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Learning objectives

By the end of this lecture, the students will be able to:

Understand the meaning of epidemiology

Know the importance of disease measurement and methods to measure
it.

Calculate different disease measures.

Realize the difference between disease incidence and prevalence
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Definition of Epidemiology

5 dase
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> Epidemiology is the study of the frequency, distribution, and

i C//,\ v, .
determlnants of diseases and health-related states .in populatlons

to prevent and control disease,
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Measures of Disease Occurrence and
Frequency

Measures of disease frequency in mathematical quantities:

e Counts

e Ratio

* Proportion
¢ Rates

Measures of disease frequency in epidemiology:

=L —\

5 s, ru,,(@_..

® Prevalence —
* Incidence —
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Measures of disease frequency In
mathematical quantities:
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1. Counts: u—\_is.élé;}}‘b-u,‘ \(E.p 33%))

* Definition: The simplest measure of disease occurrence. The absolute number of persons who

e ] ol LA SIT sandl gty (oA (bl By o Jacus] ot

have a disease or characteristic of interest. Bumiledi

gl 5f OISl sams 0l Lo g ekl uie aidt oS Tiad Ll giay

R Adla 3000 = s A Loas o8 [laY ] oY s sae
Examples . = 2022 41 2020 e dss i LigysS ¥ la sse (Jlaa)
AL 100000

A. Counting the number of flu cases in a city over a month (3000 cases).

B. Total COVID-19 cases in a country from 2020 to 2022. (100000 cases)

ol (numerator) dawadl s (5 4o 5,08 (2 Ratio I

2 Y R a ti 0: .(denominator) a3/ ;s 23 "\} - /_:\\ .

oA oo ELe aaall G G i

- Definition: A ratio is a fraction in which the numerator is not part of the dénominator.

. . a
‘ FormUIa Of ratIO IS E (where a and b are independent of each other)

Example: D eba e
© Male-to-female ratio in lung cancer cases. (200/300 cases)
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Definition (& y2ill): !
‘ags 38 aag La oI Ratio Jf o = ls £ 55 o2 Proportion : 8
.(numerator LJ subset of denominator) plAl (0 ) Jacuall (5] 0

3. Proportion el

DS o exa i ¥ % Fasie LS (245 Lils @

* Definition: A proportion is a type of ratio in which the numerator is a subset

of the denominator, representing a part-to-whole relationship. Always

presented as a percentage.

SR b‘»‘\\
-2 N
X 100 == x100 hal <

number of cases

* The formula of Proportion =

—

(Where the total population includes both those with and %yithout the condition)

total population

- Example: From 1000 females aged 16 — 45 years, 675 use modern contraceptive methods.

The proportion of those who use modern contraceptive method?

: 675 x100
* Proportion= 000 =6.75%
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Definition (i y2ill):

O
4. Rates: e ) i T

.Buaans duiia)y 8,48 Plag HlSudl (4o aass
Lo Gy mlatl i (e (a5 i o] i 850 S s sins (0

* Definition: Is the measure of an event, condition (disease, disability ,oré

= 33\ v".;)

5L u— lany

death), within a unit population and within a time perioa’.d> -

Formula: Rate— DNumber of events in a population <k

Population at risk during a given time

* Number of events: the occurrences of the health outcome (e.g., new disease
cases). ———

1. Number of events (&faa¥l sas):

* Population at risk: includes only those who are susceptible to the condition. ey
i

 Time:isincluded to reflect the period over which the events occur. ¢ ot s 5

* kisthe constant (e.g., 1,000, 10,000, or 100,000) o g et S G

3. Time (3 gl):

Example: BN

4. k (culs):

. 5 heart attacks e e

Incidence rate of heart attacks: = W x 1000 = T

(Bandly Sl pnn oaas)

2.5 cases per 1,000 people per year
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Distinguishing Proportions, Rates, and Ratios

( Measure )

( Examples )

the denominator?

Is the numerator included in

Is time included
in the denominator?

