
Epidemiology
for
Community Agencies

Warren Michelow

Presenter
Presentation Notes
Asked to provide an overview of epidemiology and 
some information on key concepts that you as ASO staff might need to understand to make use of epidemiological information 
- also to explain some of the terms that our next speaker Dr Mark Gilbert from the BC Centre for Disease Control will be using in his update of HIV in BC.
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Presenter
Presentation Notes
Epidemiological information is very topical
Almost every day the news will have some item about health
Sometimes it is about as meaningful as this cartoon suggests



What is “epidemiology”?

• Nothing to do with 
SKIN !!

• That’s DERMA‐tology
and the epidermis is 
the outermost layer 
of skin© A.D.A.M. Medical Encyclopedia
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What is “epidemiology”?

• The study of patterns 
of health and illness 
and associated 
determinants at the 
population level

• From Greek for
epi       = upon
demos = people/district
logos   = study 

© milkintheclock.com News Network
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Key point is that it is at the population level. 

Descriptive vs analytical vs computational

Descriptive = amounts and levels of disease in populations

Analytic = the search for health-related causes and effects

Computational = use of mathematical and computer models to conduct simulations and experiments that might not be possible in real populations for ethical, cost or logistical reasons



Why does epidemiology matter?

• Cornerstone of public health and 
evidence‐based medicine

• Describes who is affected by a health 
condition…
How many of what kind of people get this disease?

• Identifies factors that cause a disease to 
spread…
Why did these people get this disease at this time?
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Purpose of epidemiology
• Determine the extent of disease in a population

What is the prevalence of Hepatitis C among injection drug users in 
Vancouver’s Downtown Eastside?

• Assess risk of exposure on developing disease
What is the risk from smoking cigarettes on the likelihood of 
developing lung cancer?

• Identify the cause of new syndromes
What was the cause of the unusually high incidence of Kaposi’s 
sarcoma among homosexual men in San Francisco in the early 
1980s?

• Study the natural history and prognosis of disease 
In the absence of antiretroviral therapy, how long do people survive 
after a diagnosis of HIV infection?
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Purpose of epidemiology
• Determine whether treatment “x” is effective

Is the over‐the‐counter remedy Cold‐FX an effective treatment 
against the common cold?

• Identify practical disease prevention strategies and 
determining whether they are effective
What is the effect of municipal smoking bylaws on the prevalence 
of smoking and incidence of lung cancer?

• Identify health service use needs and trends
What is the prevalence and incidence of HIV/AIDS in British 
Columbia and what proportion of infected individuals will require 
antiretroviral therapy by 2015?

• Provide a foundation for healthy public policy

7



Why listen (instead of nap)?!

• Evidence, evidence, evidence!
• Basic understanding of epidemiological 
concepts
– For understanding what we’re dealing with
– For funding and grant applications
– For program design
– For advocacy
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NEEDS IN ASO’s

FUNDING for programs and services

Need to allocate funds and human resources where they can be best used and provide maximum value

Widespread move to basing program and service design on evidence and among funders to direct their limited dollars where the evidence to do so is most convincing

For education and learning of ASO staff to keep abreast of best (or better) practices



Presentation overview

• (Brief!) history of epidemiology
• Key concepts
• Causation
• Types of study designs
• Research vs surveillance
• Finding and using epidemiological information
• Questions
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Learning objectives

Have a better sense of…

• Nature and value of epidemiological evidence

• Familiarity with key terms

• Understand types of study designs

• Richer sense of HIV epidemiology

• Better able to find and use scientific evidence
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History of epidemiology

• Hippocrates (460‐370 BCE)
– Occurrence of disease related to
environment, diet, habits

• Galen (2nd C)
– Miasma or “bad air”

• Ibn Khatima & Ibn al‐Khatib (14th C) in Andalusia
– Infectious diseases caused by minute bodies

• Veronese doctor Girolamo Fracastoro (1546) 
– Disease particles are alive ‐> “spores”
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To some degree this history of epidemiology is the history of our understanding of disease and health
Miasma theory = bad air from Galen

