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Overview of 
Measurement in Epidemiology

Source: Pai,  2007



Review
RISK
• Incidence proportion

• Range: 0,1

• Probability that an individual 
will develop a disease during 
a specific period

• More assumptions
• Steady state, follow-up

• Cannot handle losses to 
follow-up, attrition, 
competing risks

RATE

• Incidence density

• Range: 0, ∞

• Describes how rapidly new 
events occur in a specific 
population

• Fewer assumptions

• Can handle losses to follow-
up, attrition, competing risks



The big picture

Measures of 
disease 

frequency

Measures of 
effect

Measures of 
potential 
impact

Aim to quantify the association between groups by 
comparing the groups



Review: 
Comparing Populations

When comparing the crude mortality rates from two populations, 
the difference could be due to:

• True differences in stratum-specific death rates 

• Differences in population composition (distribution of 
characteristics)

Comparing crude rates is often inappropriate because of the 
differences in population composition  (e.g., Alaska vs. Arizona)



Two types of standardization 

Direct standardization: rates that would have been 
observed in your population of interest if it had exactly 
the same distribution as the standard population with 
respect to the variable(s) for which the adjustment or 
standardization was carried out

Indirect standardization: the number of expected deaths 
in your population of interest had they died at the same 
rate as the general population



Life Tables I
(1) (A) (2) (3) (4) (5) (6) (7)

Age 
interval nmx

nqx Ix ndx nLx Tx ex0

Age-
specific 

death rate
% who die in 
the  interval

# individuals at risk 
at start of interval

# deaths 
during 

interval

# person 
years in age 

interval

Cumulative 
sum of 

person years 

Life 
expectancy

X to 
X+n

observed =1-e-interval*mx =Ix-n * (1-nqx-n) = Ix * nqx

= (3) * (2)

= ndx / nmx

= (4) / (A)

=Σ nLx = Tx / Ix

= (6) / (3)



Note about age intervals

4-1= 3 
But, we count the entire 4th year in the interval (the interval ends at the end of the 4th

year)

So n=4 

Keep this in mind for your assignment!



Additional Assignment Notes 
Q.5

• “The data describe a hypothetical population of 
100,000 people from birth to age 85”
• Mortality rate presented as deaths per 100,000 
• E.g,. 4.7 per 100,000

• Solving this requires combination of skills from 
different lectures (not just the life table content)



Additional Life Table Calculations

Interval Ix
# At Risk

Dx

Deaths in 
Interval

Qx

Mortality 
Risk 

Survival 
Probability

=1-Qx

Pt

Cumulative 
Survival 

Probability

1 200 20 0.1 0.9 1.0
2 180 30 0.17 0.83 0.9
3 150 40 0.27 0.73 0.747

=0.9*1.0
=0.83*0.9



Common objective in 
epidemiology

Exposure Outcome
?

The BIG question: how do we estimate the “?”



Excess Risk

• Comparing the risk of disease in exposed populations 
to the risk of disease in unexposed populations

• Usually the interest how of epidemiologic 
investigations
• How much does exposure to factor ___ increase risk of 

outcome _____ compared to those who were not exposed



Risk Factors

• Factors that increase or decrease your risk of disease
• Harmful risk factor increases risk of disease
• Protective risk factor decreases your risk

Individual-level 
characteristics

Environmental Factors

• Age
• Sex
• Race/ethnicity
• Occupation
• Genetics
• Marital status
• Family History

• Climate
• Pollution
• Neighbourhood characteristics
• Water
• Radiation
• Viruses/bacteria
• Second-hand smoke



Environmental Risk Factor
Flint water crisis

• In 2014, the water source in Flint, Michigan was 
changed from Lake Huron to the Flint river

• This water source had extremely high levels of lead, a 
neurotoxic chemical

• Flint River also had received raw sewage from the city’s 
waste treatment plant, agricultural and urban runoff, 
and toxics from leaching landfills

