
 

  

 

FORUM FOR PUBLIC HEALTH IN SOUTH 

EASTERN EUROPE 

Programmes for Training and Research in Public Health 

 

 

 

 

 

 

 

METHODS AND TOOLS IN 

PUBLIC HEALTH  
A Handbook for Teachers, Researchers and Health Professionals 

 
 

 

 

 

 

 

Editors: 

Lijana Zaletel-Kragelj and Jadranka Boģikov 

 

 
MetaNET and FPH-SEE Project Coordinators: 

Doris Bardehle, Luka Kovaļiĺ,  

Ulrich Laaser and Oliver Razum 
 

 

 

 

 

Lage, 2010 



 

________________________________________________________ 

Bibliographic information published by Die Deutsche Bibliothek 

Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie; 

detailed bibliographic data is available on the Internet at http://dnb.ddb.de 

 

 

 

This publication has been supported by the German Academic Exchange Service 

(Deutsche Academische Austauschdienst ï DAAD) with funds from the Stability Pact: 

MetaNET Project, including Academic Programmes for Training and Research in 

Public Health in South Eastern Europe (FPH-SEE). 

 

 

 

 

 

 

 

 

 

 

 
Publisher: Hans Jacobs Publishing Company 

Cover design: Alma Ġimunec-Joviĺ 

Printed by: C.B. print, Samobor, Croatia 

Number of copies: 200 

 
 

Copyright 2010 by Hans Jacobs Verlag 

Hellweg 72, D.32791 Lage, Germany 

 
 

 

 

 

 

 

 

ISBN 978-3-89918-176-0 
 



 

 

METHODS AND TOOLS IN PUBLIC HEALTH I 

 

CONTENTS 
 

 

 Preface V 

 List of Authors VII  

  

Chapter 1: METHODS OF STUDYING POPULATION HEALTH  1 

1.1 Basic Concepts  

1.1.1 Measurement of Health and Disease: An Introduction 

Tatjana Pekmezoviĺ 

3 

1.1.2 Probability ï Basic Concepts 

Jadranka Boģikov 

13 

1.2 Description of Health Phenomena and Their Quantification  

1.2.1 Organizing and Describing Data 

Lijana Zaletel-Kragelj 

23 

1.2.2 Frequency Measures: Prevalence and Incidence 

Lijana Zaletel-Kragelj 

63 

1.2.3 Age Standardization Procedure: Direct Method 

Jadranka Boģikov, Lijana Zaletel-Kragelj, Doris Bardehle 

93 

1.2.4 Measures of Location: Measures of Central Tendency and Dispersion 

Gena Grancharova, Silviya Aleksandrova 

115 

1.2.5 Measures of Location: Quantiles 

Gena Grancharova, Silviya Aleksandrova 

147 

1.2.6 Frequency Measures: Estimating Risk 

Lijana Zaletel-Kragelj, Jadranka Boģikov 

161 

1.3 Analysis of Health Phenomena  

1.3.1 Measures of Association and Potential Impact 

Lijana Zaletel-Kragelj 

179 

1.3.2 Cluster Analysis 

Anca Vitcu 

215 

1.3.3 Total Risk Assessment 

Mariana Dyakova, Emilia Karaslavova, Hristo Mateev 

245 

1.4 Quantitative Study Designs  

1.4.1 Introduction to Epidemiological Studies 

Enver Roshi, Genc Burazeri 

267 



 

 

II               METHODS AND TOOLS IN PUBLIC HEALTH 

1.4.2 Features of Epidemiological Studies 

Lijana Zaletel-Kragelj, Ivan Erģen, Doncho Donev 

275 

1.4.3 Ecological Studies: Basic Principles 

Lijana Zaletel-Kragelj, Ivan Erģen 

289 

1.4.4 Cross-sectional Studies 

Lijana Zaletel-Kragelj, Ivan Erģen 

309 

1.4.5 Case-control Studies 

Slavenka Jankoviĺ 

333 

1.4.6 Cohort Studies 

Slavenka Jankoviĺ 

345 

1.4.7 Introduction to Intervention (Experimental) Studies 

Tatjana Pekmezoviĺ, Lijana Zaletel-Kragelj 

359 

1.5 Qualitative Study Designs  

1.5.1 Acquiring Qualitative Skills for Public Health Research: Using 

Interviews to Generate Data  

Danica Rotar Pavliļ 

381 

1.5.2 Qualitative Methods: Focus Groups 

Rok Fink, Andreja Kukec, Mojca Jevġnik 

403 

1.5.3 Delphi Analysis 

Neda Milevska-Kostova, William N. Dunn 

423 

  

Chapter 2: SPECIAL EPIDEMIOLOGICAL AND OTHER  METHODS 437 

2.1 Environmental and Occupational Health Epidemiology  

2.1.1 Principles and Methods of Environmental Epidemiology: An Overview 

Ivan Erģen, Lijana Zaletel-Kragelj 

439 

2.1.2 The Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead 

in Children 

Rok Fink, Andreja Kukec, Matej Ivartnik, Ivan Erģen 

465 

2.1.3 Epidemiological Indicators of Environmental Health 

Alexandra Cucu, Maria Nitescu 

497 

2.1.4 Environmental Health Risk Assessment Studies 

Dragan Gjorgjev, Vladimir Kendrovski, Fimka Tozija 

525 

2.1.5 The Geographic Information System (GIS) Use in Analysis of 

Traffic Air Pollution 

Andreja Kukec, Rok Fink, Saġa Erlih, Ivan Erģen 

547 

2.1.6 Basic Occupational Health Indicators on Sick Leave 

Marjan Bilban, Lijana Zaletel-Kragelj 

573 



 

 

METHODS AND TOOLS IN PUBLIC HEALTH III  

2.1.7 Workplace Risk Assessment 

Elisaveta Stikova, Neda Milevska-Kostova, Petar Bulat 

Doncho Donev, Neda Jociĺ 

583 

2.2 Infectious Diseases Epidemiology  

2.2.1 Surveillance 

Irena Klavs 

607 

2.2.2 Outbreak Investigation 

Maja Soļan 

633 

2.3 Oral Health Epidemiology  

2.3.1 Oral Health Indicators in Europe 

Barbara Artnik 

653 

2.4 Quality of Life Measurements  

2.4.1 Health Related Quality of Life and General Quality of Life ï 

Concepts and Measurement 

Gorka Vuletiĺ Mavrinac 

669 

  

Chapter 3: METHODS OF PUBLIC HEALTH INTERVENTIONS  683 

3.1 Health Communication  

3.1.1 The Potential of Public Service Advertising in the Field of Public 

Health 

Dobriana Sidjimova, Mariana Dyakova, Zaharina Savova 

685 

3.1.2 Communication and Behaviour in Dental Practices 

Zaharina Savova, Dobriana Sidjimova 

699 

  

Chapter 4: METHODS OF PLANNING AND EVALUATION  713 

4.1 Evaluation of Health Outcome Change  

4.1.1 Measuring the Burden of Disease: Disability Adjusted Life Years 

(DALY)  

Doncho Donev, Lijana Zaletel-Kragelj, Vesna Bjegoviĺ, Genc Burazeri 

715 

4.2 Screening and Diagnostic Tests Evaluation  

4.2.1 Test Validity Measures and Receiver Operating Characteristic (ROC) 

Analysis 

Jadranka Boģikov, Lijana Zaletel-Kragelj 

749 



 

 

IV               METHODS AND TOOLS IN PUBLIC HEALTH 

 

4.3 Evaluation of Economic Efficiency  

4.3.1 Basic Concepts in Health Economics and Methods for Economic 

Evaluation 

Doncho Donev 

771 

4.3.2 Economic Evaluation in Healthcare: Practical Approach 

Pia Vraļko, Lijana Zaletel-Kragelj 

789 

4.4 Public Health Planning  

4.4.1 SWOT Analysis 

Andrej Plesniļar, Lijana Zaletel-Kragelj 

809 

4.4.2 Rapid Assessment and Response ï RAR 

Enida Imamoviĺ, Dragana Nikġiĺ 

821 

4.4.3 Measurement, Monitoring and Evaluation of Public Health Systems: 

Assessment of Essential Public Health Functions 

Fimka Tozija, Draga Gjorgjev, Dance Gudeva Nikovska 

831 

4.4.4 Strategic Planning in Health Care ɀ General Approach 

Doncho Donev, Neda Milevska-Kostova, Adriana Galan 

849 

4.4.5 Priority Setting in Health Care 

Vladimir Lazarevik, Doncho Donev,  

Dance Gudeva Nikovska, Blaġko Kasapinov 

873 

   

Chapter 5: SUPPORTIVE METHODS/TOOLS/TECHNOLOGIES  893 

5.1 Information and Communication Technology  

5.1.1 Databases and Their Organization 

Josipa Kern, Slavica Soviĺ 

895 

5.2 Capacity Building  

5.2.1 Public Health Capacity Building: Adult Education Principles and 

Methods 

Gordana Pavlekoviĺ, Lijana Zaletel-Kragelj, Anja Kragelj 

921 

5.2.2 Tele-education as a New Method of Medical and Public Health 

Education 

Izet Maġiĺ 

959 

5.2.3 Designing and Planning Educational Programmes in Public Health 

Gordana Pavlekoviĺ, Lijana Zaletel-Kragelj,  

 Anja Kragelj, Nataġa Ġkerget 

975 

  

Index 999 



 

 

METHODS AND TOOLS IN PUBLIC HEALTH V 

 

PREFACE 
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Originally planned to be on the internet platform only, the Forum for Public Health in 

South Eastern Europe (FPH-SEE) and the MetaNET project as its continuation 

together with the Hans Jacobs Publishing Company decided later to publish this 

training material also as hard copy books. The first four books were published with 

the support of FPH-SEE, and the last two with the support of MetaNET. Both projects 

are supported by the German Academic Exchange Service (DAAD - Deutsche 

Academic Austauschdienst) with funds from the Stability Pact for South Eastern 

Europe, provided by the German Ministry of Foreign Affairs. 