Rate Proportion

Incidence Prevalence
per 1000 p.a. per 1000

£

Ratio

Male : Female
incidence ratio



Measures of disease Frequency in
epidemiology

There ar-e tWO main measures Of Measures of Disease
disease frequency: Frequency (sl ot
U
et ]
Prevalence Point prevalence

Prevalence (yLiisy)
(oasd T 8aa &Y s else) O Omabeall GolAY) sas oS uii G
Aae 88 YA T e ey (08 a5l dea” uliBe g2

Types of Prevalence:

Period prevalence

A. Point Prevalence (U=3u1/ jLuuih)

ass daad (08 puball o laus¥l sae
17172025 a5 Jis 6

Incidence Cumulative incidence (risk)

B. Period Prevalence (&,54lf ;Lisf)

e 3558 s el o311 add ugaadl cYladl vas fouid B0

weaniaes |NClAENACE rate

**A, Cumulative Incidence (Risk)

0 oS Lol Jans / 555kl

Ak 853 DA G2, pas sl Gl o JLal o

s 7l sl QIS e ssing of

(il 0155 T o 5201 oS Faall Jals il st ¥ o/
B. Incidence Rate (<39l Jaxs)
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A. Prevalence S———

DEFINITION (i yacili):

“Prevalence (&iias duaus Wl 9i ABLe| 91 (pas (20 aguad (addl gaiall (o8 a8 sas yuadi 94

- DEFINITION: S

dagaa 9f dagad ULl cilS elsa— Y1 pa k) saie (adid aS Ll (gl
“Prevalence is an estimate of individuals in the population with a given disease,
o oy e o o o o A J, ‘ )
disability, or health state at a particular point in time.””> """ ~ =

* Prevalence 1s a proportion and should usually be reported as one. Denominators in
prevalence always include the entire population; the numerator encompasses both new

vy =]
and old cases. .- P e Prevalence oe tage paua
. él;.} \ --‘ -(}(‘l T v/ Prevalence ga Proportion ({aw)
- Categories of prevalence: JEEpe = e e 5 ot
- / Denominator (slall): (yl<cad! Jols
1. Point prevalence i
. bl e i .ujsgywmuamvuu@immwmmﬁ. )
2. Period prevalence M Sise. ¥ Numerator o) Ssssatls assitl el

Ol Jols = alal
.Point vs Period (e g3 saaa i gl )
bl o6 slany LaadS — (usl Geal AT o iy G die Gliss oIS jadid 13 giay
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What does Point Prevalence means ALL. (Pre existing + New)

Prevalence measure?

Haad o8 (2,0 9529 et |
133 sualy
Jie

o Aftempts to measure disease at one point in time.

olaieyl
e s e J5Y 1 Eganad|
(Col6 Uass s Lyuie | 15])

4 oA Snapshot 1L 5,53 Point prevalence =

Saans daat
Number of cases of disease at a point in time
Total number of people in the defined population at the same point in time

1000 LiilSn sue L35 o s )l Glns Linadid 50 olia IS 1/1/2025 ag o

\text{Point Prevalence} = \frac{50X1000} = 0.05 = 5\%
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Among 10000 population. We found 50
with Type 1 Diabetes Mellitus (T1DM).

Calculate The Prevalence‘¢

The prevalence is 50/10000= 0.005=0.5%



Definition (& ,2ill):
gl Jad i et e 8y Ble) B Gupie) 5,18 JMA 089 (5T (o8 0L gl OIS (il GoLAUY sas sa
oy
84l Jals oyaial L3Il (Pre-existing) dasadll syl .
S5l Y oyl o1 (New) Sagaadl ciyfladl
numerator 1 e aeand 5,5800 JMA aalg agal 819 ookl aile G parti gl

— $
Number of cases of disease at any time(during a specified period\ (usually short)
Total number of people in that defined population

Period prevalenc =

> Point prevalence represents a single moment in time (e.g., how many people have a
disease on January 1st). Pre-existing cases present at the specific time point
> Period prevalence covers a time frame (e.g., how many people had the disease at

any point during launna ,.g.E .doirep eht gnirud sesac gnitsixe-erP .(2023
.etar ecnelaverp

+»» It describes the prevalence of disease over a period of time.

K/

s When the type of prevalence rate is not specified, it is usually point prevalence.

’I.\e dago blaa

+ Period prevalence describes the prevalence over a time perio.

