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Classic Definition of Public Health

"the science and art of preventing disease, prolonging life and promoting health and efficiency through organized 

community effort for the sanitation of the environment, the control of communicable infections, the education of the 

individual in personal hygiene, the organization of medical and nursing services for the early diagnosis and preventive 

treatment of disease, and for the development of the social machinery to insure everyone a standard of living 

adequate for the maintenance of health, so organizing these benefits as to enable every citizen to realize his 

birthright of health and longevity." – C.E.A. Winslow, 1920

Definition of Population Health

The health outcomes of a group of individuals, including the distribution of outcomes within the group.

or, the term "population health" can be used in a narrower, medical-model definition related to reimbursement 

models in healthcare systems. "standardized care that aims to control costs while improving outcomes and patient 

and provider satisfaction. It’s an alternative to the long-entrenched fee-for-service system" – UC Health
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of a population?
- Life expectancy
- Mortality rate
- Fertility rate

on a population?
- YPLL -Incidence
- QALY -prevalence
- DALY

in population health?
Improved health of the target population with a reduction 
in disparities between subgroups of the population

of an individual?
- Blood pressure, BMI
- Cholesterol, hemoglobin A1C, etc.
- Number of daily medications

on an individual?
- Missed days of work
- Inability to meet functional goals
- Suboptimal lab values
- Symptom progression

in healthcare?
Improved health of the patient with a 
reduction in disease

How do we measure health

How do we measure the impact of disease

How do we measure success
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Infant 
Mortality 
Rate

Obesity 
Prevalence

5.9/1000 
live births

39.8%
in 2018

2016

U.S. Health Outcomes Compared to Other 
OECD Countries

78.69
years

Life 
Expectancy 
at Birth

1. Current 
U.S. approach 
to health is 
ineffective

(CDC, 2017)
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Life expectancy at birth by race and Hispanic origin: U.S. 2006-2016 

2. Current U.S. 
approach to 
health leads to  
health 
disparities

(CDC, 2018)
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(Kaiser Family Foundation [KFF], 2018)
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The U.S. spends more per capita on healthcare than any nation in the world, yet we have the worst health outcomes of 
any developed nation. Why?

- Healthcare has minimal influence on health
- Inequities leave many who need healthcare without access to high quality care
- The focus on treating disease waits for people to become ill before providing care

3. Current U.S. 
approach to 
health is 
inefficient

(Peterson & KFF, 2019)
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Social Determinants of Health

(KFF, 2019)
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Public Health Interventions 
Applications for Public Health Nursing Practice 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

March 2001 
 
      
     Minnesota Department of Health 
     Division of Community Health Services 
     Public Health Nursing Section   
 

5 core 
competencies

7 interdisciplinary 
competencies

(ASPPH, 2019) 
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Nursing ProcessPublic Health Process
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Public Health History

• Black death killed half the  population of Europe circa 1350

• 90% of Native Americans killed by disease spread by explorers

• 1796 Edward Jenner experiments with cowpox

• 1842 Edwin Chadwick's research linked poverty to disease, promoted 
water supply & sewage removal

• 1862 Louis Pasteur identified germs as cause of many diseases

• 1863 John Snow mapped cholera cases in London to identify source

• 1883 Robert Koch identified vibrio as cause of cholera, discovered TB

• 1893 Lilian Wald founded public health nursing

• 1945 U.S. drinking water fluoridation; 25% reduction in tooth decay

• Seat Belts Have Saved an Estimated 255,000 Lives Since 1975

• PH efforts reduced smoking from 42% in 1965 to 25% in 1995

• Vaccinations prevented > 21 million hospitalizations and 732,000 
deaths among U.S. children born in the last 20 years

(CDC, 1999)
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Outline for the rest of today’s class:
Epidemiology

• Incidence & Prevalence

• Validity

• Reliability

• Prevention & health promotion

1. Primary Prevention

2. Secondary Prevention: Screening

- What makes a good test? Sensitivity & Specificity

3. Tertiary prevention

Next week:

• More epidemiology

• Biostatistics

• Population dynamics & data sources

• Environmental health

"It is cheaper to promote health than 
to maintain people in sickness."  

"Preventable disease should be 
looked on as a social crime." 

-Florence Nightingale, 1894
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Audience participation: Baseline assessment

1. If 80% of women with breast cancer have positive findings on a mammogram, then the probability that 
your patient whose mammogram just came back positive has breast cancer is 80%. True or false?