We are proud that this book will be published on the 10
th
 year of the Public 

Health Network in South Eastern Europe. 

The book Methods and Tools in Public Health is a collection of 47 teaching 

modules in 5 chapters written by 53 authors from 11 countries. The teaching modules 

in this book cover areas of methods of studying population health, special epidemiological 

methods and methods of public health interventions, methods of planning and evaluation and 

modules as the supportive tools and technologies. Authors had autonomy in preparation 

the teaching modules, they were asked to present their own teaching/training 

materials with the idea to be as practical and lively as possible. The role of editors 

was to stimulate the authors in writing modules and to collaborate with them in 

editing the final version of the manuscripts in order to get them as much as possible to 

the planned format. By preparing and publishing this teaching/training modules 

authors and editors expect and wish to support and improve public health education 

and training of public health professionals.  

The editors asked and encouraged authors to incorporate in their teaching 

modules exercises, tests, questionnaires and other practical forms of training. We will 

be thankful for any comments on use of them in everyday practice. 

The next and the last book will be entitled ñInternational Public Healthò. 

You can find all volumes on the website of the Forum of Public Health: 

http://www.snz.hr/ph-see/publications.htm, and the volumes 4-6 on the open access 

Literature database of the University Bielefeld: http://biecoll.ub.uni-bielefeld.de. 
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Title  MEASUREMENT OF HEALT H AND DISEASE: 
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institution(s) 
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Learning objectives After completing this module students should be able to:  

¶ describe and explain basic measures of health and disease such as 

incidence rate, cumulative incidence, prevalence, mortality rate, case-  

fatality ratio; 

¶ calculate specified rates and proportions; 

¶ understand and explain persons-time concept; 

¶ describe methods for rates adjustment and understand the principles 

and limitations of standardization; 

¶ understand epidemiological literature that uses and refers to the 

concepts outlined above. 

Abstract The epidemiological research is inquiring into the frequency of occurrence 

of states and events of health. The first-order focus needs to be on concepts 

pertaining to rates of occurrence. A distinction between prevalence (of 

states) and incidence (of events) is made. A population at risk must be 

defined clearly. Any measure of occurrence is impossible to interpret 

without a clear statement of the period during which the population was at 

risk and the cases were counted. Farther on rates, one distinguishes 

between the overall rate and specific rates will be made. This leads to the 

concept of adjusted and this, in turn, to that of mutually standardized rates. 

Teaching methods The teaching method recommended:  

¶ the introduction lecture relating to basic definitions and concepts; 

¶ the distribution of the literature to small group (3-4 students); 

¶ the guided discussion within each group and added explanations; 

¶ the distribution of exercises to each group; 

¶ overall discussion. 

Specific 

recommendations 

for teachers 

¶ work under teacher supervision/individual studentsô work proportion: 
30%/70%; 

¶ facilities: a computer room; 

¶ equipment: computers (1 computer on 2-3 students), LCD projection 

equipment, internet connection, access to the bibliographic data-

bases; 

¶ training materials: recommended readings or other related readings; 

¶ target audience: master degree students according to Bologna scheme. 

Assessment of 

students 

Written examination with calculation of rates. 
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MEASUREMENT OF HEALTH AND DISEASE: AN 

INTRODUCTION  
Tatjana Pekmezoviĺ 
 

 

THEORETICAL BACKGROUND  

Introduction  
The fundamental epidemiological measure is the frequency with which the events of 

interest (usually disease, injury, or death) occur in the population to be studied. The 

targets in epidemiological investigations are populations.  

The frequency of event can be measured in different ways, and it can be related to 

different denominators, depending on the purpose of the research and availability of data (1).  

 

Ratio, proportion, rate 
Measures of health and disease include are ratios. The ratio is the value obtained by 

dividing one quality by another; for example, sex ratio (or male to female ratio) (2). 

We distinguish between proportions and rates: 

1. The proportion is a type of ratio in whole the numerator is included in the 

denominator. The ratio of a part to whole can be expressed as a (2): 

¶ ñvulgar fractionò (1/2),  

¶ as a percentage (50%), and  

¶ as a decimal (0.5). 

 

2. The rate is a measure of the frequency of occurrence of a disease or other 

health-related events. The components of a rate are:  

¶ the numerator (number of events),  

¶ the denominator (the specific period in which events occur), and usually  

¶ a multiplier a power of 10 (10n).  

 

A true rate includes the sum of time units of exposure for all people at risk 

(person-time concept). It is useful in small populations. In large populations, a 

mid-period population usually can be considered a good estimate of the average 

number of people at risk, for the outcome during the time period. The mid-period 

population, as approximation, is often used as the denominator (1). It is very 

important to underline that the population at risk must be defined clearly. All 

people who are not usually resident in that area, and those who are not at risk of 

the event under investigation, must be excluded from denominator (3). A 

difference between true rate and rate in a classical epidemiological sense is 

presented in a separate module in this book.  

The rates usually have values less than 1, and decimals are awkward to 

think about and discuss. Therefore, rates are usually multiplied by a constant 

multiplier (either 100 or else: 1,000, 10,000, 100,000, 1,000,000) in order to make 

the numerator larger than 1 and therefore easier to discuss (1).  
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Types of measures of occurrence 

According to concept of incidence and prevalence 

The most frequent measures of occurrence of health-related events include incidence 

rate (IR), prevalence (PREV), cumulative incidence (CI), mortality rate (MR), and 

case-fatality ratio (CFR). 

1. The incidence rate. 

The incidence describes the frequency of occurrence of new cases during the time 

period. The incidence rate (person-time incidence rate, also called incidence 

density) is the number of new occurrence of disease in the study population during 

the time period, divided by the sum of time that each person in the population 

remained under observation and free of disease. In other words, the denominator of 

incidence represents the number of people who are at risk for developing of 

disease. The incidence rate is direct indicator of risk of disease in a population 

investigated and it is a measure of efficiency of preventive measures (4). This 

measure is in details presented in a separate module in this book. 

2. The cumulative incidence. 

The cumulative incidence is the proportion of people who become diseased 

during a specified period of time. Both numerator and denominator include 

only those individuals who at the beginning of the period are free from the 

disease and therefore are at risk of getting it. The cumulative incidence 

depends on the incidence rate and the length of the period at risk. The 

cumulative incidence (risk) and the incidence rate (person-time incidence rate) 

can be mathematically related (Equation 1): 

 
( )tIe1 IC ³--=  Equation 1. 

 

CI = cumulative incidence 

I = person-time incidence rate 

t = length of follow-up 

 

 

Different methods of calculation of cumulative incidence are in details 

presented in a separate module in this book.  

The cumulative incidence is a useful approximation of incidence rate when the 

rate is low or when study period is short (5). 

3. The prevalence. 

The prevalence is the proportion of the population affected by a disease at a 

given point in time. The proportion of population that has a disease at a point 

in time (P) and the rate of occurrence of new disease during a period of time 

(I) are closely related (Equation 2): 

 

tI P ³=  Equation 2. 

 

P = point prevalence 

I = incidence 

t = length of duration of disease 
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Prevalence doesnôt show a risk. This measure is helpful in assessing the need 

for health care and the planning of health services (4). In the medical and 

public health literature, the word prevalence is often used in two ways:  

¶ point prevalence: it is prevalence of the disease at a point in time;  

¶ period prevalence: number of people have had the disease at any time 

during a certain period of time. 

 

4. The mortality rate. 

The mortality rate is a number of deaths in a specified period of time in a 

specified population (a mid-period population). Mortality is a measure of risk 

of death in population and efficiency of preventive measures (5). The same 

principles mentioned in the discussion of incidence apply to mortality: for a 

rate to make sense, anyone in the group represented by the denominator must 

have the potential to enter the group represented by the numerator.  

5. The case-fatality ratio. 

The case-fatality ratio is a number of deaths from a disease in a specified 

period of time, divided by number of diagnosed cases in the same period. The 

case-fatality ratio is a measure of the severity of disease and efficiency of 

treatment procedures (6). In other words, the case-fatality ratio is a percentage 

of people diagnosed as having a certain disease who die within a certain time 

after diagnosis. 

 

 

According to different type of adjustment 

There are three broad categories of measures according to different type of 

adjustment: crude measures, specific measures, and standardized measures.  

1. Crude measures. 

The measures that apply to an entire population, without reference to any 

characteristics of the individuals in it are crude measures (for example, annual 

mortality rate from all causes of death in country).  

2. Specific measures. 

Specific measures may be specific according to age, sex, cause or some other 

characteristic (for example, annual mortality rate from breast cancer in 

females). 

3. Standardized measures. 

Standardized measures are very useful in case when we compare two 

populations with different age structure. In this way, effect of age as a 

confounding variable may be controlled. The essential of standardization is 

comparing the investigational populations with standard population with 

known age structure. The standard population is a hypothetical population, and 

choice of it depends on purpose of the analysis. For international comparisons, 

European or World standard populations are favoured (7).  

There exist two methods of standardization of epidemiological 

measures, direct and indirect: 

¶ in the direct method of standardization, the age-specific measures of 

two (or more) populations to be compared are applied to a reference 
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population known as the standard. This is done be multiplying each 

age-specific measures of a population to be compared by the number of 

persons in the corresponding age group of the standard population. This 

way, one derives the expected numbers of deaths that would have 

occurred in populations being compared. Dividing each of the total 

expected numbers by the standard population leads to the adjusted or 

standardized measures (8). The procedure is in details presented in a 

separate module in this book. 

