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Slide 1: Introduction
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Hello and welcome to Module 2: Fundamentals of
Epidemiology. This presentation will focus on
measuring health and disease. My name is Krissy
Simeonsson and I am an Assistant Professor of
Public Health and Pediatrics at East Carolina
University, Brody School of Medicine.
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At the end of this presentation, students will be
able to define epidemiology and recognize some
of its uses, interpret the distribution of disease
according to person, place, and time, and finally
calculate measures of disease occurrence and
severity.
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Slide 4: What is Epidemiology?
So, let’s begin with the question, what is
epidemiology, really? Epidemiology is the study of
 Basic
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really answers the questions for us, what causes
disease, how do diseases spread, how can we
prevent disease, and how can we control disease?
And questions that are often asked by epidemiologists include: why is cancer on the rise,
how widespread will the next flu outbreak be, why do some families seem to have more
heart disease than others, and what parts of the country have the higher rates of multiple
sclerosis or other diseases?
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Slide 5: Use of Epidemiology
So, what are some of the uses of epidemiology? We
use epidemiology to identify risk factors for disease,
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history and prognosis of a disease or illness. We can
use epidemiology to evaluate existing or new
preventive and therapeutic measures. Finally, we can use epidemiology to provide a
foundation for developing public policy and regulatory decisions. So, you can see from this
slide that there are many uses of epidemiology and it is around us every day as we are
working in healthcare.
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Slide 6: Definition of Epidemiology
This is a definition for epidemiology that is from an
appropriately named Dictionary of Epidemiology
from the fourth edition, 2001. And it says,
“epidemiology is the study of distribution and
determinants of diseases or other health-related
outcomes in populations and the application of this
study to control health problems.” The key pieces of
this definition really are the distribution of disease in a population, which we will talk about
shortly, and also the determinants of diseases or other health-related outcomes in
populations. There is another module in this series that focuses on determinants of health if
you are interested in learning more about that.
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Slide 7: Distribution of Diseases
So, let’s talk a little bit more about the first part of
that definition, regarding the distribution of disease
 Place
Place
 Time
Time
in a population. Epidemiologists spend time looking
at the distribution of disease in a population and
they analyze disease patterns based on these three
factors: person, place, and time. In other words,
they are answering the question: who is getting the
disease, where is disease occurring, and how is it changing over time?
 Analysis
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ofdisease
diseasepatterns
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 Person
Person

Slide 8: Acute Hepatitis B
This is an example looking at acute hepatitis B, a viral
hepatitis infection, and it’s showing data for cases of
acute hepatitis B distributed by person. This graph is
looking at males versus females, with acute hepatitis
B, in the year 2006 in the United States, and it breaks
it down by age groups as well. So, along the lefthand side of the graph is age group in years, starting
with the youngest children at the top, going up to adults over 60 at the bottom. We can
quickly orient to person and notice that there are age groups that seem to have a higher
incidence of acute hepatitis B, primarily 25-29 year olds up through 40-44 year olds. And we
can also quickly see with this graph, the distribution for person, that males seem to have a
higher incidence of hepatitis B overall, than females. So, this is an example of the
distribution of disease in a population, the distribution of hepatitis B, by person.
Source: National Notifiable Diseases Surveillance System, 2006.
Source: National Notifiable Diseases Surveillance System, 2006.
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Slide 9: Acute Hepatitis B
This is again data looking at acute hepatitis B, but
now we are orienting to place. We’re looking at the
incidence of acute hepatitis B in the United States in
2007, and we are showing the incidence, or number
of new cases of hepatitis B, by county. So again, we
are able to quickly see, there are hot spots in the
United States where hepatitis B seems to be more of
a problem than in others. You can see on this county distribution map for the United States
that counties with the darkest blue shading have the highest incidence of acute hepatitis B.
Incidence
Incidenceofofacute
acutehepatitis
hepatitisB,B,bybycounty—United
county—UnitedStates,
States,2007
2007

Source: National Notifiable Diseases Surveillance System, 2007.
Source: National Notifiable Diseases Surveillance System, 2007.

Slide 10: Acute Hepatitis B
Finally, we talk about the distribution of disease in a
population by time. Again, we are still looking at the
same disease, acute hepatitis B, and we are looking
at the incidence or number of reported cases per
100,000 population over time, from 1982 to 2008 in
the United States. And so, what we are able to see
here is how has the disease, hepatitis B, changed
over time? You can see that there has been a steady decline occurring since the late 1980s,
and now we are down to approximately 2 to 3 cases per 100,000 population in 2008.

