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Outline

 Review
o Descriptive Statistics 

o Confidence intervals

o Measures of disease occurrence

 Epidemiologic Measures of Association 
o Risk Difference 

o Risk Ratio

o Odds Ratio

Cardiovascular Disease and 
Blood Pressure

Subject # Baseline Follow-up Difference

1 115 128 13   

2 112 115 3

3 107 106 -1

4 119 128 9

5 115 122 7

6 138 145 7

7 126 132 6

8 105 109 4

9 104 102 -2

10 115 117 2

Mean 116 120 4.8

SD 10.3 13.2 4.6
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Descriptive Statistics
(Central Tendency: Mean)

Mean SBP at baseline:

(115+112+107+119+115+138+126+105+104+115)/10 
= 115.6

Mean SBP at follow-up:

(128+115+106+128+122+145+132+109+102+117) 
/10= 120.4

Descriptive Statistics
(Central Tendency: Median)

The median is the middle observation. 

That is, half of the observations are smaller 
and half are larger.

Descriptive Statistics
(Central Tendency: Median)

To compute:

1. Order the observed values from smallest to 
largest

2. The median is the middle value of an odd 
number of observations; it is the mean of 
the two middle values for an even number 
of observations
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Example: Median

The median SBP at baseline;

104,105,107,112,115,115,115,119,126,138

Median= (115+115)/2 = 115

The median SBP at followup;

102,106,109,115,117,122,128,128,132,145

Median=(117+122)/2 = 119.5

Descriptive Statistics
(Spread: Standard Deviation)

The Variance (V) is the sum of the squared 
deviations from the mean divided by the 
number of observations minus one

The Standard Deviation (SD) is the square 
root of the Variance

Descriptive Statistics
(Spread: Standard Deviation)

Variance SPB at baseline=106.3

Standard Deviation = 10.3

Variance SBP at follow-up = 174.9

Standard Deviation = 13.2

Variance of SBP difference = 20.8

Standard Deviation = 4.6
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95% Confidence Interval
(for population mean)

• Calculate sample mean (   )

• Calculate sample standard deviation (SD)

• Construct a 95% CI as follows:

95% Confidence Interval
(SBP Difference)

• Calculate sample mean ( 4.8 )

• Calculate sample standard deviation (4.6)

• Construct a 95% CI as follows:

95% Confidence Interval
(Interpretation)

We feel 95% confident that the true value of 
the mean SBP difference between baseline 
and follow-up lies between 2 and 8 (after 
rounding)
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Measures of Disease Occurrence
and

Study Designs

13

Study Designs

• Case Series

• Cross-Sectional Study

• Case Control

• Cohort

• Randomized controlled trial

Observational Studies

 Non- experimental

 No individual intervention

 Treatment and exposures occur in a “non-
controlled” environment

 Individuals can be observed prospectively, 
retrospectively, or concurrently
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Cross- Sectional Study

Surveys exposures and disease status at a 
single point in time (a cross- section of the population)

time

Study only exists at this point in time

Measures of Disease Occurrence

• Prevalence: The amount of disease that is 
already present in a population

• Risk: The likelihood that an individual will 
contract the disease

• Incidence Rate: How fast new occurrences 
of disease arise

Example: Prevalence

Example:   1000 women aged 60 – 69

100 have had hysterectomies 

Prevalence = 100  / 1000  = .1, or 10%

18
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Hypertension Prevalence In Europe and

North America 
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Reasons for Doing Prevalence Study

• To assess the burden of disease in a 
population and to assess the need for health 
services

• To compare the prevalence of disease in 
different populations

• To examine trends in disease prevalence or 
severity over time

Obesity Trends
National Health Interview Survey (NHIS 1976-2003)
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95% Confidence Interval
(for the prevalence)

• Calculate prevalence ( P )

• Define Q = 1- P

• Construct a 95% CI as follows:

95% Confidence Interval
(for the prevalence)

• Calculate prevalence ( 100/1000 = 0.1 )

• Define Q = 1- 0.1=0.9

• Construct a 95% CI  for the prevalence as 
follows:

Case- Control Study

- An “observational” design comparing 
exposures in disease cases vs. healthy 
controls from same population

- Exposure data collected retrospectively

- Most feasible design where disease 
outcomes are rare
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Case Control Studies