¶ indirectly standardized measures compare the actual number of events 

in an area with the expected number of events based on mortality 

measures of a standard population. This method is often used to look at 

differences in mortality rates, and is often referred to as standardized 

mortality ratio (SMR). The standardized mortality ratio is ratio of 

observed to expected number of deaths, expressed as a percentage. A 

SMR greater than 100 indicates that the observed number of deaths 

exceeds the expected number, and a SMR less than 100 indicates that 

the observed number of deaths is less than the expected number. It can 

also be used to look at other events such as, for example, hospital 

activity. The observed figures comes from the local area, and the 

expected from applying in the death rate in the standard population to 

the local population. The following steps were used to calculate the 

SMR:  

- find the age-specific death rates in the standard population;  

- find the age-specific populations in observed area;  

- calculate the expected deaths in each of the age groups by 

multiplying the population in area A by death rate in the 

reference population;  

- add up the number of deaths in each age group to get the total 

number of expected deaths.  

 

Indirect standardisation is more robust with small numbers and avoids 

the distortions caused by direct standardisation based on unstable age-

specific rates (3,7). 

 

The decision to use crude, standardized, or specific measures depends on the 

information that an investigator is trying to obtain or impart: 

¶ crude measures represent the actual experience of the population and provide 

data for the allocation of health resources and public health planning. 

Although they are easy to calculate and widely used for international 

comparisons, the fact that the values may be confounded by differences 

between underlying population structures make any observed differences in 

crude measures difficult to interpret.  

¶ specific measures are un-confounded by that factor and provide the most 

detailed information about the pattern of the disease in a population.  

¶ standardized measures provide a summary value that removes the effect of the 

differences in population structure to allow for valid comparison between 

groups or over time. The actual value of the standardized measures is 
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meaningless, however, since it has been statistically constructed based on the 

choice of a standard.  

 

Finally, depending on the nature of the information required, one or a combination of 

different measures can be chosen (9). 

 

 

CASE STUDY: MORTALITY RATES FROM BREAST 

CANCER IN WOMEN IN TWO  UNITS IN BELGRADE  

Introduction  
In two urban units in Belgrade, mortality rates from breast cancer (BC) in women 

were as presented in Tables 1 and 2. 

 
Table 1. Mortality rates (Mt) from breast cancer (BC) in women from urban unit A in Belgrade. 

Age group No. of women No. of deaths from 

BC 

Mt/100,000 

0-19 25,138 0 0 

20-29 14,961 1 6.68 

30-39 18,249 3 16.64 

40-49 17,251 8 46.37 

50-59 16,849 23 136.51 

60-69 13,187 13 98.58 

70+ 9980 9 90.18 

All ages 115,615 57 49.30 

 

 
Table 2. Mortality rates (Mt) from breast cancer (BC) in women from urban unit B in Belgrade. 

Age group No. of women No. of deaths from 

BC 

Mt/100,000 

0-19 6722 0 0 

20-29 3545 0 0 

30-39 5832 1 17.15 

40-49 5173 3 57.99 

50-59 4770 5 104.82 

60-69 6485 7 107.94 

70+ 5554 9 162.04 

All ages 38,081 25 65.65 

 

 

Comparison of overall and age-specific mortality rates 
First, we will show how overall and age-specific mortality rates from BC could be 

computed and compared.  

Following questions could be posed: 

1. Are mortality rates higher in units A or unit B?  

2. Are there reasons for this situation?  
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3. How can the difference between age-specific and crude mortality rates be 

explained? 

4. How could the problem of comparability be overcome? 

5. What is essential in standardization? 

6. How can the standard population be chosen? 

 

In example mentioned above, we chose World population as a standard. Calculation 

of standardized mortality rates for BC in units A and B are summarized in Table 3. 

 
Table 3. Calculation of standardized mortality rates for breast cancer in urban units A and B in 

Belgrade. 

  Unit A   Unit B  

(1) (2) (3) (2 Ĭ 3) (5) (2 Ĭ 5) 

Age group Standard 

population 

Mt/100,000 No. of 

expected 

deaths 

Mt/100,000 No. of 

expected 

deaths 

0-19 40,000 0 0 0 0 

20-29 16,000 6.68 1.07 0 0 

30-39 12,000 16.64 1.97 17.15 2.06 

40-49 12,000 46.37 5.56 57.99 6.96 

50-59 9,000 136.51 12.29 104.82 9.43 

60-69 7,000 98.58 6.90 107.94 7.56 

70+ 4,000 90.18 3.61 162.04 6.48 

No. of all 

expected deaths 
  31.40  32.49 

 

 

Computation of standardized mortality ratios (SMR) 
In continuation, we can pose a question, what are the standardized mortality rates 

from BC in units A and B? 

For answering to this question, we will use data from the following table 

(Table 4) (Adapted from Hennekens&Buring, 1987) (9): 

 
Table 4. Computation of standardized mortality rates. Adapted from Hennekens &Buring, 

1987 (9). 

Age group Population Mt/100,000 No. of expected 

deaths 

No. of observed 

deaths 

(1) (2) (3) (2 Ĭ 3) (4) 

10-19 74,598 12.26 9.14 10 

20-29 85,077 16.12 13.71 20 

30-39 80,845 21.54 17.41 22 

40-49 148,870 33.96 50.55 98 

50-59 102,649 56.82 58.32 174 

60-69 42,494 75.23 31.96 112 

Total 534,533  181.09 436 
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Final calculation is presented in Equation 3. 

 

241100
09.181

436
SMR years6910 =³=-  Equation 3. 

 

 

 

EXERCISE 
Teaching methods for this topic, among others, would be included the distribution of 

different exercises in small groups of students and calculation and explanation of 

different measures of health-related events. All tasks are adapted from Gordis (6). 

 

 

Task 1 
In 1997, there were 39 cases of myocardial infarction in town A among people aged 

50-54 years. The number of person-time was 515,212 in that age group. Calculate the 

incidence rate of myocardial infarction. 

 

 

Task 2 
A sample including 2368 women at the age group 70-74 years was selected from the 

population of town B. After examination, 80 were assigned the diagnosis of 

rheumatoid arthritis. Calculate the prevalence of this disease. 

 

 

Task 3 
Of 229,400 children born in a given region, 411 had one congenital malformation at 

birth. Which measure of occurrence of congenital malformation can be calculated? 

Calculate this. 

 

 

Task 4 
Assume that in a population of 100,000 persons, 20 have disease X. In one year, 18 

people die from that disease. Calculate the mortality rate and case-fatality ratio. 

Explain why the same disease has low mortality rate and case fatality ratio? 

 

 

Task 5 
In a study in the country A, the frequency of stroke was measured in 228,525 women 

who were 30-45 years of age and free from coronary heart disease, stroke and cancer 

in 1997. A total of 546 stroke cases were identified in the 10 years of follow-up. 

Calculate cumulative incidence. 
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ASSESMENT OF STUDENTS (type of questions) 
1. The incidence rate of disease is 5 times greater in women than in men, but the 

prevalence shows no sex difference. The best explanation is: 

The crude all-cause mortality rate is greater in women. 

A. The case-fatality ratio for this disease is greater for women. 

B. The case-fatality ratio for this disease is lower for women. 

C. Risk factors for developing the disease are more common in women. 

 

2. Which of the following is a good measure of the severity of a acute disease: 

A. cause-specific death rate 

B. survival rate 

C. case-fatality ratio 

D. standardized mortality rate 

E. non of the above. 

 

3. Age-adjusted death rates are used to: 

A. correct death rates for errors in the statement of age. 

B. determine the actual number of deaths that have occurred in specified 

age groups in a population. 

C. correct death rates for missing age information 

D. compare deaths in person of the same age group 

E. eliminate the effects of difference in the age distributions of populations 

in comparing death rates. 
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PROBABILITY ï BASIC CONCEPTS 
Jadranka Boģikov 
 

 

THEORETICAL BACKGROUND  
Random event is any event that does not have to occur unconditionally in a given 

moment but can occur with some probability  (1). Intuitively, probability is the 

measure of how likely an event is. It can be undersood also as frequency of 

occurrence of a phenomenon (or outcome) in a large number of attempts or during 

prolonged time. Thus, for example, we find that the probability of "head" as an 

outcome of a coin toss is equal to 1/2 (just like a "tail"). What we individually 

consider to be random (i.e. the outcome of "head" in coin toss), in large mass (after a 

large number of experiments) lose character of coincidence and behaves according a 

certain rules. With this interpretation we can define probability as a frequency 

(relative frequency) of the occurrence of an outcome or a set of outcomes. If we want 

to be more precise we will define it as the limit value (limes) of relative frequency 

(when it comes to very large, borderly endless number of experiments). 

If the subject of our study is final population (final set) of n events or 

outcomes, and the event X is expected to happen m times we assign to it P(X) (P after 

Probability) (Equation 1). 

 

n

m
XP =)(  Equation 1. 

 

 

We say that m is the number of favourable events (i.e. outcomes of an experiment), n 

is the number of possible events (the probability is therefore the relative frequency of 

occurrence of some event or outcome). It is obviously true that : 

 

1)(0 ¢¢X  

 

Often we express the probability as percentage (relative frequency multiplied by 100). 

If 0)( =XP  we say that X is impossible event. X is assured event (must-happend) 

when 1)( =XP .  