Slide 11: Measures of Morbidity & Mortality
So, now that we have talked a little bit about the
background, in terms of what is epidemiology, and
 Prevalence
Prevalence
 Rates
Rates
how do we describe cases, in terms of person, place,
 Incidence
Incidence
 Attack
Attackrate
rate
and time, let’s move on to the real meat of this
 Mortality
Mortalityrate
rate
 Case
Casefatality
fatalityrate
rate
lecture, which is talking about how we measure
 Infant
Infantmortality
mortalityrate
rate
morbidity and mortality, or how we measure health
and disease in a population. The remainder of this
talk is going to focus on different measures of morbidity and mortality. We are going to talk
about counts of disease, then we are going to spend some time talking about prevalence,
which is actually a proportion, so, prevalence of disease. And finally we are going to talk
about some rates at the end, and specifically we are going to talk about incidence rates,
attack rates, mortality rates, case fatality rates, and infant mortality rates. There are many
more types of rates and proportions that we could talk about, but it goes beyond the scope
of this lecture, so these are the ones that I would like to highlight for you today.
 Counts
Counts
 Proportions
Proportions
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Slide 12: Counts
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So, let’s start first with talking about counts. This is
the most basic tool that epidemiologists have. It is a
measure of disease frequency and it is simply just the
number of cases or other health outcomes being
studied.

Slide 13: Cholera
One example of counts that we can look at every
year is from the CDC, or Centers for Disease Control
Morbidity and Mortality Weekly Report Summary of
Notifiable Diseases. The CDC puts this report out
every year and it gives us an idea of how many cases
of diseases are reported in the United States. There
is a list of over 80 or 90 diseases that can be
reported by states to the Centers for Disease Control and then they put out this list and
report every year. So, this is just one example of one of the diseases that’s on the list:
cholera, not a disease that we see very commonly. It just shows you, the count, or number of
reported cases of cholera, that we had in the United States, in 2008. You can see that there
were not very many cases at all, there was approximately 5 cases total and you can quickly
see what states reported cholera. And again, it’s not possible to make comparisons between
states looking at this, because we don’t have denominator data, all we have is the counts.
But counts are important, to help us to be able to plan for public health response. So,
knowing the actual number of cases can help us plan for what types of healthcare services
we need in certain places, based on the number of cases they are reporting.
CDC, MMWR Summary of Notifiable Diseases, US 2008
CDC, MMWR Summary of Notifiable Diseases, US 2008
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Slide 14: Eastern Hemisphere
Another example of counts is shown here, and this is
a map of the Eastern Hemisphere, and it is from the
World Health Organization’s website, where they are
tracking the avian influenza epidemic of H5N1 that
has been going on since 2003. This is looking at the
number of human cases that have been confirmed.
So, these are counts. We don’t have rates, there is
not denominator data here, we are not doing it over a set interval of time per year, these are
just purely the raw numbers or counts. Again, hard to make a comparison between
countries, because we don’t have rates, but the counts themselves are important, because it
gives us a quick measure of the number of cases that are occurring and also can help with
health service planning, in terms of responding to the avian influenza outbreak.

Slide 15: Prevalence
So, that was counts, and now we are going to turn to
prevalence, which is actually a proportion. And
which
whichititisisdetermined
determinedwho
whohas
hasthe
thedisease
diseaseand
andwho
who
prevalence, you have probably heard the term
does
doesnot
not
 Often
Oftenstated
statedas
asaapercentage
percentage(i.e.
(i.e.per
per100)
100)
before in the literature, or just people talking about
the prevalence of obesity in your community, or the
prevalence of this or that. Prevalence really answers
the question of how common is this disease, what is
the burden of disease in a population? And it really gives us a slice through the population at
a set point in time, where you basically are determining who has the disease and who
doesn’t. And it is often stated as the percentage, i.e. per 100 people, so you often see
prevalence reported as 60% or 15%. We will go through some examples coming up.
 Answers
Answersthe
thequestion:
question:How
Howcommon
commonisisit?
it?
 Burden
Burdenofofdisease
diseaseininaapopulation
population
 AAslice
slicethrough
throughthe
thepopulation
populationatataapoint
pointinintime
timeatat
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Slide 16: Prevalence Formula
Here is the actual equation or formula for
prevalence. Prevalence is the number of cases of a
##of
ofcases
casesof
ofaadisease
diseasepresent
presentininthe
thepopulation
population
atataaspecified
disease present in the population at a specified time
specifiedtime
time
##of
ofpersons
personsininthe
thepopulation
population
divided by the number of persons in the population
atatthat
thatspecified
specifiedtime
time
at that same time. So again, it’s a slice through a
population at a given time looking at how many
people have this disease at this moment divided by
the total number of people in that population.
Slide 17: Prevalence
Looking in a little more detail on prevalence, it’s
important to realize that prevalence doesn’t really
durations
durationsof
ofdisease
disease
 Do
Donot
nothave
haveaameasure
measureofofrisk
risk
 Prevalence
tell us when disease developed or how long
Prevalenceisisappropriate
appropriatemeasure
measureof
ofthe
theburden
burdenof
of
aarelatively
relativelystable
stablechronic
chroniccondition
condition
 Diabetes
someone’s had it. It basically just tells us, they have
Diabetes
 Hypertension
Hypertension
 Useful
Usefulfor
forallocating
allocatinghealth
healthresources
resources
the disease or they don’t. So, the numerator is a mix
of people with different durations of disease. This is
important to realize, because you can’t measure risk
(your risk of developing a disease, or your risk of having a disease, with prevalence data).
This will make more sense as we talk about incidence, which is coming up next. Prevalence is
really a good measure of the burden of disease in a population if it is relatively stable, and
it’s a chronic condition. Good examples of this include obesity, diabetes, and hypertension.
Prevalence is a good measure of disease for us when we are talking about allocating health
resources. If we know that 20% of our community has obesity or is obese, then we can
allocate health resources accordingly, to maybe improve physical activity programs and
nutrition education programs for example.
 Don’t
Don’tknow
knowwhen
whendisease
diseasedeveloped
developedor
orthe
theduration
duration
 Numerator
Numeratorisisaamix
mixof
ofpeople
peoplewith
withdifferent
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Slide 18: Obesity Trends
This slide is showing obesity trends among US adults,
over time in the United States, between the period
of 1990 and 2009. This is the percentage of adults,
US adults, who were obese, divided by the total
population in each state. What we can see here with
prevalence, again we don’t know when people
developed obesity or became obese, we just know in
1990, for example, in North Carolina, approximately 10 to 14% of adult North Carolinians
were obese. Compare that to California in 1990, where it was less than 10%, (they had a
lighter shade of blue). Follow that to the map representing 1999, where there is now darker
colors, you can see that a lot of states with dark shading of blue. You can tell that prevalence
in those states of obesity among adults is now 15 to 19%. And then finally, the map in the
bottom center for 2009 is showing that obesity epidemic is continuing to increase across the
United States. Colorado is the only state now, still in blue, with a prevalence of obesity of 15
to 19%. All other states are reporting obesity of at least 20% or more, in their adult
population. So again, this gives us prevalence, and we can quickly get a snapshot of how
common obesity is in the different states.
1990
1990