2. If the positive predictive value for screening mammography in American women age 40-50 is .04, and 
your 45 y/o patient gets a positive test result, what are the chances she actually has breast cancer?
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Epidemiology
The study of the distribution of disease and the factors that determine that distribution

"The study of the distribution and determinants of health and disease in human populations to 

enable health services to be planned rationally, disease surveillance to be carried out, and 

preventive and control programs to be implemented and evaluated." – WHO
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Population-level Distribution of Disease

(Kirk, 2012)
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Natural History of Disease in an Individual

(Kirk, 2012)
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WHO Principles of Early Disease Detection

1. The condition sought should be an important health problem.

2. There should be an accepted treatment for patients with recognized disease.

3. Facilities for diagnosis and treatment should be available.

4. There should be a recognizable latent or early symptomatic stage.

5. There should be a suitable test or examination.

6. The test should be acceptable to the population.

7. The natural history of the condition, including development from latent to declared. 

disease, should be adequately understood.

8. There should be an agreed policy on whom to treat as patients.

9. The cost of case-finding (including diagnosis and treatment of patients diagnosed) should 

be economically balanced in relation to possible expenditure on medical care as a whole.

10. Case-finding should be a continuing process and not a "once and for all" project.

(Wilson & Jugner, 1968)
McQuilkin 2019 21



Health Outcomes

Incidence = # of new disease cases

Incidence rate = Rate at which new cases are occurring

Cumulative incidence = Risk for developing the disease over a specified time period

Person-time = how long you're monitoring people for development of the disease   

= (# of people) x (time of monitoring per person)

Example: I monitor 10 people for 1 hour each to see how many people sneeze. 

If 1 incident sneeze occurs

Incidence rate = = .10

# of new cases during 

specified time interval

# people at risk during 

that time interval

Incidence rate

per 1000
= x 1000

1 case of sneezing

(1 hour x 10 people) = 10 person-hours

Audience participation:

3. If 20% of the participants enrolled in a study are lost to follow-up by the time the study ends, how will this 

affect person-time?

A. It will increase

B. It will decrease

C. It will stay the same
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Prevalence
per 1000
population 

Point prevalence v. period prevalence:
- most prevalence is point prevalence (cases present at one point in time)
- period prevalence specifies a time frame (ie during the past 12 months)

where any case during that time period would be included in the numerator

# cases present in population at specified time

# people in population at that time x 1000=

Audience participation:
4. Is prevalence a rate?

# Affected
Total Population

Events
Population-time

No, it's a proportion; 

incidence rate is a rate because it has time in the denominator, but prevalence does not

Proportion = division of 2 numbers where the numerator is a subset of the denominator

Rate = proportion where time is always the denominator
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Cumulative incidence =

Cumulative incidence is a proportion. Time period used in the denominator is usually lifetime.
How is it different from prevalence over 1 year? The people who already had the disease are excluded when 
calculating cumulative incidence; it only includes new cases, whereas prevalence includes cases in the 
population that were preexisting; denominator for prevalence is well + sick people.   

Example: Population of 10 people over 5 years

# of new cases occurring in population 
during specified time period

# of people at risk for the disease 
during that time period

2016                        2017                        2018                        2019                        2020

Pe
op

le

Audience participation
1. Point prevalence in 2017?

2. Period prevalence from 2016 to 2020?

3. Incidence rate in 2018?

4. Cumulative incidence 2018 to 2020?

3/10 x 1000 = 300 per 1000

5/10 x 1000 = 500 per 1000

1/8 x 1000 = 125 per 1000

2/8 = 0.25
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Relationship Between Incidence & Prevalence

prevalence

deaths & cures

incidence

duration of disease

P = I x D
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Levels of Prevention
1. Primary prevention = avoidance of illness through health promotion activities and protective actions 

(nutrition, hygiene, immunization)

- health promotion = enhance wellbeing by empowering individuals to improve their health; 

recognizes that health is multidimensional and some factors are outside of an individual's control

- based on principles of equity and social justice; health for all

2. Secondary prevention = early disease detection & treatment

- screening

- benefits and risks of screening

- principles of screening

- sensitivity & specificity

3. Tertiary prevention = limit disability and rehabilitate following diagnosis of disease
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Secondary Prevention
Screening = test of an asymptomatic person to identify an unrecognized disease

Benefits
Early disease detection & treatment        decreased mortality from the disease

Risks
false positives        stress for patient and family, unnecessary investigative testing or surgery
Pain, discomfort, or inconvenience of test
Side effects of test (ie radiation exposure increasing risk of future cancer)
cost to individual and healthcare system
ethical concerns

What makes a good test?
- easy to administer
- inexpensive
- minimal discomfort
- good validity (high sensitivity and specificity)
- good reliability (reproducible)
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Audience participation:
You write a grant proposal to provide free hemoglobin A1C testing every three months to residents of a 
low income housing project with diabetes, which has been identified as a subpopulation your clinic 
serves which is at risk for poor diabetes outcomes. 