• Water from Flint river also associated with an oubreak
of Legionnaires’ disease, caused by Legionella bacteria



Video on Flint water crisis
https://www.youtube.com/watch?v=NUSiLOwkrIw&t=4s

https://www.youtube.com/watch?v=NUSiLOwkrIw&t=4s


Risk factor * health disparities

“Compared to nationwide averages, Flint families are on the wrong side of every disparity: in life expectancy, 
infant mortality, asthma, you name it. Flint is a struggling deindustrialized urban center that has seen decades of 
crisis—disinvestment, unemployment, racism, illiteracy, depopulation, violence, and crumbling schools. Navy 
SEALs and other special ops medics train in Flint because the city is the country’s best analogue to a remote, war-
torn corner of the world ….   A kid born in Flint will live fifteen years less than a kid born in a neighboring suburb. 
Fifteen years less. Imagine what fifteen years of life means. In a country riven by inequalities, Flint might be the 
place where the divide is most striking.” – Dr. Mona Hanna Attisha

• Children in Flint were already at a higher risk for lead exposure because of living 
conditions (older houses, lead paint) and poor nutrition

• Social determinants of health are non-medical factors that affect a person’s overall 
health and health outcomes

• The water crisis demonstrates that social determinants of health interact with our 
individual-level exposures to influence health outcomes



Modifiable vs. Non-Modifiable

• There is an important distinction between risk factors 
that you can change (modifiable risk factors) compared 
with those that you cannot (non-modifiable risk 
factors)

• Examples of non-modifiable risk factors include age, 
biological sex, genetics, and family history of disease

• Examples of modifiable risk factors include occupation, 
marital status, and some environmental factors



“Modifiable”

• In theory, environmental factors are modifiable, because they 
can be changed but it can be very challenging



Race vs. Racism

• Race/ethnicity is a non-modifiable risk factor for 
disease 

• But is racism? 
• Optimistically & theoreticallyà Yes.
• Realistically & practically à Maybe? Hopefully?



Is racism a non-modifiable
risk factor?

• There has been increasing attention to racism as a public health 
crisis

APHA: "Racism is a system of structuring opportunity and assigning value based on the social 
interpretation of how one looks (which is what we call "race"), that unfairly disadvantages some 

individuals and communities, unfairly advantages other individuals and communities..." - Dr. Camara 
Phyllis Jones, MD, MPH, PhD

• Racism affects many individual level risk factors and social 
determinants of health: housing, education, access to healthcare, 
incarceration, and employment 

• Framing racism as a public health issue will not solve the problem, 
but is a step in the right direction toward meaningful change



Modifiable risk factors

• Many lifestyle 
characteristics are 
modifiable risk factors 
for disease, such as 
diet, physical activity, 
and smoking status

• Example: the effect of 
quitting smoking on 
health outcomes



Obesity

• Obesity is associated 
with an increased risk 
of many diseases, 
including CVD and 
certain types of 
cancer, and mortality

• You can change an 
individual’s obesity 
status through 
numerous 
approaches: diet, 
physical activity, 
pharmacological 
intervention, bariatric 
surgery



Determining E-D association

• When assessing excess risk due to a particular risk 
factor, can calculate a ratio (a/b) or difference (a-b)



Relative vs. Absolute Estimates

Ratio = (Measure of diseaseexposed) / (Measure of diseaseunexposed)

Difference =(Measure of diseaseexposed) - (Measure of diseaseunexposed)

Measures of association can be relative (=ratio) or 
absolute (= difference)



Why does this matter?

Using relative and 
absolute measures can 

lead to different 
conclusions



Obesity and Aging

Rate Ratio Rate Difference

Risk in the unexposed group increases with time à the same observed risk ratio corresponds with a 
larger change in absolute risk in older individuals than younger individuals



The Problem with Ratios

Relative measures (ratios) can hide important information about 
the difference between comparison groups. 