1999
1999

2009
2009

No Data
No Data

<10%
<10%

10%–14%
10%–14%

15%–19%
15%–19%

20%–24%
20%–24%

25%–29%
25%–29%

≥30%
≥30%

CDC, BRFSS, 1990, 1999, 2009
CDC, BRFSS, 1990, 1999, 2009

Slide 19: Adults Diagnosed with Diabetes
These are maps that are also talking about
prevalence that show us the adults who have been
diagnosed with diabetes over time. Again, looking at
three different time periods, from 1994 to 2009.
This is similar to the maps I showed for obesity in the
United States, this is now looking at adults diagnosed
with diabetes and again, you get a quick snapshot. If
you look in the top left, for 1994, about half of the states had a prevalence of about 5% of
adults that were diagnosed with diabetes and the other half were running about 4 to 6% for
diabetes for prevalence. Compare that to the US map on the right for 1999 and you can now
see that Mississippi has a higher prevalence for diabetes than any other state, with about 7.5
to 9% prevalence among adults for diabetes and then looking at 2009, you can now see that
there are many states with that darkest red shading, the prevalence of greater than or equal
to 9% for diabetes. So again, a quick snapshot looking at different states and it tells you the
burden of diabetes in these different states.
1994
1994

1999
1999

2009
2009

CDC’s Division of Diabetes Translation. National Diabetes
CDC’s Division
of Diabetes Translation. National Diabetes
Surveillance
System
Surveillance System
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Slide 20: Incidence
So, now we are actually moving on to rates, and, this
is important, because if we really want to make
 Also
Alsoknown
knownas
asincidence
incidencerate
rate
comparisons between groups, we want to have
 Often
rates. Incidence is one of the ones we hear about
Oftenstated
statedper
per100,000
100,000population
populationper
peryear
year
most commonly and incidence is a measure of the
change from non-disease to disease. So, not only do
we know who is diseased, but we are actually
measuring that change from when you did not have disease to when you suddenly
developed it. Therefore, incidence can help us provide a measure of risk. What is someone’s
risk for diabetes? What is their risk of acute hepatitis B? When we are talking about risk, we
are talking about the probability that an individual will develop a disease over a specified
time. And incidence is a measure of risk. It is also known as the incidence rate because
again, it is a rate, and it is often stated per 100,000 population per year.
 Measures
Measureschange
changefrom
fromnon-disease
non-diseaseto
todisease
disease
 Can
Canprovide
provideaameasure
measureofofrisk
risk

