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Measures of disease 
occurrence

Lec. 9 

MED 410

Dr. Ola Soudah

Measures of disease occurrence are 
needed to estimate incidence and 
prevalence in certain populations, in 
order to decide the best study design for 
these measures, and what factors affect 
these measures.

For a better understanding, 
please listen to the 
recordings.



Overview
Proportions
• It is the number of (a) observation with specific characteristics 

divided by total number of the observations in a given group.

• Example: (a) represent the number of diabetic patients in 
Jordan , (b) represent the non-diabetics patients in Jordan. 

Proportion = a / (a+b) 

• Note that:
• a= diabetics number
• b= non-diabetics number
• a+b = n (total population) 

The general rule: Group or part of the 
population divided by the total number 
of population.



Percentage = Proportion x 100

You can multiply the proportion by 100 to get a percentage, 
or by 10n





Figure 5.1

Looking at ethnic origin, white people have two groups. Group 1 has cervical 
pessary and group 2 is the expectant management group, and the total number of 
white people regardless of the sample is 107+110, which equals 217.

Let's calculate the Column Percent:

The total number of column is (n=190), so 
107

190
∗ 100 = 56% which means 56% of 

cervical pessary group were white people.

Now what is white people percentage who had cervical pessary? Here we calculate 

Row Percent, so the row total for white people is 217, then 
107

217
∗ 100 = 49.3%



Rates 

• Rates are similar to proportions except that the 
multiplier (eg. 1,000  , 10,000 , 100,000) is used, and 
they are computed over a specific period of time. 

• The multiplier is called the base            .

Rates = Proportion x base  or   ( a / (a + b) ) x base 

The most commonly used measures in descriptive 
epidemiology to calculate health burden due to 
certain disease or health outcome. 

Note that:
a= diabetics number
b= non-diabetics number
a+b = n (total population) 

Example: 1 per 1000



Rates have the same concept as proportions but are time bound.

Example of rates: To figure out the number of Diabetic patients during 2022.

You should know that the more common the disease, the less the base and the 
rarer the disease, the more the base.

For example:

1- Diabetes is 1 per 5 Persons 

2- A certain rare disease is 1 per 100000

Regarding the population in rates: You can restrict the total population at risk. For 
example: The rates of cervical cancer screening for women who live in Irbid. Here 
the restriction was by geographical area.



Population at risk

• An important factor in 
calculating measures of disease 
frequency is the correct estimate 
of the numbers of people under 
study (Denominator). 

• Ideally these numbers should 
only include people who are 
potentially susceptible to the 
diseases being studied. For 
instance, men should not be 
included when calculating the 
frequency of cervical cancer.



Figure 2.1

The total population of Jordan is 10 million, and the current female 
population is around 5 million, so to calculate the frequency of cervical 
cancer in Jordan, we should exclude men, because its only restricted to 
women. Then we should check the age group at risk. Cervical cancer 
risk starts at age 26-69. These are the people at risk or the population 
at risk (Denominator).

Example: Calculate the rate of women who had cervical cancer 
screening?

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑤𝑜𝑚𝑒𝑛 𝑤ℎ𝑜 𝑑𝑖𝑑 𝑠𝑐𝑟𝑒𝑒𝑛𝑖𝑛𝑔

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑟𝑖𝑠𝑘



Measures of disease Morbidity 
Prevalence is a rate because a time 
factor is included.

The incidence is restricted to the 
newly diagnosed (new cases).



Prevalence

• Prevalence is defined as the number of affected persons present in 
the population at a specific time divided by the number of persons in 
the population at that time. 



Types of Prevalence

Point prevalence: number of people with the disease at point of time.

Period prevalence: Number of people with a disease over period of 
time, the denominator is the average of the population size during 
that period of time (accounting for dynamic population). 

1-At a very specific time.
2-Total population (denominator) is 
determined by the number people at that 
time





For the Figure above:

The prevalence at a specific point of time (Point Prevalence): 2/10

Period Prevalence: 5/10, and if one of the individual died its 5/9

Period Prevalence is taken over a period (1 year for example).

For dynamic populations, take the average of the population size (mid 
point) , during that time period.



How can prevalence be affected by disease 
duration? Disease duration: how long the patient has the 

disease.



Notes for the figure above:

Prevalence increases as the disease duration increases and vice versa.

Acute Disease figure: No cases were found (Point Prevalence=0), so 
prevalence is a good estimate for disease with a long duration of time.

Prevalence is not preferred to be used for infectious diseases, use 
incidence instead for more accuracy. 



Factors determine prevalence 

• The severity of illness (if many people who develop a disease die within a 
short time, its prevalence is decreased); 

• The duration of illness (if a disease lasts a short time its prevalence is 
lower than if it lasts a long time).                increases the numerator  

• The number of new cases (if many people develop a disease, its prevalence 
is higher than if few people do so).                Affects the denominator 





Incidence                𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒏𝒆𝒘 𝒄𝒂𝒔𝒆𝒔 𝒐𝒓 𝒏𝒆𝒘𝒍𝒚 𝒅𝒊𝒂𝒈𝒏𝒐𝒔𝒆𝒅

𝑻𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒑𝒆𝒐𝒑𝒍𝒆 𝒂𝒕 𝒓𝒊𝒔𝒌
* 𝟏𝟎𝒏

• Incidence refers to the rate at which new events occur in a 
population. 



