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PREFACE

This is the sixth out of seven books planned to be published in a series as a
support to teachers and trainers in teaching public health in South Eastern Europe.
Originally planned to be on the internet platform only, the Forum for Public Health in
South Estern Europe (FPRISEE) 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 FPFBEE, ad the last two witlthe support oMetaNET. Both projects
are supported by the German Academic Exchange Service (DAARutsche
Academic Austauschdienst) with funds from the Stability Pact for South Eastern
Europe, provided by the German Ministry of HgreAffairs.

We are proud that this book will be published on th& ¢@ar of the Public
Health Network in South Eastern Europe.

The bookMethods and Tools in Public Healthis a collection of 47 teaching
modules in 5 chapters written by 53 authors frontddntries. The teagihg modules
in this book coveareas ofmethods 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 tetdgies.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 modubasd to collaborate with them in
editing the final version of the manuscripts in order to get them as much as possible to
the plamed 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 encourdgauthors to incorporate in their teachin
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 | ast book wil!/l be en:

You can find all volumeson the website of the Forum of Public Health:
http://www.snz.hr/ptsee/publications.htpand the volumes-8 on the open access
Literature database of the University Bielefdittp://biecoll.ub.unibielefeld.de

Editors and Project coordinators:

Lijana Zaletel-Kr agel j, Jadranka Bogi kov
Doris Bardehl e, Luka Kovalil, Ulrich

October 2010
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Forum for Public Health in South EasteEurope and Hans Jacobs Publishing
Company in this series published the following books:

1. Vesna Bjegovili and Doncho Donev (eds).
EVIDENCE BASED DEVELOPMENT. Lage: Hans Jacobs; 2004.

2. Silvia Gabriela Sc’  nPUBECHEAIDHBTRATEGIESR Ga l
A TOOL FOR REGIONAL DEVELOPMENT. Lage: Hans Jacobs; 2005.

3. Lidia Georgieva and Genc Burazeri (eds). HEALTH DETERMINANTS IN THE
SCOPE OF NEW PUBLIC HEALTH. Lage: Hans Jacobs; 2005.

4. Doncho Donev, Gordana PkiagdldspMEALTHand Lijana

PROMOTION AND DISEASE PREVENTION. Lage: Hans Jacobs; 2007.

5. Luka Koval il aKnadelj(eds). MANAGERIENT ¢\t HEALTH
CARE PRACTICE. Lage: Hans Jacobs; 2008.

6. Lijana ZaletelKragelland Jadranka Bogi kov (eds). METHOD

PUBLIC HEALTH. Lage: Hans Jacop2010.

All books canbe found at:http://www.snz.hr/ptsee/publications.htmand all
modules included in volumes-& on the open access Literature database of the
University Bielefeld:http://biecoll.ub.unibielefeld.de

In preparation:
7. INTERNATIONAL PUBLIC HEALTH to be published in 2011.
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Learning objectives

After completing this module students should be able to

9 describe and explain basic measurehedlth and disease such
incidence rate, cumulative incidence, prevalence, mortality rate,
fatality ratio;

1 calculate specified rates and proportions;

1 understand and explain persdinse concept;

9 describe methods for rates adjustment and unddrgftenprinciples
and limitations of standardization;

9 understand epidemiological literature that uses and refers t
concepts outlined above.

Abstract

The epidemiological research is inquiring into the frequency of occuri
of states and events of ltbaThe firstorder focus needs to be on conce
pertaining to rates of occurrence. A distinction between prevalend
states) and incidence (of events) is made. A population at risk my
defined clearly. Any measure of occurrence is impossiblenterpiret
without a clear statement of the period during which the population w
risk and the cases were counted. Farther on rates, one disting
between the overall rate and specific rates will be made. This leads
concept of adjusted and shin turn, to that of mutually standardized raty

Teaching methods

The teaching method recommended:

the introduction lecture relating to basic definitions and concepts;
the distribution of the literature to small group4(3tudents);

the guidedliscussion within each group and added explanations;
the distribution of exercises to each group;

overall discussion.

Specific
recommendations
for teachers

work under teacher
30%/70%;

facilities: a computeroom;

equipment: computers (1 computer 68 &udents), LCD projection
equipment, internet connection, access to the bibliographic data

bases;

9 training materials: recommended readings or other related readir

9 target audience: master degree studmsuerding to Bologna schem:

=a =4 =4 —a —a

supervi si

= —a

Assessment of
students

Written examination with calculation of rates.

Measurement dflealth and Disease: An Introduction
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MEASUREMENT OF HEALTH AND DISEASE: AN

INTRODUCTION )
Tatjana Pekmezovi l

THEORETICAL BACKGROUND

Introduction
The fundamental epidemiological measigehe 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 everttan 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 diseaselude are ratios. The ratie 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 proportionis a type of ration whole the numerator is included in the
denominator. The ratio of a part to whole can be expressed as a (2):
T Avul garo f(rladc2t)i,on
1 as a percentag®0%), and
I as adecimal (0.5).

2. Therateis a measure of the frequency of occurrence of a disease or other
healthrelated events. The components of a rate are:
1 the numerator (number of events),
1 the denominator (the specific period in which events occur), and usually
1 a nultiplier a power of 10 (10n).