Minute bodies transmitted by clothing, earrings and contact

Fracastoro book “on contagion”
“spores” may be chemicals but can spread 
Fracastoro promoted personal and environmental hygiene



History of epidemiology

• John Graunt (17th C)
– Life tables of deaths and disease trends
– Statistical evidence for theories on diseases

• Dr. John Snow (19th C)
– Source of cholera epidemic in London
– Founded science of epidemiology

• Many others since then… 
– Study designs & statistical techniques
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Graunt was a haberdasher and amateur scientist

Many types of epidemiology:
Infectious disease epidemiology
Environmental epidemiology
Chronic disease epidemiology
Injury epidemiology
Molecular epidemiology
Genetic epidemiology




Key concepts

• Morbidity & mortality
• Epidemic, endemic, 
pandemic

• Population
• Determinant & outcome
• Prevalence & incidence
• Comparison measures
• Key statistical concepts

13
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Morbidity & Mortality

• Morbidity
= “sickness”
= burden of disease

• Mortality
= death
= death from the disease of interest
“All‐cause” mortality = any kind of death
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Epidemic

• “epi” = Greek for upon or from outside

hence epidemic = disease from outside the 
population, or which is unusual for it

• The HIV epidemic was first discovered among 
gay men and Haitians and still affects only 
specific vulnerable groups in North America
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Endemic

• “en” = Greek for in or inside

hence endemic = disease that is inside the 
population and maintained near a steady state

• In many southern African countries HIV has 
become endemic: in Swaziland 25.9% of 
adults are living with HIV, which is also the 
leading cause of death

16
2006-2007 Swaziland Demographic and Health Survey.
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Endemic = steady state, not massively increasing nor dropping off – able to sustain infection without external inputs



Pandemic

• “pan” = Greek for around or all over

hence pandemic = (new) disease that is 
geographically widespread

• In 2009 a new variant of the H1N1 influenza 
caused flu epidemics all over the world, hence 
it was a new pandemic that some feared 
might be as deadly as the 1918 Spanish flu
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Population

• Group of people with a common characteristic

• Permanent population
– Defined by an event
– e.g. HIV+ women over 40

• Dynamic population
– Defined by a state
– Membership transient
– e.g. MSM in Vancouver
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Permanent means will not leave population (currently if “women” = XX chromosome and no cure for HIV then the example is a permanent population

Transient means one can enter or exit the population (e.g. arrive or leave in Vancouver) and here the other part of the definition is behavioural and we might say MSM – had sex with a man in the past 5 years (or “ever” then = permanent)

In many studies it is not always clear what kind of population is being referred to



Determinant

• Also called “exposure” or “risk factor”

• Characteristic that influences whether or not 
disease occurs
– e.g. body mass index
– CD4 cell count, viral load
– Age, gender, sex, SES

• Does not imply a causal relationship
(but causality might be of interest)

19
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Outcome

• The “result” or “event” of interest 

• Various types:
– Death (the ultimate event)
– State: VL < 40 = “undetectable”
– Time: to AIDS diagnosis
– Count: number of angina attacks

• Usually described in detail in a paper

20
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All quantitative studies will have a specific outcome that is usually carefully described and which is the main point of the study

Count quantity and frequency of the outcome

Examine associations between the outcome and other variables

Investigate changes in the outcome due to some kind of treatment



Measures of Occurrence

• Prevalence

• Incidence

21November 2007 HIV/AIDS Epi Update. PHAC
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The following is a somewhat simplified account

- There are many complicated details that are being left out but if you understand the basics of these two then this will serve you well in describing the extent of the need your programs and services are addressing or the extent of the problem that is occurring in the population your agency serves



Prevalence

• Number of cases of a
disease or condition
in a specific population
at a given time

• “Snapshot” measure

• Proportion or %

• E.g., Aboriginals make up about 7.5% of all 
prevalent HIV infections  in Canada

22November 2007 HIV/AIDS Epi Update. PHAC

Presenter
Presentation Notes
Numerator: Number of people who are ill, who have specific symptoms, or who have microbiological evidence of infection but remain asymptomatic

Denominator: Number of people in the population who are susceptible to the disease and/or who were exposed

TIME = point or period



Prevalence example

23

UNAIDS, Global AIDS Report, 2008
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Prevalence often represented graphically



Prevalence is used to

• Quantify the proportion of people with a 
disease
How many MSM in BC are infected with HIV?

