Statistics for Epidemiology                 Nicholas P. Jewell 

Solution Set: Chapter 4
Question 4.1 
	
	B
	not B
	Total

	A
	1005
	1212
	2217

	not A
	15
	24
	39

	Total
	1020
	1236
	2256


(a)     
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Multiply row (A) by the constant k and row (not A) by the constant h:

	
	B
	not B
	Total

	A
	1005k
	1212k
	2217k

	not A
	15h
	24h
	39h

	Total
	1005k+15h
	1212k+24h
	2217k+39h
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(c) Multiply column (B) by the constant m and column (not B) by 

the constant n:

	
	B
	not B
	Total

	A
	1005m
	1212n
	1005m+1212n

	not A
	15m
	24n
	15m+24n

	Total
	1020m
	1236n
	1020m+1236n
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Thus, odds ratios are invariant when rows and/or columns are multiplied by constant values.

(d)
Interchange the rows:

	
	B
	not B
	Total

	not A
	15
	24
	39

	A
	1005
	1212
	2217

	Total
	1020
	1236
	2256
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Odds ratios are symmetric on a logarithmic scale about the value 0.0.

Question 4.2

	
	Death
	Survival
	

	Male
	682 (a)
	161 (b)
	843 (a+b)

	Female
	127 (c)
	339 (d)
	466 (c+d)

	
	809 (a+c)
	500 (b+d)
	1,309 (a+b+c+d)


Calculation of the Odds Ratio for death, associated with sex - comparing men (‘exposed’) to women (‘unexposed’)

Let D denote death, and E being male.

Odds of dying for men: 

P(D|E)/P(not D|E) = a/(a+b)/b/(a+b) = a/b = 682/161 = 4.24

Odds of dying for women:

P(D|not E)/P(not D|not E) = c/(c+d)/d/(c+d) = c/d = 127/339 = 0.375

Odds Ratio for dying associated with sex (comparing men to women):

Odds of dying for men/ Odds of dying for women = 4.24/0.375 = 11.31

Calculation of the Odds Ratio for survival, associated with sex - comparing men (‘exposed’) to women (‘unexposed’)

Odds of surviving for men: 

P(not D|E)/P(D|E) = b/(a+b)/a/(a+b) = b/a = 161/682 =  0.236

Odds of surviving for women:

P(not D|not E)/P(D|not E) = d/(c+d)/c/(c+d) = d/c = 339/127 = 2.67

Odds Ratio for survival associated with sex (comparing men to women):

Odds of surviving for men/ Odds of surviving for women = 0.236/2.67 = 0.09

Calculation of the Relative Risk for death, associated with sex - comparing men (‘exposed’) to women (‘unexposed’)

P(D|E)/P(D|not E) = (a/(a+b))/(c/(c+d)) = (682/843)/(127/466) = 2.97

Calculation of the Relative Risk for survival, associated with sex - comparing men (‘exposed’) to women (‘unexposed’)

P(not D|E)/P(not D|not E) = (b/(a+b))/(d/(c+d)) = (161/843)/(339/466) = 0.26

Which is the best measure of association to summarize the differences between men and women?

The Relative Risk is usually the desired measure of association for meaningfully comparing risks of an outcome between two groups because it is easy to understand and less subject to misinterpretation.  The Odds Ratio is, in many situations, the only measure that can be calculated based on what conditional probabilities can be calculated from the study design (this is the case with traditional case control studies where P(D|E) and P(D|not E), the two components of the Relative Risk, are not accessible).  If the disease is rare, the OR can be used to approximate the RR (we have used the rule of thumb that if the sum of the risks of the outcome in both the exposed and unexposed groups is less than 0.1 then the OR will not be farther than 10% away from the RR).  In this case, we are able to meaningfully calculate the RR and so this is the preferred measure of association.  This example illustrates that in a common outcome situation (death on the Titanic, or survival) the OR is not a good proxy for the RR.

One advantage of the Odds Ratio is its insensitivity to whether you look at death or survival. One Odds Ratio is simply the reciprocal of the other (as above). This is not true of the Relative Risk. Kahn and Sempos (1989) made this same point with more extreme data:

	
	Death
	Survival
	

	Community A
	2
	98
	100

	Community B
	1
	99
	100

	
	3
	197
	200


Here the Relative Risk of dying is 2, which is approximately equal to the Odds Ratio of dying (=2.02). On the other hand, the Odds Ratio for survival is 0.49, about a half, whereas the Relative Risk for survival is 0.99, or almost 1. Naïve use of the Relative Risk can be confusing here when you compare using death or survival. It does not make a difference however when you use the Odds Ratio. Community A has about twice the odds of dying than Community B, and about half the odds of surviving as Community B.

Question 4.3

See the solution to Question 3.2:

RRdeath = 0.00086041/0.00065997 = 1.30

RRsuicide = 0.000291926/0.000104205 = 2.80

ARdeath = 0.066(1.30-1)/ 1 + [0.066(1.30-1)] = 0.019

ARsuicide = 0.066(2.80-1)/ 1 + [0.066(2.80-1)] = 0.106

Question 4.4

The assumption behind the Attributable Risk is that the risk of the entire population would be equivalent to non-coffee drinkers were coffee banned. This is unlikely to be true if caffeine is the real risk factor, and coffee drinkers then turned to consuming the same amount of caffeine, only now in tea. Further, the true risk factor may be something that is tangentially associated with coffee drinking and therefore not necessarily impacted by banning coffee (that is, coffee is not a causal risk factor).

Question 4.5

This can happen if personality type was also associated with the duration of the disease (as well as incidence). Further, if Type A individuals have longer disease durations than Type B individuals, then this will lead to a prevalence Odds Ratio being larger than the incidence Odds Ratio.
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