Example: “People who take Drug A are half as likely to die (RR=0.5) 
as people who take the placebo” 

RR=0.5 could be consistent with 
Drug A Placebo

10% mortality 20% mortality

0.5% mortality 1% mortality

0.002% mortality 0.004% mortality



What sounds more impressive?

“Effects presented in relative terms alone have been repeatedly shown to seem more 
impressive than the same effects presented in absolute terms in experimental studies of 

physicians, policy makers, and patients.”

Schwartz LM, et al. BMJ. 2006 Dec 16;333(7581):1248.

How effective are pap-smears as a screening test for cervical cancer?

• A study found that women over age 40 who had a pap test had a 33% 
reduction in death (RR = 0.67) from cervical cancer compared to people who 
were not tested

• However, the incidence of death in the pap group was 6 per 1,000 people, and 
the incidence of death in the no-pap group was 9 per 1,000.

• Which is a more exciting headline? “Pap smears save 3 lives per 1,000 women 
tested” or “Pap smears reduce cervical cancer mortality by 33%”



Measures of Association

• How much does the RISK of outcome vary by level of 
exposure?

• Risk difference
• Risk ratio

• How much does the RATE of outcome occurrence vary 
by level of exposure?

• Rate difference
• Rate ratio



2x2 Tables for Counts

Disease + Disease - Row total 

Exposure + a b a+b

Exposure - c d c+d

Column total a+c b+d a+b+c+d

The most common way to calculate a measure of effect is to start 
with a 2x2 table:



Disease + Disease - Row total 
(Margins)

Exposure + a b a+b

Exposure - c d c+d

Column total 
(Margins) a+c b+d a+b+c+d

Risk Difference: [a / (a + b)] – c / (c + d)

Risk Ratio: [a / (a + b)]  /  [c / (c + d)]



CHD + CHD - Row total 
(Margins)

Smoking + 84 2916 3000

Smoking - 87 4913 5000

Column total 
(Margins) 171 7829 8000

Risk Difference: =[84 / (84 + 3000)]  - [87 / (87 + 4913)]
=10.6

Risk Ratio: =[84 / (84 + 3000)]  /  [87 / (87 + 4913)]
= 1.61



Interpretations

Risk difference:
“Those exposed to X have [RD] higher/lower risk of Y 
compared to those not exposed to [or, exposed to a 
different level of] X.”

Risk ratio:
“Those exposed to X have [RR] times the risk of Y 
compared to those not exposed to [or, exposed to a 
different level of] X.”



Null value

• Null = no effect
• Ho: no difference between groups

Risk Ratio

>1 Risk in exposed 
greater than risk in 
unexposed

=1 Risk in exposed equal 
to risk in unexposed 
(null; no association)

<1 Risk in exposed less 
than risk in 
unexposed

Risk Difference

>0 Risk in exposed 
greater than risk in 
unexposed

=0 Risk in exposed equal 
to risk in unexposed 
(null; no association)

<0 Risk in exposed less 
than risk in 
unexposed



“Relative Risk”

**This is a very confusing term**

• Most often used to refer to risk ratio 

• Also sometimes used to refer to rate ratio 

• Using correct and specific terminology is very important

• Please try not to use this term!



2x2 Tables for Person Time

Disease + Disease - Person 
Time

Exposure + a -- PTe

Exposure - c --
PT0

Column total 
(Margins) a+c --

Pte+ PT0



Disease + Disease - Person 
Time

Exposure + a -- PTe

Exposure - c --
PT0

Column total 
(Margins) a+c --

Pte+ PT0

Rate Ratio: [a / PTe]  /  [c /PT0 ]

Rate Difference: [a /PTe] – [c /PT0]



Comparing Measures of Association

Measure Range No association
Risk difference [-1, +1] 0
Rate difference [-∞, +∞] 0

Risk ratio [0, +∞] 1
Rate ratio [0, +∞] 1

21/09/2015 Lecture 3 - Measures of effect38

• No association = null association = null effect



Standardization

• Standardization is a general set of techniques that 
involves taking a weighted average of measures of 
occurrence (e.g., incidence) which can be used to 
calculate standardized measures of effect (e.g., 
standardized risk ratio or risk difference)