• Estimate probability that an individual in the 
population will have disease at a point in time
How likely is an IDU to have Hepatitis C?

• Project health care and other policy needs or 
issues

24
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Mark Gilbert’s presentation will answer some of the questions I raise in my presentation.

In order not to repeat information he will present I have purposely not provided local data in the examples.



Let’s estimate a prevalence!

• Left‐handedness has 
been identified as a 
potentially deadly 
condition!

• What is the prevalence 
of left‐handedness 
among the people in 
this room?

25
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Presentation Notes
5-10% (higher in men) more intellectual, and artistic, 
more prone to unintentional injuries, head trauma, car accidents, increased sports injuries. 
- Left-handed industrial workers 5 times more prone to finger amputations
- “Everyday implements such as gearshifts, scissors, and can openers are biased toward right-handed use.” 
Everyday items such as spiralbound notebooks with the spiral on the “wrong” side, electric irons with the power cable protruding on the right, corkscrews, light bulbs, garden secateurs, and potato peelers. 



Left‐handed‐itis (the “good” news)

• Though constituting < 10% of the general US 
population, four of the last six past US 
presidents (67%) have been left‐handed:

Gerald Ford                 Ronald Reagan
George H.W. Bush  Bill Clinton

• President Barack Obama is also
left‐handed, as was his opponent
in 2008, John McCain

26
Source: http://en.wikipedia.org/wiki/Left handed



Incidence

• Number of new cases of 
disease that develop in a 
population at risk during 
a specified time period

• Rate

• E.g., incidence of HIV 
among young women aged 20‐29 in South 
Africa was 5.6% per year vs 0.9% for males

27
National HIV incidence measures – new insights into the South African epidemic. 
Rehle et al. S Afr Med J. 2007: 194-199
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Presentation Notes
Numerator: Number of people who do not have disease at the start of the time period

Denominator: Number of people in the population who are susceptible to the disease and/or who were exposed



Incidence – Key concepts

• New disease events
For diseases that can happen more than once, 
usually count the first time disease occurs

• Population at risk
can't have disease already but should be at risk of 
getting it in the future

• Time must pass for a person to move from 
state of health to having disease
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Men don’t have a cervix so not at risk for cervical cancer

Women not at risk for testicular cancer

Women who have hysterectomy not at risk for getting pregnant



Incidence is used to

• Measure how quickly people are getting a 
disease
How many new cases of HIV are diagnosed
annually among heterosexuals in BC?

• Estimate probability or risk that a person will 
develop disease during a specified time period

• Incidence rate, cumulative incidence, 
incidence density
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Incidence rate counts all the person time at risk over the period

Cumulative incidence is number of new cases developing over a time period based on a fixed population – measured at start of period

Incidence density is an “instantaneous” rate (in the limit as the time period gets shorter)



Let’s estimate an incidence rate 

• What is the incidence rate of people yawning 
during this presentation?

(number of first yawns)
–––––––––––––––––––––––––––
(person minutes of presentation)
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Prevalence and incidence together

• “Bathtub” model (simple case)
– Tub = population
– Water = cases

31
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Related by duration of disease

If short duration (quick recovery) then prevalence similar to incidence (e.g. common cold)

If long duration then prevalence ≈ to incidence x duration of time period observed

Prevalence = incidence x duration



Measures of Comparison

• Effect measures commonly reported in studies

• Ratios
– Incidence rate ratio
– Relative risk
– Odds ratio

• Ratio =   numerator   
denominator

32
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EFFECT MEASURE is another way of saying “measuring the effect of the exposure of interest on the outcome ”

Will spend a little time on these as they are very common and the last one – odds ratio is not intuitively obvious