Random experiment is each process that results in one of several possible 

outcomes (1). This may be a coin toss (two possible and equally probable outcomes), but 

also gender of the next comming patient who may be a woman or a man with a certain 

probability, or outcome of treatment of some malignant diseases (possible outcomes are 

ñdiedò or ñcuredò). Individual outcomes of such experiments are called elementary 

events (or atomic events). All elementary events together make a full (comprehensive) 

set of elementary events also called sample space. This set is obviously a universal set 

for a particular experiment. Elementary events are mutually excluded (are disjoint or 

disiunct) and all together exchauste the entire sample space.  

Terms elementary event and event should be distinguished. Event is defined as any subset 

of sample space. According to the definition each event is union of elementary events and 
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every elementary event is an event but not vice versa. Events, elementary and non-

elementary, are sets and theory of sets is thus correspondingly applicable to the probability 

theory and Venn diagrams are used for the presentation of both (Examples 1 and 2).  

 
Sample space (or set of all elementary events) in a coin toss has only 

two elements, ñheadò and ñtailò. If the coin has been tossed twice, 

then the sample space has four elements, i.e. U=(HH, HT, TH, TT), 

where H means "head" a T "tail."  

Examples of the events are: "at least one head" equals to 

{HH, HT, TH}, "two same outcomes" {HH, TT}, etc.  

If the experiment is a single 6-sided die roll, sample space is 

a set {1, 2, 3, 4, 5, 6}. Examples of events are: "even numberò ({2, 4, 

6}Ì{1 ,2, 3, 4, 5, 6}), "odd number" ({1, 3, 5}Ì{1, 2, 3, 4, 5, 6}), 

"number is less or equal to 3" ({1, 2, 3}Ì{1, 2, 3, 4, 5, 6}), "3 or 5" 

({3, 5}Ì{1, 2, 3, 4, 5, 6}) etc.  

Example 1. 

 

 
In the case of coupling of laboratory animals with genotypes Bb and 

Bb, sample space is (BB, Bb, bb, bb). The event can be "descendant 

heterozygote", "descendant homozygote" or "descendant, dominant 

gene carrier." 

Example 2. 

 

 

Analoguous to sets operations we are defining union and intersection of events 

as well as the complement of an event. The union of two sets A and B is a set 

obtained by combining all the members of the sets A and B i.e. the union of two sets 

is the set of elements which are in either set (1). The union of two events is an event 

consisted of all elementary events belonging to either event. The intersection of two 

sets is the set of elements which are in both sets and analoguous the intersection of 

two events consists of all elementary events contained in both sets. Complement of an 

event A consists of all elementary events that do not belong to the event A. 

Symbolically this is shown in Figure 1. 

 

   
a) b) c) 

 
Figure 1. Venn's diagrams for ossible relations of events: a) union of events A and B, b) 

intersection of events A and B, c) complement of an event A'. 

 

 

From the definition of complementary event arises: if the probability of an 

event, A is equal to )(AP , then the probability that the event would not occur (also 

called the complementary event A') is equal to )(1 AP-  (Equation 2). 
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)(1)( ' APAP -=  Equation 2. 

 

 

This is easy to prove because event A' consists of all elementary events that do not 

belong to A and their number must be n-m (where m indicates the number of 

elementary events in A, and n total number of elementary events in a sample space), 

then (Equation 3): 

 

)(1)( ' AP
n

mn
AP -=

-
=  Equation 3. 

 

 

Following are Axioms and theorems of the probability theory. Ei, i=1,...,n 

denote elementary events. 

Probability theory is based on three axioms (some of them we already 

mentioned defining probability) (Equations 4-6): 

 

( ) 10 ¢¢ iEP  Equation 4. 

 

 

( ) 1
1

=ä
=

n

i

iEP  Equation 5. 

 

 

( ) ( ) ( )jiji EPEPEEP +=8  Equation 6. 

 

 

It reads: 

1. Probability of each elementary event is greater or equal to 0 and less or equal 

to 1. 

2. Sum of all probabilities of elementary events is 1. In other words this means 

that one of the elementary events must occur. 

3. For every two elementary events valid is that probability of occurance of 

either one of them is equal to the sum of their probabilities. 

 

From these axioms are derived the rules related to events in general (not necessarily 

elementary events): 

 

Additivity 
If A and B are disjoint events (there is no elementary event to realize and A and B in 

the same time), AÇB denotes new event that happend when either A or B occur and 

its probability is given with (Equation 7): 
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( ) () ()BPAPBAP +=8  Equation 7. 

 

 

Consequently, for series of k mutually disjoint events Ai is (Equation 8): 

 

 

)(...)()()()...( 321321 kk APAPAPAPAAAAP ++++=8888
 

Equation 8. 

 

 

It is important to notice: it is valid only for mutually disjoint events. It is not valid 

generally for any events. Generally it is (Equation 9):  

 

)()()()( BAPBPAPBAP 18 -+=  Equation 9. 

 

 

Multiplication 
Suppose that two events A and B do not exclude each other but they may come at the 

same time. Occurrence of events A and B at the same time is a new event, realised by 

elementary events that are in the intersection of A and B. The probability of this new 

event is (Equation 10): 

 

)()()( BPAPBAP ³=1  Equation 10. 

 

 

Conditional probability 
Often, we are interested in the probability of occurence of an event if another event 

previously occurred. If A and B are events then the probability of event A under the 

condition that event B occurred previously is called conditional probability and is 

denoted as P(A|B) what reads ñprobability of A given Bò, where by definition of 

probability (the ratio of the number of favourable outcomes and possible outcomes) 

gives (Equation 11): 

 

)(

)(
)|(

BP

BAP
BAP

1
=  Equation 11. 

 

 

In presentation of events by Venn diagrams we can imagine that area of an event (set) 

is appropriate to its probability (where sample space or complete set of elementary 

events is denoted by U and its probability is 1, i.e. P(U)=1) the above expression 

means that the probability of event A given B is equal to the ratio of area AžB and 

the area of set B. In other words, it is the area of intersection A with B (AžB) taken 
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relatively to area B, and it is equal to non-conditional probability P(AžB) in case B is 

sample space (complete set of elementary events). 

 

In order to better understand the concept of conditional probabilities consider 

the following example (Example 3): 

 
Random sample of 1500 examinee of both genders were tested on 

colour blindness and results presented in Table 1 were obtained 
Example 3. 

 

 
Table 1. Results of testing on colour blindness between sexes. 

  Sex  

  Males Females Total 

Colour blindnes Yes   65   10     75 

 No 735 690 1425 

 Total 800 700 1500 

 

 
Random sample of 1500 examinee of both genders were tested on 

colour blindness and results presented in Table 1 were obtained. 

Events are: M (to be male) and S (to be colour blind). 

We can calculate: 

1. The probability that someone is colour blind, if he is male: 

P(S|M)=P(SžM)/P(M)=65/800=0.08125(8.125%) 

2. The probability that someone is colour blind, if she is 

female. 

P(S|M')=P(SžM')/P(M')=10/700=0.01429(1.429%) 

 

We can determine: 

1. What are complementary events to the above events: 

P(S'|M)=1-P(S|M)=735/800=0.91875  

P(S'|M')=1-(S|M')=690/700=0.98571 

2. P(S) in the general population (probability of colour 

blindness in general population). However, we should 

notice that it depends on the population composition i.e. 

proportion of men/women in the population! 

Example 3. 

cont. 

 

 

It is clear that measures of test validity described in Module 2.4.1 in this book are 

conditional probabilities as follows (Equations 12 and 13): 

 

)(

)(
)|(

BP

BOP
BOPysensitivit

1
==  Equation 12. 

 

 

)'(

)''(
)'|'(

BP

BOP
BOPyspecificit

1
==  Equation 13. 
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Analogous the complementary probabilities to the sensitivity and specificity, false 

negative rate (FNR) and false positive rate (FPR) are (Equations 14 and 15): 

 

)|'( BOPFNR=  Equation 14. 

 

 

)'|( BOPFPR=  Equation 15. 

 

 

Bayes' theorem 
Letôs suppose that B1, B2,...,Bk is a series of disjoint events. It is necessary to 

clarify that the particular sequence means that union of sets Bi, i=1,...,k exhausted 

or fill in the entire sample size i.e. B1ÇB2ÇéÇBk=U, and since the Bi are 

mutually disjoint the sum of their probabilities is equal to 1, i.e. 

P(B1)+P(B2)+...+P(Bk)=1. 

If O is an event P(O|Bi) is called likelihood (usually these conditional 

probabilities are known P(O|Bi), i=1,...,k) and then (Equation 16): 

 

)(

)()|(
)|(

OP

BPBOP
OBP ii

i

Ö
=  Equation 16. 

 

where (Equation 17): 

 

)()|(...)()|()()|()( 2211 kk BPBOPBPBOPBPBOPOP Ö++Ö+Ö=  Equation 17. 

 

 

This theorem was formulated by Thomas Bayes in 1764. This is only one form of 

Bayes' theorem (for one event O and there is a more complex form, too). Bayes' 

theorem shows the relation between two conditional probabilities which are the 

reverse of each other. 

Confirmation is simple: according to definition of conditional probability 

(Equations 18 and 19): 

 

)(

)(
)|(

OP

OBP
OBP i

i

1
=  Equation 18. 

 

as well as 

 

)(

)(
)|(

i

i
i

BP

BOP
BOP

1
=  Equation 19. 
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From the above equations hence is follows that (Equations 20 and 21): 

 

)()|()( OPOBPOBP ii ³=1  Equation 20. 

 

and 

 

)()|()( iii BPBOPBOP ³=1  Equation 21. 