A true rateincludes the sum of time units of exposure for all people at risk
(persortime concept). It is useful in small populations. In large populations, a
mid-period population usually can bensidered a good estimate of the average
number of people at risk, for the outcome during the time period. Th@enidd
population, as approximation, is often used as the denominator (1). It is very
important to underline that the population at risk mostdefined 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, 100,0000@,@00) in order to make
the numerator larger &m 1 and thereforeasier to discuss (1).

Measurement of Health and Disease: An Introduction
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Types of measures of occurrence
According to concept of incidence and prevalence
The most frequent measures of occurreoichealthrelated events include incidence
rate (IR), prevalence (PREV), cumulative incidence (Cl), mortality rate (MR), and
casefatality ratio(CFR).
1. The incidence rate
The incidencealescribes the frequency of occurrence of new cases during the time
period. The incidence rate (persime incidence rate, also called incidence
density) is the number of new occurrence of disease in the study population during
the time period, divided bthe 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 indicaforisk 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 incidences the proportionof 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 #refore 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 (petiso® incidence rate)
can be mathematically related (Equation 1):

Cl=1- e(' 1°t) Equation 1.

CI = cumulative incidence
| = persontime incidence rate
t = length of followup

Different methods of calculation of cumulative incidence are in details
presented in a separate module in this book.
The cumulativencidence 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 proportiaf the population affected by a disease at a
given point intime. 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
() are closely related (Equation 2):

P=13t Equation 2.
P = point prevalence

| = incidence
t = length of duration of disease

Measurement dflealth and Disease: An Introduction
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Preval ence doesn6t show a risk. This me.
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:
1 point prevalenceit is prevalence of the disease at a point in time;
1 period prevalencenumber 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 migeriod population). Mortality is a measure of risk
of death in population and efficiency of preventive measures (5). The same
principles mentionedn 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 casdatality ratia
The casdatality 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
casefatality ratio is a measure of the severity of disease and efficiency of
treatment pocedures (6). In other words, the céatlity ratio is a percentage
of people diagnosed as having a certain disedmedie within a certain time
after diagnosis.

According to different type of adjustment
There are three broad categories of measum®drding 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 indiduals 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 (forexample, annual mortality rate from breast cancer in
females).
3. Standardized measures.
Standardized measuresre very useful in case when we compare two
populations with different age structure. In this way, effectagé 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 deperglon 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:
1 in the direct method of standardizatiahe agespecific measures of
two (or more) populations to be compared are applied to a reference

Measurement of Health and Disease: An Introduction
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population known as the standard. This is done be multiplying each
agespecific measures of a populationtt® 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 tletandard population leads to the adjusted or
standardized measures (8). The procedure is in details presented in a
separate module in this book.

1 indirectly standardized measures compare the actual number of events
in an aea 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 standardizednortality 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 dba 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 agespecific death rates in the standard population;

- find the agespecific 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 hiirect 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:
1 crude measures represent the actual experiehttee 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 unddying population structures make any observed differences in
crude measures difficult to interpret.
1 specific measures are @onfounded by that factor and provide the most
detailed information about the pattern of the disease in a population.
1 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

Measurement dflealth and Disease: An Introduction
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meaningless, however, since it Haen 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 rateem 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 uniB&lgrade.

Age group No. of women No. of deaths from Mt/100,000
BC

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 Mt/100,000
BC

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 agespecific mortality rates
First, we will show how overall and agpecific 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?

Measurement of Health and Disease: An Introduction
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3. How can the difference between egpecific and crude mortality rates be
explained?

4. How could the problem of comparability be overcome?

5. What is essential in standardtion?

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 mality ratesfor breast cancer in urban units A and B in

Belgrade.
Unit A Unit B
@) 2 3) (2 1 5) (2 1
Age group Standard Mt/100,000 No. of Mt/100,000 No. of
population expected expected
deaths 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 31.40 32.49

expected death:

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. Computatiorof standardized mortality rateAdapted from Hennekens &Buring,

1987 (9).
Age group Population Mt/100,000 No. of expected No. of observed
deaths deaths
) &) 3 (2 T 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

Measurement dflealth and Disease: An Introduction
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Final calculation is presented in Equation 3.

436

S MFiO— 69years: m

3100=241 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 healtblatedevents. 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 persome was 515,212 ithat age group. Calculate the
incidence rate of myocardial infarction.

Task 2
A sample including 2368 women at the age grouYZgears was selected from the
population of town B. After examination, 80 were assigned the diagnosis of
rheumatoid arthriti. 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 thatri a population of 100,000 persons, 20 have disease X. In one year, 18
people die from that disease. Calculate the mortality rate andfatatigy ratio.
Explain why the same disease has low mortality rate and case fatality ratio?

Task 5
In a study in te country A, the frequency of stroke was measured in 228,525 women
who were 3045 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 fafbow
Calculate cumulativencidence.

Measurement of Health and Disease: An Introduction
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ASSESMENT OF STUDENTS (type of questions)

1.

2.

3.

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 altause mortality rate is greater in women.