Incidence rate ratio

• Comparison of risk between two groups

• Ratio of incidence rate in one group compared 
with the incidence rate in another group

• Using the previous example of annual HIV incidence 
among 20‐29 year olds in South Africa, 
IRR = 5.6 (% in women) / 0.9 (% in men) = 6.2

i.e., among South Africans aged 20‐29 years, women 
are infected at 6.2 times the rate of men

33
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The ratio has no units – it is simply a number

VERY USEFUL PROPERTY for comparing all sorts of different things., e.g. the effect of smoking or eating or exercise on heart attack – very different things that can be compared using the ratios



Relative risk

• Used in cohort studies & controlled trials

• Describes the increase (or decrease) in risk for 
an “exposed” group vs an “unexposed” group

• Example: For lung cancer among passive smokers
RR=1.15

i.e., non‐smokers who lived with a smoker were 1.15 
times more at risk‐‐or 15% more likely‐‐to get lung 
cancer than those who didn’t live with a smoker

34
Hackshaw, Law & Wald. The accumulated evidence on lung cancer and environmental tobacco 
smoke. BMJ   1997;  315 :   980



Odds ratio

• Used in case control studies

• Describes the strength of association (or non‐
independence) of two binary variables

• One of the commonest effect measures

• Has excellent statistical properties (symmetry)

• Can be estimated when other ratios cannot
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Odds

• With betting, odds are:
chance of winning vs chance of not winning

• Chance of rolling an even number?
(2,4,6) from (1,2,3,4,5,6) = 3/6 = 0.5

• Odds of rolling an even number?
(2,4,6) vs (1,3,5) = 3:3 = 3/3 = 1
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Odds

• Odds of rolling a 6?
(6) vs (1,2,3,4,5) = 1:5 = 1/5 = 0.2
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Odds

• Odds of rolling a 6?
(6) vs (1,2,3,4,5) = 1:5 = 1/5 = 0.2

• Odds of not rolling a 6?
(1,2,3,4,5) vs (6) = 5:1 = 5/1 = 5

• Odds are symmetrical
1 ÷ 5 = 0.2  and 1 ÷ 0.2 = 5

• Thus it doesn’t matter how you define it !
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Odds

• Chance of rolling a 6?
(6) from (1,2,3,4,5,6) = 1/6 = 0.167

• Chance of not rolling a 6?
(1,2,3,4,5) from (1,2,3,4,5,6) = 5/6 = 0.833

• Chance (or risk) is NOT symmetrical
1 ÷ 0.833 = 1.2  and 1 ÷ 0.167 = 5.99

• Thus it matters how you define the “risk” you’re 
measuring – this is not so good
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Odds example

• Sex with Older Partners is Associated with 
Primary HIV Infection among Men who have Sex 
with Men in North Carolina
Hurt et al. JAIDS. 2010; 54(2):185‐190.

• After adjusting for race, sex while intoxicated, and 
having a serodiscordant/serostatus unknown partner, 
a participant had twice the odds of primary HIV 
infection if his sex partner was 5 years his senior 
(odds ratio 2.0, 95% confidence interval: 1.2 to 3.3)

40
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Makes sense for a number of reasons

Older partners have been around longer and so have had more chance to become infected with HIV themselves

More likely for older person to influence younger person

BUT maybe the younger people were different somehow so that the result is biased in ways we haven’t thought of or for which the study could not control



Statistically significant

• A statistical term that means the result of the 
study is unlikely to have occurred by chance

• Statistically significant ≠ clinically significant

• Very large sample sizes often produce 
statistically significant results, but the results 
may make no difference to clinical practice
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Confidence interval

• Range around a numerical estimate obtained from a 
sample

• Range is likely to contain the “real” population value 
with a certain probability—usually 95%

42
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The concept of statistical significance is rather subtle and complex so am not trying to explain it – just give a description of what it is.

In practice this means that one should look at the CI to see how wide it is

If the CI includes 1 then the result is probably no different from no effect at all, e.g. a ratio of 1 means no difference between the numerator and denominator



Any questions so far?
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Causation – What is a “cause”?

