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What is Epidemiology ?

HEALTH & DISEASE IN 
HUMAN POPULATIONS

Frequency 

Determinants Distribution 



Hippocrates… On Air, 
Water and Places
Environment has profound effect on a person’s 
temperament and health.

Consider how patients live:
Dwellings
Climate
Water quality 
Diet / Exercise 
Socioeconomic factors



What is Epidemiology ?

Human disease does not occur at random 

Human disease has causal and preventive factors that can be 
identified in different population groups and/or at different times 

Epidemiology is based on two fundamental assumptions:



How old is epidemiology?

• On Airs, Waters and Places: The development of human disease might be related to external as
well as personal environment of an individual. Hippocrates (5th century B.C.)

• The Nature & Political Observations Made Upon the Bills of Mortality: analyses of weekly reports
of births & deaths in London, and quantification for the 1st time of patterns of disease in a
population. (Graunt, 1662)

• Medical statistics in the Office of Registrar General for England and Wales.
(Farr, 1839)

• Formulate and test a hypothesis for the origins of an epidemic of
cholera in London. (“The Father of Field Epidemiology”, Snow, 1854)



John Snow and Cholera

First example of use of epidemiology to study and control a disease was by 
Snow for cholera.

A Cholera epidemic struck London in mid 1800s.

Ø Snow formulated the hypothesis that cholera was spread by polluted 
drinking water.

Ø He conducted a “natural experiment”:

• He questioned households where cholera death had occurred.

• Most deaths were associated with one water supply company.

• Used data on cholera deaths collected by the British government.



Endemic

Endemic: The habitual presence of a disease within a given geographic area

Example: Campylobacter is a bacterium that causes acute enteric disease. 
It is usually transmitted through contaminated food, water or raw milk. This 
disease is endemic in MO. Each year since 1990, there have been between 
535 and 745 cases reported in MO. 



Epidemic

Epidemic: An increase in the frequency of a 
disease above the usual and expected rate

Example: From 2015-2017 there were over 
1200 cases of mumps identified in Iowa.  
Usually, there are few to none.



Endemic –Epidemic 



Pandemic

Pandemic: A worldwide epidemic.

Example: Mortality in America and Europe  in 1918 and 
1919 from pandemic influenza. 



It’s all Greek to me!
Επι-δημιο-λογία

Descriptive epidemiology seeks to answer the questions: 
• Who (population) 
• What (outcome)
• When (time)
• Where (place)

Analytic epidemiology seek to answer the questions:
• Why and how (the causes of the outcome)



Do you speak Epi? 

Epidemiologic studies usually quantify the frequency of an OUTCOME 
in particular populations 

AND the effect of EXPOSURE(S) on disease FREQUENCY in the same 
populations 

Exposure: A characteristic that may include a health condition, behavior, inherited 
characteristic, social/environmental  factor that may be associated to a health state.

Outcome: Broad term for defined disease/health state, health-related event or death.



Do you speak Epi? 

Epidemiologic studies usually quantify the frequency of an OUTCOME 
in particular populations 

AND the effect of EXPOSURE(S) on disease FREQUENCY in the same 
populations 

Measures of disease frequency involve the occurrence of new cases or 
deaths (incidence/mortality) or the presence of existing cases (prevalence). In 
both applications, the number of cases is expressed relative to the size of the 
population from which the cases are identified.



What do Epidemiologists count?

Numbers of people who get sick
morbidity = illness or disease
Numbers of people who die 

mortality = death
Numbers of people with a certain health habit

Numbers of people with a certain exposure

But, epidemiologists do more than count



Prevalence (P)
ü quantifies the proportion of individuals in a population who have the 

outcome/disease at a specific instant 
ü provides an estimate of the probability (risk) that an individual will be 

ill/have the outcome of interest at a point in time

P= total number of existing cases of an outcome/total population 

at a given point in time 

Two important Frequency Measures in epi…



Epidemiology Toolbox- Prevalence (ratio or 
proportion)