A. Thecasefatality ratio for this disease is greater for women.

B. The casdatality ratio for this disease is lower for women.

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

Which of the following is a good measure of the severity of a acsase:
causespecific death rate

survival rate

. casefatality ratio

. standardized mortality rate

non of the above.

moow>»

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 leoeirred in specified
age groups in a population.
. correct death rates for missing age information
. compare deaths in person of the same age group
eliminate the effects of difference in the age distributions of populations
in comparing death rates.

moo
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PROBABILITY 1 BASIC CONCEPTS
Jadranka Bogi kov

THEORETICAL BACKGROUND
Random eventis any event that does not have to occur unconditionally in a given
moment but can occur with sonm@obability (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 exahep 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 @ier 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 it value (imeg 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 asiigiiX) (P after
Probability) (Equation 1).

P(X) = % 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 freqpfency
occurrence of some event or outcome). It is obviously true that :

0¢(X)¢1

Often we express the probability as percentage (relative frequency multiplied by 100).
If P(X)=0 we say that X is impossible event. X is assured event {hapgtend)
when P(X) =1.

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 outtomes)
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
Adi edo or Acuredo) . I ndi vi dual elemantarc 0 me s
events(or atomic event3. All elementary events together makéuth (comprehensive)
set of elementary eventalso calledsample spaceThis set is obviously a universal set
for a particular experiment. Elementary events are mutually excluded (are disjoint or
disiunc) and all together exchauste the entire sample space.

Terms elementary event and event should be distinguiskedt is defined as any subset
of sample space. According to the definition each event is union of elementary events and

Probabilityi Basic Concepts
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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 isabespondingly 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  Example 1.
t wo el ement s, fifheado a nabseditwiee,
then the sample space has four elements, i.e. U=(HH, HT, TH,
where H means "head" a T "tail."

Examples of the events are: "at least one head" equa
{HH, HT, TH}, "two same outcomes" {HH, TT}, etc.

If the experiment is a singledided die roll, sample space |
a set {1, 2, 3, 4 5, 61} . Ex e
6}/ {1 ,2, 3, 4, 5, 6)), "odd number" ({1, 3, 5}1, 2, 3, 4, 5, 6}),
"number is less or equal to 3" ({1, 2,8}, 2, 3, 4, 5, 6}), "3 or 5"
({3,5}/{1,2 3, 4,5, 6)) etc.

In the case of coupling of laboratory animals with genotypes Bb  Example 2.
Bb, sample space is (BB, Bb, bb, bb). The event can be "desce
heterozygote", "descendant homozygote" or "descendant, dorr

gene carrier."

Analoguous to sets operations we are defining uaimhintersectiof events
as well as the complemenf 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 ents 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 eleentary events that do not belong to the event A.
Symbolically this is shown in Figure 1.

: . :

a) b) ©)

Figure 1.Venn's diagramfor ossible relations of events: a)ionof events A and Bb)
intersection of events A and B, @mplement of an event A'.

From the definition of complementary event arises: if the probability of an
event, A is equal td?(A), then the probability that the event would not occur (also

called the complementary event A') is equal toP(A) (Equation 2).

Probabilityi Basic Concepts
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P(A)=1- P(A) 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 bemn(where m indicates the number of
elementary events iA, and n total number of elementary events in a sample space),
then (Equation 3):

pa)=""M

=1- P(A Equation 3.

Following are Axioms and theorems of the probability theory.i£L,...,n
denote elementary events.

Probability theory is based othree axioms (some of them we already
mentioned defining probability) (Equationsbd:

oc¢ F’(Ei ) ¢l Equation 4.

.
a P(Ei ) =1 Equation 5.

i=1
P(Ei 8 E, ) = P(Ei )+ P(Ej ) Equation 6.

It reads:
1. Probability of each elementary evengi®ater 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 bthem 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 aredisjoint events(there is no elementary event to realize and A and B in
the same time), &B denotes new event that happend when either A or B occur and
its probability is given with (Equation 7):

Probabilityi Basic Concepts
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P(A8 B)=P(A)+ P(B) Equation 7.
Consequently, for series ofrhutually disjoint events As (Equation 8):

P(A 8 A 8 A 8..8 A)=P(A)+P(A)+P(A)+..+ P(A.

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):

P(A8 B)=P(A) + P(B) - P(A1 B) 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 hew event, realised by
elementary events thate in the intersection of A and B. The probability of this new
event is (Equation 10):

P(A1l B)=P(A)3 P(B) Equation 10.

Conditional probability
Often, we are interested in the probability of occurencanoévent 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 r e a desby definitiantofa b i | i
probability (the ratioof the number of favourable outcomes and possible outcomes)
gives (Equation 11):

P(A1 B)

PIAIB) =55

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
mems that the probability of event A gi
the area of set B. I n other words, it

Probabilityi Basic Concepts

METHODS AND TOOLS IN PUBLIC HEALTH 17



relatively to area B, and itisequaltororondi t i onal
sample space (complete set of elementary events).

probability

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 test Example 3.
colour blindness andesults presented in Table 1 were obtained
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 150f&kaminee of both genders were tested Example 3.
colour blindness and results presented in Table 1 were obtained cont.