Slide 21: Incidence Formula
So, what is the difference between prevalence and
incidence? Well, it’s all right here in this formula.
##of
of new
newcases
casesof
ofaadisease
disease
during
duringaaspecified
specifiedperiod
periodof
of
Incidence is the number of new cases of a disease
time
time
Total
Totalnumber
numberof
ofpeople
peopleat
at
during a specified period of time divided by the total
risk
riskduring
duringthat
thatperiod
periodof
of
time
time
number of people at risk during that period of time.
So, circled here in red is that word new, because that
is the most important distinction between
prevalence and incidence. Prevalence looks at all people with disease in the numerator.
Incidence just wants to know about the number of new cases, who is newly diagnosed with
disease. So, in other words, people who have had diabetes for five or more years would not
be included in an incidence rate for 1999, if they have had diabetes since 1990. They would
be counted in the prevalence calculation, but not in incidence.
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Slide 22: Incidence
This is one example of where you will often see
incidence data. This is data from the Department of
Health and Human Services and the National Cancer
Institute, looking at lung cancer incidence rates, by
gender, comparing males to females. You can make a
comparison that the number of new cases of lung
cancer was 82.7 per 100,000 men, compared to 55
new cases of lung cancer per 100,000 women. So, you are able to make that comparison
right away using incidence rates.
Department of Health and Human Services, Centers for
Department
Health
and Human
Disease
Controlofand
Prevention,
and Services,
National Centers
Cancer for
Disease 2010
Control and Prevention, and National Cancer
Institute,
Institute, 2010

Slide 23: Incidence

Department of Health and Human Services, Centers for
Department
Health
and Human
Disease
Controlofand
Prevention,
and Services,
National Centers
Cancer for
Disease 2010
Control and Prevention, and National Cancer
Institute,
Institute, 2010

This is one more example of incidence rates from the
National Cancer Institute. This graph shows how
many people out of 100,000 got lung cancer in 2006.
The lung cancer incidence rates are grouped by race
and ethnicity, as well as gender. As you can see by
having the incidence rates here, we are able to
compare the rates between the different genders as

well as races and different ethnicities.

Slide 24: Incidence Rates
Incidence rates are used in epidemiology to monitor
changes over time in disease. Again, make
comparisons between groups and you will often see
age-specific rates as well as gender or sex-specific
rates. And finally, incidence can be used for goal
setting. So, we have Healthy People 2020 objectives,
where we try to reduce the risk of disease, we try to
reduce the number of new cases of diseases being diagnosed, and so incidence helps us with
looking at have we met the target objective. We set a goal and have we met it? Let’s look at
some examples of these in the coming slides.
 Monitor
Monitorchanges
changesover
overtime
time
 Comparisons
Comparisonsbetween
betweengroups
groups
 Age-specific
Age-specificrates
rates
 Sex-specific
rates
Sex-specific rates
 Goal
Goalsetting
setting
 Healthy
HealthyPeople
People2020
2020Objectives
Objectives
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Slide 25: Incidence of Acute Hepatitis A
This first graph is looking at incidence of acute
hepatitis A, by year, from 1982 to 2006 in the United
States. And what you can see is the number of new
cases of hepatitis A started to decline in 1995, and
this coincided with the availability of a hepatitis A
vaccine in the United States. So, it’s able to show us
the change over time in the incidence of acute
hepatitis A.

Slide 26: Incidence of Gonorrhea
This next graph is showing us the incidence of
gonorrhea in 2006 in the United States. So,
gonorrhea is a sexually transmitted infection, and we
can see that there are differences between men and
women in terms of cases of gonorrhea. In 2006, for
the 15-19 year old age group for females, there were
647.9 cases of gonorrhea per 100,000 women.
Compare that to the male side and there were 279.1 new cases of gonorrhea per 100,000
males. You can make age and sex-specific comparisons by using incidence rates. So, again, if
you want to make comparisons and talk about the risk, for a teenage female developing
gonorrhea, you can use incidence rates like this.
Slide 27: Incidence Used for Goal Setting
Finally, we talked a little about incidence rates being
used for goal setting. So, this is a Healthy People
2010 target, looking at the goal for gonorrhea,
where we want our rates to be. So, we want them
to be around 20 cases per 100,000 population.
Actually, specifically, 19 cases per 100,000
population. So, we have set that goal, and that is
shown here on this graph as the little dotted white line going along the bottom. The goal for
2010 was 19 cases per 100,000 population. The yellow line above that is the true number of
new cases of gonorrhea diagnosed each year, or the incidence of gonorrhea, each year per
100,000 population. And we can clearly see that we have made some progress when we
compare the late 70s to the most current year, 2006, but we still have a way to go in terms
of meeting that Healthy People 2010 goal.
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Slide 28: Attack Rate
I wanted to take a brief moment to talk about an
attack rate, and this is very similar to an incidence
population
populationisisobserved
observedfor
foraashort
shorttime
timeperiod,
period,often
often
as
a
result
of
specific
exposure
as a result of specific exposure
rate, and it is used often in outbreak settings, when
 Foodborne
Foodborneoutbreaks
outbreaks
 Compares
Comparesthe
therisk
riskof
ofdisease
diseaseiningroups
groupswith
withdifferent
different
the nature of the disease is such that the population
exposures
exposures
is being observed for a very short period of time.
And it is often when you know there has been a
specific exposure. This is very common in foodborne
outbreaks, when a lot of people have all attended the same event and everyone seems to
get food poisoning afterwards. Rather than talking about diarrheal illness or some other
foodborne illness, epidemiologists will talk about the attack rate. And you can use attack
rates to compare the risk of disease in groups with different exposures. We will also be
talking more about attack rates in an outbreak setting in another module as part of this
education material.
 Similar
Similarto
toincidence
incidence(rate)
(rate)
 Used
Usedwhen
whennature
natureof
ofthe
thedisease
diseaseisissuch
suchthat
that