Numerator -
everyone with the 

outcome of interest 
AT a given time 

period
Denominator - everyone 

at risk for the health 
outcome of interest,  i.e., 
the population at risk, AT

a certain time period

=  Ratio



Incidence (I)
ü quantifies the number of NEW events or cases of disease that develop in a 

population of individuals AT RISK during a specified TIME interval

I= number of new cases of a disease during a given period of time /total population at 
risk

I= Cases/Person-Years

Two important FREQUENCY Measures in epi…



Epidemiology Toolbox- Incidence Rates

… the rate of new cases of opioid dependence/abuse                 
in Town A is 27 cases per 1000 per month

Rate   
0.027 x 1000            

= 27 cases per 1000    
per month

27
1000

Numerator

Denominator



• RR- Relative Risk (directly compares to rates, etc)
• OR- Odds Ratio (Compares Observed and Expected Counts or 

rates to estimate the RR)
• HR- Hazard Ratio
• SMR- Standardized Mortality Ratio
• SIR- Standardized Incidence Ratio
• PMR- Proportionate Mortality Ratio
• 95% CI- Confidence Interval (around the “point estimate”)

Comparing Rates and Ratios



https://www.newhealthadvisor.com/Types-of-Epidemiological-Studies.html



https://www.newhealthadvisor.com/Types-of-Epidemiological-Studies.html



Epidemiologic Studies

Definitions:
Prospective studies - start in the present and monitor groups 
of people into the future (e.g. prospective cohort study)
Retrospective studies – look into the past for causes of 
disease (e.g. case control study or Retro. Cohort)

Today

Cross Sectional

ProspectiveRetrospective



Position in the hierarchy of scientific evidence 

SR/MA

RCT

Cohort 

Case-Control

Cross-sectional 

Case-reports/case series

Ideas/opinions/editorials

Animal Research 

SR: systematic reviews
MA: meta-analyses

Increasing evidence 
strength, complexity, 

confidence 
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Position in the hierarchy of scientific evidence 

SR/MA

RCT

Cohort 

Case-Control

Cross-sectional 

Case-reports/case series-
NO Denominator

Ideas/opinions/editorials

Animal Research 

SR: systematic reviews
MA: meta-analyses

Increasing evidence 
strength, complexity, 

confidence 



Boston-area hospitals were initially surveyed in 1990,

1990: All 40 facilities had policies restricting in-hospital smoking, 
3 had banned smoking entirely, and only 1 hospital still permitted tobacco sales on its grounds.

>>>> 1991 - A new Joint Commission on Accreditation of Healthcare Organizations standard requiring 
hospitals to be smoke-free by the end of 1993 seemed to have a strong effect on the implementation 
of smoking bans.

December 1991:  18 of the hospitals had banned smoking, and no facility sold tobacco. 

February 1992: 29 had banned smoking, and 37 were offering ongoing smoking cessation programs to 
their employees. 

Example: Time-Trend –
“Smoking Restrictions at Boston-Area Hospitals,
1990-1992” CHEST. 1993



“The most profound changes 
in dietary intakes in recent 

years concern the increase in 
the consumption of meat 
and the decrease in the 
consumption of pulses.”





Sleep Duration, E-Devices and Obesity





Ten-year incidence rate of coronary heart disease, by any diagnostic criterion, 
plotted against the percentage of dietary calories supplied by total fats. 
(Keys, 1980)
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“Seven Countries Study”



Life expectancy and 
disease rates  United 

States Greece Japan 

Life expectancy at age 45 
(years) (M) 27 31 27 

Coronary heart disease (M) 189 33 34 
Cerebrovascular diseases (M) 30 26 102 
Breast cancer (F) 22 8 4 
Stomach cancer (M) 6 10 48 
Colorectal cancer (M) 11 3 5 
Total cancers (M) 102 83 98 
     
 

(Willett, Science 1994)
21.011



Cross-Sectional Studies

• Exposures and health outcomes are measured simultaneously 
• Assesses the presence (prevalence) of the health outcome at 

that point of time. 
• Used routinely to document the prevalence in a community of 

health behaviors (prevalence of smoking), health states 
(prevalence of vaccination against measles), and health 
outcomes, particularly chronic conditions (hypertension, 
diabetes).