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 mal
P(S| M)=P(SZM)/ P(M)=65/800
2. The probability that someone is colour blind, if she
female.
P(S| M )=P(SzM" )/ P(M" )=10/

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 colo
blindness in general population). However, we sho
notice that it depends on the population composition
proportionof men/women in the popuian!

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):

sensitiviy = P(O | B) = %
specificiy = P(O'| B') = %

Equation 12.

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):

FNR=P(O'| B) Equation 14.
FPR=P(O|B) Equation 15.

Bayes' theorem
Let 6s S u p P B,s By istatseries oBdisjoint events. It is necessary to
clarify that the particular sequence means that union of setsB...,k exhausted
or fill in the entire sample size i.e.;8B,Cé CB=U, and sincethe B are
mutually disjoint the sum of their probabilities is equal to 1, i.e.
P(B)+P(By)+...+P(B)=1.

If O is an event P(O}B is called likelihood (usually these conditional
probabilities are known P(OJBi=1,...,k) and then (Equation 16):

o(B [0)= P(0|§gv<s.)

Equation 16.

where (Equation 17):

P(0) =P(O|B) ®(B,) + P(O| B,) P(B,) +...+ P(O| B ) ®(By) 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,Biaygs'
theoremshows 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):

P(B 1
P(B |O) = % Equation 18.
as well as
P(O1B)
PO|B)=———" ;
( | |) P(Bl) Equation 19.

Probabilityi Basic Concepts
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From the above equations hence is follows that (Equations 20 and 21):
P(B 10)=P(B |0)3 P(O) Equation 20.
and

P(O1B)=PO|B)3 P(B) Equation 21.

Since left sides of Equations 20 and 21 are equal (interseci@mation is
commutative i.e. P(BEO)= P(O4B))), it follows (Equation 22):

P(B |O)@(0) =P(O|B)dP(B)
Y :
P(O | B| ) CP(BI) Equation 22.

P(B 0) ==

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

P(O) = P(O| B,) P(B,) + P(O| B,) ®(B,) +...+ P(O| B, ) ®(B,) Equation 23.

sinceB, i =1,é,k, are mutwually disjoint events
That is why all GE;, i=1,¢é,k are mutually disjoin

entire O (since O=EHB1CB2Cé CB k ) = ( @iBB2YCeé C(OAB,) and P(O)

is equal to the sum of probabilities PEB i ) , i=1,¢é,k) (Equation 24

P(O)=P(O1B)+P(O1B,)+..+P(O1B,) Equation 24.
If we put P(OEB;)=P(O|B)*P(B;) we will get above form for P(O) as follows
(Equation 25):

P(O) = P(0|B)) @P(B,) + P(O| B,) dP(B,) +...+ P(O| B,) P(B,) Equation 25.

Witht he wuse of Weecanp@sent this a ghownnm Figure 2 for k=4.
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0
\\\_/
B1 Bz B3 B4

Figure 2.Venn diagram for Bayetheorem.

For case k=2 there are two sets, B1 i B2 that are complementary, so we can write
B1=B and B2 =tBebrem is that Srplgst ferid looks like (Equation 26):

P(O|B) (P(B)
P(B|O) = - = i .
1O = 5618 ®@®) + PO 5) (B Fouaton 20
That is the form used as measure of tes

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

EXERCISE

Task 1
Try the following:
1 check that additivity of probability for disjoint events is only special case of
general additivity.
1 calculate the probability of complex events, "get a number less or equal to 3"
or "get even number" in the aboweentioned example with die roll.

fT calcul ate the probability of event "
different combinations of gemypes 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.

Probabilityi Basic Concepts
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Task 3

Please interpret the probabilities@| B ) , P(O| BO6), P(B) i P(BO®) .
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9 be familiar with basic statistical description of data (freque
distribution, typical values of distribution);
9 be familiar with basic epidemiologic description of data, and
9 be aware of existence of differentioat used in epidemiology.

Abstract

As in every other profession also in public health (PH) the research pi
(in this profession the research issue are different kinds of health pro
of a population and their determinants) takes a very importiet
Organizing and describing data is the very beginning of this process.

The module is describing basic principles of statistical
epidemiologic description of data

Teaching methods

An introductory lecture gives the students first insighthiaracteristics of
organization and description of data, statistical and epidemiologic.
theoretical knowledge is illustrated by three case studies.

After introductory lectures students first carefully read the theore
background of this module andomplement their knowledge wit
recommended readings. Afterwards they on provided data set in
perform two extensive tasks. They use computer programme to cor
their exercise. They are stimulated to compare results with results of
pair and écuss the differences.

Specific
recommendations
for teachers

1T work under teacher supervisi
30%/70%;

1 facilities: a lecture room, a computer room;

1 equipment: computers (1 computer 68 &udents), LCD projection,

acess to the Internet and statistical programmes (recommended
SPSS);
9 training materials: recommended readings or other related readir]
9 target audience: master degree students according to Bologna s

Assessment of
students

Written report on analysisf a given data set.
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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 (: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 progessedicine (i.e.
in clinical medicine, laboratory medicine etc.) and in fact represent very
important part of total process of Ismg health problems. The phases are as
follows (Figure 1):
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Figure 1. The levels of research process in public health.
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perception of a health problem,

description of the problem,

analysis of the problem,

searching for possible measure for solving problem,

the final definition of the measure,

testing safety and efficiency of the measure on human beings,
mass application of the measure on individuals,

observation of a longerm safety and efficiency of the measure.