Slide 29: Attack Rate Formula
So, this is the formula for an attack rate. If you had a
church picnic where everybody brought potluck and
you had a lot of people get sick, not long after that
Total
Total##of
ofpeople
peoplewho
whoate
ate
potato
potatosalad
salad
picnic, you could calculate an attack rate for each
food item that was brought. For example, if people
really thought it was the potato salad that made
them sick, you could calculate the attack rate for
potato salad. And that formula would be the number of people that ate potato salad that
developed whatever illness that it was gastroenteritis, food poisoning, whatever you have
defined as your illness, and that’s divided by the total number of people who ate potato
salad. So, that gives you an attack rate.
##of
ofpeople
peoplewho
whoate
atepotato
potatosalad
salad
who
whodeveloped
developedgastroenteritis
gastroenteritis
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Slide 30: Incidence V. Prevalence
So, I have already hinted that there is a relationship
between incidence and prevalence, but they are
 An
Anincreased
increasedprevalence
prevalencemay
mayreflect
reflect
 Increased
risk
of
disease
in
the
population
Increased risk of disease in the population
distinct entities. So, prevalence is really just
▪ ▪ Increased
Increasedincidence
incidence
 Increased
Increasedduration
durationofofillness
illness
incidence times the duration of disease. Prevalence
▪ ▪ Fewer
Fewerdeaths
deathsfrom
fromthe
thedisease
disease(increased
(increasedsurvival)
survival)
▪ ▪ Fewer
Fewerresponses
responsestototreatment
treatment
really depends on the duration of the disease—how
long do people survive once they have been
diagnosed, can they live a long time with that
disease in a chronic state, is it a disease that is very fatal, where they die very quickly? So,
there are some diseases for example, chronic hepatitis B, you can live with for a lifetime.
You can imagine that although the incidence of hepatitis B might be a certain rate or number
per year, the prevalence would probably be more than that, because you can live with it. So,
once you become a case, then always a case. The flip side of that is a disease, which is highly
fatal. One example would be pancreatic cancer. Most people diagnosed with pancreatic
cancer in a year will die within a year or two, so you can imagine that the incidence and
prevalence are very similar, because people don’t live for a very long time with pancreatic
cancer. Any time there is an increase in prevalence in a population, you have to stop and ask
yourself why. It can certainly mean that there is an increased risk of disease, that there is an
increased incidence that more people are coming down with this disease, more people are
being diagnosed with this disease. So, it could truly reflect an increased risk of disease, if
your prevalence is increasing.
 Prevalence
Prevalence==incidence
incidencexxduration
durationof
ofdisease
disease

Slide 31: Relationship Between Incidence and
Prevalence
However, there is a silver lining to increased
prevalence. It may be that people are living longer
with the disease, after diagnosis, so fewer people
may be dying from the disease, based on new
therapy, new technology, etc., so you can have an
increased survival. You also may have people who
are not responding as well to treatment, meaning they are not being cured, so they are
continuing to have their disease for a longer period of time, and that’s obviously not a
positive side of it, but certainly is another way to look at it when your prevalence is
increasing. Is it because my incidence has increased or is it because the duration of illness
has increased? That it could be either people are surviving longer with it, and that is a good
thing, or more people are living with it, because we are not able to treat it effectively. So
there’s different ways to look at it, and certainly some of it can be good news for increased
prevalence and some of it can be bad news. The following slides are going to look at these
figures to drive home the point that we are trying to make here between prevalence and
incidence.
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Slide 32: Incidence V. Prevalence
So, this is a diagram out of Epidemiology, a textbook
by Gordis, which is a wonderful book for
epidemiology for people that want to read more.
This is showing a flask of beads and each bead in the
flask is representing a case of disease in a
population. And so the level of those beads, where
the arrow is pointing, is your prevalence, or the
number of cases in this population.

Slide 33: Incidence V. Prevalence
If we add more cases into our population this
represents. More cases coming in increases our
baseline prevalence. So, whereas we had a certain
amount before, adding new cases in, increasing the
incidence, also increases the prevalence.
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Slide 34: Incidence V. Prevalence
The next slide though, shows how you can actually
have a decrease in prevalence by cases no longer
being counted. That can happen because people are
cured and they no longer have disease or people can
die from the disease, so they are no longer counted.
So, again, that’s how you can certainly have a
decrease in your prevalence for the population, so it
could be a positive thing in that people are cured and no longer have disease, or it could be a
bad thing in that you have a lot of people that are dying from the disease and so they are not
being counted in the prevalence data.

Slide 35: Incidence V. Prevalence
This final slide is just looking at that balance. You
always have new cases coming in, representing your
incidence, and then you have people that are no
longer counted as cases either because they have
died or because they have been cured of their
disease. So, realize that there really is a relationship
between incidence and prevalence, but keep in mind
that there are distinctions between the two.