 

 

Since left sides of Equations 20 and 21 are equal (intersection operation is 

commutative i.e. P(BiÆO)= P(OÆBi)), it follows (Equation 22): 

 

)()|()()|( iii BPBOPOPOBP Ö=Ö  

    Ý     

)(

)()|(
)|(

OP

BPBOP
OBP ii

i

Ö
=  

Equation 22. 

 

 

This is statement that should be proven. It is evident that it is also valid (Equation 23): 

 

)()|(...)()|()()|()( 2211 kk BPBOPBPBOPBPBOPOP Ö++Ö+Ö=  Equation 23. 

 

 

since Bi, i=1,é,k, are mutually disjoint events and exhausted out entire sample space. 

That is why all OÆBi, i=1,é,k are mutually disjoint and exhausted out the 

entire O (since O=OÆ(B1ÇB2ÇéÇBk)=(OžB1)Ç(OÆB2)ÇéÇ(OÆBk) and P(O) 

is equal to the sum of probabilities P(OÆBi), i=1,é,k) (Equation 24). 

 

)(...)()()( 21 kBOPBOPBOPOP 111 +++=  Equation 24. 

 

 

If we put P(OÆBi)=P(O|Bi)*P(Bi) we will get above form for P(O) as follows 

(Equation 25): 

 

)()|(...)()|()()|()( 2211 kk BPBOPBPBOPBPBOPOP Ö++Ö+Ö=  Equation 25. 

 

 

With the use of Vennôs diagram we can present this as shown in Figure 2 for k=4. 
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Figure 2. Venn diagram for Bayes' theorem. 

 

 

For case k=2 there are two sets, B1 i B2 that are complementary, so we can write 

B1=B and B2=Bô, so Bayesô theorem in that simplest form looks like (Equation 26): 
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BPBOP
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Ö+Ö

Ö
=  Equation 26. 

 

 

That is the form used as measure of test validity if marks: B mean sick, Bô healthy, O 

positive test result, O' negative test result (see Module 2.4.1).  

 

 

EXERCISE 

Task 1 
Try the following: 

¶ check that additivity of probability for disjoint events is only special case of 

general additivity. 

¶ calculate the probability of complex events, "get a number less or equal to 3" 

or "get even number" in the above-mentioned example with die roll.  

¶ calculate the probability of event "birth of carrier of the dominant geneò for 
different combinations of genotypes of parents in the example mentioned 

above.  

 

 

Task 2 
If the probability of blue hair is 0.30 and the probability of black eyes 0.20. 

calculate the probability of occurrence of blue hair and black eyes. 
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Task 3 
Please interpret the probabilities: P(O|B), P(O|Bô), P(B) i P(Bô). 
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ORGANIZING AND DESCRIBING DATA  
Lijana Zaletel-Kragelj  
 

 

THEORETICAL BACKGROUND  

Introduction  

Why to organize and describe the data in public health 
As in every other profession also in public health (PH) the research process takes a 

very important role. In PH the research issue is different kinds of health 

states/problems of a population (i.e. diseases, disabilities, injuries, deaths), and their 

determinants (1-6) Organizing and describing data is the very beginning of this 

process. 

 

Research process in public health 
The phases of this process are similar to other research processes in medicine (i.e. 

in clinical medicine, laboratory medicine etc.) and in fact represent very 

important part of total process of solving health problems. The phases are as 

follows (Figure 1): 

 

 
Figure 1. The levels of research process in public health. 
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1. perception of a health problem,  

2. description of the problem, 

3. analysis of the problem, 

4. searching for possible measure for solving the problem, 

5. the final definition of the measure, 

6. testing safety and efficiency of the measure on human beings, 

7. mass application of the measure on individuals, 

8. observation of a long-term safety and efficiency of the measure. 

 

 

In the first part of the process we are describing and analyzing the problem from the 

population level through level of an individual to the laboratory level (Figure 1) 

aiming at discovering the most appropriate measure for solving it. In the second part, 

first testing of safety and efficiency of the measure at the level of an individual before 

mass application takes its role, and afterwards the evaluation of efficiency at the 

population level. In solving some health problems the individual level could be 

skipped (in phenomena which could not be measured at an individual level like 

different kinds of environmental or community phenomena). 

In process of organizing and describing of the data in PH research statistical 

methods take very important role. The relationship between PH, epidemiology and 

statistics is as follows: 

1. PH is defined as one of the efforts organized by society to protect, promote, and 

restore the peopleôs health. It is the combination of sciences, skills, and beliefs that 

is directed to the maintenance and improvement of the health of all the people 

through collective or social actions (1,4,7). One of these sciences also being one of 

important branches of medicine science itself is epidemiology.  

2. Epidemiology in its broadest sense is defined as the study of the distribution of 

health states (different kinds of diseases or other phenomena related to the 

health of the people) and their determinants in specified populations, and its 

application to the control of health problems (1,4,7). Statistical methods 

represent one of the most powerful tools in epidemiology. 

3. Statistics is defined as the science and art of collecting, summarizing and 

analyzing data that are subject to random variation (1). It is represented by a 

huge set of different methods adequate for different situations. Statistical 

methods take their role in (1,4): 

¶ description of health phenomena - descriptive statistics - and are 

used in descriptive epidemiology (activities to study occurrence of 

disease or other health-related characteristics in human population; 

it is concerned in where, when and how frequent such phenomena 

are), and 

¶ analyzing of health phenomena - the methods of analytical statistics - 

and are used in analytic epidemiology (usually concerned with 

identifying or measuring the effects of risk factors, or with the health 

effects of specific exposure). 
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Organizing data  

Data matrix 
For quality research it is of basic importance to have data well organized and prepared 

for both description and analysis. As the methods for both kinds of activities are 

statistical methods it is very important to follow the rules of preparing the data in an 

adequate structure for statistical analysis.  

The appropriate structure is data matrix (1). This is the structure in which data 

of all observational units and all observed attributes of units are organized in a table 

(Figure 2). The basic element of this table is a cell. The cells are organized in a matrix 

with rows and columns. The meaning of elements of this table is as follows:  

1. Cell ï the record of a piece of information (lat. datum) on single attribute 

(variable) of a single unit of observation (statistical unit), 

2. Row - the record of values of all variables for a single unit, 

3. Column - the record of values of all units for a single variable. 

 

 
Figure 2. Organization of data for statistical description and analysis. 

 

 

 

Statistical description of data  

Overview of foundations of statistics 
Basic statistical concepts 

There exist four basic concepts in statistics (1,4,8,9): 

1. Statistical populationï the whole collection of units of phenomenon under 

study subjected to statistical methods, 

2. Statistical unit ï every single element (member) of statistical population,  

3. Statistical variable ï every single characteristic (attribute, phenomenon) of 

statistical unit under study, 
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4. Statistical sample ï a selected subset of a statistical population; it may be 

random or non-random; may be representative or non-representative. 

 

All these concepts are closely related to each other:  

¶ when we are performing statistical observation of a certain phenomenon, the 

subject of interest is a whole mass of members, called statistical population,  

¶ one single member of this mass is called unit of observation or statistical unit,  

¶ the units have the attributes of their own. As these attributes can have different 

values (they vary), we call them variables,  

¶ usually we cannot observe the whole population under study, so we draw a 

sample from the population. In that case we describe first the statistical 

features of the sample and then we generalize them to the population.  

 

The relationship among basic concepts is also shown in Figure 3. 

 

 
Figure 3. Basic concepts in statistics and the relationship among them. 

 

 

The key concept in statistics is the concept of statistical variable or more 

precisely the concept of random variable or variate (1,10,11). According to Last et al., 

a variate is a variable that may assume any of a set of values, each with a pre-assigned 

probability (1). 

 

Concepts, related to statistical activities 

In statistics we can perform the following kinds of activities (8,9): 

1. Statistical description ï the process of summarizing the characteristics of data 

under study (at the sample or population level); we call this process descriptive 

statistics, 

2. Statistical relationship analysis - the process of analysis of relationship between 

dependent (effect) and one or several independent (causes) variables (phenomena), 
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3. Statistical inference ï the process of generalization from sample data to 

population, when the observation is not performed in a total population, but only 

in (representative) sample, usually with calculated degrees of uncertainity; we 

call this process inferential statistics. 

 

If we observe the total population we perform only the methods of descriptive statistics. 

When only the sample is available we usually need to perform description and inference 

while relationship analysis could be performed in both situations.  

Which methods are to be used depends on statistical features of variables under 

research.  

 

Concepts, related to statistical variables 

Statistical description and inference are closely related to the concept of statistical 

variable. Here we shall introduce some other concepts, also closely related to it. 

 

Values of variables and their distribution. The first two important concepts are: 

1. variable values ï every single variable can take two or more different values, 

2. distribution of variable values ï the complete summary of the frequencies of 

the values of a single variable (some of the values are more frequent than the 

others); it can tell the number or the proportion of the whole group of 

observations to be of each value out of all observations. 

 

Classifying variables. The variables, or more precisely their values, could have various 

statistical features. Regarding these features they could be classified in several ways 

(1,4,12): 

1. Regarding the expression of their values to: 

¶ numerical variables ï variables, values of which are expressed by numbers 

(e.g. weight, number of patients per day), 

¶ categorical (qualitative, attributable) variables or attributes ï variables, 

values of which are expressed only by description (e.g. sex), 

2. Regarding the possibility of infinitive number of their values to:  

¶ continuous variables ï variables with potentially infinite number of 

possible values along a continuum (e.g. weight, height), 

¶ discrete variables ï variables values of which could be arranged into 

naturally or arbitrarily selected groups of values (e.g. number of 

patients per day), 

3. Regarding the ordinality of values to:  

¶ ordinal variables ï variables values of which are classified into ordered 

categories (e.g. social class), 

¶ nominal variables - variables values of which are classified into unordered 

categories only by equality or inequality (e.g. race, religion, country), 

4. Regarding the number of distinct values to: 

¶ dichotomous or binary variables ï variables with only two possible values, 

often contain information of having the characteristic of interest or not, 

¶ polytomous variables ï variables with more than two possible values, 

5. Regarding the interrelationship between two or more variables to:  
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¶ dependent variables ï variables values of which are depending on the 

effect of other variables (independent variables) in the relationship under 

study, 

¶ independent variables ï variables that are hypothesized to influence the 

values of other variables (dependent variables) under study. 