• OC use and Hypertension

• Toxic Shock Syndrome and highly 
absorbent tampons

• Brain cancer and Cell Phones

• Analgesic use and kidney disease

Cohort Studies

• Cohort studies, follow-up studies, longitudinal 
studies, prospective studies

• Collect information on exposures (smoking, diet, 
activity, drugs…) and then follow them for disease 
occurrence

• As long as information on the exposure was 
documented before the outcome, it is a cohort 
study

• Compares incidence in exposed and non-exposed
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COHORT

Birth End of Follow up

Death

other death

lost to follow up

“non-diseased”

symptoms

severe disease

Cohort Study

• Does drinking sugared sodas increase the 
risk of type 2 Diabetes?

• Does eating walnuts decrease the risk of 
cardiovascular disease?

• Does obesity at the time of kidney 
transplantation increase their risk for 
development of graft rejection after 
transplantation?
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The Framingham Study
Since 1948 samples of residents of Framingham, MA, have been subjects of investigation 

of risk factors in relation to the occurrence of heart disease and other outcomes

Hypothesis:

- Persons with hypertension develop CHD at a greater rate then those who are 
normotensive

- Elevated blood cholesterol levels are associated with an increased risk of CHD.

- Tobacco smoking and habitual use of alcohol are associated with an increased incidence 
of CHD

- Increased physical activity is associated with a decrease in development of CHD

- An increase in body weight predisposes a person to CHD

The Framingham Study

Study population consisted of 5,127 men and women 
between ages 30 and 62 years and were at the time of 
entry free of cardiovascular disease (1948-1952)

Cohort was examined every 2 years and by daily 
surveillance of hospitalizations at Framingham 
Hospital

Advantages of Cohort Study
- Exposure status determined before disease 

detection

- Subjects selected before disease detection

- Efficient for studying rare exposures

- Can study several outcomes for each exposure

- Allows for calculation of incidence of diseases in 
exposed and unexposed individuals 

- Minimizes recall bias
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Disadvantages of Cohort Study

- Expensive and time- consuming
- Require large samples
- Inefficient for rare disease or diseases with long latency
- Loss to follow- up
- Nonparticipation (selection bias)- it can not be assumed 

that those who chose to participate had the same 
prevalence of exposures nor incidence of disease as 
those who did not participate

– A difference in prevalence of exposure in non-participants will 
not bias the results

– A difference in rate of disease among non participants will bias 
the result

Risk

 Synonyms: cumulative incidence, incidence 
proportion

 Interpretation: average risk; expected proportion 
developing disease

35

Risk (Illustration)

• Recruit 1000 women aged 60 – 69 
100 had hysterectomies before age 60 
900 at risk of uterine cancer
Follow for 10 years
10 develop uterine cancer

• Risk = 10 women / 900 women = .011
– 10-year risk is .011, or 1.1%

36
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Incidence Density or Rate
• Synonyms: person-time rate

37

Person-Time

• In a closed-population, you can sum person-time
– One person observed for 1 year = 1 person-year
– Two people observed for ½ year each = 1 person-year
– Four people observed for ¼ year each = 1 person-year
– 52 people observed for a  week each = 1 person-year

38

Example of incidence rate
in a cohort

• In figure below, the line represents healthy time and the D represents 
onset of disease (or death)

– Person 1 has 25 person-years

– Person 2 has 50 person-years

– The cohort has 25 + 50 = 75 person-years

• IR = 2 onsets / 75 person-years 

= .000267 onsets per year 
= 2.67 onsets per 10,000 person-years

39
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Example

Framingham Heart Study Handout

Questions 1-9

Framingham Heart Study Example

1. Estimate the Prevalence of HTN

2. Construct a 95% CI of the true prevalence

3. Estimate the Prevalence of Obesity

4. Construct a 95% CI of the true mean SBP

5. Estimate the rate of developing CHD

6. Estimate the rate of developing CHD (obese)

7. Estimate the rate of developing CHD (non-obese)

8. Risk of developing CHD (obese)

9. Risk of developing CHD (non-obese)

Epidemiologic Measures of 
Association
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Epidemiologic Measures of Association

• Risk (or Incidence Rate) Difference (RD)

• Risk Ratio (RR) 

• Odds Ratio (OR)

43

Exposure and Disease

• Exposure (E)  the explanatory variable 
– Any agent, host, or environmental factor that may be a 

health determinant 

• Disease (D)  the response variable 
– Any measure of health, disease, or disability

• Does E increase the risk of D?