ONoOUAWNE

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 lé¥#édure 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 tielaship between PH, epidemiology and
statistics is as follows:

1. PH isdefined as one of the efforts organized by society to protect, promote, and
restore the peopleds health. I't is th
is directed to the niiatenance 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. Epidemiologyin its broadeissense 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 probleni$,4,7). Statistical methods
represent one of the most powerful tools in epidemiology.

3. Statisticsis defined as the science and art of collecting, summarizing and
analyzing data that are subject to random variation (1). It is reprdseynta
huge set of different methods adequate for different situations. Statistical
methods take their role in (1,4):

1 description of health phenomenadescriptive statistics and are
used in descriptive epidemiy (activities to study occurrence of
disease or other healtelated characteristics in human population;
it is concerned in where, when and how frequent such phenomena
are), and

1 analyzing of health phenomendahe methods of analytical statisties
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
adequate structure for statistical analysis.
The appropriate structure is data mafdix This is the structure in which data
of all observational units and all observed attributes of units are organized in a table
(Figure 3. Thebasic 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 7 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.

COLUMNS
characteristics of
units - warables

CELLS
crossings of rows
and columns

el

],

et nheuy

ROWS
units of
obzervation

-

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 statisficg,8,9)

1. Statistical populatiori the whole collection of units of phenomenon under
study subjected to statistical methods,

2. Statisticaluniti every single element (member) of statistical population,

3. Statistical variable i every single characteristic (attribute, phenomenon) of
statistical unit under study,
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4. Statisticalsamplei a selected subset of a statistical population; it may be
random or nofrandom; may be representative or fiepresentative.

All these concepts are closely related to each other:

1 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 thattributes of their own. As these attributes can have different
values (they vary), we call them variables,

1 usually we cannot observe the whole population under study, so we draw a
sample from the population. In that case we describe first the sttistic
features of the sample and then we generalize them to the population.

il
f

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

MEMBERS OF POPULATION
{units of observation)

SAMPLE

Loood
Loood
Loood
Loood
(Rt e ISR
(R RN oo R4
SoOoos

POPULATION
CHARACTERISTICS OF
POPULATION UNITS
{variables)

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

The key concept in statistics is thencept of statistical variable or more
precisely the concept of random variabtevariate (1,10,11). According to Last et al.,
a variateis a variable that may assume any of a set of values, each wittaasigeed
probability (1).

Concepts, related to statistical activities
In statistics we can perform the following kinds of activi(i@®):

1. Statistical descriptioni 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 analysisthe process of analysis of relationsbigtween
dependenteffect) and one or several independeatises) variables (phenomena),
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3. Statistical inferencei the process of generalization from samplata 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 populatieve 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 descriptiorand inferenceare closely relatedotthe 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 value$ every single varide can take two or more different values,

2. distribution of variable values 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 t the number or the proportioof the whole group of
observations to be of each value out of all observations.

Classifying variables.The variablesor 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:

1 numerical variables variables, values of which are expegsdy numbers
(e.g. weight, number of patients per day),

9 categorical (qualitative, attributable) variables or attriblitegariables,
values of which are expressed only by description (e.g. sex),

2. Regarding the possibility of infinitive number of their \esduo:

1 continuous variabled variables with potentially infinite number of
possible values along a continuum (e.g. weight, height),

1 discrete variable$ variables values of which could be arranged into
naturally or arbitrarily selected groups of valugsg. number of
patients per day),

3. Regarding the ordinality of values to:

1 ordinal variables variables values of which are classified into ordered
categories (e.g. social class),

1 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:

9 dichotomous or binary variablésvariables with only two possible values,
often contain information of having the characteristic of@steor not,

1 polytomous variablek variables with more than two possible values,

5. Regarding the interrelationship between two or more variables to:
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1 dependent variableis variables values of which are depending on the
effect of other variables (independenariables) in the relationship under
study,

1 independent variabléis 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 putss#ichtion
on numerical and categorical variables in the central position and link it to all other
classifications, then we gegigure 4:
1 numerical variables are continuous or discrete, only ordinal and polytomous and
they could be dependent or indegent,
9 categorical variables are only discrete, dichotomous or polytomous, ordinal or
nominal and they could be dependent or independent.

