Relative Risk Analysis and Odds Ratio Analysis

Relative Risk (used for prospective studies) 

How the Relative Risk is Calculated 

______________________Becomes Diseased_____________No Disease
Exposed to Risk Factor___________A_________________________B 
Not Exposed___________________C_________________________D 

Risk of Developing Disease for Those Exposed to Risk Factor over Time = A divided by (A+B)
Risk of Developing Disease for Those Not Exposed to Risk Factor = C divided by (C+D) 

The Relative Risk is A/(A+B) divided by C/(C+D) i.e. risk of exposed group is compared to risk of unexposed group. Hence the term relative risk. 
If the Relative Risk = 1, this means that the risk of developing disease for the exposed group is the same as the risk for the unexposed group. Therefore, there is no association between a risk factor and a disease 
If the Relative Risk > > 1, there is a strong positive association
If the Relative Risk < < 1, there is a strong negative association 

e.g. In a study on smoking and lung cancer, the Relative Risk (estimated from a sample) is 1.62
This means roughly that "People who smoke are 1.62 times more likely to develop lung cancer than those who do not smoke"
This means strictly that "The risk of developing lung cancer for people who smoke is 1.62 times the risk for people who do not smoke" 

The next step is to determine if this estimated Relative Risk is statistically significant. 

Testing if a Relative Risk is Statistically Significant 
To do this, we need to construct a 95% Confidence Interval. 

(A 95% CI means the probability is 0.95 that the real value of a parameter lies within the interval calculated)
The estimated RR is used to construct the 95% CI for the true RR 

Example: 

H0 : Relative Risk = 1 (no association between exposure to risk factor and Disease X)
H1 : Relative Risk is not equal to 1 (association between exposure to risk factor and Disease X) 

If 95% CI does not include 1, reject H0 
(prob. is 0.95 that true RR falls within the interval i.e. 95% sure that true RR is not equal to 1) 

If 95% CI includes 1, accept H0 
Example 1 

Estimated Relative Risk = 1.62
95% CI for true Relative Risk = 1.15 to 2.28
H0 : RR = 1
H1  : RR is not equal to 1 

What is your conclusion? 

Since the 95% CI does not include 1, we are 95% sure that the real Relative Risk is not equal to 1.
Therefore, we accept H1 and conclude that (1)there is an assoc between exposure to the risk factor and chances of getting a Disease X and (2)People who are exposed to the risk factor are 1.62 times more likely to develop the Disease than those who are not exposed. 

Odds Ratio (Often used for retrospective or case-control studies) 

What is meant by the term "Odds"? 

An example will clarify: 

The probability of getting a 6 when a dice is thrown is 1/6 

The odds of getting a 6 when a dice is thrown is 1:5 or 1/5 
That is, when you throw a dice, there are 6 possible outcomes (1,2,3,4,5,6) and one outcome is the desired outcome while the other five outcomes are what you don't want to get. 
Thus, there is: 1 possible "success" compared to 5 possible "failures" (1:5 or 1/5) 

How the Odds Ratio is Calculated 

__________________Has the Disease Now (CASES)___No Disease Now(CONTROLS)
Exposed in the Past________________A_________________________B__________ 
Not Exposed_____________________C_________________________D__________ 

Odds of Exposure for Cases = A:C or (A/C)
Odds of Exposure for Controls = B:D or (B/D) 

The Odds Ratio is (A/C) divided by (B/D) --> This is the same as (A*D) divided by (B*C) 

The Odds for the Cases are compared to the Odds for the Controls. Hence the term Odds Ratio 

If the Odds Ratio = 1, there is no association between a risk factor and a disease (i.e. if cases and controls are compared, there is no difference in odds of exposure to a risk factor in the past.
If the Odds Ratio > > 1, there is a strong positive association
If the Odds Ratio < < 1, there is a strong negative association 

e.g. In a study on lung cancer presence now and smoking in the past, the estimated OR is 2.14
This means roughly that "Lung cancer victims are 2.14 times more likely to be smokers than people without lung cancer"
(This means strictly that "Lung cancer victims' odds of exposure to smoking are 2.14 times the odds for those without lung cancer") 

The next step is to determine if this estimated OR is statistically significant. 

Testing if an Odds Ratio is Statistically Significant 
To do this, we need to construct a 95% Confidence Interval. 

(A 95% CI means the probability is 0.95 that the real value of a parameter lies within the interval calculated)
The estimated OR is used to construct the 95% CI for the true OR 

Example: 

H0 : Odds Ratio = 1 (no association between exposure to risk factor and Disease X)
H1 : Odds Ratio is not equal to 1 (association between exposure to risk factor and Disease X) 

If 95% CI does not include 1, reject H0 (prob. is 0.95 that true OR falls within the interval i.e. 95% sure that true OR is not equal to 1) 

If 95% CI includes 1, accept H1 
Example 1 

Estimated Odds ratio = 2.5
95% CI for true Odds ratio = 2.0 to 3.0
H0 : OR = 1
H1 : OR is not equal to 1 

What is your conclusion? 

Since the 95% CI does not include 1, we are 95% sure that the real odds ratio is not equal to 1.
Therefore, we accept H1 and conclude 1) that there is an assoc between exposure to the risk factor and chances of getting a Disease X and 2) People with Disease X are 2.5 times more likely to have been exposed to the risk factor in the past than people without the Disease X 

Example 2 

Odds Ratio = 1.3
95% CI = 0.9 to 1.7
H0 : OR = 1
H1 : OR is not equal to 1 

What is your conclusion? 

Since the 95% CI includes 1, accept H0.
Conclude that 1) there is no assoc between exposure to suspected risk factor and chances of getting Disease X and 2) People with the Disease are no more likely (equally likely) to have been exposed to the risk factor in the past compared to people without the Disease (hence we conclude there is no association between exposure and chances of getting the Disease. Therefore the suspected risk factor can be ruled out as an actual risk factor). 

Interpreting the Relative Risk versus Interpreting the Odds Ratio 

If Relative Risk = 2.1
Interprete roughly as "People who are exposed to the risk factor are 2.1 times more likely to develop the disease than people who have not been exposed"
Interprete strictly as "For people exposed to the risk factor, their risk of developing the disease is 2.1 times that of people who have not been exposed" 

If Odds Ratio = 2.1 (in a case-control study)
Interprete roughly as "People who have the disease are 2.1 times more likely to have been exposed to the risk factor in the past compared to people who do not have the disease"
Interprete strictly as "For people who have the disease, their odds of exposure to the risk factor in the past are 2.1 times the odds of exposure for people who do not have the disease" 

Thus, Relative Risk concerns the statement (as used in prospective studies i.e. looking forward in time)
"If people are exposed to a risk factor, how likely are they to develop a disease
(compared to those not exposed)?" 

Odds Ratio concerns the statement (if used for retrospective, case-control studies i.e. looking backward in time)
"If people have a disease now, how likely are they to have been exposed to a risk factor in the past 
(compared to those without the disease now)?" 

NOTE: Odds Ratio analysis CAN be used for prospective studies too. But since they are harder to interprete, it is better to use Relative Risk analysis for prospective studies. 

