the participants are 

allocated into groups usually called study and control 

groups to receive or not to receive an experimental or 

therapeutic procedure



•Randomization is an attempt to eliminate bias and 

allow for comparability. 

•By randomization we can eliminate selection bias 

•Randomization is done only after the participant has 

entered the study

•Best done by using a table of random numbers.



BIAS IN RCT



•Subjective bias. Participants may subjectively feel 

better or report improvement if they knew they were 

receiving a new form of treatment. 

•Observer bias: The observer measuring the outcome 

of a trial may be influenced if he knows beforehand 

the particular procedure or therapy to which the 

patient has been subjected

•Bias in evaluation: The investigator may subconsc-

iously give a favorable report of the outcome of trial.



Blinding:

Single blind trial: participant is not aware 

Double blind trial: neither researcher nor the 

participant is aware 

Triple blind trial: the participant, observer, person 

who is analyzing the data are all blind. 



Triple blind is ideal, but mostly double blinding is 

used.

Interviewers bias can be eliminated by double 

blinding.



Concurrent parallel study designs

Comparisons are made between two randomly 

assigned groups, one group exposed to specific 

treatment, and the other group not exposed. 

Patient remain in the study group or the control 

group for the duration of investigation



Cross – over type of study designs

•With this type of study design, each patient serves as 

his own control. 

•As before, the patients are randomly assigned to a 

study group and control group 

•The study group receives the treatment and the 

control group doesn’t 

•Then the two groups are observed over time 



•Then the treatment is withdrawn for a period of time 

till the elimination of the medication from the body 

•Then the groups who received treatment are changed 

in to the control group and the control groups are 

given the treatment this time. 



Advantages of cross over study:

•All patients can be assured that sometime during the 

course of the study, they will receive the new therapy 



Disadvantages of cross over study:

•Not suitable if the drug of interest cures the disease 

•Not suitable if the drug is effective during a certain 

stage of disease 

•If the disease is changes radically during the period of 

treatment 



Types of randomized controlled trials

(i) Clinical trials       

(ii) Preventive trials     

(iii) Risk factor trials 

(iv) Cessation experiments 

(v) Trial of etiological agents 

(vi) Evaluation of health services 



1. Clinical trials

Clinical trials are concerned with evaluating 

therapeutic agents, mainly drugs. 

e.g.: evaluation of beta-blockers in reducing 

cardiovascular mortality 

2. Preventive trials

These trials are done to prevent or eliminate disease  

on an experimental basis 

e.g.: trials of vaccines or chemo-prophylactic drugs  



3. Risk factor trials

In this trial the investigator intervenes to interrupt 

the usual sequence in the development of disease for 

those individuals who have risk factor 

e.g.: The Stanford 3community study, the multiple 

risk factor intervention trial in USA 



4. Cessation experiments

In this type of study, an attempt is made to evaluate  

the termination of a habit which is considered to be 

causally related to a disease 

e.g.: Smoking cessation and lung cancer incidence 

5. Trial of etiological agents

e.g.: Trial of oxygen therapy and development of 

retro-lental fibroplasias among premature babies 



6. Evaluation of health services

e.g.: Chemotherapy of tuberculosis in India, which 

demonstrated that domiciliary treatment of 

tuberculosis, was as effective as hospital treatment 



Non - randomized controlled trials

Before and after comparison studies

a. Without control 

b. With control 



a. Without control

These studies centre round comparing the incidence 

of disease before and after introduction of a 

preventive measure. 

The events took place prior to the use of the new 

preventive procedure are used as a standard for   

comparison 

e.g.: Prevention of scurvy among sailors  



b. With control

In this type of study the investigator tries to utilize 

the natural control group 

If the preventive programme is to be applied to an 

entire community, he would select another 

community as similar as possible. 

Study on seat belt legislation Australia, the control 

was in other states 



Clinical trial 

Clinical trial is an organized research, conducted on 

human beings to investigate the safety and efficacy

of a drug. 

Drug development process –

consists of preclinical and clinical development 

(clinical trial). 



Preclinical Development:

♣Preclinical tests are performed in the laboratory, 

using a wide array of chemical and biochemical 

assays, cell-culture models and animal models. 

This preclinical testing develops pharmacological 

profile of the drug, determines acute toxicity of the 

drug in at least two species of animals and conducts 

short term toxicity studies. 



Clinical trial – 4 phases



Phase I trial:
The main objective of this phase is to establish 

initial safety, maximum tolerance and pharmaco-
kinetics of the drug in humans.

This phase is usually carried on healthy human 
volunteers or certain types of patients. 

In case the drug to be investigated  has a known 
potential adverse effect, the study is carried on upon 
subjects only for whom the drug is targeted 
e.g. anti-cancer drugs are never tested in healthy 
volunteers, rather itis investigated on cancer patients

 This phase is also known as ‘First in Man’. 



Phase II trial: 

On completion of the Phase I trial, the Phase II trial 

is initiated to evaluate the safety and efficacy of the 

drug. 

 This phase is conducted on patients either in an 

open, non blind or as placebo control, blinded 

trials.

 Here patients are enrolled to determine the dose 

and adverse reactions of the drugs. 



Phase III trial: 

Drugs safety and effectiveness are being studied in

different patient subgroups like children, elderly

and patients having hepato-renal impairment.

Once this phase III trial has been completed

successfully, the drug company is in a position to

apply to the regulatory authorities for marketing

approval.



Phase IV trial (Post marketing studies): 

After drug approval and related to the approved 

indications. After the prior demonstration of the 

drug’s safety, efficacy and dose definition in the 

previous trials, this phase is concerned with the 

application of the drug in general population.

Drug may be withdrawn from the market if some 

notorious side effects are noticed in phase IV trial, 

just what happened in Thalidomide tragedy.



Good Clinical Practice:

Good Clinical Practice (GCP) is an international

ethical and scientific quality standard for designing,

conducting, recording and reporting trials that involve

the participation of human subjects.

Principles are maintained as by the declaration of

Helsinki.
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