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What is public health?

• The science and art of preventing disease, prolonging life, 
and promoting health through organized efforts and informed 
choices of society, organizations (public and private), 
communities, and individuals

• Deals with preventive (rather than curative) aspects of health
• Deals with population-level (rather than individual level) health 

issues



Health Care 
Provider

Public Health 
Professional

• Head injury – rule 
out concussion

• Knee injury – rule 
out fracture, clean 
wound and bandage

• Check for ticks (?)

• Is the road safe for bikers?
• Are there helmet laws there?
• Does she/her family have 

access to a PCP?
• Tall grass may have ticks – is 

Lyme’s disease a problem 
there?



The Fence or the Ambulance
Joseph Malines

Twas a dangerous cliff, as they freely confessed, 
though to walk near its crest was so pleasant; 
but over its terrible edge there had slipped 
a duke and full many a peasant. 
So the people said something would have to be done, 
but their projects did not at all tally; 
some said, 'Put a fence 'round the edge of the cliff,’
some, 'An ambulance down in the valley.’

But the cry for the ambulance carried the day, 
for it spread through the neighboring city; 
a fence may be useful or not, it is true,
but each heart became full of pity 
for those who slipped over the dangerous cliff; 
And the dwellers in highway and alley
gave pounds and gave pence, not to put up a fence, 
but an ambulance down in the valley.

Upstream

Downstream



What is Epidemiology?

The study of the distribution and determinants of health-
related states or events in specified populations
• The fundamental science of public health



Epidemiology:
The study of the distribution and determinants of health-related states or 
events in specified populations

Health:
“A state of complete physical, mental, and social well-being, not 
merely the absence of disease or infirmity” 



Epidemiology:
The study of the distribution and determinants of health-related states or 
events in specified populations

Distribution:
• A description involving some/all of the following characteristics:

• Who (person) is getting the disease?
• Where (place) is the disease occurring?
• When (time) is the disease occurring?



People



Places



Time



Epidemiology:
The study of the distribution and determinants of health-related states or 
events in specified populations

Determinants:

• Factors that “cause” health-related states OR prevent their 
occurrence



Conditions in which people are born, grow, work, live, play, pray, and age.

• How many HS graduates?
• How many reading at grade level? 
• Do early childhood education 

programs exist? 
• Are students with disabilities in 

regular education programs? 

• Cancer screenings
• Vaccinations
• Family planning
• Treatments for SUD, STIs
• Prescriptions
• Access to care

• Neighborhood safety
• Walkability
• Air & water quality
• Green areas
• Transportation 

• Mental health
• Adverse childhood events
• Literacy & health literacy
• Recidivism rate
• Foster care
• Food insecurity

• How many employed/in school?
• Work related injuries
• People living in poverty
• Disabilities

Social Determinants (Drivers) of Health



Epidemiology:
The study of the distribution and determinants of health-related states or 
events in specified populations

Population:
• A group of individuals having a quality or characteristic in common

Examples:
• Residents of the United States
• African-American mothers in Baltimore
• Superintendents of public school districts
• Women with stage 3 breast cancer
• Mini Medical School Students



Applications of Epidemiology

1. Determine the extent of disease in a community
2. Identify the cause of a disease and factors that increase or 

decrease a person’s risk for getting that disease
3. Evaluate interventions designed to affect health-related states 

or events.



Extent of Disease
Reported Cases of Lyme Disease, USA 2017



Cause of Disease



Evaluate Interventions

• Provides the basis for public policy, regulatory decisions



Describing Disease



Descriptions Should Include

Counts Timing Comparisons



Prevalence

The total number of cases in a population, 
• at a specified time (point prevalence) or 
• over a specified period of time (period prevalence)

Measures burden of disease

All the people who are sick**
the whole population

**or healthy, or admitted to the hospital, or are happy … whatever we’re studying



Example

500 men with lung cancer were asked about their smoking 
habits. 461 men smoked at least one pack of cigarettes per day. 

What is the prevalence of smoking in this group of men? 

= 461 men who smoked
500 men total in the study

= 0.922 or 92%



Numbers Less than 1

• Decimals can be confusing
• In public health, we want our numbers to be used and 

understood
• Prevalence is a proportion, and can be represented by:

• A decimal (0.922)
• Percent (92.2%)
• OR multiplied to express the number of cases in a given population 

size
922 smokers per 1,000 people



The Problem with Prevalence

• If we monitor prevalence over time, it is hard to measure the 
success of public health efforts

• Prevalence = total cases
• the number will likely always increase (although it may potentially slow 

down)
• There is something more useful than prevalence…

Amyotrophic Lateral Sclerosis (ALS) 
Estimated Prevalence, 2022-2030



Incidence

The number of new cases that occur during a specified time 
period, in a population at risk for becoming a case

Measures risk – something with a high incidence is a problem 
right now

# new cases
population at risk



Example
• What is the weekly incidence of flu among the 

UD football team for each of the first two 
weeks of September?