Which level of prevention is this community health intervention? Is it a screening program?

1. Primary
2. Secondary
3. Tertiary
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Class II: Fundamentals of Population Health Continued
Mary McQuilkin, NP, MPH
Assistant Clinical Professor
UCSF School of Nursing
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Recap:
- Population health

- Social determinants of health

- Socioecological model

- Applying the nursing process to populations

- Intro to epidemiology

- Levels of prevention

Today:
- More on screening

---Break---

- Measures of morbidity & mortality

- Surveillance

- Prevention of disease transmission
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Validity
Validity = how good the test is at separating out the people who have the condition from those who don't.

Reliability = same result achieved with repeated measurement.

Gold standard = best available test, used to assess validity of a new test via comparison of results.

Sensitivity = the ability of the test to identify correctly those who have the disease

Specificity = the ability of the test to identify correctly those who do not have the disease.
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TP = True Positives; people who have the disease who test positive

FP = False Positives; people who do not have the disease who test positive

TN = True Negatives; people who do not have the disease who test negative

FN = False Negatives; people who have the disease who test negative

+

+

-

-
Disease

Test
result

TP

TN

FP

FN

Sensitivity = =

Specificity = = 
TN

FP + TN

True negatives

without the disease

TP

TP + FN

True positives

with the disease

Quantifying Validity

(Crum, 2012)
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+

+

-

-
Allergy

Test

result

80

800

100

20

Sensitivity = =

Specificity = = 
TN

FP + TN

TP

TP + FN

80
80 + 20 =

80
100 = 80%

800
100 + 800 = 800

900 = 89%

Example: Quantifying Validity

You are the sole clinician for 1000 people living in a rural Texas town. The locals traditionally eat a diet comprised 

primarily of beef, but many patients are are coming in with allergic reactions, which resolve after switching to a 

vegetarian diet. You need a test so you can screen patients for IgE antibody to oligosaccharide galactose-alpha-1,3-

galactose so you can warn patients with the allergy not to eat meat. Here is the test you are considering purchasing:

80 people who have the allergy got a positive result.

100 people who do not have the allergy got a positive result

20 people who have the allergy got a negative result

800 people who do not have the allergy got a negative result
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Example: Quantifying Validity

+

+

-

-
Allergy

Test
results

80

800

100

20

total

total

180

20

1000100 900

Sensitivity = = 80%80

100

Specificity = = 89% 800

900
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Likelihood Ratios

• The ratio of the chance someone with the disease tests positive 

to the chance someone without the disease tests positive

• The higher the LR, the better the test is for ruling in a Dx

• The lower the LR, the better the test is for ruling out a Dx

!" = P Result Disease
P(Result|No disease)

!" of a positive test = Sensitivity
(1 − Speci=icity)

LR of a negative test = (1 − sensitivity)
Speci=icity

(Zakowski, Seibert, & VanEyck, 2004) 

Likelihood Ratio Usefulness

Excellent Good Fair Useless Useless Fair Good Excellent

<0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-5 5-10 >10

LR- LR+
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Audience participation:

1. What is the consequence of false positive test results in 
this example?

2. What is the consequence of false negative test results?

3. Therefore, for patient safety, your priority is to choose a 
test with a high  _________ 

Fake News Flash: There is a new test to determine if someone was bitten by a Lone Star tick 

Amblyomma americanum and is therefore at risk for IgE to the Mammalian Oligosaccharide Galactose-α-1,3-
Galactose (meat allergy). 