CONLINUOUS et — = polytomous
discrete ——a— binary

| |— NUMERICAL |

:

dependent ordinal
independent norminal

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 vab&es into four main typesf
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 thisio 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 typeamother is possible but it is

not possible in the opposite waigure 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 designithe 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.

numerical continuous variables

the direction of
numerical discrete variables reduction of information

categorical ordinal variables
the direction of possibility
categorical nominal variables of transforming variables

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 ofvariable values are more frequent than the othehey 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 fibverecalled
probability distributions According to Last et al., probability distributicior a
discrete random variable is the function that gives the probabilities that the variable
equak each of a sequence of possible values, while for a continuous random variable
is often used synonymously with the probability density funciiothe frequency
distribution of a continuous random variable (1). We could roughly classify
probability distritutions into two groups:
1. Empirical probability distribution$ distributions observed in real situation,
2. Theoretical (mathematical) probability distributiond 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 (alhefih are families of similar
distributions, varying with regard to the number of observations) are (1,4,8,9):
f Studentés t distribution,
1 binomial distribution,
1 chi-square distribution,
1 Poisson distribution,
T Fisherds F distribution.
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Theoretical probabilitydistributions 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 trgeusl 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 descriptiai 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 ¢ 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 ngmarametric or distributiofiree method¢8,9,14)

Presenting Data
Presentatiorf datacould be numerical or graphical.
1. Numerical data presentatienrdered 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:

9 ordered series or an array (X:0arrargement of values of a variable in
order, usually from the lowest to the highest value,

9 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 frequerteyye 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 proportiqdecimal 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 cumulatiieequency. This is the number of units
with values less than or equal to each value. It could be expressed
also as a relative measumelative cumulative frequency.

The example of a frequency distributi@ngiven n 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 &lues, but not for all of them. The graphical data presentation is
thus obligatory.
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Basic graphical presentatioof 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 proportionahtofrequency of the value
it represents. It could be divided in two main forfhg},9,11)

9 ordinary bar chari the bars are lying separately; it is mostly used for
presentation of attributable data,

1 histogrami the bas 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 distributioAn example of
histogram is given in Case study 2.

9 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 n@w (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 (aoportion 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 udte ordinary one or histogram. Also the
entire area under every probability densitgvelequals 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 infeence 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. Regéndisgyfeatures they could be
classified in several way4,8,9,11,14)
1. Regarding the number of peaks to:
1 unimodali distributions with a single peak,
1 bimodali distributions with two peaks,
1 polymodali distributions with more than two peaks,
2. Regarding the shape of the peak to:
1 bell shapedi distributions in which extreme values tend to be less
likely than values in the middle of the ordered series,
9 uniformi distributions in which all values have the same frequency,
3. Regarding the symmetry to:
1 symmetrical,
1 asymmetrical,
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4. Regarding the inclination of the peak or skewness (when the distribution is not
symmetrical) to distributions with:
1 positive skewness$ distributions with an extended right hand tail
(lower values more likely),
1 negative skewnes$ distributions with an extended left hand tail
(higher values more likely),
5. Regarding the flatness or peakedness in symmetrical distributions to:
1 platykurtici distributions with more flat peak than in normal distribution,
1 mesokurtici distributions withthe similar flatness of peak as in normal
distribution,
9 leptokurtici 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 wld 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
parametic 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 kgpeciasummarymeasuresalled typical valuesr measures of locatiaf a
distribution or shortly measures of locatid8,9,11,14)
1. Types of typical values.
Themost well known typical values are the following 014%,8,9,11,1%

1 measures of central tendericyhe 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) the sum of values of a variable for each
obsevation, divided by the number of observations,

- mediani 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,

- modei the most frequent value in the set of observations

1 measures of dispersion or variation or spread of units around the centre
of the distribution:

- minimum and maximunt the lowest and the highest value of a
distribution,

- rangei the difference between the minimum and the maximum,

- variancei sum of thesquares of the deviations from the mean, in
population divided by the number of observations,

- standard deviatioh positive square root of the variance.

- subgroups, based on an array, with equal number of units; in any
case the number of quantiles is onesleghen the number of
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corresponding equal parts; centiles are dividing the ordered series to
hundredths and there are nineiipe of them, deciles are dividing it

to tenths and there are nine of them, quartiles are dividing it to
quarters and there are d¢ler of them (median is also a quantile,
dividing an ordered series to halfs); for describing the spread we
usually use quartiles {and 3% or certain centiles (J5and 7%,

We could classify typical values also in parametric and -non
parametric ones:

9 parametric typical valueis (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,

1 nonparametric typical valugsnot basing o 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 théowtisin 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 Cdgestu

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

Shape of Other important Typical values
distribution characteristics Measure of Measure of
central tendency dispersion

Symmetrical or Mean Standard deviation
almost symmetrical Minimum and maximum
Bell shaped
Slightly Large number of Mean Standard deviation
asymmetrical units Minimum and maximum
Bell shaped Small number of Median Quartiles

units Minimum and maximum
Strongly Only description Mode Minimum and maximum

asymmetrical

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
valuesat 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
parametersTo 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 areHigure6):
i statistics typical values in samples

- mean (average) of a Xample, usu
- standard deviation of a sampl e,
- proportionof a sample, uswually | abel]l
1 parameterstypical values in populations

- mean(averag¢ of a popul atiom, wusuall
- standard deviaton f a popul ati onso,usual |
- proportionof a popul ationRd.usually |
POPULATION
PARAMETERS

SAMPLE

STATISTICS

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

Strict distinguishing between statisticand parametersis 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 research is quantification of
frequency of health phenomena 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 6510153
The freqiency of a binary event could be expressed as:
1 an absolute frequenay
1 arelativefrequency.