100 people on the team
• Wk 1: 7 players diagnosed
• Wk 2: 31 players diagnosed

Week 1
Prevalence = 7 cases / 100 people 
P = 0.07 (or 7% or 70 per 1,000)

Incidence = 7 cases / 100 people
I = 0.07 

Week 2
Prevalence = (7 + 31) cases / 100
P = 0.38 

Incidence = 31 cases / (100-7) people
I = 31 / 93 = 0.33 (or 33%)



Example

The town of Smithville (population 6,222) is concerned about 
high blood pressure (HBP). In January of 2018, they conducted a 
survey asking all residents, “Do you have HBP?” They found that 
352 residents had HBP. 

What is the prevalence of HBP in Smithville in January 2018?

= (352 cases) / (6,222 people)
= 0.06 = 6% = 60 per 1,000 people



Example
In June 2018, Smithville Public Health Department conducted a public health campaign to 
test blood pressure in the community. 125 residents were newly diagnosed with HBP.

What is the incidence of HBP in Smithville in June 2018? 
= 125 new cases / (6,222 people – 352 previously diagnosed)
= 125 / 5,870
= 0.02 or 2% or 20 cases per 1,000 people

What is the prevalence of HBP in Smithville in June 2018?
= (352 previous cases + 125 new cases) / 6,222 people
= 477 / 6,222
= 0.076 or 7.6% or 76 cases per 1,000 people 



How are prevalence and incidence 
linked? 
• Prevalence = Incidence x Duration

HIV Cases in the US
Blue line = prevalence, Red line = incidence



Prevalence = Incidence x Duration

Prevalence Incidence Duration
A new treatment helps people with the flu recover 
faster
A new strain of the flu kills people quickly

A preventive hand washing program is introduced

A new viral strain is more infectious than previous 
strains and spreads faster
A new strain of the flu lasts for 2 weeks instead of 1

Same

Same

Same

Same

Same



Prevalence vs. Incidence

Prevalence
• Total cases
• Plan routine public health efforts
• Identify locations to focus on
• Track changes over time

Incidence
• New cases
• Plan urgent public health efforts
• Learn about potential causes
• Identify the end of an outbreak



Descriptive Epidemiology
Hypothesis Generating (What is happening?)



Descriptive Study Designs

Case Report Case Study Cross Sectional

“That was really weird! Has that 
ever happened to anyone else?”

“I’ve seen it a few times! Here’s 
what it looked like. I wonder how 
many other people have it?”

“Hmm, let’s design a study to 
see what’s going on.”

One person’s disease 
experience

Study of a small group of 
people’s disease experience

Collecting a “snapshot” from a 
large group of people at one 
time

Hypothesis Generating



Cross Sectional Study

• Collects a lot of information 
from a large group of people 
at a single point in time

• Theory
• Collects prevalence data
• Looks at everything 

concurrently
• Estimates magnitude and/or 

distribution of a health issue
• Observe patterns



Surveillance Studies
• Cross Sectional done multiple 

times at different points in time with 
different people

• Theory
• Collects prevalence data
• Looks at everything concurrently
• Estimates magnitude and/or 

distribution of a health issue

• Observe patterns
• Different group of people each time



Descriptive Studies are Best For

• Answering questions about incidence/prevalence 
How common is [disease / risk factor]?

• Establishing what is “normal” for a specific demographic at a 
specific time

What risk factors are associated with [outcome]?
• Justifying further research on the topic



Analytic Epidemiology
Hypothesis Testing



Hypothesis Testing

• Is [exposure] associated with [outcome]?

• Positively associated: 

• Negatively associated:

• Is eating raw eggs associated with muscle development? 



Exposures vs. Outcomes
Exposures
(Things we can Assess)
• Occupational groups
• Groups undergoing medical treatment
• Groups with unusual diet or lifestyle factors
• Professional groups
• Students/Alumni
• Geographically defined areas

Outcomes
(e.g., diagnoses, death, hospital stays)
• Death certificates
• Billing records
• Questionnaires 
• Medical Exams



Relationships Between Exposure (X) 
and Outcome (Y)

Exposure (X) and 
Outcome (Y)

No Association (X 
unrelated to Y)

Associated
(X Related to Y)

Causal (X  Y)

Directly

Indirectly

Non Causal
(X does not  Y)

Correlation does NOT imply causation!



Correlation does NOT imply Causation



Hill’s Causality Criteria (4 of 8)
• Strength of Association

(if A  B, when A ↑ B will ↑)

• Consistency
(if A  B, we will see it across multiple studies)

• Temporality
(if A  B, A will always be present before B)

• Biologic Gradient
(if a little of something is bad, a lot of something
will be very bad; aka: dose-response relationship)



Study Design

Observational

Descriptive

Case Report Case Series Cross 
Sectional

Analytic

Ecologic Case Control Cohort

Experimental

RCTs / 
Clinical Trials

Community 
Interventions



Analytic & 
Experimental Studies



Ecologic Studies
• Looks at groups (not individuals)
• Explores associations at group level

• Is cancer mortality associated with income?
• Often used when individual data are unavailable 
• Associations, NOT causes

• Strengths
• Quick, data from multiple sources



Example: Ecologic 
• Variables

• Aggregate (summaries)
• Environmental (mean temp)
• Global (population density)

• Weaknesses
• We cannot draw conclusions 

about individuals from group data 
(“Ecologic Fallacy”)

• Imprecise
• Often relies on others’ data

“A 10-percentage point increase in the Black 
non-Latino population was associated with 
an increase of 312.3 COVID-19 cases per 
100,000 population.” 