You want to know:
If a test is positive, how likely is the patient to have the disease?
If a test is negative, how likely is the patient to have the disease?
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High

Low

Tick bite No tick bite

4 1

6 9

10                     10

+

-
Tick-
associated 
antigen
test result

test 
result

Tick bite No tick bite

+

+

-

-
Disease

Test
result

TP

TN

FP

FN

+

-
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Tick bite No tick bite

9 3

1 7

10                     10

+

-

High

Low

Tick-
associated 
antigen
test result

test 
result

Tick bite No tick bite

(Coplan, 2011; Crum, 2012)

+

-
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Tick bite

No tick bite

True
positives

True
negatives

False 
negatives

False 
positives

Test cutoff 1

Test cutoff 2
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Positive predictive value (PPV) = proportion with a positive test that actually have the disease.

If 9 of 10 positive test results are correct (true positives), the PPV is 90%. PPV describes 

how likely it is that a positive test result in a given patient population represents a true positive.

Negative predictive value (NPV) = proportion with a negative test result that don't really have the disease. 

If 7 of 10 negative test results are correct (true negative), the NPV is 70%. NPV describes how likely it is that a 

negative test result in a given patient population represents a true negative.

The chance of having the disease 
when given a positive test result                                       

Bayes' Theorem
The chance the positive test result 
was caused by having the disease

The chance the positive test result 
was caused by having the disease

The chance that the positive test result 
was an error

+

=

(Crum, 2012)
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PPV =  
TP

TP + FP
TN

TN + FNNPV =

Bayes' Theorem

+

+

-

-
Disease

Test
result

TP

TN

FP

FN

! " # = % & ' %(')
% & ' % ' + % & ¬' %(¬')!("|#) = P B A P(A)

P(B)
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Audience Participation:
To study this new test, I enroll 1000 people with IgE to the 

Mammalian Oligosaccharide Galactose-α-1,3-Galactose 

and 1000 people without it who were not bitten by a Lone 

Star tick as a control group.  After testing my study 

participants and calculating the sensitivity and specificity, 

I calculate the positive predictive value. The governor's 

office contacts me to assess feasibility of a state-wide 

screening campaign. 

Can I share the PPV I calculated when helping them 

determine whether this screening test should be used for 

all Texans? Why or why not?
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+
-1%

Example: Quantifying Positive Predictive Value

Population = 10,000 people

Test characteristics: Sensitivity = 99%, Specificity = 95%

(Crum, 2012)

Allergy
prevalence

Test
results

Have meat 
allergy

99

1

100

No meat 
allergy

495

9,405

9,900

Total

594

9,406

10,000

Predictive 
value

99
594 = 17%

Totals
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+
-1%

Relationship of Positive Predictive Value to Disease Prevalence

Population = 10,000 people

Test characteristics: Sensitivity = 99%, Specificity = 95%

(Crum, 2012)

Allergy
prevalence

Test
results

Have meat 
allergy

99

1

100

495

5

500

No meat 
allergy

495

9,405

9,900

475

9,025

9,500

Total

594

9,406

10,000

970

9,303

10,000

Predictive 
value

99
594 = 17%

Totals

5%

+
-

Totals

495
970 = 51%
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+
-1%

Relationship of Negative Predictive Value to Disease Prevalence

Population = 10,000 people

Test characteristics: Sensitivity = 99%, Specificity = 95%

(Crum, 2012)

Allergy
prevalence

Test
results

Have meat 
allergy

99

1

100

495

5

500

No meat 
allergy

495

9,405

9,900

475

9,025

9,500

Total

594

9,406

10,000

970

9,303

10,000

Predictive 
value

9405
9506 = 99.98%

Totals

5%

+
-

Totals

9025
9030 = 99.94%
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(Gordis, 2008)

Relationship Between Predictive Value & Prevalence
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(USPSTF, 2016)
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0.03
0.04

0.09

0.17

0.19

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

30 -39 40-49 50-59 60-69 70+

P
P

V

AGE GROUP (YEARS)

PPV of First Screening Mammogram by Age Group

(Kerlikowske, Grady, Barclay, Sickles, Eaton, & Ernster, 1993)
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Putting it all together

(CDC, 2019)

+

+

-

-
Disease

Test
result

("#+) = Sensitivity
(1 − Speci3icity)

Sensitivity =

Specificity =
TN

FP + TN

TP

TP + FN

PPV =  
TP

TP + FP

The prevalence of meat allergy in this part of Texas is 1%, and the new 

screening test you are using has a 80% sensitivity. Of the 99% of the 

population who does not have the allergy, 10% will test positive.  