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 imp@ant in health care planning (e.g. number of hospital beds needed

for treatment of certain group of health states).

broadest sense the ratio is a result of dividing one quantity by another (1,15,16). One
guantity is representing a numerator and the other a denominator in this relationship.

Relative frequency measurese defined as a ratibetween two data. In its

The term éeratio

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

¢ is

a g e neperentage; &a., @re o f

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

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

gro

ups (Figuré) (1,5,15,16):

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

1 proportion

9 proportionwith multiplier (e.g. percentage which multiplier is 100), and
i rate in epidemiologic sense or epidemiologic rate.
2. Ratios in which the numerator is not included in the denominator:

T rates as¢,e
 ratios in a narrow sen

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

data in Case study 3.

true
se.

rates

RATIO

in a broad sense

the numeratar 15 included

in the derjominator

the numergtor |5 NOT
included in the denominator

PROPORTION

RATE

as ‘‘true rate”

PROPORTION WITH
MULTIPLIER

{e.g. percentage)

RATIO

in a narrow sense

RATE

as “epidemiologic rate”

Figure 7. Types of relative frequency measures in epidemiology.

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

1. Proportion

Proportionis 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 ratiBréortion is
calculated by using following equaiti (Equation 1):
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. N
Proportion= —&vents Equation 1.
total

Nevents= NUMber of events of observed phenomenon (part of a whole)
Niota = Number of all possible events of observed phenomenon (a whole)

A proportion could be expfesgedi ans o
edeci mal fractiong (e.g. 0.5) (1).
By definition, a proportion (p), i/

A proportion is dimensionless since numerator and denominator have
the same dimension, obtained through algebraic canoellél). 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 b multiplied by a factor K (1,5,17). A multiplier is usually a
powerof1 100, 1. 000, 10.000é). Its role i
to a whole numbett is calculated by using following equation (Equation 2):

. N
Proportion,s, amultiplier = events K Equation 2.
total

Nevents NUMber of events of observed phenomenon (part of a whole)
Niota = NuMber of all possible events of observed phenomenon (a whole)
K = multiplier (100, 1000, 10.000, 100.

Which multiplier is to be used depends on a given situation (e.g. in WorlthHeal
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):

N
Percentages —2¥e's 100 Equation 3.
total
Nevents= NUMber of events @bserved phenomenon (part of a whole)

Niota = NumMber 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. Ratein a classic epidemiologic sense.
Before trying to explain what means the
sense¢ we need to di scusepdemiolegisttrate m éer at ¢
means how fast something is happening or going, for example, the
speedometer of a car indicateeth car 6 s speed or rate of
kilometres per hour (5). This rate is always reported per some unit of time.
Consecutivel vy, some epidemiologists rest
measures that are expressed per unit of time. For gépédemiologists, a term
eratec¢ describes how quickly disease oc
convey a sense of the speed with which disease occurs in a populatBuat(5).
this kind of ratio is a ratio in which the numerator is not included in the
denominator and it will be discussed later.

Ot her epi demi ol ogi sts use the term e
proportions with case counts in the numerator and size of population in the
denominator as rates (5). For this kind of ratios we are usingthe m éer at e i n
classic epidemiologic sensecg. I f these r
time, they are calculated asproportion with multiplier an@dpecified period of
time as a compulsory elemdpny using following equation (Equation 4):

Neventén aspecifiedtime period) 5 K

N

Ratg pigemioigic = Equation 4.

total

Nevents= NUMber of events of observed phenomenon (part of a whole) in a
specified time period
Nitas = NUMber of all possible events of observed phenomenon (a virhatlelsk
for occurrence of the event at the beginning of a specifiedp@ried
K = multiplier (1200, 1000, 10.000, 100.000c¢

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 componéntot always referring to a
period of time in which the outbreak of new cases of health phenomenon under
observation is followedip. Sometimes is referring to a number of cases in a
specific point in time (Equation 5):

Ncase(;in aspecifiedpointof time) 5 K

Rat%pidemiolgic = Equation 5.

N total

Neases NUMber ofevents of observed phenomenon (part of a whole) in a
specified point of time
Niota = NumMber of all possible events of observed phenomenon (a whole) in a
specified point of time
K = multiplier (100, 1000, 10. 000, 100. 000«
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An example of this kind of ratis 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 kindrafasures are
essential for comparing health phenomena between different populations (1,12).

Ratiosin 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 ténwe rate In others,
the nunerator and denominator are different categories of the same variable. We use
the termératio in a narrow sengdor this kind of ratios.
1. True rate
This kind of rates refers to ratios representing changes igjtantities, where
the two are separate and distinct quantitiesits precise usage tate 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 odtio 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. Ratioin a narrow sense
There exis also ratios that could not be classified in none of the previously
presented ratios. For example, in epidemiology ratio in wthehnumerator
and denominator are different categories of the same varsafdther frequent
kind of measure. It could bengply the ratio betweemales and females, or
persons 229 years and 339 years of age (5)he other example is a ratio in
which we are relating events of an observed health phenomenon-avewots
(ratio between the number of people with observed qimemon and the
number of people without i(Equation 6):

. N
Ratio= —-=2vents Equation 6.
non-events

Nevents= NUMber of events of observed phenomenon (part of a whole)
Nhonevents NUMber of norevents of observed phenomenon (part of a whole)

Calculation of this kind of relativérequency 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 crossectional or longitudinal
Crosssectional studgxamines 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 crossectional studies we are usually studying the frequency of
all cases of observed phenomenon, wiileongitudinal 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 observatidn 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 iseddent 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 conget s ar e the <concept of ffout com
Afexposureo.
1. Outcome
Outcome isany 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 d{¢eb5s4g).