The prevalence is always greater than the incidence in that same 
period. But if the time period is not matching (different), incidence can 
be greater than prevalence.

Example: The prevalence of Covid-19 patients in 2019 is less than the 
incidence of Covid-19 patients in 2020, but the prevalence of Covid-19 
patients in 2020 is greater than the incidence of Covid-19 patients in 
2020. 



• Cumulative incidence is a simpler measure of the occurrence of a disease 
or health status. Unlike incidence, it measures the denominator only at the 
beginning of a study.  

Incidence rate person time is used when the population is highly dynamic. 

Used in Cohort and 
clinical trials studies.

The total number 
of population



Cross-Sectional survey



Relationship between incidence and prevalence

Prevalence = incidence x duration

Epidemiologist’s 
bathtub





Table 2.2

Incidence can give me a view to the future. Its useful for preventive 
services (preventive medicine). 

Incidence also takes the severity of the disease into account (how 
severe the disease is), while prevalence won’t.





Question 6

Incidence rate of active TB cases 
26

183000
* 100000 = 14.2 

(14 per 100000)

Answer is B

Question 7

Prevalence 
264

183000
* 100000 = 144.26 (144 per 100000)

Answer is C



Measures of mortality (Mortality rate)

• The death rate (or crude mortality rate) for all deaths or a specific 
cause of death.



• Age-specific death rates 

• Infant mortality 

Age-specific death rate and infant mortality both are considered as health 
measures by the WHO.



Example: The death rate in Africa is high compared to the US.

Indications: 1- Bad health care system in Africa.

2- Higher birth rate in the US.

3- Poor disease management in Africa.

Example: Infant mortality rate high in Africa compared to the US.

Indications: 1- poor infant care in Africa

2- poor maternal health care in Africa (Prenatal and 
postnatal care).



• Maternal mortality rate The maternal mortality rate refers to the risk of 
mothers dying from causes associated with delivering babies, complications of 
pregnancy or childbirth.

Gives indications about 
health care related to 
labor.



Case fatality (CFR)

• Case fatality is a measure of disease severity and is defined as the 
proportion of cases with a specified disease or condition who die 
within a specified time. 

Case fatality rate is used for: 1- infectious diseases (mostly)

2- Chronic diseases

It is the most important 
measure that indicates 
the severity of a 
disease.



Check the denominator ….





• Other population health measures:  
• Years of potential life lost (PLL) based on the years of life lost through 

premature death (before an arbitrarily determined age).

• Healthy life expectancy (HALE)         Takes Life expectancy and Death rate into account.

• Disability-free life expectancy (DFLE)         The number of years a person lives without 
being disabled.

• Quality-adjusted life years (QALYS)             Physical activity, exercise, diet, mental health.

• Disability-adjusted life years (DALYS)             Takes Death rate and Disability rates into 
account.

• It combine duration of life with its quality.

Note: The higher the Life expectancy, the more chronic diseases and the higher the 
disability rates.



Comparing disease occurrence

• The risk difference is the difference in rates of occurrence between 
exposed and unexposed groups in the population.

Difference

The risk difference 
between the incidence 
rate of stroke in women, 
who smoke, and the rate 
of stroke in women who 
have never smoked, is 31.9
per 100 000 person-years.



Risk Difference: is the difference between the exposed group to a 
certain risk factor compared to the unexposed.

Table 2.4

To calculate risk difference:

Firstly, we calculate Incidence rates of strokes for: 1- People who never 
smoked which is (17.7).

2- People who smoked which is (49.6).

The Risk Difference is 49.6-17.7= 31.9          This number gives us an 
idea that there is an association between smoking and strokes.



• The population attributable risk (PAR) is the incidence of a disease in 
a population that is associated with (or attributed to) an exposure to 
a risk factor.

• This measure is useful for determining the relative importance of exposures for the entire population.
• It is the proportion by which the incidence rate of the outcome in the entire population would be 

reduced if exposure were eliminated.

Gives the risk compared to the populationTo understand 
associations



Table 2.4 

To calculate Percent reduced if the exposure was eliminated

PAR =  
𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑎𝑚𝑜𝑛𝑔 𝑛𝑜𝑛 𝑠𝑚𝑜𝑘𝑒𝑟𝑠

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
* 100

To calculate Percent increased

PAR = 
𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 − 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑎𝑚𝑜𝑛𝑔 𝑠𝑚𝑜𝑘𝑒𝑟𝑠

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑖𝑛 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
* 100



• the attributable risk of smoking for stroke in the smokers is: ((49.6 –
17.7)/49.6) ×100 = 64%.



Measures of associations
Ratio 
• It is the number of (a) observation with 

specific characteristics divided by the 
number (b) of the observations without 
the given characteristics. 

Ratio = a / b   or     a / ( n – a )

• Note that:
• The numerator is not part of the denominator. 