Slide 36: AIDS Incidence, Deaths, and Prevalence
Before we move on to mortality rate, case fatality
rate, etc., I did want to look at incidence and
prevalence with a disease that we are all familiar
with, which is AIDS. This is a graph that is looking at
AIDS incidence, so the number of new cases each
year, the number of deaths from AIDS, and also the
prevalence, so the number of people living with AIDS
in a certain year in the United States. And this is great data; it is at almost 20 years of data
looking at AIDS cases. What you can see here, is that the mortality from AIDS, or the number
of deaths from AIDS, that’s represented in the blue line, increased dramatically in the 1980s,
as well as the number of cases of AIDS, and that’s represented in the black line. In the early
80s all the way up to the early 90s, you had a rapid increase in the number of deaths as well
as the number of cases being diagnosed. Then in the early 90s, you have a decrease in the
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number of deaths, people dying from AIDS, as well as the number of new cases of AIDS being
diagnosed. So, the incidence, as well as, the deaths showed some decline. The reason for
the decreased number of deaths is certainly due a lot in part to advances with antiretroviral
therapy for AIDS, medications for people that were diagnosed with HIV. Certainly the
decrease incidence in AIDS, a lot of that can be credited to public health education
campaigns, making people aware of lifestyle issues and how to protect themselves from
contracting HIV. With the drop in mortality, which is represented in blue, and the
lengthening of the lifespan of people living with AIDS, you can see the prevalence, which is in
the green line, continuing to go up. So, we had more people living longer, surviving longer
with AIDS. The prevalence continued to climb, even though the number of new cases of AIDS
had dropped. A lot of this again had to do with that increased survival from the medications
that were available as well as the continuing addition of some, new diagnoses of AIDS every
year.
Slide 37: Measures of Mortality
 Mortality
MortalityRate
Rate
 Case
CaseFatality
FatalityRate
Rate

 Infant
InfantMortality
MortalityRate
Rate

Let’s turn now to measures of mortality, and the
three that I am going to highlight here are mortality
rates, case fatality rates, and infant mortality rates.
Measuring mortality is important because it gives us
an index of the severity of disease. Certainly a
mortality rate for a disease can approximate an
incidence rate, but we will talk about that in the

coming slides.
Slide 38: Mortality Rate Formula
Let’s now talk about mortality rate. Mortality rate, ,
is the number of all deaths in one year divided by the
##of
ofall
alldeaths
deathsininone
oneyear
year
number of people in that population at midyear.
##persons
personsininthe
thepopulation
populationatat
midyear
midyear
And you can have your annual mortality rate, which
looks at all deaths in one year or you can actually
have your cause-specific mortality rate, so if you
want to look specifically at a certain disease, you can
have the number of deaths from a specific disease in one year, divided by the number of
people in the population at that year. If you are looking at cause-specific mortality rates, so
the number of people that died from lung cancer for example, in the numerator would be
the number of lung cancer deaths in one year and your denominator would be the number
of people in the population at risk of dying from lung cancer in that year. It would include
both people that have lung cancer as well as people that don’t. So, that’s the important
distinction there for mortality rate. We’ll talk a little bit about how that’s different from case
fatality rate in the coming slides, but again mortality rate just looks at the number of deaths
in a year over the total number of people in a population.
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Slide 39: Leading Causes of Death for All ages in the
U.S.
This slide is showing the leading causes of death for
all ages in the United States, from the period of 1950
through to 2004. The top green line is showing all
causes of death, so basically looking at the number
of deaths in one year in the United States divided by
100,000 population. But the other lines below that
for heart disease in red, cancer in blue, stroke in brown, unintentional injuries in a lighter
green, you can see the different cause-specific mortality rates and the nice thing is again,
when we use rates we can make comparisons between the different causes of death. So, we
can see that heart disease is the leading cause of death over this period of time. But that
cancer, in the 21st century, 2000-2004, is starting to approach the mortality rate for heart
disease. So, again making those comparisons, we want to see these rates, so you can have
your annual mortality rate, which is that top dark green line, but then you can look at causespecific mortality rates and those are depicted below that dark green line in the various
colors.

