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What is Epidemiology?



Definition

• The study of the distribution and determinants of 
health-related states or events in specified populations 
and the application of this study to control of health 
problems

Public 
Health

Clinical 
Medicine



“Study of distributions and 
determinants”

• Disease, illness, poor health, excellent health status are not randomly 
distributed in our population

• Each individual has certain characteristics that predispose (or protect) them 
against disease

• Genetic factors or family history
• Environmental exposures
• Health behaviours
• Socioeconomic factors



Example: Wildfires and asthma

-Individuals with asthma are susceptible to exacerbations when air quality is low (i.e., 
wildfire smoke)

The Camp Fire (11/8/18) was the 
deadliest wildfire in California 
history and sixth-deadliest U.S. 
wildfire to date



Application to control health 
problems 

• Epidemiologists use the insights gathered in their research to 
determine how disease within a population affects our society 
and health systems

Increased fluoride, decreased 
caries

DMF indices after 10 years of 
fluoridation, 1954–1955.

Removal of fluoride in 
Antigo, Wisconsin



Objectives of Epidemiology

• Identifies causes of disease & risk factors for disease 
(etiology)

• Determines the extent or burden of disease in a population

• Studies the natural history and prognosis of disease

• Evaluates the effect of preventive and therapeutic measures 
and approaches to health care on disease

• Provides scientific evidence to inform public health and 
environmental policies  



1. Etiology of Illness

What many people want to know:

Does an exposure of interest CAUSE the outcome of interest?

Exposure Outcome

Stated differently: if I manipulate an exposure (+) does it cause the 
outcome? Or if I manipulate an exposure (-) does it remove outcome 
risk?



What is a cause?

“Cause of a disease event is an event, 
condition or characteristic that preceded 
the disease event and without which the 

disease event either would not have 
occurred at all or would not have occurred 

until some other time.”

[Rothman & Greenland, 1998]



Intuition about causation

Even before studying causal inference, we all have experience with causal effects:

• Starting now, if I stop eating ice cream at night, how much weight will I lose in 
three months? 

• If I adopt a puppy, will the severity of my depression symptoms improve in 
one year? 

• If I give my patient new chemotherapy instead of the standard chemotherapy, 
how many  more months will he/she live? 

• If my government implement stricter regulatory policies for air pollution, how 
much longer  can I expect to live? 

• If my country or state had implemented a mask mandate three months ago to 
slow down the spread of COVID-19, how many lives would have been saved? 



Causal contrast



Definition

• Cause
• Must precede the effect (absolute requirement)

• Can be either
• positive = the presence of an exposure
• negative = the absence of exposure (e.g. vaccination)

• Should always be set up as a comparison



Correlation does not equal 
causation!

• Does consuming cheese cause mortality due to people to getting 
tangled in their bedsheets?

• Even though there is an apparent correlation, if you were to do an 
RCT, unlikely randomizing cheese consumption vs. dairy free diet 
would have an impact on bedsheet-related mortality



2. Determining extent & burden 
of disease in a population

• Vast field of epidemiology called descriptive or 
surveillance epidemiology

• Monitoring the health of a population group

• Example: National Health and Nutrition Examination 
Survey (NHANES) is a survey of Americans to better 
understand health of our population

1. Interview: directly interviewing the survey participant and 
those within their household about their health.

2. Examination: conducting clinical 
tests, anthropometric , biochemical , and radiological 
measurements, and physical examinations.



NHANES is publicly available



Data can be used to 
guide policies and 
improve health

Understand the 
health of the 
population

Eliminates $$$ of 
collecting primary 
data



NHANES is representative
Probability-based complex sampling 
design:

1. Select 15 primary sampling units 
(counties or small groups of 
counties) ~5000 individuals in 
each PSU

2. Select segments--cluster of 
neighbourhood blocks 
(depending on housing density)

3. Select households from 
segments 

4. Select participants from 
households



Disproportionate burden of 
COVID-19

“Covid is the great equalizer”

“Everyone is subject to this virus…I don’t care how smart, how rich, 
how powerful you think you are.” –Andrew Cuomo