• Merriam‐Webster Dictionary:
Something that brings about a result especially a 
person or thing that is the agent of bringing 
something about.

• Mervyn Susser (famous epidemiologist):
Something that makes a difference.

• Problem: How do we know when something makes a 
difference?
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Causation

• Association is not equal to causation

• Consider the following:
If the rooster crows at the break of dawn then 
the rooster caused the sun to rise
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Characteristics of a cause

• Must precede the effect 
(proximate vs. distant)

• Host or environmental factors; 
e.g., personal characteristics, conditions, 
actions of individuals, events, 
natural, social or economic phenomena

• Positive (presence of a causative exposure) or 
negative (lack of a preventive exposure)

46
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Causation is surprisingly complex

Almost always genetic factors come into play (one might be able to say that all causes start at conception or before)

Tuberculosis example leading into social determinants



Social determinants of health

47
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Originally conceptualized here in canada but we do a poor job of actually factoring them into how we do health

The term “social determinants of health” grew out of researchers' search for the specific mechanisms by which members of different socio-economic groups come to experience varying degrees of health and illness[11][12] Everywhere, individuals of different socio-economic status show profoundly different levels of health and incidence of disease 



Types of Studies

• Cross‐sectional

• Cohort

• Case Control

• Clinical Trial

48



Cross‐sectional

• Pro: Simplest, often inexpensive

• Con: Cannot establish causality

• Survey, census, ManCount

• Sample people once at one point in time
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Cohort Studies

• Pro: Can study many outcomes and exposures
• Con: Sometimes big, expensive and long
• VIDUS, Vanguard, ARYS, Framingham

SUNY Downstate Medical Centre
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Randomised Controlled Studies

• Pro: Standard method of testing therapies, 
highest standard of evidence

• Con: Study conditions may be unrealistic

SUNY Downstate Medical Centre
51



Case Control Studies

• Pro: Focused, cheaper, simpler analysis
• Con: Can only look at one outcome

SUNY Downstate Medical Centre
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Research is…

• Search for knowledge

• Systematic investigation 
to establish facts

• Scientific research is a 
specific kind of research 
that uses the scientific 
method

53
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Scientific research

• Generally follows these steps:
– Formation of the question
– Hypothesis
– Conceptual & operational definitions
– Gather data
– Analyse data
– Test hypothesis and revise
– Conclusion 
– Repeat

54
Wikipedia
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Note that we never PROVE a hypothesis

We only DISprove it

There are often alternate hypotheses that can also potentially explain things



Surveillance

• The ongoing systematic collection, analysis 
and interpretation of health data…

• …essential to the planning, implementation, 
and evaluation of public health practice…

• … as well as the timely dissemination of these 
data to those who need to know

• Surveillance is data for action!

55
Thacker S, Berkelman RL: Public health surveillance in the United States.  Epidemiol Rev 10:164, 1988



Sources of epidemiological info

• Scientific literature
– Journals

• “Grey” literature
– Conference abstracts
– Websites
– Reports
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Journal articles

• Most journals are not free but may be 
available through a university library

• Free:
– PubMed

http://www.ncbi.nlm.nih.gov/pubmed
– PubMed Central

http://www.ncbi.nlm.nih.gov/pmc/
– PubMed Central Canada

http://pubmedcentralcanada.ca/
– World Wide Science.Org

http://worldwidescience.org/
57
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Grey literature
• Public Health Agency of Canada

http://www.phac‐aspc.gc.ca/
• BC Centre for Disease Control

http://www.bccdc.ca/
• US Centers for Disease Control and Prevention

http://www.cdc.gov/
• BC Centre for Excellence in HIV/AIDS

http://cfenet.ubc.ca/
• BC Ministry of Healthy Living and Sport

http://www.hls.gov.bc.ca/publications/
• Ontario Ministry of Health and Long‐Term Care

http://www.health.gov.on.ca/
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Questions
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Thank You
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“And it was so typically brilliant of you
to have invited an epidemiologist.”
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