MetSyn Risk and Physical Fitness
Fire fighters - fitness is more strongly associated with 

metabolic syndrome than age 

Baur et al. 2012



Pyrgiotakis Design Studio © 2014

Firefighters with greatest adherence to Mediterranean
diet (highest mMDS quartile) compared to the lowest
mMDS quartile:

1. 35% decreased risk in metabolic syndrome
2. 43% lower risk of weight gain
3. Associated with improved HDL, TC/HDL & Body Fat

Remain significant after adjustments for age, BMI and
physical activity levels

Modified Mediterranean Diet Score and Cardiovascular Risk 
in Midwestern Firefighters 



Cross-Sectional

Advantages: 
• Fairly cheap and easy to conduct
• Good tool for descriptive epidemiology

Disadvantages:
• Major disadvantage is the inability to obtain any information 

about causation – only correlation



Case-Control Study

Cases-
having the disease

Controls-
not having the disease Measure Exposure

Exposed &
non-exposed



Case-control Studies

Case-control studies people with a health problem (cases) are 
compared to those without the outcome/ health problem (controls).  

These studies are referred to as retrospective.  The groups are 
compared to determine the presence of specific exposures or risk 
factors.

CASES CONTROLS



Methods and Results- Using autopsy data for duty-related firefighter 
fatalities occurring between 1999 and 2014, this retrospective case–
control study compared cardiac findings of male firefighters aged 18 to 65 
years who died on duty of cardiac-related causes with those who………

WHO is an appropriate control group?????

JAHA 2018









Case Control Studies
Advantages/Disadvantages

• Advantages – Appropriate for the study of rare events, can 
study multiple risk factors, generally inexpensive and quick to 
perform, smaller number of subjects

• Disadvantages – Subject to recall bias, can study only one 
disease at a time, temporal relationships may be uncertain



Case-Crossover & Similar Studies

• Cases’ Exposures Preceding or at Time of Outcome 

• Compared to Cases’ Exposure or Risk at Other Times Much 
Before or Well After an outcomes

• Example: Heart Attacks and Snow Shoveling or Other Irregular 
Exercise



Background
Heart disease causes 45% of the deaths among U.S. firefighters while on duty. 
We examined duty-specific risks of death from CHD among on-duty U.S. 

firefighters.

Methods
We reviewed summaries of the deaths of all on-duty firefighters between 1994 
and 2004, (except for September 11, 2001). 

Next Steps?????



Methods
We reviewed summaries of the deaths of all on-duty firefighters between 1994 
and 2004, (except for September 11, 2001). Estimates of the proportions of time 
spent by firefighters each year performing various duties were obtained from a 
municipal fire department, from 17 large metropolitan fire departments, and from 
a national database.



Methods
We reviewed summaries of the deaths of all on-duty firefighters between 1994 
and 2004, (except for September 11, 2001). Estimates of the proportions of time 
spent by firefighters each year performing various duties were obtained from a 
municipal fire department, from 17 large metropolitan fire departments, and from 
a national database. 

Odds ratios and 95% confidence intervals for death from coronary heart disease 
during specific duties were calculated from the ratios of the observed odds to the 
expected odds, with nonemergency duties as the reference category.





SENSITIVITY ANALYSIS



Cohort Study

Healthy People Exposure occurs
Exposed & unexposed 

Disease occurs
Diseased &
non-diseased

Cohort



Cohort Studies

• In a cohort study, you start with a group of people (a cohort) 
considered free of disease, but differing in their exposure to the 
variable.  You follow the cohort over time and compare the 
outcome of the groups.  

• Cohort studies can be Prospective studies if we begin to follow 
the study population forward in time, from suspected cause to 
effect. 



Cohort Studies

• In a cohort study, you start with a group of people (a cohort) 
considered free of disease, but differing in their exposure to the 
variable.  You follow the cohort over time and compare the 
outcome of the groups.  

• Cohort studies can be Retrospective studies if we look 
backwards to collect baseline data and eventual outcome data 
on the study population forward in time. 



Study Measures

• The relationship between exposure and 
outcome in a cohort study is quantified by 
calculating the relative risk (sometimes 
called risk ratio) for the exposure.