Slide 40: Leading Causes of Death in Adults
This is another example, a very bright colorful slide,
looking at death rates or mortality rates from leading
causes of death in adults 25-44 years of age in the
United States, looking at about 12 years of data from
1982 to 1994. What we are seeing is the number of
deaths or the mortality rate per 100,000 population,
and we can see for young adults to middle aged
adults, unintentional injuries, up at the top in pink, are one of the leading causes of death,
the rates are highest, but we also see again HIV infection, starting in the early 80s quickly
outpaced the other causes of death in this age group. So, you can again look at cause
specific mortality rates and make some comparisons about what are the leading causes of
death. Public health officials use this type of data to target different interventions. So, you
can look at this at a national level like this graph is showing, but you can also look at it for
your own community or county and compare it to Healthy People objectives to see if your
rates are lower or higher. It can certainly help you decide what type of health services
planning you need to do in your community.
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Slide 41: Case Fatality Rate Formula
So, I have been talking about mortality rate and I
hinted that there was another type of rate that
would be similar sounding but would be different,
Total
Total##of
ofpeople
peoplewith
withthe
the
and that’s a case fatality rate. This is the formula
specified
specifieddisease
disease
here for case fatality rate, this is the number of
people dying during a specified period of time after
diagnosis of their disease divided by the total
number of people with that disease. So, this is different from mortality rate because if you’ll
remember the denominator in mortality rate was all people in the population, whether they
had disease or not, just people at risk of dying from the disease, so it could be people with
the disease or people without who still have the possibility to develop it. Case fatality rate,
the denominator is looking specifically at people who have the disease, people who have
been diagnosed. And so the case fatality rate is just looking at how deadly the disease really
is. If you develop Ebola virus infection, what is the likelihood that you will die? So, certainly
there are diseases with very high case fatality rates, some strains of Ebola certainly qualify,
rabies infection certainly qualifies, and some strains of flu viruses have very high case fatality
rates. But there are also many diseases with low case fatality rates, tuberculosis is an
example, other strains of influenza can certainly be an example, etc. So, we’ll talk about this
a little more in the next few slides, but again, just remember that the denominator is really
the big difference. For case fatality rate, your denominator is the total number of people
with the disease already, contrast that to mortality rate where your denominator is all
people in the population, whether they have disease or not.
##of
ofpersons
personsdying
dyingduring
duringaaspecified
specified
period
periodafter
afterdisease
diseaseonset
onsetor
or
diagnosis
diagnosis

Slide 42: Case Fatality Rate for Avian Influenza A/
H5N1
So, I have mentioned already the outbreak of Avian
Influenza/H5N1 that is still ongoing in the eastern
CFR
CFR59%
59%
522
522cases
casesof
ofH5N1
H5N1
hemisphere, fortunately has not developed into a
pandemic as of 2011, springtime, but continued to
be monitored closely by the World Health
Organization. Avian Influenza/H5N1 has a high case
fatality rate. As of February 25, 2011, according to the WHO, there were 309 deaths out of a
total of 522 cases of H5N1, so that means there were 522 cases diagnosed and of those, 309
had died. So, the case fatality rate is approaching 60%. So, again, more than a 50/50 chance
of dying if you develop infection with H5N1. Now certainly there is some bias here because
probably the number of cases in that denominator are only severe cases that are being
reported to public health officials, so the case fatality rate may not be as high as 60%, but
certainly this is a disease of high severity, with a lot of cases dying from the disease or
developing severe complications.
309
309deaths
deathsfrom
fromH5N1
H5N1

WHO website, accessed 2/25/2011
WHO website, accessed 2/25/2011
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Slide 43: Mortality Rate Versus Case Fatality Rate
This slide is going to show us the difference between
mortality rate and case fatality rate. This is looking
at three diseases that we have probably all heard of:
rabies, measles, and tuberculosis. Rabies is along
the top, mostly in green, showing that the vast
majority of cases, almost 100% will die. There has
been one case report of a teenage girl who survived
her rabies infection, so, that’s why there is some severe case in the green hatch mark, but for
the most part, rabies is uniformly fatal. So, the case fatality rate for rabies approaches 100%.
Measles, on the other hand, has a broader spectrum of disease. You can have in yellow,
inapparent infection, which means no symptoms, although people can still be infected and
transmit measles virus to others. Then you have a lot of mild to moderate disease, which is
shown in blue and the blue diagonal bars. These are people that have symptoms, but still not
life threatening. Then some cases of measles are severe and can be fatal. Children can die
from pneumonia or other complications, such as encephalitis. So, measles case fatality rate
is probably 10-15%. Contrast that to the very bottom which is tuberculosis, you can see that
the vast majority of cases are inapparent, meaning most people infected with tuberculosis
don’t even realize they have symptoms, don’t realize they are infected. The case fatality rate
for tuberculosis is very, very low. It’s not likely that if you develop tuberculosis that you are
going to die from your infection. It’s much more likely that you are going to have very mild
symptoms or no symptoms at all. So the case fatality rate from this bar graph you can see is
clearly the highest for rabies, almost 100%, case fatality rate for measles is slightly higher
than for tuberculosis, but still for neither one of those is the case fatality rate that high.
However, when we talk about mortality rate, the number of people who die from a disease
divided by the total number of people in a population, we get a different story. There are so
many cases of tuberculosis worldwide, there are so many cases of tuberculosis diagnosed in
the United States, that even with just a few people dying from tuberculosis, the mortality
rate from tuberculosis is still higher than it is for rabies.
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Slide 44: Pancreatic Cancer
This slide is looking at pancreatic cancer data from
1987-2007, and it’s looking at two different
measures of disease severity. One is disease
incidence, how many new cases of pancreatic cancer
are diagnosed every year. That’s shown in the top
graph. The bottom graph is showing the mortality
associated with pancreatic cancer, so the number of
pancreatic deaths per 100,000 population. The reason I put this slide in is again to show that
there can be some interplay between incidence and mortality. A mortality rate can give a
good indication of incidence if two criteria are met: one, if the case fatality rate is high,
meaning most people that develop the disease die quickly and also if survival is low, and the
duration of the disease is short. If people are diagnosed and then die fairly quickly, incidence
rate and mortality rate are very similar. Pancreatic cancer is a good example of this, most
people once they are diagnosed, live on average a year or less. So, the top graph here is
showing the incidence rate for pancreatic cancer from the years 1987-2007 and overall rate
is shown in that salmon colored line, so it’s basically about 12 cases of pancreatic cancer per
100,000 population. Look now at the bottom graph that’s showing the mortality rate from
pancreatic cancer, that’s the number of deaths from pancreatic cancer per 100,000
population. Again, the overall mortality rate bottom graph is shown by that salmon line, and
it’s about 11 deaths from pancreatic cancer per 100,000 population. So, again following
mortality data for pancreatic cancer is a good proxy for incidence rates for pancreatic cancer.
We can look at the number of deaths from pancreatic cancer and use that as an estimate of
the number of new cases diagnosed every year. The reason for that is the case fatality rate
for pancreatic cancer is very high and survival duration is very short.
National
NationalCancer
CancerInstitute;
Institute;AASnapshot
SnapshotofofPancreatic
PancreaticCancer
Cancer