< If the type of prevalence is NOT specified — we assume it is Point Prevalence.
dago Hlaisl Bucls sin



Prevalence divided into two types:

12— C_\;-‘\a. r’L—d‘

01/01/2009 31/12/2009

Point prevalence

01/01/2009: case No. 2,4, 5

31/12/2009: case No. 6, 7, 10

Period prevalence between 01/01-31/12/2009:
Case No.2,3,4,5,6,7,9, 10
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Factors influencing prevalence

Increased by: Decreased by:
perwJ“‘f J,’J' . :_y()=
wrose e &s  LONQEr duration of the disease (chvoni ) Shorter duration of the disease |
d 4, .S )
Prolongation of life w; y | High case-fatality <o dhiges
of patients without cure i rate from disease

Increase in new cases» &0 Decrease in new cases I Zas
(increase in incidence) (decrease in incidence) “13:

- - Y v e&)\a\' H - ’
In-migration of cases™=> g, WP ¥ o8 In-migration of healthy people, L -
Qut-migration of healthy M@s‘—; LOut-migration of cases ad
In-migration of susceptible people @proved cure rate of cases \

Improved diagnostic facilities} A6 oy ey

(better reporting) j
........................................ a’ug&bamk{}\yi(al

m:}d __________
Lo 330 couses 4, (3 &



" \DO;J @
Incidence (dusaadl duloay ! / (o4 Esgaan
Oxamurokis()s! o (Bazandl Lyl / (20 &i9aa)
.y — 55t B. Incidence .
’o\y = § o Incidence Sussss &uia) 3,38 JUA ulall (3o s gans o8 Ll ol 18 Susaadl SYLall sus Gunds,

f EJ sanll cdsll JYA 850 J oY G AL Csl padd oS 8yai () Wi pia
O“ow (‘P . .
= Jncidence measures the number of new cases or new events of disease that

ST develop 1n a given population during a specified time period.
5 €Ly 3mas wss

1o determine incidence, it 1s necessary to follow prospectively a defined

= 3 2
W ILT S

s ks group of people and determine the rate at which new cases of disease

, sIncidence uwds iss
ap Ee I. Categories of Incidence (ua,l/ &igaa g1 931): HPN R o RENpUIRY]

**41, Cumulative Incidence (Risk) @J_&:w“ JSdis E

Categories of incidence: sl g g Tt
oo Ly 8 o GRALS o e o] JLaial s T e

oo i) aaad A0 518 daalie le adiay ST Dl JA T a3l 3AL Y "e.b:t‘s\:\.o;ﬁl)_;g);_q”d)l;\/ :

1 C u m u | a t ive i n C i d e n Ce ( ri S k) **2_ Incidence Rate (Incidence Density) L XYREN [ (BN E
Fegaall Juas / BE Juss 2506 Joxo ulis ga Cingll oY i

Sugaall el goel Boyus pus o2 dgag Gy a1

.(person-time) ,hall cad 5,8 JS slas @il ladll el jLae¥] cpay 3AG

2. Incidence rate (Density) e R R e
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-~ S\e\ @y Py =K YL w\i-i,v‘ufi
Definition \(\EK‘J"I FUly 2 S0l . . . e J
S y2ill):
= Cumulative Incidence (Risk)
aj.\aﬁl:dﬁ‘?
J’;j::“j;‘f > The cumulative incidence (Cl) is a measure of the probability that a
Basas te gana, ‘I’I particular event (the development of a disease) will occur within a

defined period in a specified population.

> Cumulative Incidence (Cl) or Risk is defined as the number of new

I|\'. cases divided by the total population-at-risk at the beginning of the
follow-up period. .
Bl s Bye JgY liopes i £

.(New cases) susaadl c¥ladl gls 183 saiay o/

oy (o8 Hhall (sl Glseull gle saisg o/

aalal

CI is a proportion

Al o Jass ¥ = Lladl o6 Glas IS Gans T 6

Hnew cases

> Risk = x10"

total # of individuals at risk
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... 'WhO 15 the population at risk (FAR)?

2L | galeas (i
33410 UA

ey ¢ The total number of people who are swusceptible to
Loyl e L glons
e palasi . . . - .