• Relative risk measures the influence of a 
factor on the overall risk of having a 
disease.

• RR is the ratio of the risk in the exposed 
group compared to the risk in the 
unexposed group

EXPOSED

UNEXPOSED





Cumulative CVD Risk and 
Push-up Capacity in Indiana 

Firefighters

64% Reduction

96% Reduction



Cohort Studies – Advantage/Disadvantages

• Advantages – allows you to study multiple diseases and risk 
factors; assess changes in risk over time; certainty that 
exposure preceded the outcome

• Disadvantages – expensive, time-consuming, not appropriate 
for studying rare outcomes, prone to attrition (loss of people to 
follow up), can assess the effects only of risk factors measured 
at baseline



Cases (drivers with OSA, n=1,613) were matched to 
controls (drivers screened as low probability of OSA) on 

driving experience-at-hire and job tenure at the time of the 
case’s polysomnogram (PSG). 

Cases were grouped by treatment adherence: 
“Full Compliance” (n=682), “Partial Compliance” (n=571), 

or “No Compliance” (n=360). 



Burks SV, et al. Non-Adherence with Employer-Mandated Sleep Apnea 
Treatment and Increased Risk of Serious Truck Crashes. SLEEP 2016



Figure 2: Predicted cumulative hazard of a preventable DOT-reportable crash by study sub-group (The predicted 
cumulative risk of having a preventable DOT-reportable crash as a function of job tenure. For a driver who was 
inexperienced-at-hire and had a PSG/matching date at 26 weeks of tenure, broken out by treatment compliance sub-
groups for cases. Predictions are from the first robustness test model, the multivariate Andersen-Gill time-to-crash 
model on driver-week data.)

Burks SV, et al. Non-Adherence with Employer-Mandated Sleep Apnea 
Treatment and Increased Risk of Serious Truck Crashes. SLEEP 2016



Years after randomization
1 2                  3                 4                 5

Cardiac Deaths and Non-Fatal AMI
(Lyon Heart Study)

9.018

1.0

0.9

0.8

Control

Experimental

=

(De Lorgeril et al.)



9.246

Kaplan-Meier Estimates of the Incidence of Outcome Events in 
the Total Predimed Study Population

(Estruch R et al. NEJM 2013)

(acute myocardial infarction, stroke, or death from cardiovascular causes)



Mediterranean Diet and Alzheimer’s dementia-
Cumulative Hazard or Survival?

Scarmeas, Luchsinger, Annals Neurol 2006

SLIDE: Dr. Jose A. Luchsinger



Mediterranean Diet and Alzheimer’s dementia

Scarmeas, Luchsinger, Annals Neurol 2006

SLIDE: Dr. Jose A. Luchsinger



Sample Size and Power ?



Sample Size and Power

Sample Size – number of subjects studied – based on differences 
expected between cases or intervention AND controls,
We Derive a certain POWER

Power – ability to find a certain level of significance (p<0.05, 
p<0.01, etc). If we start with desired power we can calculate 
the minimum number of subjects needed to be studied



How can you increase sample size 
and hence, power without doing

any new study?



Mediterranean diet and depression

Psaltopolou, Scarmeas; Annals of Neurology 2013

SLIDE: Dr. Jose A. Luchsinger



Cardiorespiratory fitness 
as predictor of cancer
mortality: a systematic 
review and meta-analysis
D. Schmid* & M. F. 
Leitzmann. 2015.



ERRORS in Epidemiology 

There is always the possibility that some aspect of the design or conduct of a study has 
introduced errors

Key Concept: “Random or Non-Differential Error”  vs. BIAS

Random Errors – occur equally across study groups

BIAS – measure exposure and/or outcome differently across the study groups



Bias - Systematic or Non-Differential Error has occurred

Selection Bias – select or lose to follow-up one group differently compared to other

(volunteer bias, healthy worker effect)

Information Bias – Differential misclassification of exposure and/or disease-outcome

Recall Bias – those with a particular outcome or exposure may remember events more 
clearly or amplify their recollections. Most often in Retrospective Studies 



Bias - Confounding 
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Thank You !!

Questions ??

Take a Break !!
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