• Can use an external population as the standard 
distribution (2000 census) or an internal group as the 
standard distribution (exposed or unexposed group)



Standardization examples

• We are given data representing 6 age-sex strata 
• Age categories 50 to 59 years, 60 to 69 years, and 70 to 74 years
• Men and women

Person 
time (T)

N at risk Incidence Incidence 
rate

Risk

Men 50-59

60-69

70-74

Women 50-59

60-60

70-74



Standardized Rates

• Let T 1, T 2,…, T 6 be the distribution of person-years in the six age–sex categories 
(the standard distribution)

• We are given the six age–sex specific incidence rates I 1, I 2,…, I 6 corresponding to 
the age–sex specific strata

Numerator of Is : number of cases one would see in a 
population that had the person-time 
distribution T 1, T 2,…, T 6 and these stratum-specific rates. 

The denominator of Is is the total person time in the 
population

Is is the rate one would see in a population with 
distribution T 1, T 2,…, T 6 and specific rates I 1, I 2,…, I 6.



Standardized Risks

• Now consider a set of stratum-specific incidence proportions R 1, R 2,…,R 6
• And a standard distribution N 1, N 2,…, N 6 of persons rather than person-time 

at risk



Standardization example: Risk

Standardized rate ratio

Standardized Risk Ratio

Standardized Risk Difference



Tolbutamide example

• Conducted a study to examine whether tolbutamide prevents 
complications of diabetes

• Want to examine age-specific estimates- risk of diabetes 
increases with age



Standardizing
• Can choose which strata to use as the standard (exposed, unexposed, 

total, external population)

• Using the total cohort as the standard:

/ / 1.33



Standardizing: Exposed & 
Unexposed 

• Using the exposed population (Tolbutamide) as the 
standard: To answer the question about the contrast between 
the effect measure in the exposed compared to the same 
effect measure in the unexposed had they been exposed.

• Using the unexposed population (placebo) as the standard: 
To answer the question about the contrast between the effect 
measures in the unexposed compared to the same effect 
measure in the exposed had they been unexposed







Odds

• The ratio of the probability of occurrence of an event 
to that of non-occurrence (Porta, 2008)

• Odds =

• Odds = 

Proportion with disease
Proportion without disease

P
1-P



Common use of odds: gambling

Odds are commonly used when making a bet or gambling (e.g.
odds of one team winning, odds of horse winning race)

• LA Lakers have a 70% probability of winning the NBA 
championship (P) and a 30% probability of losing (1-P)

• What are the odds they will win? 

• Odds are not the same as probability --> probability of winning 
is 70%, odds of winning are 2.3

P
1-P

70%
30%

= = 2.3



Risk vs. Odds in Epidemiology



Risk vs. Odds

• To go from Probability to Odds:
• Odds = P / (1 – P)
• E.g. If P = 0.20, Odds = 0.20 / 0.80 = 0.25

• To go from Odds to Probability:
• Probability = Odds / (1 + Odds)
• E.g. If Odds = 0.25, P = 0.25 / 1.25 = 0.20

Effective Clinical Practice  May/June 2000 Volume 3 Number 3



Calculating Odds Ratios

Disease + Disease -

Exposure + a b

Exposure - c d

Odds Ratio: [a * d] / [b * c]



OR= ad/bc



Interpreting Odds Ratios

OR= 1 = null association

OR ≥ 1  = exposure increases odds of disease (harmful)

OR ≤ 1 = exposure decreases odds of disease (protective)

Often people will refer to risk when they’re talking about odds. 
It’s a very easy mistake to make! Sometimes it’s true, but not 
always.