• Descriptive epidemiology has played a hugely important role in 
helping us understand that these claims are untrue

• Worsening health disparities: hurting low-income communities, 
individuals of colour, and other marginalized groups
• Work from home vs. front line workers (hospitals, grocery store)
• Food security (food bank vs. Instacart)
• Structural racism and existing health disparities leading to worse 

outcomes in individuals in black and brown communities 



3. Natural history and disease 
prognosis

• Natural history: Progression of disease process in an 
individual or population group over time in the 
absence of treatment 

incubation period (infection)

latency period (chronic)



Saxitoxin Poisoning

Southern Puffer Fish

Red Tide

Paralytic shellfish poisoning 
(tingling, numbness around 
lips and fingertips, giddiness, 
incoherent speech, 
respiratory paralysis, 
sometimes death)

Occurs within few minutes 
to 30 minutes



4. Assessing preventive 
measures 

Harm reduction is a set of practical strategies and ideas 
aimed at reducing negative consequences associated with 
certain behaviours

• Continuing level of drug use in society is inevitable and 
defines objectives as reducing adverse consequences

• Evidence from that harm reduction approaches greatly 
reduce morbidity and mortality associated with risky health 
behaviours

• Needle-exchange programs à mean annual decreases in HIV 
seroprevalence compared with those areas that have not 
introduced needle-exchange programs



Needle Exchange Programs
-First introduced in Tacoma, Washington and now >300 across the USA

-Allow individuals to get sterile needles free of charge and safely dispose of dirty needles and 
syringes used for drug injection

-Opportunity to offer educational and medical services, such as referrals to substance use 
disorder programs and testing

-For every dollar invested in expanding a needle exchange program, $6 could be saved in HIV 
treatment.



Therapeutic interventions

• 1954 à polio vaccine field trials

• >620,000 schoolchildren were 
randomly assigned to receive 
vaccine or placebo (+ more than 
1 million observed controls)

• 1955à evidence showed Salk 
vaccine was 80-90% effective in 
preventing paralytic poliomyelitis 
(polio) 



5. Evidence to inform public health and 
environmental policies



Tobacco and Lung Cancer



E-cigarette use in young adults
• In recent years, e-cigarette use by youth 

and young adults has increased 

• E-cigarettes (including vaping devices) are 
now the most commonly used tobacco 
product among youth 
• E-cigarettes are tobacco products that 

deliver nicotine

• E-cigarettes can expose users to several 
chemicals, including nicotine, carbonyl 
compounds, and volatile organic 
compounds

• The health effects and potentially 
harmful doses of heated and aerosolized 
constituents of e-cigarette liquids, 
including solvents, flavorants, and 
toxicants, are not completely understood.



The Juul controversy

• Is Juul a harm reduction tool intended to provide a 
safer alternative to cigarettes? 

• Or is Juul a new era of cigarette intended to get teens 
and young adults hooked on a highly addictive 
chemical?



Marketing to a young audience

“Maybe more important than 
the content of the ads was 
the media Juul used to reach 
people. “What Juul did that’s 
different is it exploited social 
media, where American 
middle and high school kids 
live...that was their 
innovation.”
– Dr. Robert Jackler



Epidemiology = more than 
epidemics



2014 Ebola Virus Cluster in 
Dallas, Texas



http://www.vanityfair.com/news/2015/02/e
bola-us-dallas-epidemic

“Behind the scenes, much of the work 
that week had fallen to teams of county 
and C.D.C. epidemiologists, who tracked 
down and interviewed the dozens of 
people who had come into contact with 
Duncan after his arrival in America. 
Eventually 177 people in the Dallas area 
would fall under some type of 
quarantine. Monitoring these people 
became a monumental job. The epis had 
to visit each person twice a day to take 
his or her temperature, every visit 
limited by strict medical guidelines. The 
epi couldn’t approach within three feet 
of the person; the person took his or her 
own temperature, then held the 
thermometer aloft for the epi to read. 
But tending to the quarantined quickly 
became more than just medical visits. 
Once people were restricted to their 
homes, they had to be brought groceries 
and medicine. Children who couldn’t go 
to school still needed their homework.”