44

Comparing Numbers

• Suppose you have $2 and I have $1
• Absolute comparison  made by subtraction

– $2 – $1 = $1
– “You have $1 more than I”

• Relative comparisons  made by division
– $2 ÷ $1 = 2 [$ units cancel out]
– “You have twice as much as I”
– “You have 100% more than I”

• It would NOT be correct to say you have 200% more (this 
would imply you have $3)

45



16

Comparing Risks
• Suppose a  5-year risk:

– in smokers is 2% 

– in non-smokers is 1%

• Absolute comparison: 2% – 1% = 1% 
– Smokers have 1% greater risk in absolute terms

• Relative comparison: 2% ÷ 1% = 2 
– Smokers have twice the risk 

– Equivalently: Smokers have 100% greater risk

46

Risk Difference 

47

Risk Difference  the absolute risk associated with 
exposure:

where R1 represents the risk or rate* in exposed group 
R0 represents the risk or rate in non-exposed group

Interpretation of Risk 
Difference

• Direction of association
– RD = 0 (no association)

– RD > 0 (positive association)

– RD < 0 (negative association) 

• Excess risk in absolute terms
– The RD measures expected excess with exposure

– e.g., RD of 42 per 100,000 person-years indicates an 
additional 42 cases with every 100,000 person-years of 
exposure

48
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Food-borne Outbreak
(Risk Difference)

• Let:  

– Exposure  eating the meat dish at a picnic

– Disease  gastroenteritis (fever, vomiting, diarrhea)

• Rates:
– R1 = 63 / 88 = .7159

– R0 = 1 / 7 = .1429

49

Risk Ratio 

50

Risk Ratio  the relative risk associated with exposure:

where R1 represents the risk or rate* in exposed group 
R0 represents the risk or rate in non-exposed group

Interpretation of Risk Ratio
• Direction of association

– RR = 1 (no association)
– RR > 1 (positive association)
– RR < 1 (negative association)  

• Risk multiplier
– e.g., risk ratio of 5 implies 5× risk with exposure 

• Percent relative increase in risk
– Baseline risk ratio is 1 
– Percent relative increase in risk = ( – 1) × 100%
– e.g., Risk Ratio of 5  Percent relative increase in 

risk = (5 – 1) × 100% = 400% increase

51
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Food-borne Outbreak
(Risk Ratio)

• Let:  

– Exposure  eating the meat dish at a picnic

– Disease  gastroenteritis (fever, vomiting, diarrhea)

• Rates:
– R1 = 63 / 88 = .7159

– R0 = 1 / 7 = .1429

52

The exposed group was 5× as 
likely to become ill (relative effect)

Odds Ratio

Interpretation of Odds Ratio
• Direction of association

– OR = 1 (no association)
– OR > 1 (positive association)
– OR < 1 (negative association)  

• Multiplier
– e.g., odds ratio of 5 implies 5× higher odds with 

exposure 

• Percent relative increase in odds of disease
– Baseline odds ratio is 1 
– Percent relative increase in odds = ( – 1) × 100%
– e.g., Odds Ratio of 5  Percent relative increase 

in odds= (5 – 1) × 100% = 400% increase
54
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Food-borne Outbreak
(Odds Ratio)

• Let:  

– Exposure  eating the meat dish at a picnic

– Disease  gastroenteritis (fever, vomiting, diarrhea)

• Rates:
– R1 = 63 / 88 = .7159

– R0 = 1 / 7 = .1429

55

The odds of disease in the exposed 
group was 15× larger than the 
odds in the non-exposed group

Food-borne Outbreak
Alternative calculation

Disease

Present Absent Total

Exposure
Yes 63 25 88

No 1 6 7

Total 64 31 95

56

Question of Interest

Is there an association between eating the meat 
dish at the picnic (E) and   gastroenteritis (D)?

Why?