 

All these classifications could be related to each other. When we put the classification 

on numerical and categorical variables in the central position and link it to all other 

classifications, then we get (Figure 4): 

¶ numerical variables are continuous or discrete, only ordinal and polytomous and 

they could be dependent or independent, 

¶ categorical variables are only discrete, dichotomous or polytomous, ordinal or 

nominal and they could be dependent or independent. 

 

 
Figure 4. Various classifications of variables and the linkage of classification into numerical 

and attributable variables with all other classifications. 

 

 

This linkage leads to formation of types of variables. 

 

Types of variables. Usually we are classifying variables into four main types of 

variables (5,13): 

1. Numerical continuous variables,  

2. Numerical discrete variables,  

3. Categorical ordinal variables, and  

4. Categorical nominal variables. 

 

This sequence of types of variables represents also their hierarchy regarding the 

amount of information encompassed in each of them. In the direction from numerical 

continuous to categorical nominal variables, the amount of information is decreasing. 

In this direction also the transformation from one type to another is possible but it is 

not possible in the opposite way (Figure 5).  
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What does the amount of information means and what means reducing it, 

would be more understandable in an example presented in Case study 2.  

In the phase of planning and designing the study it is very important to be 

aware that the information could be reduced anytime but could never become more 

precise unless we acquire it once again.  

 

 
Figure 5. Hierarchy of types of variables regarding the amount of information encompassed in 

each of them. 

 

 

Classifying the variables into right types is very important for deciding which method is 

to be used in describing variables, and examination of the relationship between them.  

 

Concepts related to probability distributions 

Some of variable values are more frequent than the others ï they are more probable. 

The way how frequent the values of the particular variable are is called probability 

law of the variable. The distributions of values of variables are therefore called 

probability distributions. According to Last et al., probability distribution for a 

discrete random variable is the function that gives the probabilities that the variable 

equals each of a sequence of possible values, while for a continuous random variable 

is often used synonymously with the probability density function ï the frequency 

distribution of a continuous random variable (1). We could roughly classify 

probability distributions into two groups:  

1. Empirical probability distributions ï distributions observed in real situation, 

2. Theoretical (mathematical) probability distributions ï mathematical 

idealization of distributions observed in real situations.  

By far the most important theoretical probability distribution is known 

as Normal or Gaussian distribution (1,4,8,9,11,14). 

Other also important theoretical distributions (all of them are families of similar 

distributions, varying with regard to the number of observations) are (1,4,8,9): 

¶ Studentôs t distribution, 

¶ binomial distribution, 

¶ chi-square distribution, 

¶ Poisson distribution, 

¶ Fisherôs F distribution. 
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Theoretical probability distributions are very important as many statistical 

methods are based on the assumption that the observed data are a sample 

drawn from a population with known distribution. If such assumption is 

reasonable (it could never be checked whether it is true) the use of statistical 

methods becomes simple. But here we have to warn that if the assumption of 

distribution under study is not reasonable and we proceed with the activities, 

we could make the misleading conclusions. 

 

 

Process of statistical description of data 
Statistical description of data is a set of consecutive procedures used for describing 

the empirical distributions in an agreed way. The result of these procedures is: 

1. Description of a shape of distribution, and 

2. Determination of measures which summarize the features of the shape. 

 

When statistically describing data we can choose between methods that make 

assumptions on theoretical probability distributions, called parametric methods 

(the origin of this term will be discussed later) and those which make no such 

assumptions, called non-parametric or distribution-free methods (8,9,14). 

 

Presenting Data 

Presentation of data could be numerical or graphical.  

1. Numerical data presentation - ordered series and frequency distribution.  

The very first step in describing data statistically is to put data in order by making 

first an array and then a frequency distribution table: 

¶ ordered series or an array (10) - arrangement of values of a variable in 

order, usually from the lowest to the highest value, 

¶ frequency distribution - we summarize the frequency of every single value 

of a variable in ordered series in a table in which we usually insert two kind 

of frequencies: 

- absolute frequency called usually simple frequency - the number of 

units with particular value of a variable, 

- relative frequency - ratio between the number of units with 

particular value of a variable and all units under study; it could be 

expressed as a proportion (decimal fraction) or as a percentage 

(different ratios are discussed later in this chapter),  

- in some statistical programs also the third kind of frequency could 

be found, called cumulative frequency. This is the number of units 

with values less than or equal to each value. It could be expressed 

also as a relative measure - relative cumulative frequency. 

 

The example of a frequency distribution is given in Case study 2. 

2. Graphical data presentation.  

The frequency distribution table could be useful for determination of some of 

data distribution features like the lowest and the highest value and thus also of 

the range of values, but not for all of them. The graphical data presentation is 

thus obligatory.  
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Basic graphical presentation of data in statistics is a chart of bars 

organized in such a way that values (categories) of a variable are listed along 

the x axis of the chart and their frequencies (absolute or relative) along the y 

axis. The area of every single bar is proportional to the frequency of the value 

it represents. It could be divided in two main forms (1,4,9,11): 

¶ ordinary bar chart ï the bars are lying separately; it is mostly used for 

presentation of attributable data, 

¶ histogram ï the bars are connected one to another; it is used for 

presentation of frequency distributions of numerical data; if there are 

many different values (continuous data) it is desirable to group 

observations before constructing a histogram in order to get a better 

visual impression of the observed distribution. An example of 

histogram is given in Case study 2.  

¶ if we connect the centres of bars of a histogram at their upper part, we 

get the polygon called frequency polygon. When the bars are very 

numerous and very narrow (continuous data arranged in very small 

intervals) we can smooth the polygon. So we get the curve called 

probability density curve. 

 

For understanding of the principles of statistical methods, it is the most important: 

when the relative frequency (a proportion or percentage) is used in graphical 

presentation of a distribution the sum of areas of all bars equals to 1 or 100%, 

regardless the type of bar chart is used ï the ordinary one or histogram. Also the 

entire area under every probability density curve equals to 1 or 100%.  

Data presentation by graph shows us clearly the shape of the 

distribution under study. This step of data presentation is very important for 

deciding which statistical methods are to be used for statistical description 

or/and inference in numerical variables.  

 

 

Describing a distribution 

When the graphical presentation of the shape of a distribution is done it should be described. 

The shape itself depends on a number and features of the place of highest density (peak). We 

say that distributions have diverse statistical features. Regarding these features they could be 

classified in several ways (4,8,9,11,14): 

1. Regarding the number of peaks to: 

¶ unimodal ï distributions with a single peak, 

¶ bimodal ï distributions with two peaks, 

¶ polymodal ï distributions with more than two peaks,  

2. Regarding the shape of the peak to:  

¶ bell shaped ï distributions in which extreme values tend to be less 

likely than values in the middle of the ordered series, 

¶ uniform ï distributions in which all values have the same frequency, 

3. Regarding the symmetry to: 

¶ symmetrical, 

¶ asymmetrical, 
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4. Regarding the inclination of the peak or skewness (when the distribution is not 

symmetrical) to distributions with: 

¶ positive skewness ï distributions with an extended right hand tail 

(lower values more likely), 

¶ negative skewness ï distributions with an extended left hand tail 

(higher values more likely), 

5. Regarding the flatness or peakedness in symmetrical distributions to: 

¶ platykurtic ï distributions with more flat peak than in normal distribution, 

¶ mesokurtic ï distributions with the similar flatness of peak as in normal 

distribution, 

¶ leptokurtic ï distributions with higher and more slim peak than in normal 

distribution. 

 

Usually we are the most interested in first four features.  

By representing the distribution graphically we would like to get the 

impression if the empirical distribution under study is similar the normal 

distribution which is unimodal, bell shaped and symmetric. If it is case, then in 

determination of the measures which summarize the features of the shape 

parametric methods for statistical description will be used, otherwise the non-

parametric ones will be used. 

 

Summarizing the distribution features 

When describing the distribution of a numerical variable, continuous or discrete, we summarize 

its features also by special summary measures called typical values or measures of location of a 

distribution or shortly measures of location (4,8,9,11,14).  

1. Types of typical values.  

The most well known typical values are the following ones (4,5,8,9,11,14): 

¶ measures of central tendency ï the term includes several characteristics 

of the distribution of sets of values at or near the middle of the set; the 

principal measures of central tendency are:  

- mean (average) ï the sum of values of a variable for each 

observation, divided by the number of observations, 

- median ï a point in the ordered series which divides it into two parts 

of equal number of units, half of them falling below and half above 

this point, 

- mode ï the most frequent value in the set of observations, 

¶ measures of dispersion or variation or spread of units around the centre 

of the distribution:  

- minimum and maximum - the lowest and the highest value of a 

distribution, 

- range ï the difference between the minimum and the maximum, 

- variance ï sum of the squares of the deviations from the mean, in 

population divided by the number of observations, 

- standard deviation ï positive square root of the variance. 