10 1000

8

2

100

890

990

= 8
8 + 2 = 80%

= 890
100 + 890 = 90%

("#+) = 0.8
(1 − 0.90) =

0.8
0.1 = 8

PPV =
:

: ; <== = 7%

108

892
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Putting it all together

(CDC, 2019)

+

+

-

-
Disease

Test

result

PPV =  
TP

TP + FP

The prevalence of meat allergy in this part of Texas is 1%, and the new 

screening test you are using has a 80% sensitivity. Of the 99% of the 

population who does not have the allergy, 10% will test positive.  

Your classmate working in San Francisco calls. Her patient has never left 

the Bay Area, but he convinced another clinician to order lots of screening 

tests for him because he "wanted to get checked for everything." Given 

the prevalence in the local community, how does this change your 

calculations? How should your classmate interpret her patient's positive 

test result?

1000
0

0

0

100

900

= 0
0 + 100 = 0

There is a 0% chance he has a meat allergy caused by 

the Lone Star Tick; he can keep eating hamburgers.
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Summary

• The moral of the positive predictive value story is: Screening 

test results must be interpreted in conjunction with the likelihood 

that a particular patient has the disease. This requires knowledge 

of baseline prevalence in the population the patient is a member 

of. Therefore, epidemiology is essential to providing high quality 

preventive care to patients. 

• Screening should be conducted within the framework of the 

WHO principles for early detection of disease to ensure ethical, 

efficient, and helpful care.

• To be a good clinician, you must understand the context in 

which you are working, including social determinants of health 

and epidemiology of the patient population you serve.

(Parisi, 1998)
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Why all the math?

(Health Feedback, 2019)

Marijuana 100X Less Toxic 
Than Alcohol

Abortion Leading Cause of Death in 2018 
with 41 Million Killed

Everything You Know About Obesity Is WrongIs everything 
you think you
know about 

depression wrong?

Raman noodles linked to 
chronic inflammation, 
weight gain, 
Alzheimer’s

Onions Are A Great Natural Remedy For Common
Illnesses– Here Are 12 Unexpected 

Ways To Use Them

Neurontin and Lyrica 
are a Death Sentence

for New Brain Synapses: 
Shocking Study

2-month old Dies
48 hours After 8 Vaccines: 

Owen’s Mom Speaks Out

Did You Know That 
Consuming Chicken Feet 

Is Really Good For The Health?

Anti-Vaccine
Japan Has 
World’s Lowest 
Child Death Rate 
& Highest Life 
Expectancy

Magnesium Treats Depression Better 
Than Antidepressant Drugs: 
Healthy Holistic Living

Many cases of 
“dementia” are 

actually side effects 
of prescription drugs 

or vaccines, 
according to research

Big Pharma Co. License Suspended As Vaccine Sterilizes 500,000 Girls

International scientists 
have found autism’s cause. 

What will Americans do?

Drinking Wine is 
More Important 
than Exercise 
to Living Past 90

Court ruling confirms Gardasil vaccine kills people… 
scientific evidence beyond any doubt… 
where is the outcry?

Proven Health 
Benefits of Dates

Soaking Okra in Water Overnight and 
Drink it in the Morning Can Give you These 
Wondrous Health Benefits your Body Needs

12 Amazing Benefits 
Of Moringa For Health
They Call It 
The “Tree Of Life”

Government Research Confirms Measles Outbreaks 
Are Transmitted By The Vaccinated

Disabling One Gene Allows You To 
Eat As Much As You Want Without Gaining Weight
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(Health Feedback, 2019)
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• Counts = # of cases, measure of disease frequency

• Mortality Rate = 
# "# $%&'() *+ & ,%&-
."./0&'*"+ &' 1*$,%&-

x 1000

MR approximates incidence rate if CFR is high and survival duration is short

• Infant Mortality Rate = 
# $%&'() /+$%- 2 ,%&- "# &3% $/-*+3 & ,%&-

# 0*4% 5*-'() $/-*+3 '(&' ,%&-
per 1000 live births

• Life tables show probability of death by age; summary measure calculated 

using age-specific death rates; can be used for comparisons

• Attack Rate = 
# "# .%".0% B*'( &+ %C.")/-% B(" 3"' )*DE

'"'&0 # "# .%".0% B*'( '(&' %C.")/-%

• Case Fatality Rate = 
# "# .%".0% B(" $*%$ $/-*+3 & ).%D*F*%$ .%-*"$ #"00"B*+3 GC