Case, control and cohort
Ot her i mportant conceptstaaerecbheepbdbnoéptfisocd
concept of Acohorto.
1. Case(casepatient)
In epidemiology a case is mostly defined a person identified as having the
health condition under observatidh4,5,7.
2. Control(control person)
Controls are a group of persons with whom comparison is made in certain
types of epidemiola@@ing rot gdisesud( esg.anidn
clinicdgl). trialscg)

3. Cohort
In it broad sense, t ldesignatedrgroup ofpérsomst ¢ d e s
foll owed over a period of ti me, as in a

types of cohorts in this sense (1):
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9 fixed cohorti in which no additional membership is allowed after
beginning of the study, an

9 dynamic cohorti 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 probafidkyand odds.

1. Probability.

In a statistical sense probability is quantification of likelihood of an event
or aquantitative description of the likely occurrenckaoparticular 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 relaive frequency,defined as a ratitbetween number of events
and total number of all possible events (Equation 7) (1,9,20):

— Nevents

pevent_ N

Equation 7.
total

Peven= probability for occurrence of observed phenomenon
Nevents= NUMber of events of observpldlenomenon (part of a whole)
Niota = Number of all possible events of observed phenomenon (a whole)

In fact it is a g a(nwmerfataort yipse iénpcrlouy

and as such could be expressed as a vidgetion 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 Caaglgt3.
2. Riskin 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):

Rstatistica = Pron even™ 1~ Peven Equation 8.

Raatisicar = riSK in a statistical sense
Pronevent= Probability for nonoccurrence of observed phenomenon
Peven= probability for occurrence of observed phenomenon

This measure could be expressed as a vulgar fraction, a decimal
fraction, or a as percentagevasll.
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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%.

. Riskin a classic epidemiologic sense.

I n an epidemiol ogi c s difiesent. Ittisllefined asfai n i
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 epidaiogy, the termé r i is geperally
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 epidemo usage, risk is a
conditional probability, because it is the probability of experiencing an event
or becoming a case conditional on remaingag risk; (eligible to become a
case) andéin viewg (available for the event to be detected) (5,18).ts
narowest sense is related to the incidence concept.

Rinfavourate healthoutcome= Punfavourate healthoutcome Equation 9.

Runfavourable health outconte MiSK for an unfavourable health outcome
Punfavourable health outconie Probability for an unfavourable health outcome

This measure is presented in detaila separate module in this book.

. Odds

Odds are defined as the ratio of the probability of occurrence of an event to
that of noroccurrence (or the ratio of the probability that something is so to
the probability that it is not so) (1) (Egtion 10).

Oeventz M Equation 10.

1- Pevent

Oevent= 0dds for occurrence of observed phenomenon
Peven= probability for occurrence of observed phenomenon

In epidemiology|f we define the probability of occurrence of an unfavourable
event as a risk, it is also defined the ratio of the risk of occurrence of a
disease to that of nemccurrence (Equation 11):

o _ I:eunfavourate healthoutcome .
unfavourate healthoutcome™ 1 Equation 11.
- |%mfavoural:a healthoutcome

Ounfavourable health outconie 0dds for an urdvourable health outcome
Runfavourable health outconte MiSK for an unfavourable health outcome
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As in the presented equation the qua
included in both, numerator and denominator, it could be reduced through
algebraic cancellation. In this case we get a new equation (Equation 12):

N

events

Ouvent= Equation 12.

Nnon—events

Oevent= 0dds for occurrence of observed phenomenon
Nevents= NUMber of events of observed phenomenon (part of a whole)
Nhonevents NUMber of norevents of observggthenomenon (part of a whole)

From this equation we can clearly see
a nar r o-wunemtarssed included in denominator, &mel 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):

1 when we are observing tipeesence of exposure in casantrol studies
we cal cul addds ,éexposur e

1 when we are observing in a cresectional study the frequency of all
cases of a disease versus all wcases we are talking about odds for

havingadi sease in a specifieddgpoi nt o

1 when we are observing in a longitudinal study the occurrence of new
cases of disease versus ramturrence we are talking about odds for

getting a disease ina speeifdi peri od of-oddé mawhbec h é

are the estimate of riskdds in the sense of incidernodds (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 Q1 interval, odds can be any nonnegative number. The logarithm of the
odds can therefore be any real numbghe natural logarithm of the odds
(called theélogitc) is relatively widely used in biostatistics and epidemiology
(8,18,22).

Application of frequency measures in epidemiology
Both, absolute and relative frequency measures representbabie tool in
epidemiology. They could be classified in three big groups of epidemiologic measures
(1,4-7,16,18,19,239) (Figured):
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Figure 8. An overview of frequently used measures in epidemiology.
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