- subgroups, based on an array, with equal number of units; in any 

case the number of quantiles is one less then the number of 
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corresponding equal parts; centiles are dividing the ordered series to 

hundredths and there are ninety-nine of them, deciles are dividing it 

to tenths and there are nine of them, quartiles are dividing it to 

quarters and there are three of them (median is also a quantile, 

dividing an ordered series to halfs); for describing the spread we 

usually use quartiles (1
st
 and 3

rd
) or certain centiles (25

th
 and 75

th
), 

 

We could classify typical values also in parametric and non-

parametric ones: 

¶ parametric typical values ï (measures that are basing on normal distribution) 

mean as a measure of central tendency and variance and standard deviation as 

measures of dispersion are called parametric measures,  

¶ non-parametric typical values ï not basing on theoretical distributions. 

 

Which set of typical values is the most appropriate for certain distribution is to 

be decided after observing the shape of the distribution shown by the histogram. The 

decision should be made not only on the shape of the distribution but also on the 

number of observations and whether the inferential methods would be performed. The 

summary about possible decision in some typical situations is shown in Table 1. An 

example of presentation of typical values is presented in Case study 2.  

 
Table 1. Which typical values could be chosen in some typical examples of distributions.  

Shape of 

distribution  

Other important 

characteristics 

Typical values 

Measure of 

central tendency 

Measure of 

dispersion 

Symmetrical or 

almost symmetrical 

Bell shaped 

 Mean Standard deviation 

Minimum and maximum 

Slightly 

asymmetrical 

Bell shaped 

Large number of 

units 

Mean 

 

Standard deviation 

Minimum and maximum 

Small number of 

units 

Median 

 

Quartiles 

Minimum and maximum 

Strongly 

asymmetrical 

Only description Mode Minimum and maximum 

Inference planned Median 

 

Quartiles 

Minimum and maximum 

 

 

2. Typical values in populations and samples.  

We can perform statistical description in populations as well as in samples. So we 

determine the typical values as the summary measures at both levels. Here we have 

to emphasize that typical values at the sample level are not the same as the typical 

values at the population level. In fact, in a process of inferential statistics we infer 

from sample characteristics to population characteristics from which the sample 

was drawn, that means that we infer from the values of statistics to the values of 

parameters. To distinguish these measures between both levels we have different 
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names for them, and also the labelling is different. Some selected representatives of 

typical values are (Figure 6): 

¶ statistics - typical values in samples: 

- mean (average) of a sample, usually labelled as ñxò, 
- standard deviation of a sample, usually labelled as ñsò, 

- proportion of a sample, usually labelled as ñpò, 

¶ parameters - typical values in populations: 

- mean (average) of a population, usually labelled as ñmò, 

- standard deviation of a population, usually labelled as ñsò, 

- proportion of a population, usually labelled as ñPò. 

 

 

 
Figure 6. Labeling of some typical values in populations and samples. 

 

 

Strict distinguishing between statistics and parameters is a basis for 

understanding the methods of statistical inference.  

 

 

 

Epidemiologic description of data  

Mathematical foundations of epidemiologic measurement 
Basic tool for any kind of epidemiologic observation or research is quantification of 

frequency of health phenomena. In principle it is very similar to statistical process, but in 

epidemiologic measurement the emphasis is on discrete type of data, usually binary (e.g. 

disease is present or not, people are exposed to the certain risk factor or not) (3-5,7,15).  

The frequency of a binary event could be expressed as: 

¶ an absolute frequency or  

¶ a relative frequency.  

 

In public health, both, absolute and relative frequency measures convey important 

information, although relative measures seem to be frequently used. The probable 

reason is that relative frequency measures are important in comparisons (e.g. between 

two or more population groups, between two or more populations etc.), while absolute 
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measures are important in health care planning (e.g. number of hospital beds needed 

for treatment of certain group of health states). 

Relative frequency measures are defined as a ratio between two data. In its 

broadest sense the ratio is a result of dividing one quantity by another (1,15,16). One 

quantity is representing a numerator and the other a denominator in this relationship. 

The term èratioç is a general term of which rate, proportion, percentage, etc., are 

subsets (1,15). The numerator and denominator need not be related (5). One of the 

most important features is if the numerator is included in the denominator in 

calculation of the ratio. Regarding the relationship of the numerator and the 

denominator there exist different types of ratios which could be grouped in two main 

groups (Figure 7) (1,5,15,16): 

1. Ratios in which the numerator is included in the denominator: 

¶ proportion,  

¶ proportion with multiplier (e.g. percentage in which multiplier is 100), and  

¶ rate in epidemiologic sense or epidemiologic rate. 

2. Ratios in which the numerator is not included in the denominator: 

¶ rates as ètrue ratesç,  

¶ ratios in a narrow sense. 

 

The difference between different ratios will be presented using the same set of 

data in Case study 3. 

 

 
Figure 7. Types of relative frequency measures in epidemiology. 

 

 

Types of relative frequency measures in epidemiology 
Ratios in which the numerator is included in the denominator 

1. Proportion.  

Proportion is the most simple relative frequency measure (17). It is the ratio of a 

part to the whole (1,5,17). According to Last et al., the important difference 

between a proportion and a ratio is that the numerator of a proportion is included in 

the denominator, whereas this is not necessarily so for a ratio (1). Proportion is 

calculated by using following equation (Equation 1): 
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total

events

N

N
Proportion=  Equation 1. 

 

Nevents= number of events of observed phenomenon (part of a whole) 

Ntotal = number of all possible events of observed phenomenon (a whole) 

 

 

A proportion could be expressed as a èvulgar fractionç (e.g. İ) or as a 

èdecimal fractionç (e.g. 0.5) (1).  

By definition, a proportion (p), if decimal, must be in the range 0ÒpÓ1 (1). 

A proportion is dimensionless since numerator and denominator have 

the same dimension, obtained through algebraic cancellation (1). If numerator 

and denominator are based upon counts (e.g. in our dataset), the originals are 

also dimensionless. 

Calculating of this kind of relative frequency measure is presented in 

Case study 3. 

2. Proportion with a multiplier.  

A proportion could be multiplied by a factor K (1,5,17). A multiplier is usually a 

power of 10 (100, 1.000, 10.000é). Its role is mainly to convert the decimal fraction 

to a whole number. It is calculated by using following equation (Equation 2): 

 

K
N

N
Proportion

total

events
multiplier a with ³=  Equation 2. 

 

Nevents= number of events of observed phenomenon (part of a whole) 

Ntotal = number of all possible events of observed phenomenon (a whole) 

K = multiplier (100, 1000, 10.000, 100.000é) 

 

 

Which multiplier is to be used depends on a given situation (e.g. in World Health 

Organization Health for All Database multiplier 100.000 is mostly used). 

Typical representative of this kind of relative frequency measures is a 

percentage, in which multiplier is 100 (17) (Equation 3): 

 

100
N

N
ercentageP

total

events³=  Equation 3. 

 

Nevents= number of events of observed phenomenon (part of a whole) 

Ntotal = number of all possible events of observed phenomenon (a whole) 

 

 

Calculation of this kind of relative frequency measure is presented in 

Case study 3. 
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3. Rate in a classic epidemiologic sense.  

Before trying to explain what means the term èrate in a classic epidemiologic 

senseç we need to discuss the term èrateç itself. To a non-epidemiologist, rate 

means how fast something is happening or going, for example, the 

speedometer of a car indicates the carôs speed or rate of travel in miles or 

kilometres per hour (5). This rate is always reported per some unit of time. 

Consecutively, some epidemiologists restrict use of the term èrateç to similar 

measures that are expressed per unit of time. For these epidemiologists, a term 

èrateç describes how quickly disease occurs in a population. These measures 

convey a sense of the speed with which disease occurs in a population (5). But 

this kind of ratio is a ratio in which the numerator is not included in the 

denominator and it will be discussed later. 

Other epidemiologists use the term èrateç more loosely, referring to 

proportions with case counts in the numerator and size of population in the 

denominator as rates (5). For this kind of ratios we are using the term èrate in a 

classic epidemiologic senseç. If these rates are referring to a specified period of 

time, they are calculated as a proportion with multiplier and specified period of 

time as a compulsory element by using following equation (Equation 4): 

 

K
N

N
Rate

total

period) time   specifieda (in events
gicepidemiolo ³=  Equation 4. 

 

Nevents= number of events of observed phenomenon (part of a whole) in a 

specified time period 

Ntotal = number of all possible events of observed phenomenon (a whole) ï at risk 

for occurrence of the event at the beginning of a specified time period 

K = multiplier (100, 1000, 10.000, 100.000é) 

 

An example of this kind of rate is an incidence rate in a classic epidemiologic 

sense. This measure will be in details discussed in a separate module of this book.  

In this loose usage the time component is not always referring to a 

period of time in which the outbreak of new cases of health phenomenon under 

observation is followed-up. Sometimes is referring to a number of cases in a 

specific point in time (Equation 5):  

 

K
N

N
Rate

total

time) of point  specifieda (in cases
gicepidemiolo ³=  Equation 5. 

 

Ncases= number of events of observed phenomenon (part of a whole) in a 

specified point of time 

Ntotal = number of all possible events of observed phenomenon (a whole) in a 

specified point of time 

K = multiplier (100, 1000, 10.000, 100.000é) 
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An example of this kind of rate is a prevalence rate. This measure will also be 

discussed in details in a separate module of this book. 

Calculation of this kind of relative frequency measure is presented in 

Case study 3. 

In epidemiology, and especially in vital statistics, this kind of measures are 

essential for comparing health phenomena between different populations (1,12).  