H"'&0 # "# .%".0% B*'( '(% $*)%&)%

• Years of potential life lost (YPLL) quantifies premature mortality

• Disability-adjusted life years (DALY) measures overall disease burden, years 

lost to poor health. Example: depression

• Quality-adjusted life years (QALY)

Measures of 
Morbidity & Mortality

(Mosley, 2013)
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Example: Rabies v. TB in the US

Rabies Tuberculosis

Mortality 
rate

Case fatality 
rate

2 deaths within a year on onset
2 people contracted rabies = 344%

2 rabies deaths
327 million = 4. 444: per 100,000

Mortality Rate v. Case Fatality Rate

(CDC, 2018)

470 TB deaths
9105 TB cases = C%

470 TB deaths
327 million = 4. 3D per 100,000

(Association for Prevention Teaching 
and Research, 2019)
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• Gathering, interpreting, and disseminating population health data to inform planning and implementation of health 

interventions

• Useful for estimating the magnitude of a disease, describe factors associated with disease, understand the natural 

history of disease, evaluate the impact on public health, and guide changes to improve health care / health programs

• Can serve as an early warning system for developing public health threats

- Active surveillance. ie during an outbreak, local health department initiates collection of information from labs, 

healthcare providers, and the public

- Passive surveillance. ie continuous reporting of certain infectious 

diseases to health department at time of diagnosis

Surveillance

(CDC, 2019; WHO, 2019)

Micro

Meso

federal 

government

organizations

business 

coalitions

Macro

advocacy

groupshome

city neighborhood

health

professional

societies

county

health 

industries

healthcare 

organizations

school

national

international 

health

orgs

regional

environmental 

orgs

Surveillance data sources:

• Health surveys: NHANES, Behavioral Risk 
Factors Surveillance System (BRFSS), 
National Immunization Survey, California 
Health Interview Survey (CHIS)

• Vital records: National Vital Statistics
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• Legal documents to register births, deaths, marriages, & divorces at the time of the event

• Birth may be registered when the adult needs a passport etc. in countries without vital registration

• Cause of death should be classified using ICD-10, but many sources of inaccuracies

- funeral director or coroner may guess ethnicity, family may provide medical information, deaths at home

• Can estimate survival rate by comparing census data 10 years apart; how many people in the 1st are in the 2nd

- migration decreases accuracy of this method. Household surveys can estimate infant mortality etc. via modeling

Vital registration system completeness & quality by vital statistics performance index scores, 2005-2012
(Mikkelsen et al., 2015)

Vital Statistics

(Mosley, 2013)
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Population Pyramids

(Populationpyramid.net, 2017)

Median 
age

15

Median age
38
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• Crude rates are heavily 
influenced by age structure 
of population; cannot be 
used to compare countries.

• Adjusted rates allow for 
comparisons between groups 
by removing differences in 
population composition.

Age-adjustment
• Direct: Need age-specific 
mortality rates for exposed 
and standard populations. 
Provides weighted average 
of age-specific rates.

• Indirect: Need age 
structure and deaths in 
exposed population. Yields 
SMR if outcome is death.

The epidemiologic transition of Chile, 1952-2012

(Mosley, 2013)

Epidemiologic transition is the change in the cause structure of mortality 
as the age structure of the population changes
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Direct age-adjustment using the total of two populations as the standard

Year 2011 2018

Age Population Deaths Mortality rate per 
100,000

Population Deaths Mortality rate per 
100,000

All ages 813,123 5598 688.5 864,816 5602 647.8

0-30 400,000 300 75 300,000 275 91.7

31-60 300,000 2000 666.7 400,000 2100 525

61+ 113,123 3298 2915 164,816 3227 1957.9

Age 
group

Standard 
population

2011 rate per 
100,000

Expected deaths 
using 2011 rate

2018 rate per 
100,000

Expected deaths 
using 2018 rate

All 1,677,939

0-30 700,000 75 525 275 1925

31-60 700,000 666.7 4666.9 2100 14,700

61+ 277,939 2915 8101.9 3227 8969

13,294
+

25,594
+ Total expected deaths in

the standard population

Age-adjusted rates: 2011:  
!",$%&

!,'((,%"% = 792 2018:  
$-,-%&

!,'((,%"% = 1525McQuilkin 2019 60



Standardized Mortality Ratio = Observed # of deaths per year
Expected # of deaths per year x 100

