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Clinicians need to understand the terms RR and OR. They are quantities that express the strength of association between the dependent and independent variables and are referred to as measures of association.

The purpose of this short article is to explain these and the 2x2 table.
1. The 2x2 table
Familiarity with 2x2 tables is central to understanding each of the measures of association. Table 1 shows a standard 2x2 table, presenting the dependent variable (or the outcome event) across the top and the independent variable (or the predictor variable) along the side, with the exposure of interest and the outcome of interest occupying the top left cell. This is the standard format. The “2x2” refers to the cells marked a, b, c and d, which are also highlighted in the table below
“Outcomes” typically refer to events that happen to patients, like stroke or surgery. 

Most outcomes in epidemiological studies are negative events, often characterised as death, disablement, disease or discomfort. Exposures or predictor variables or treatments are presented along the side of the 2x2 table. Examples of exposures are smoking, alcohol, sex (the “negatives” that anhedonistic epidemiologists are interested in), blood group, hypertension, diabetes, or treatments like warfarin or captopril.
Some outcomes of even exposures are not by nature dichotomous, but can still be used in the 2x2 table format. We simply take a continuous variable such as FEV1 and determine a cut-point, such as the 5th percentile of predicted to differentiate normal from abnormal lung function, thus changing a continuous measurement into a binary outcome.

Table 1.1  A typical 2x2 table

	
	Outcome present
	Outcome absent
	Number per group

	Exposure present
	a
	b
	(a + b)

	Exposure absent
	c
	d
	(c + d)

	Number per group
	(a + c)
	(b + d)
	(a + b + c + d)


2. Risk, probability and odds

The term "risk" implies a negative event. For example if we state that our soccer team is at risk of not reaching the World Cup finals, we don't describe ourselves as being at risk of winning the Lotto.

When people speak of the “risk” of lung cancer being increased if you smoke, they are using the term risk to mean risk factors.
In epidemiology however, the term risk implies quantification in terms of probability, or relatedly in terms of odds. Correctly, risk is the probability of an event occurring and it is equivalent to probability, which is the number of events occurring divided by all those in whom the event could occur. Odds is the number of events occurring divided by the all those in whom the event did not occur. Simply put, if a is the number of events, and b the number of non-events, the probability is a/(a+b) and the odds is a/b.
Probability is the number of events occurring divided by all those in whom the event could occur.

Odds are the number of events occurring divided by those at risk in whom the event did not occur.
3. Relative risk (RR)

Measures of association express two risks as a ratio, where the denominator of the ratio is typically risk in the control or comparison group. This enables one to compare the risk of disease-in-exposed to the risk of disease-in-non-exposed.
As example: In 400 factory workers, half worked in a noise zone of > 85 dB. In all, 80 were found to have noise-induced hearing loss (NIHL). Of these, 60 worked in the noise zone. We construct our 2x2 table using this information as follows
1. The total (a + b + c + d) = 400

2. Both (a + b) and (c + d) = 200

3. The number with NIHL (a + c) = 80

4. By subtraction, those with no NIHL (b + d) = 320

5. The number with NIHL and noise zone exposed (a) = 60

6. The other figures are worked out by further subtraction.

Table 3.1  Workers with NIHL in a noisy factory
	
	NIHL present
	NIHL absent
	Number per group

	Noise > 85 dB
	60
	140
	200

	Noise < 85 dB
	20
	180
	200

	Number per group
	80
	320
	400


The risk of disease-in-exposed is 60/200 = 0.33

The risk of disease-in-non-exposed is 20/200 = 0.10
Probability is the number of events occurring divided by all those in whom the event could occur.

The RR or relative risk or risk ratio is defined as

Occurrence in the exposed/ Occurrence in the non-exposed
Numerically this is expressed as such:

a/[a+b] / c/[c+d]
The relative risk (RR) in this scenario is 0.33/0.10 = 33/10 = 3.3
Interpreting, we say that exposure to noise > 85 dB is harmful, as it causes 3.3 times the number of NIHL cases in the noise zone as in areas where the noise is < 85 dB. 
More generally, whenever the RR is > 1, we interpret the exposure as harmful, and whenever the RR is < 1, we interpret the exposure as protective. A classic example of a protective exposure is measles vaccination protecting against measles.
Where the RR is = 1, the exposure is interpreted as being insignificant to the occurrence of disease. In the example above, if there were 20 NIHL cases in the 200 workers in the noise zones, we would interpret noise as being insignificant to the occurrence of NIHL.
4. Odds ratio (OR)
Remember what odds are:
Odds are the number of events occurring divided by those at risk in whom the event did not occur
The OR is defined similarly to the RR:
The OR or odds ratio is defined as

Odds in the exposed/ Odds in the non-exposed
Numerically this is expressed as such:

a/b / c/d, which simplifies to a*d/b*c, or ad/bc
We interpret the OR in the same way as we interpret the RR. When the OR is > 1, we interpret the exposure as harmful, and when the OR is < 1, we interpret the exposure as protective.

The odds ratio is similar to but is not exactly synonymous with the relative risk (RR). The OR is widely used in much the same way as the RR – the following section attempts to explain and justify this.

5. The OR approximates the RR in many instances
(or how a/b / c/d can equal a/[a+b] / c/[c+d] ) 

If the odds ratio is to approximate the relative risk, the cases that make up the numerators of the odds in the exposed and the odds in the non-exposed should contribute negligibly to the denominators of the odds. This would be the case if the occurrence of the disease was very low. The example below, where Table 3.1 is modified to reduce the occurrence of disease helps to explain:
Table 5.1  Workers with NIHL in a noisy factory
	
	NIHL present
	NIHL absent
	Number per group

	Noise > 85 dB
	6
	194
	200

	Noise < 85 dB
	2
	198
	200

	Number per group
	8
	392
	400


Calculating the RR:

The risk of disease-in-exposed is 6/200 = 0.03

The risk of disease-in-non-exposed is 2/200 = 0.01

The relative risk in this scenario is 0.03/0.01 = 3

Calculating the OR:

The odds in the exposed is 6/194 = 0.031 

The odds in the non-exposed is 2/198 = 0.010

The odds ratio is thus = 0.031/0.010 = 3.06
Both the numerator and the denominator of the OR are themselves ratios, and in both cases their denominators (b and d) exclude the cases of the disease in question, unlike the calculation of RR, where the cases are also included in the denominators (a+b and c+d). Adding the cases (a and c) to the denominators has made a negligible difference.
This has shown how the OR can approximate the RR. The OR generally tends to slightly overestimate RR, but as the disease occurrence becomes smaller and approaches zero, the OR and RR will become increasingly equal. Thus for rare occurrences, the OR is a good approximation of RR.
To cement this, see Table 5.2. If the disease (represented by small letters a and c) is rare and those without disease (represented by the capital letters B and D) are numerous, as would happen in the population at large, the calculation of the relative risk a/[a+B] / c/[c+D] would be very similar to the odds ratio a/B / c/D. 
Table 5.2  Capital and small letters used to explain how OR ~ RR
	
	Outcome present
	Outcome absent
	Number per group

	Exposure present
	A
	B
	(a + B)

	Exposure absent
	C
	D
	(c + D)

	Number per group
	(a + c)
	(B + D)
	(a + B + c + D)


This article was based inter alia on the format used in the following article:

Andrew Worster, Brian H. Rowe. Measures of association: an overview with examples from Canadian emergency medicine research
It is available on the web at the following address:
http://www.caep.ca/004.cjem-jcmu/004-00.cjem/vol-3.2001/v33-219.htm