1. identify patients with Ebola at presentation to minimize 
potential exposures

2. rapidly identify contacts of Ebola patients and evaluate their 
level of exposure risk

3. monitor potentially large numbers of community and health 
care contacts

4. assess infection control practices and conduct large-scale 
training sessions

5. develop protocols to safely transport suspected Ebola patients 
to hospitals and safely evaluate these patients within a 
hospital

6. designate facilities to care for patients with confirmed Ebola.

Field Epidemiology



Epidemic Intelligence Service 
(EIS)

EIS officers have responded to a 
multitude of major health threats 
since 1951, including:
•Investigating biological warfare during 
the Korean war

•Providing disaster relief following 
Hurricanes Harvey, Irma, Maria, and 
Katrina, and 9/11

•Providing on-the-ground response to 
Ebola and Zika virus outbreaks.



History of Epidemiology

• Before population-representative datasets and 
analyses of millions of observations were even 
conceivable, epidemiologists used observations from 
the natural world to create interventions to improve 
population health

• Historic examples:
• 1. Childbed fever (maternal fever post-delivery)
• 2. Smallpox
• 3. Cholera



Historic Examples of 
Epidemiology

Semmelweiss and childbed fever



Historic Example 1 

What could be the cause of the differing mortality rates?



Historic Example 2

Jenner and Smallpox
• In the 1800s, ~400,000 people died each yr
• Survivors were immune
• “Variolation” procedure (less than ideal!)
• Cowpox survivors also immune
• Tested his theory and observed the results

• WHO reports smallpox eradicated in 1980

Interesting fact: The term “vaccination” is derived from vacca, the Latin word for “cow.”



Historic Example 3
John Snow and 

Cholera

• 600 deaths all around 
the Broad Street Pump 
in 1854

• Is Cholera transmitted 
through water? Or via 
miasma (Farr)?



The Breadth of Epidemiology

• There’s an area of epidemiology for almost every 
interest, a few include:

• Pharmacoepidemiology
• Social epidemiology
• Environmental epidemiology
• Clinical epidemiology
• Genetic epidemiology
• Health services research
• Health policy research
• Psychiatric epidemiology
• Nutritional epidemiology
• Reproductive and perinatal epidemiology



Cardiovascular Disease
• In 1950s, 1 in 3 men would develop CVD before age 60
• Public health efforts around WWII resulted in improvements in 

infectious diseases (e.g., sanitation, penicillin)



Occupational Epidemiology



Infectious Disease Epidemiology

(Moses et al., 1990; Mills et al., 2008)



• Nearly all nutrition studies rely 
on measures of food 
consumption that require 
people to remember and report 
what they ate

• Generate huge datasets --> easy 
to find spurious associations, 
associations that won’t be 
replicated



Not really. So much confusion!



Contradictions



Retractions
Vaccination and Autism





Be skeptical!

• Don’t always believe what you read

• Form your own opinions

• Be an informed reader of the medical literature 

• Critical appraisal 



Readings for this Week 

http://fivethirtyeight.com/features/you-cant-trust-what-
you-read-about-nutrition/

http://www.nytimes.com/2007/09/16/magazine/16epide
miology-t.html?_r=0

https://www.vox.com/2020/4/10/21207520/coronavirus-
deaths-economy-layoffs-inequality-covid-pandemic

http://fivethirtyeight.com/features/you-cant-trust-what-you-read-about-nutrition/
http://fivethirtyeight.com/features/you-cant-trust-what-you-read-about-nutrition/
http://www.nytimes.com/2007/09/16/magazine/16epidemiology-t.html?_r=0
http://www.nytimes.com/2007/09/16/magazine/16epidemiology-t.html?_r=0
https://www.vox.com/2020/4/10/21207520/coronavirus-deaths-economy-layoffs-inequality-covid-pandemic
https://www.vox.com/2020/4/10/21207520/coronavirus-deaths-economy-layoffs-inequality-covid-pandemic