Indirect Age Adjustment to Calculate Standardized Mortality Ratio

Age 
group

Mortality rate of 
standard population 
(deaths / population)

Exposed 
Population

Expected death 
count

Observed 
count

1 A1 B1 E1 = A1 x B1 O1

2 A2 B2 E2 = A2 x B2 O2

3 A3 B3 E3 = A3 x B3 O3

SMR = O1 + O2 + O3
E1 + E2 + E3

x 100

Age 
group

Mortality rate of 
exposed population 
(deaths / population)

Standard 
Population

Age-specific expected 
death count

1 A1 B1 E1 = A1 x B1

2 A2 B2 E2 = A2 x B2

3 A3 B3 E3 = A3 x B3

For comparison, let's revisit direct age-adjustment in the same table format:

Adjusted incidence rate = E1 + E2 + E3
B1 + B2 + B3

Direct 
age adjustment

Indirect 
age adjustment
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• Cost-benefit 
analysis of 10 
vaccine-
preventable 
infections in 
94 low- and 
middle-
income 
countries 
estimated a 
savings of 
$44 for every 
$1 spent on 
vaccinations
(Ozawa, Clark, 
Portnoy, Grewal, 
Brenzel, & Walker,
2016)

• One of the 
most 
successful 
health 
interventions; 
prevents 2-3 
million 
deaths 
annually (WHO, 
2013)

Preventing Transmission of Infectious Disease

(Sanofi Pasteur, 2015)

• VAERS over-estimate harms because it contains coincidental events in addition to those caused by vaccines; anyone 
who gives or receives a vaccine is encouraged to report, even if it is uncertain or unlikely that the health problem was 
caused by the vaccine (CDC, 2019)
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Herd immunity = The resistance of a population to 
attack by a pathogen to which a large portion of the 
individuals in the population are immune, thus 
lessening the likelihood of a person infected with the 
pathogen of coming in contact with a susceptible 
individual.

Jane gets 
infected with 
measles at 
dance class

Jane goes to school 
and plays with 
other kids

Only one other student gets measles because 
the student population has herd immunity

While some students are vaccinated, the population does not have 
herd immunity, so most vulnerable students become infectedMcQuilkin 2019 63



Endemic
The usual presence of a 
disease within a 
geographic area

Epidemic
The occurrence of illnesses 
similar in nature, in a 
community or region, 
clearly in excess of normal 
expectancy, and derived 
from a common source

Pandemic
A world-wide epidemic

Endemic v. Epidemic

(Kirk, 2012)
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The Epidemiologic Triangle Modes of Transmission

Horizontal

- Common vehicle: 

single, multiple, or continuous exposure

- Contact (person-to-person)

- Vector

Vertical (mother-to-child)

Host

Agent

Vector

Environment

Single exposure person-to-personContinuous exposure
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Incubation period = Time from 
infection to development of signs 
and symptoms

Window period = Time from 
infection to when the infection can 
be detected

Period of Communicability = When 
a person can transmit the infection, 
including carrier states (ie S. typhi) 

Virulence =  Proportion of people 
infected who become seriously ill or 
die

Comparison of incubation period for foodborne illnesses

(Wong, 2007)
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Steps to investigate an outbreak:

1. define the outbreak

2. examine the distribution of cases by time, place, person

3. look for combinations of relevant variables

4. develop hypotheses

5. test hypotheses

6. recommend control measures

7. communicate findings
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You are a student health NP working at a college with 
1000 students. One afternoon you have several students 
come in with acute GI Sx. You get a thorough HPI from 
each student and find that the 3 students in the clinic all  
ate a popular burrito restaurant on campus the night 
before. As more ill students arrive, you construct a table to 
track exposures. You call the restaurant manager and are 
able to get a record of charges associated with student ID 
card numbers to get an itemized receipt for all 150 
students served today. 

You work into the evening and coordinate with the local 
hospital due to the volume of cases. You have 60 ill 
students by the end of the night, 56 of whom ate a burrito. 