Is the association (if any) negative or positive?
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Contingency 2x2 Table

Disease

Present Absent Total

Exposure
Yes A B A+B=n1

No C D C+D=n2

Total A+C=m1 B+D=m2 N=A+B+C+D

58

95% Confidence Intervals
(Risk Difference)

a) Estimate RD from data

b) Estimate the standard error of  (RD) and use 
the formula;

Best Guess ± 2 times Standard Error of RD

Example

The Honolulu Heart Study

10-Year CHD Mortality and Obesity
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The Honolulu Heart Study
10-year CHD Mortality and Obesity

10-year CHD Mortality

Present Absent Total

Obese
(BMI≥30)

Yes 19 166 185

No 437 6,466 6,903

Total 456 6,632 7,088

61

The Honolulu Heart Study
10-year CHD Mortality and Obesity

10-year CHD Mortality

Present Absent Total

Obese
(BMI≥30)

Yes 19 166 185

No 437 6,466 6,903

Total 456 6,632 7,088

62

Honolulu Heart Study
(Risk Difference)

63
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95% Confidence Intervals
(Risk Ratio)

• First, construct a CI for log(RR) as follows:
a) Compute  log(RR)

b) Estimate the standard error of  log(RR) by the 
formula;

95% Confidence Intervals
(Risk Ratio)

95% Confidence Intervals
(Risk Ratio)

To obtain confidence limits for the Risk Ratio 
(RR) take the anti-log of the confidence limits 
calculated for the log(RR)
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95% Confidence Intervals
(Risk Ratio)

• First, construct a CI for log(RR) as follows:
a) Compute  log(RR) : log(1.62) = 0.4839

b) Estimate the standard error of  log(RR) by the 
formula;

95% Confidence Intervals
(Risk Ratio)

Question of Interest

Is there an association between 10-year CHD 
mortality (D) and obesity(E)?

Why?

Is the association (if any) negative or positive?
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95% Confidence Intervals
(Odds Ratio)

• First, construct a CI for log(OR) as follows:
a) Compute  log(OR)

b) Estimate the standard error of  log(OR) by the 
formula;

95% Confidence Intervals
(Odds Ratio)

95% Confidence Intervals
(Odds Ratio)

To obtain confidence limits for the Risk Ratio 
(OR) take the anti-log of the confidence limits 
calculated for the log(OR)
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95% Confidence Intervals
(Odds Ratio)

• First, construct a CI for log(OR) as follows:
a) Compute  log(OR) : log(1.69) = 0.5268

b) Estimate the standard error of  log(OR) by the 
formula;

95% Confidence Intervals
Odds Ratio)

Question of Interest

Is there an association between 10-year CHD 
mortality (D) and obesity(E)?

Why?

Is the association (if any) negative or positive?
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Example

Incidence Rate (IR)

Incidence Rate Ratio (IRR)

The Honolulu Heart Study
10-year CHD Mortality and Obesity

CHD Mortality

Number Died Person-years

Obese
(BMI≥30)

Yes 19 3538.69

No 437 134008.02

Total 456 137546.7

77

Note:

Example

The Framingham Heart Study

Continued…(Questions 10-13)
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The Framingham Heart Study

10. What is the risk difference of 
developing CHD among the obese and the 
non-obese?

11. What is the risk ratio of developing 
CHD of the obese compared to the non-
obese?

The Framingham Heart Study
12. Is obesity associated with hypertension? Hint: 

Use the odds ratio to estimate the degree of 
association

13. Of the 2049 males in the study, 823 developed 
CHD, whereas 650 of the 2650 women 
developed CHD. Is there an association 
between gender and CHD morbidity in the 
Framingham population?

Example

Food-borne Outbreak
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Food-borne Outbreak

Disease

Present Absent Total

Exposure
Yes 63 25 88

No 1 6 7

Total 64 31 95

82

1. Estimate the risk of gastroenteritis among the exposed 
and non-exposed

2. Estimate the risk  difference and corresponding 
standard error

Food-borne Outbreak
Example

83

3. Compute a 95% confidence interval for the true risk 
difference 

4. Construct a 95% confidence interval for the risk ratio of 
gastroenteritis of the exposed compared to the non-
exposed 

5. Construct a 95% confidence interval for the odds ratio 
of gastroenteritis of the exposed compared to the non-
exposed 