“wwim  developing the disease or event being studied during a
sty T -
mmtose Specific period.

disease

- It includes only individuals who are disease-free (or event-

free) at the beginning of the study and capable of developing
't Jadall Jlhe
It 12000 Ll ssc L)3 o

) Siis Gyl agudl 4225100 -
(2L Clay @il suaall dI5) cani M) WLyl sl 0505 5 (an s 50

HOW to caICUIate PAR? \tex{PAR} = 2000 - (100 + 50) = 1850

Codl
Population at Risk = 1850 Ladiis

- Population at Risk = Total population — Not at risk individuals
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Who is NOT at risk?™ ™" """

ng,\:o_(\pb;(;
Dy we F oo
—P Sy
1. People already having the disease at baseline
N =, wg
=b b @l yp, w L

2. People immune to the disease (e.g., vaccinated or  — «c % =

W

genetically immune)

3. People not exposed to the risk (depending on the study
el Gl u@:ﬂyu@iﬁ

defl nltlon) a ] (& 525 i "eXpOSEd gy ¥ a3 guaall s = padll e @l Gyl Glaye e Dby o8 0

4. People incapable of developing the disease (e.g., men for

Blayl e Gayald yud Gaglon palasi v

1 Jtis
cervical cancer) NET R
S G bl e Eealys (0 aghyle ST il alasyl
B gyl 5Ly e Tl (od JLALY
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Examples

Example 1:
- A village has 1,000 people at the start of the year, and 50 already have diabetes.

- Population at risk = 1,000 — 50 = 950 persons

+ If 95 new cases develop during the year: Calculate CI?

95

Cumulative Incidence = e 0.10 = 10%

Example 2:

A study of lung cancer among smokers, 2,000 total adults, 600 are non-smokers (not exposed),
100 already have lung cancer. If you study incidence among smokers per 10 years, calculate PAR?

* Population at risk = 2,000 — 600 — 100 = 1,300
+ If 10 new cases developed in that period, calculate CI?

- CI=10/1300=0.008 ,0.8%
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Ve @

wyst  [ncidence rate = incidence density =™
SR N J"’:é'"’l'so-’" — S s =Y pp S (g |

ey pay ALy oY

whissiasl o Measures the rapidity with which new cases are occurring in a population.

T oball (25 sy
e&eiﬁae“etﬂé:e.'iﬁu L\t“—”}'f ng;}@' SS 05 = peisen
o "~ + Away of taking into account time in the study, i.e. person- time at risk

erson-

Time (=39 : . : : :
saaall © Unlike cumulative incidence, which considers new cases over a fixed
p2yd
A period, the incidence rate accounts for the exact time each individual is

Lol @l ¢ gona 5
o ayd JS Lalas il .
Jswswis  observed (useful when follow-up times vary).

K1gas 91 oy gl

Losic uds og olldl
wanedev e The rate at which new cases of a disease arise
Byl paliy pgins
Lule s
uL@eH—m’-’\/
iline oy od (b
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Incidence rate = incidence density

: Number of new cases during the study period
Incidence Rate (IR) =

Total person-time at risk

The sum of the time each individual was observed and at risk of developing
the disease (measured in person-years, person-months, etc., depending on
the study).

* Example:
A study tracking a disease in 100 people, with follow-up times that vary:

* 60 people are observed for 1 year, 30 people for 2 years, and 10 people for
3 years.

* The total person-time would be (60x1)+(30x2)+(10x3)=60+60+30=150
person-years.

* |fthere are 15 new cases during this period, the incidence rate would be:

* Incidence Rate (IR) = 1502&3?}5’%” = 0.1 cases per person-year
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A study followed a population of 150 smokers for one year, and 25 had lung cancer at the

start of follow-up, and another 15 new cases developed during the year.

1) What is the

_ pp = (25+15)/150 = 0.27 or 27%

prevalence for
the year?

2) What is the

point prevalence — pp — 25/1 50 — 0_17 — 17%

at the start of
the period?

3) What is the

cwmiaive ~ — Cl = 15/125 = 0.12 = 12%

incidence for the
one-year period?
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Relationship Between Incidence and
Prevalence

* Prevalence depends on two factors: the number of people who have been 1ill
in the past (previous incidence) and the duration of their illness. If incidence
and duration have been stable over a long period, then:

* Prevalence = Incidence X Duration of Disease

» If incidence increases — prevalence rises (if survival remains constant).
» If duration shortens (due to cure or death) — prevalence decreases even if
incidence 1s high.

» If both incidence and survival increase — prevalence increases markedly.



Practical Use of
disease incidence

Measure

and prevalence in Area Used Example
Decision-Making o Detecting outbreaks,
Infectious disease : : o,
Incidence evaluating vaccination
control
programs
Chronic disease :
Prevalence Planning long-term care

management

Combining incidence
Both and prevalence data for
setting priorities

Health policy
formulation

Determines need and
Incidence frequency of screening
(e.g., cancer)

Screening program
design
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