Things to consider:
• Time of exposure
• Time of Sx onset
• What Sx
• Incubation period

Burrito 
ingredient

Ill Well Attack 
rate

Ill Well Attack 
rate

Rice 51 56 5 38

Black beans 36 61 20 33

Pinto beans 19 42 37 52

Chicken 46 50 10 44

Carne de res 22 16 34 78

Pico de gallo 27 34 29 60

Salsa verde 18 86 36 10

Sour cream 41 34 15 60

Cheese 46 67 10 27

Avocado 49 51 7 43

Maize tortilla 50 5 6 89

Flour tortilla 6 89 50 5

Burrito-borne illness

AR = 
!"#!$" %&'( ")!#*+," %(# -#' *&./
'#'0$ !"#!$" %&'( '(0' ")!#*+,"

Ate                             Did Not Eat

Food-specific Attack Rate

56 94 56 94
Attack Rate ≠ Incidence Rate

AR is a proportion; no time in denominator

Attack 
rate

48%

37%

31%

48%

58%

44%

17%

55%

41%

49%

91%

6%

Attack 
rate

12%

38%

42%

23%

30%

33%

78%

20%

27%

14%

6%

91%
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Outbreak Investigation

• Who? 60 students. Explore demographic factors 
(ie who is vegan, vegetarian, etc., contact with 
other ill students).

• What? Case definition: Abdominal pain, fever, 
nausea, and vomiting in a student or person 
associated with campus, occurring around April 10, 
2019. 

• When? First 3 cases arrived at 12pm; 57 more 
presented in the next 8 hours. Most students 
reported eating a burrito for dinner last night.

• Where? Isolated college campus.

1300        1400        1500       1600        1700        1800    
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RR of burrito = 

!"
#!$
%

#$$$&#!$

= ().(
+.++,)

= 7936

• population = 1000 students

• 60 ill; 56 ate a burrito

• 150 burritos

• of the 850 who did not eat a burrito, 4 are ill

Relative Risk =
123456236 7896 8:;2< 6=>;?65
123456236 7896 8:;2< @26=>;?65

• RR>1 means the risk of the disease is increased by the exposure

• RR=1 means the exposure does not affect the risk of the disease

• RR<1 means the risk of the disease is decreased by the exposure

Burrito 
ingredient

Attack 
rate

Attack 
rate

Rice 48% 12%

Black beans 37% 38%

Pinto beans 31% 42%

Chicken 48% 23%

Carne de res 58% 30%

Pico de gallo 44% 33%

Salsa verde 17% 78%

Sour cream 55% 20%

Cheese 41% 27%

Avocado 49% 14%

Maize tortilla 91% 6%

Flour tortilla 6% 91%

Burrito-borne illness

AR = 
>6;>A6 B49C 6=>;?@76 BC; <;9 ?43D
9;98A >6;>A6 B49C 9C89 6=>;?@76

Ate       Didn't Eat       

Food-specific Attack Rate & RR
Recap:

RR of rice = 

!#
#$E
!
%F

= .,))
.GGH

= 4

Relative
Risk

4

1

0.7

2

2

1

0.2

3

2

4

15

0.1
McQuilkin 2019 70



Disease No disease

a b

c d

Exposed

Odds Ratio
• measure of association between and exposure and a disease
• The ratio of the probability of an event occurring to the probability of it not occurring

Unexposed

OR = 
!""# !$ "%#&'#&" %( )*& &+,!#&"
!""# !$ "%#&'#& %( )*& -(&+,!#&"

= 
.
/
0
1

you can also do (' + ")
(= + >)

Aflatoxicosis No Aflatoxicosis

Ate a maize 
tortilla

Ate a flour 
tortilla

1509456

5550 5

6 89

OR of alfatoxicosis in people who ate a maize tortilla = 
?@/B
?/CD

= C.G
@.@B

= 138

1 The OR is >1, so what does that mean about the association between the exposure and disease?
2. What's an advantage of OR compared to RR?

95
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Systems Thinking

• "The ability to recognize system level properties that result from 

dynamic interactions among human and social systems and how they 

affect the relationships among individuals, groups, organizations, 

communities, and environments." (ASPPH, 2019)

• Contributes to theories, methods, and tools by providing new 

opportunities to understand and continuously test and revise our 

understanding of the nature of things, including how to intervene to 

improve population health (Peters, 2014).

• Examples: social network theory, process mapping, change 

management history...  related: Lean Manufacturing

• In everything you do, remember to step back and look at the big 

picture to observe the system in which you are working and identify 

areas for improvement

(Forss, 2014)
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A thought to leave you with: 

What if the epidemiologic triangle was used to describe the current impact of social 
media on our population's health?

Host

Agent

Vector

Environment

Host

?

Social media

Electronic
devices
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Questions?
Please follow us to office hours

Thank you
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