Analysis of categorical variables

Glantz chapter 5. How to analyze rates and proportions
Files: 
Categorical data.doc

chi square example.xls

Relative risk and odds ratios.ppt

Texts:

Categorical Data Analysis. Alan Agresti.

Applied Categorical Data Analysis. Chap Le.
T-tests and analysis of variance (ANOVA) are suitable when 

· the independent variable is categorical (e.g., Drug, Gender), and 
· the dependent variable is continuous (e.g, blood pressure)
Sometimes both the independent and dependent variables are categorical. 

· Treatment (Drug/placebo) versus survival (alive/dead)

· Smoke (Y/N) versus lung cancer (Y/N)

· Genotype (allele present Y/N) vs disease present
In these situations, we usually count the number (or proportion) of patients or subjects that fall into each possible category.

For categorical data, the statistical tests we commonly use the chi-square test, and the Fisher Exact test. We quantify the strength of association using the relative risk and the odds ratio.
The chi square test: contingency tables
See Excel file “chi square example.xls”.

Glantz example: aspirin and blood clots
Next, we’ll follow Glantz’s example of how to use a chi-square test to test for an association between aspirin and the prevention of blood clots.
We’ll examine the efficacy of low-dose aspirin in preventing blood clots (thrombosis). A thrombosis occurs when a blood clot blocks an artery, which can cause a stroke, heart attack, or other serious consequences.
Table 1 shows the results of an experiment in which patients (who were on dialysis for kidney disease) were given either aspirin or placebo. This table is a 2 x 2 contingency table.

Table 1. Thrombus formation in people receiving aspirin or placebo
	Treatment
	Thrombus
	No thrombus
	Total

	Placebo
	18
	7
	25

	Aspirin
	6
	13
	19

	Total
	24
	20
	44


Table 2. Expected thrombus formation if aspirin has no effect different from placebo
	Treatment
	Thrombus
	No thrombus
	Total

	Placebo
	13.64
	11.36
	19

	Aspirin
	10.36
	8.64
	25

	Total
	24
	20
	44


Table 2 shows the expected number of patients with thrombus formation if aspirin has no effect different from placebo. (The Excel file “chi square example.xls” shows how we calculate the expected numbers for a contingency table.)

For these data, the chi-square test in Excel gives a p-value of p=0.0076.

See the Excel file “chi square example.xls” for calculation of the p-value for the chi-square test using these blood clot data.

Here’s the same analysis using the R statistics programming language.

Data.clots = matrix(c(18, 6, 7, 13), nr = 2, dimnames = list(Treatment = c("Placebo","Aspirin"), Outcome = c("Thrombus", "No Thrombus")))

Data.clots

chisq.test(Data.clots, correct = FALSE)

Output from R:

Pearson's Chi-squared test

data:  Data.clots 

X-squared = 7.1141, df = 1, p-value = 0.007648

More accurate p-values with chi-square: Yates correction for continuity
The chi-square test is an approximation to the Fisher Exact test, which we’ll look at shortly. 

When we use the chi-square test, the approximation is improved by using an adjustment known as the “Yates correction for continuity”.

Unfortunately, this correction is not built in to Excel. In R, we calculate the p-value using the Yates correction for continuity as follows. 

Data.clots = matrix(c(18, 6, 7, 13), nr = 2, dimnames = list(Treatment = c("Placebo","Aspirin"), Outcome = c("Thrombus", "No Thrombus")))

Data.clots

chisq.test(Data.clots, correct = TRUE)

Output from R:

Pearson's Chi-squared test with Yates' continuity correction

data:  Data.clots 

X-squared = 5.5772, df = 1, p-value = 0.01820

Compare the p-value using the correction to the p-value without:

chisq.test(Data.clots, correct = FALSE)

Output from R:

X-squared = 7.1141, df = 1, p-value = 0.007648

Assumptions and limitation of the chi-square test

The chi-square test for a 2x2 contingency table gives accurate p-values provided that the number of expected observation is greater than 5. If this is not true, then you should use the Fisher Exact test. 

The chi-square test is an approximation to the Fisher Exact test. We’ll look at that test next. The Fisher Exact test is computationally intensive; Karl Pearson developed the chi-square approximation before we had computers to do the work.

With fast computers available today, you can use the Fisher Exact test for quite large data sets, and be more confident in the p-values.

You can use the chi-square test for contingency tables that have more than two rows or two columns. For contingency tables that have more than two rows or two columns, the p-value computed by the chi square approximation is reasonably accurate provided that the expected number of observations in every cell is greater than 1, and that no more than 20 percent of the cells have an expected number of observations less than 5. 
Again, the Fisher Exact test will handle quite large data sets, and avoid the problems with chi square.
Fisher Exact test

The Fisher Exact test is a computationally-intensive method for analyzing contingency tables. It is an exact method in that it calculates all possible permutations of the data, and gives accurate p-values regardless of the expected number of observations in the cells of the table.

Data1 = matrix(c(10, 2, 2, 10), nr = 2, dimnames = list(Treatment = c("Drug", "Placebo"), Outcome = c("Cured", "Not cured")))
Data1

chisq.test(Data1, correct = FALSE)
chisq.test(Data1, correct = TRUE)

fisher.test(Data1, alternative = "two.sided")

Data2 = matrix(c(5, 1, 1, 5), nr = 2, dimnames = list(Treatment = c("Drug", "Placebo"), Outcome = c("Cured", "Not cured")))
Data2

chisq.test(Data2, correct = FALSE)

chisq.test(Data2, correct = TRUE)

fisher.test(Data2, alternative = "two.sided")

Data2 = matrix(c(50, 20, 20, 50), nr = 2, dimnames = list(Treatment = c("Drug", "Placebo"), Outcome = c("Cured", "Not cured")))

Data2

chisq.test(Data2, correct = FALSE)

chisq.test(Data2, correct = TRUE)

fisher.test(Data2, alternative = "two.sided")

How to quantify the strength of association: Relative risk and odds ratios

The chi-square test and the Fisher Exact test both tell us the probability that the observed association between two categorical variables could be due to chance, even if there is no real association. 

In clinical trials and epidemiology studies, we often want to measure the strength of the relationship between an outcome (such as disease, cure, or survival) and either a treatment (such as a drug or surgery) or exposure to some factor (such as smoke).
For example, we might want to know how much eating broccoli reduces our chances of colon cancer, or how much taking a statin drug reduces our chance of having a heart attack.

Two commonly used measures to quantitate such relationships are the Relative Risk (RR) and the Odds Ratio (OR). 

See the powerpoint file, “Relative risk and odds ratios.ppt” for a description of these measures, and the last section of Glantz, chapter 5, How to analyze rates and proportions.