Usually 
used to 
calculate 
risk ratios 
like Odds 
ratio (OR) 
& relative 
risk ratio 
(RR).



Example: Comparing number of smokers relative to nonsmokers

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛𝑠𝑚𝑜𝑘𝑒𝑟𝑠

Both numerator and denominator are two different groups.

And if Numerator = Denominator, then the ratio equals 1, which means 
no association. 

My reference population should 
always be in the Denominator.



Relative Risk (RR)
• The relative risk (also called the risk ratio) is the ratio of the risk of 

occurrence of a disease among exposed people to that among the 
unexposed.

An RR = 1.00 means that the risk of the event is identical in the exposed and 
control samples. (no association)
An RR < 1.00 means that the risk is lower in the exposed sample. (Low risk, 
Denominator > Numerator) 
An RR > 1.00 means that the risk is increased in the exposed sample. (High 
risk, Numerator > Denominator) 



Relative Risk:

1- Estimate the incidence rate of diseased among exposed group 
divided by incidence rate of diseased among unexposed group.

2- Gives a real meaning of the Risk.

3- Used in Cohort studies and clinical trials.

4- Has a Time factor. 



Example: Calculate Relative Risk

Relative Risk =
𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑎𝑚𝑜𝑛𝑔 𝑠𝑜𝑚𝑘𝑒𝑟𝑠

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑠𝑡𝑟𝑜𝑘𝑒 𝑎𝑚𝑜𝑛𝑔 𝑛𝑜𝑛𝑠𝑚𝑜𝑘𝑒𝑟𝑠

To calculate Incident rates: 

Incidence rate of stroke among smokers (A)=        
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑎𝑛𝑑 ℎ𝑎𝑑 𝑎 𝑠𝑡𝑟𝑜𝑘𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑚𝑜𝑘𝑒𝑟𝑠

Incidence rate of stroke among nonsmokers (B)=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑎𝑛𝑑 ℎ𝑎𝑑 𝑎 𝑠𝑡𝑟𝑜𝑘𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑜𝑓 𝑛𝑜𝑛𝑠𝑚𝑜𝑘𝑒𝑟𝑠

Relative Risk (RR) is  
𝐴

𝐵



How many times more likely are exposed persons to become disease, relative to non-
exposed persons?

• Example an RR = 1.9 means, people whom got exposed are 1.9 likely to 
develop the disease compared to those didn’t exposed. (Interpretation of 
Relative risk).

RR for preventive 
measure, example 
Physical activity RR = 
0.5, which means that 
people who exercise 
are 0.5 less likely to 
develop disease 
compared to people 
who don’t exercise. 



Odds Ratio (OR)

• The odds ratio is a measure of association used when we can calculate 
incidence rate.

• Odds ratio refer to the odds of people with the disease (cases) may got 
exposed. 

• Similar to RR:

• OR = 1 , no association or relationship.

• An OR < 1.00 means that the risk/odds is lower in the exposed sample. 

• An OR > 1.00 means that the risk/odds is increased in the exposed sample.

Gives an approximation of the risk

Used for studies that lack time follow up like cross-
sectional studies and case control studies.



How many times more likely are persons with the disease being exposed 
compared to persons don’t have the disease?

• Example an OR = 0.5 means, the odds of people with the disease got 
exposed are 0.5 less likely compared to those don’t have the disease.



• Example to calculate Odds Ratio:

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑤ℎ𝑜 ℎ𝑎𝑑 𝑠𝑡𝑟𝑜𝑘𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑤ℎ𝑜 ℎ𝑎𝑑 𝑠𝑡𝑟𝑜𝑘𝑒
÷

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑤ℎ𝑜 𝑛𝑒𝑣𝑒𝑟 ℎ𝑎𝑑 𝑠𝑡𝑟𝑜𝑘𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑛 𝑠𝑚𝑜𝑘𝑒𝑟𝑠 𝑤ℎ𝑜 𝑛𝑒𝑣𝑒𝑟 ℎ𝑎𝑑 𝑠𝑡𝑟𝑜𝑘𝑒

In Odds ratio, the numerator is always the diseased group.





To calculate Relative risk

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑜𝑓 𝑚𝑖𝑔𝑟𝑎𝑖𝑛𝑒 𝑎𝑚𝑜𝑔 𝑝𝑒𝑜𝑝𝑙𝑒 𝑤ℎ𝑜 𝑡𝑎𝑘𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑜𝑓 𝑚𝑖𝑔𝑟𝑎𝑖𝑛𝑒 𝑎𝑚𝑜𝑛𝑒 𝑝𝑒𝑜𝑝𝑙𝑒 𝑤ℎ𝑜 𝑑𝑜𝑛′𝑡
𝑡𝑎𝑘𝑒 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

27

300
÷
108

320
= 0.27                    The medication decreased migraine events by 0.27 

To calculate Odds ratio
27

108
÷
273

212
= 0.194                   The odds of migraine decreased by 0.194 after using 

Sumatriptan in comparison to Placebo.

Note: Usually RR is greater than OR, except in one condition which is rare diseases, 
here OR will be close to RR.





Questions