Helpful video for interpretation: 
https://www.youtube.com/watch?v=5zPSD_e_N04



OR examples

D+ D-

E+ 80 55

E- 20 45

D+ D-

E+ 30 45

E- 70 55

= ad/bc = (80*45)/(20*55) = 3.3 = ad/bc = (30*55)/(45*70) =0.52



Odds Ratios and Risk Ratios

• If a disease/outcome is rare, the odds ratio will be 
approximately the same as the risk ratio

• If the probability of outcome is less than 10%, it is 
considered a rare outcome

• This is known as the rare disease assumption



Odds Ratio vs. Risk Ratio

Disease +
MI

Disease –
No-MI 

Total

Exposure +
High BP

180 9820 10,000

Exposure –
Low BP

30 9970
10,000

Let’s examine the risk of myocardial infarction (MI) among individuals with 
high BP compared to those with low BP:



OR and RR

The risk ratio and odds ratio are similar because heart 
attacks are a rare occurrence in the population:

((180+30) /20000)= 1.05%

Disease +
MI

Disease –
No-MI 

Total

Exposure +
High BP

180 9820 10,000

Exposure –
Low BP

30 9970
10,000



Odds Ratio vs. Risk Ratio

Disease +
Skin reaction

Disease –
No reaction

Total

Exposure +
Flu shot

650 1920 2570

Exposure –
No shot

170 2240
2410

Let’s examine the risk of a local skin reaction among individuals who receive a flu shot 
compared to those who receive a placebo injection:



Skin Reaction

The risk ratio and odds ratio are not similar because skin 
reactions were not a rare occurrence in the population:

((650+170) /4890)= 16.7%

Disease +
Skin reaction

Disease –
No reaction

Total

Exposure +
Flu shot

650 1920 2570

Exposure –
No shot

170 2240
2410





Understanding the Results

• OR= 0.6 
• The odds that black patients would be referred for 

catheterization were 40 percent lower than the odds of 
referral for white patients

• Odds are odd and hard to understand
• Usually people understand odds by equating it with risk

• BUT, when the outcome is common, odds≠risk



How common was the 
outcome?

• Very common
• 84.7% of Black people and 90.6% of White people were referred for 

cardiac intervention/surgery

• Authors report an odds ratio of 0.6, but because the outcome is 
so common the risk ratio is 0.93

• 40% lower odds of referral among black patients compared with white 
patients, but black people actually only had a 7% lower risk of being referred



Why are odds so hard to 
understand?

• With risk, you’re dividing the number of people who 
have an event divided by the total number of people in 
the population

• With odds you’re expressing the number of those who 
experience the event divided by the number of those 
who do not
• Range from 0 (event will never happen) to infinity (event 

will occur with absolute certainty).



Point estimates & confidence 
intervals

• Point estimate: observed estimate of the E-D association from your data

• Confidence interval: range of values plausible values for the same E-D 
association
• Upper and lower bounds – confidence limits
• Used to indicate precision of the estimate, width of CI depends on the amount of 

variability 

• Help evaluate the certainty of an estimate (risk, odds, rates)
• Alternatively: How much uncertainty surrounds the estimate I have chosen to 

report?

RR= 1.5 (95% CI: 1.0, 2.0)



Conceptual definition of CIs

Over an infinite number of repetitions of the same study, 
the confidence interval will contain the true parameter 
95% of the time

-This interpretation is based on sampling and probability 
theory and is not particularly helpful interpreting your 
study results

-Estimate of uncertainty in your results due to random 
error



Interpreting Confidence 
Intervals 

among cancer patients who received radiation, therapy tumor 
size decreased  -.66cm (95% CI -0.46, -0.96) compared with 

those who did not receive radiation therapy

Correct Interpretation: It is likely that the true mean difference 
between the two groups is somewhere between -0.46 ( a 
reduction of .46 cm) and -0.96 (a reduction of .96 cm) 

Incorrect Interpretation: We are 95% certain that the true 
effect is between -.46 and  -.96



Confidence Interval Video
https://www.youtube.com/watch?v=v0FXSAdYCkQ

https://www.youtube.com/watch?v=v0FXSAdYCkQ


95% CI example