Slide 45: Infant Mortality Rate
The last mortality rate that I want to discuss is infant
mortality rate. This is an important rate to be
familiar with because this is used a lot to look at
##of
oflive
livebirths
birthsreported
reportedduring
duringthe
the
same
sametime
timeperiod
period
maternal and child health in different states as well
Expressed
Expressedper
per1,000
1,000
as different countries. It is a good indicator of
overall health. The formula is shown here. It is the
number of deaths under one year of age, so infants,
those less than one year of age, during a specified time interval, usually a year, divided by
the number of live births reported during the same time period. So, again, numerator is the
number of deaths in infants, those less than one year of age, divided by the total number of
live births during that same time period. It’s usually expressed as per 1,000 live births and I
will show you on the next graph how we use it to make comparisons.
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oneyear
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Slide 46: Infant Mortality Rates in Different
Countries
This is data, looking at the infant mortality rates in
different countries in 2005. Again because we are
using rates, we can compare different groups, in this
case countries. You can see that Singapore leads the
way with 2.1 infant deaths per 1,000 live births. A lot
of Scandinavian countries are also near the top of
the list with infant mortality rates of 3 deaths per 1,000 live births. Near the bottom of the
list, unfortunately is the United States, with almost 7 infant deaths per 1,000 live births. So,
this is certainly something that the United States is working to continue to decrease. This is
a rate that we want to continue to decrease. Healthy People 2020 objectives have set a goal
for us to work towards. Beyond just this infant mortality rate for the United States of 6.9,
there is a lot of disparity within this rate, in that African American infants have a much higher
infant mortality rate when compared to white infants. So not only does the United States in
general have some improvements to make with infant mortality rates compared to some of
our other counterparts in the developed world, but reducing the disparities between racial
groups is a goal that we need to continue to work towards as well.

Slide 47: Summary
In summary today, I want to reiterate that
epidemiology, which we have talked a little bit
 Count,
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about, is really a basic science of public health. It
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forms the foundation of all we do, in terms of
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identifying the causes of disease, the risk factors for
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diseaseseverity
severity
 Case
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disease, etc. I hope you have learned through this
Case fatality rate
presentation that these bread and butter of
epidemiology is to be able to do these basic verbs: to count, to describe, to divide, and to
compare. So, we count cases, we describe them by person, place, and time, we divide them
so that we can begin to make comparisons. We may use proportions, as is the case with
prevalence, or we may use rates where we include the time component, and this helps us
compare. We can be able to compare different groups, we can compare males to females,
we can compare different age groups, and we can compare different countries. If you want
to assess risk, then you have to use rates. When we talk about disease occurrence, how it
occurs, what is morbidity for this disease, how often does it occur, we are really talking
about two different measures, we are talking about incidence, which is again our rate, and
also prevalence; I hope from this presentation you will be able to remember the distinction
between the two. Remember incidence, that numerator is going to be number of new cases
diagnosed over the total number of people in the population. Prevalence, on the other
 Epidemiology
Epidemiologyisisthe
thebasic
basicscience
scienceof
ofpublic
publichealth
health
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hand, is at a given moment, how many people have the disease, divided by the total number
of people in the population. So, prevalence is different from incidence because prevalence
includes new and old cases. Finally, if you want the measure of disease severity, the primary
measure for that is going to be a case fatality rate. If a disease has a very high case fatality
rate, such as pancreatic cancer, then your mortality rate certainly is also a good indication of
disease severity and can also be a good estimate of disease incidence.
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