 

Ratios in which the numerator is not included in the denominator 

In ratios in which the numerator is not included in the denominator could be of two 

kinds. First are those in which the numerator and denominator are completely 

different variables (5). For this kind of ratios we use the term ètrue rateç. In others, 

the numerator and denominator are different categories of the same variable. We use 

the term èratio in a narrow senseç for this kind of ratios. 

1. True rate.  

This kind of rates refers to ratios representing changes in two quantities, where 

the two are separate and distinct quantities. In its precise usage a rate is the 

ratio of a change in one quantity to a change in another quantity, with the 

denominator quantity often being time (18,19). A classic example of a rate is 

velocity, which is a change in location divided by a change in time. 

Dimensionality of this kind of ratio is obtained through combination of 

dimensions of the numerator and the denominator (e.g. km/h). In epidemiology 

a representative of this kind of ratio is for example so called incidence rate as a 

true rate. The detailed description if this measure is out of the scope of this 

module. It will be presented in a separate module of this book. 

2. Ratio in a narrow sense.  

There exist also ratios that could not be classified in none of the previously 

presented ratios. For example, in epidemiology ratio in which the numerator 

and denominator are different categories of the same variable is rather frequent 

kind of measure. It could be simply the ratio between males and females, or 

persons 20-29 years and 30-39 years of age (5). The other example is a ratio in 

which we are relating events of an observed health phenomenon to non-events 

(ratio between the number of people with observed phenomenon and the 

number of people without it) (Equation 6): 

 

events-non

events

N

N
Ratio=  Equation 6. 

 

Nevents= number of events of observed phenomenon (part of a whole) 

Nnon-events= number of non-events of observed phenomenon (part of a whole) 

 

 

Calculation of this kind of relative frequency measure is presented in 

Case study 3. 
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Important considerations in epidemiologic research 
When we are observing the frequency of specified health phenomenon, we have first 

precisely to define: 

1. If the study is cross-sectional or longitudinal. 

Cross-sectional study examines the phenomena in a point of time or very short 

period of time (e.g. a couple of weeks) while longitudinal examines it over a 

long period. In cross-sectional studies we are usually studying the frequency of 

all cases of observed phenomenon, while in longitudinal the frequency of new 

cases (1,4,5,7,15,17). 

2. Which quantity represents the numerator and which the denominator in the 

equation and if the numerator is included in denominator.  

3. What is the unit under observation. In epidemiology it is not necessary that the 

unit of observation is a person, it could be for example an episode of a health 

state. One should be aware in interpretation. Frequently health indicators are 

measuring health care services load (that is dependent also on health care 

services availability and accessibility, and health care services use demands of 

the population) and not a burden of disease in the population 

 

 

Some important epidemiologic concepts 
Outcome and exposure 

First two important concepts are the concept of ñoutcomeò, and the concept of 

ñexposureò. 

1. Outcome.  

Outcome is any possible disease or other health phenomenon or event related to health. 

It is a result of influence of an exposure to another phenomenon (1,4,5,7). 

2. Exposure.  

Exposure is a process by which an agent (risk factor) comes into contact with a 

person, and provoke the relevant outcome, such as a disease (1,4,5,7).  

 

 

Case, control and cohort 

Other important concepts are the concepts of ñcaseò, the concept of ñcontrolò, and the 

concept of ñcohortò. 

1. Case (case-patient).  

In epidemiology a case is mostly defined a person identified as having the 

health condition under observation (1,4,5,7).  

2. Control (control person).  

Controls are a group of persons with whom comparison is made in certain 

types of epidemiologic studies (e.g. in ècase-controlç studies and èrandomized 

clinical trialsç) (1).  

3. Cohort.  

In it broad sense, the tem ècohortç describes any designated group of persons 

followed over a period of time, as in a ècohort studyç (1). We distinguish two 

types of cohorts in this sense (1): 
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¶ fixed cohort ï in which no additional membership is allowed after 

beginning of the study, and 

¶ dynamic cohort ï which gains and/or loses its members during the 

observation time. 

 

In other meaning it is a part of population, born during a particular period and 

identified by date of birth. 

 

Probability, risk and  odds 

At the end, we need to present also the concepts of probability, risk, and odds. 

1. Probability.  

In a statistical sense probability is quantification of likelihood of an event 

or a quantitative description of the likely occurrence of a particular event 

(9,12,20,21). It is conventionally expressed on a scale from 0 to 1 (a rare 

event has a probability close to 0, while a very common event has a 

probability close to 1). The probability of an event has been defined as its 

long-run relative frequency, defined as a ratio between number of events 

and total number of all possible events (Equation 7) (1,9,20): 

 

total

events
event

N

N
p =  Equation 7. 

 

Pevent = probability for occurrence of observed phenomenon 

Nevents= number of events of observed phenomenon (part of a whole) 

Ntotal = number of all possible events of observed phenomenon (a whole) 

 

 

In fact it is a ratio of a type èproportionç (numerator is included in denominator) 

and as such could be expressed as a vulgar fraction, a decimal fraction, or as a 

percentage. Relative frequency expressed as a proportion of a sample is an estimate 

of the probability of observed phenomenon in a population.  

Calculation of probability is presented in Case study 3. 

2. Risk in a statistical sense.  

In a statistical sense risk is probability that the expected event does not occur. 

It could be expressed as (Equation 8) (12):  

 

eventeventnonlstatistica p1pR -== -  Equation 8. 

 

Rstatistical = risk in a statistical sense 

Pnon-event = probability for non-occurrence of observed phenomenon 

Pevent = probability for occurrence of observed phenomenon 

 

 

This measure could be expressed as a vulgar fraction, a decimal 

fraction, or a as percentage as well. 
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The sum of probability for expected event to occur and probability that 

it does not occur (risk) is 1 or 100%.  

3. Risk in a classic epidemiologic sense.  

In an epidemiologic sense the definition of èriskç is different. It is defined as a 

probability for an unfavourable health outcome (e.g. disease), or some other 

unfavourable phenomenon related to health (e.g. smoking or other unhealthy 

behaviour), to occur (Equation 9) (1,9). 

If we are more precise, in epidemiology, the term èriskç is generally 

used to mean the probability that an unfavourable event (e.g., that a person will 

be affected by, or die from, an illness, injury, or other health condition) will 

occur in a given time interval (5,18). In its epidemiologic usage, risk is a 

conditional probability, because it is the probability of experiencing an event 

or becoming a case conditional on remaining èat riskç (eligible to become a 

case) and èin viewç (available for the event to be detected) (5,18). In its 

narrowest sense is related to the incidence concept. 

 

outcome health leunfavouraboutcome health leunfavourab pR =  Equation 9. 

 

Runfavourable health outcome = risk for an unfavourable health outcome 

punfavourable health outcome = probability for an unfavourable health outcome 

 

 

This measure is presented in details in a separate module in this book. 

4. Odds.  

Odds are defined as the ratio of the probability of occurrence of an event to 

that of non-occurrence (or the ratio of the probability that something is so to 

the probability that it is not so) (1) (Equation 10).  

 

event

event
event

p-1

p
 O =  Equation 10. 

 

Oevent = odds for occurrence of observed phenomenon 

Pevent = probability for occurrence of observed phenomenon 

 

 

In epidemiology, if we define the probability of occurrence of an unfavourable 

event as a risk, it is also defined as the ratio of the risk of occurrence of a 

disease to that of non-occurrence (Equation 11): 

 

outcome health leunfavourab

outcome health leunfavourab
outcome health leunfavourab

R-1

R
 O =  Equation 11. 

 

Ounfavourable health outcome = odds for an unfavourable health outcome 

Runfavourable health outcome = risk for an unfavourable health outcome 
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As in the presented equation the quantity ètotal number of possible eventsç is 

included in both, numerator and denominator, it could be reduced through 

algebraic cancellation. In this case we get a new equation (Equation 12): 

 

events-non

events
event

N

N
O =  Equation 12. 

 

Oevent = odds for occurrence of observed phenomenon 

Nevents= number of events of observed phenomenon (part of a whole) 

Nnon-events= number of non-events of observed phenomenon (part of a whole) 

 

 

From this equation we can clearly see, that odds are the ratio of a type èratio in 

a narrow senseç - numerator is not included in denominator, and the numerator 

and denominator are different categories of the same variable. 

Calculation of odds is presented in Case study 3. 

Odds are very powerful analytical tool in epidemiology (8,22). 

Technically we distinguish between odds in different kind of situations (in 

different types of study design):  

¶ when we are observing the presence of exposure in case-control studies 

we calculate èexposure-oddsç, 

¶ when we are observing in a cross-sectional study the frequency of all 

cases of a disease versus all non-cases we are talking about odds for 

having a disease in a specified point of time or èprevalence-oddsç, 

¶ when we are observing in a longitudinal study the occurrence of new 

cases of disease versus non-occurrence we are talking about odds for 

getting a disease in a specified period of time or èdisease-oddsç which 

are the estimate of risk-odds in the sense of incidence-odds (the 

concepts of incidence and prevalence are out of the scope of this 

module, and are discussed in a special module). 

 

At the end we need to stress that the mathematical properties of odds 

make them advantageous for various uses. Whereas probabilities are restricted 

to the 0-1 interval, odds can be any nonnegative number. The logarithm of the 

odds can therefore be any real number. The natural logarithm of the odds 

(called the èlogitç) is relatively widely used in biostatistics and epidemiology 

(8,18,22).  

 

 

Application of frequency measures in epidemiology 

Both, absolute and relative frequency measures represent the basic tool in 

epidemiology. They could be classified in three big groups of epidemiologic measures 

(1,4-7,16,18,19,23-29) (Figure 8): 
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Figure 8. An overview of frequently used measures in epidemiology. 