…does NOT mean that a Black, non-Latino 
person is more likely to get COVID.



Case Control Study
• Subjects are defined based on presence or 

absence or an outcome of interest 
(‘disease’)

• Study is retrospective (looks backward)
• Theory

• Find a group of sick people
• Find a similar group of not sick people
• Compare previous exposures to see if we can find 

a pattern that might explain why some are sick and 
some aren’t

• Strengths
• Good for studying rare diseases / outcomes
• Multiple exposures can be studied
• Inexpensive, fast
• Calculate Odds Ratio – how strongly the exposure 

is associated with the outcome (probability an 
event will occur)

• Weaknesses
• Cannot measure incidence (temporality)
• Selecting appropriate control groups is hard
• Self-reported exposure data



Example: Case Control

What is the association between poor diet and suffering 
from a torn ACL?

Cases: people with a torn ACL 
Controls: people without a torn ACL

Note: the only difference between the cases & controls should be the thing you’re testing for 
• Cases and controls could both be recruited from the same orthopedic surgery practice;
• Cases with an ACL tear, controls with a shoulder issue

Exposure

Outcome



Cohort Study
• Subjects are defined by presence or absence of 

an exposure
• Study is prospective (looks forward)
• Theory

• Find a group of exposed people
• Find a similar group of not exposed people
• Follow them for a period of time to see who 

develops the outcome of interest
• Strengths

• Good for rare exposures, evaluate multiple 
outcomes

• Temporal relationship (causality)
• Can calculate incidence, relative risk (of getting 

disease/outcome)
• Weakness

• Expensive, time consuming, loss to follow up
• Inefficient for rare diseases/outcomes



Example: Cohort
Researchers recruited 938 individuals to be in a study looking at the relationship between 
smoking and lung cancer. The baseline questionnaire asked subjects about their smoking 
status. Researchers then followed the individuals for 10 years to see who develops lung 
cancer.
At baseline, 438 subjects reported smoking, while 500 reported not smoking.

Outcome of interest

Exposure No exposure

We can determine incidence (and causality)!



Framingham Heart Study

Objective:
To study the impact of 
several factors on 
incidence of 
cardiovascular disease

Exposures:
Blood Pressure
Smoking
Body Weight
Diabetes
Exercise
Etc.



Outcomes



Randomized Controlled Trial
• Theory

• Get a group of healthy people together that are as alike 
as possible

• Randomized them into groups and assign exposure 
status randomly

• Test / Treatment Group – gets the intervention
• Control / Placebo Group – gets standard of care or placebo
• Don’t tell them which group they’re in

• Follow in time to see what their outcomes are
• Strengths

• Certainty exposure  outcome (causality)
• All characteristics are randomly assigned
• Blinding

• Weaknesses
• Expensive, time consuming
• Can be unethical to withhold treatments
• Can’t randomly assign all exposures (smoking, pollution, etc.)



Example: RCTs

• Exposures
• New drugs
• New treatments
• New technology
• New methods of prevention
• New screening programs



Blinding or Masking
• Placebo Effect

• People can have a response 
(positive and negative) to things 
they think have an effect

• Even with a placebo, people can 
report improvement, side effects, 
etc. 

• The brain is weird
• Blinding

• Single blind – participants are 
unaware of what group they’re in

• Double blind – neither participants 
nor investigators are aware of who 
has been assigned to which group



Analytic Study Break Down

Attribute Case Control Cohort RCT
Good for? Rare outcomes Rare exposures Fair comparisons
Starts with? Outcome assessment Exposure assessment Randomization
Looks Backward Forward Forward
Calculate incidence? No Yes Yes
Shows causality? No Can Can

RCTs are called the “gold standard” of study design, but not everything can or should be studied using 
an RCT.



But wait, there’s more!
• Epidemiology also looks at

• Efficacy of screening tests 
• If you get a positive test result, do you actually have cancer / are pregnant, etc.?
• False positives and false negatives

• Confounders 
• Is the exposure just guilty by association and something else is actually causing the outcome?

• Types of Bias
• Availability – using information that’s most easily/immediately accessible
• Confirmation – data supports preconceived ideas
• Conformity – change ideas to fit with the group
• Sampling – smaller populations that don’t represent the whole
• Survivorship – only evaluating surviving data, and not the data as a whole
• Recall – outcomes may color subjects’ recollections of prior events

• Logical Fallacies
• Cherry picking data
• False balance
• Red herring
• Straw man
• Circular reasoning



Questions?
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