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Appendix 1. Formal Example of How the Population Attributable Fraction for Obesity Varies 

with the Relative Risk of Death from Smoking 

In this appendix, we develop an expression for the ratio of population attributable fractions 

(PAF) for obesity among non-smokers to that among smokers. This expression shows how the 

ratio depends upon the relative risk of death from smoking and on other parameters. The model 

from which this expression is derived assumes that the risks of death associated with obesity and 

with smoking are additive. We have formally examined the nature of interactions between 

obesity and smoking risks for all-cause mortality and concluded that they are additive rather than 

multiplicative (details available upon request). The model also assumes that the prevalence of 

obesity is the same among smokers and non-smokers. Although this latter assumption is not 

strictly correct, the empirical results presented in the text suggest that attributable risk fractions 

are not very sensitive to differences in obesity distributions between smokers and non-smokers.  

We recognize two categories of BMI, obese and non-obese; and two categories of smoking, 

smokers and non-smokers.  

Notation 

Death rate of non-obese, non-smokers

Death rate of obese non-smokers

Death rate of non-obese smokers

Death rate of obese smokers

Proportion of each group that is obese
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Assumptions 

A) The relative risk of death from obesity among non-smokers is K, so that 
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B) The relative risk of death from smoking among the non-obese is j, so that 

                   
OS ONj    

C) The risks of death associated with obesity and smoking are additive, so that 

                     ( ) ( ) ( 1)BS ON ON ON ON ON ONK j K j               

 

Dividing all death rates by the death rate of non-obese non-smokers produces the set of relative 

risks shown in Table A.1.  

 

Table A.1 Relative Death Rates Classified by Smoking and Obesity Status 

  

Smoke 

  

Yes No 

O
b
es

e Yes j+K-1 K 

No j 1 

 

Note that if risks of obesity and smoking were multiplicative (i.e, additive in the logs), the value 

in the upper-left cell would be jK. In this case, it is easy to demonstrate that both the relative 

risks of death associated with obesity, and the attributable risks, would be the same for smokers 

and non-smokers.  

 

In the case of additive risks, the relative risk of death associated with obesity among smokers is 

(j+K-1)/j, which is less than the relative risk among non-smokers, K, as long as j>1. On the other 

hand, the additional absolute risk of death attributable to obesity is the same among smokers,  

K – 1, as among non-smokers.  
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The prevalence of obesity among the deaths of non-smokers is 

(1)        
(1 ) 1 (K 1)
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The prevalence of obesity among the deaths of smokers is  
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The PAF for obesity among non-smokers, using equation (1) in the text, is  
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The PAF for obesity among smokers is, 

(4)        
(j K 1) 1 ( 1)

( 1) j 1 (K 1)
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The ratio of the PAF for obesity among non-smokers to the PAF for obesity among smokers is  

(5)        
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Equation (5) is the expression that we seek. It says that the ratio of the PAF among non-smokers 

to that among smokers depends on the relative risk of death from smoking among the non-obese, 

j, as well as on the prevalence of obesity, p, and the relative risk of death from obesity among 

non-smokers, K. As K gets very large, the value approaches 1.0; smoking makes less and less of 

a difference for the ratio of PAFs when the relative risk of obesity gets larger and larger. As K is 

reduced to a value close to 1.0, the ratio of PAFs approaches j, the relative risk of death from 

smoking among the non-obese.  

 

Assume that the prevalence of obesity is 0.4, roughly the proportion in Table 1. Assume further 

that the relative risk associated with obesity among non-smokers, K, is 1.75 (corresponding to 
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the relative risk for never-smokers at a BMI of 35.0) and that j = 3.5 (with j = 3.5, the relative 

risk of death from smoking among the obese would be (j+K-1)/K=2.43, so that the weighted 

mean relative risk for the two groups would be 3.07). When these values are substituted into 

equation (5), the ratio of PAFs becomes 2.9, which is the approximate ratio identified in the 

paper (0.32:0.11).  

 

The model in this section and the parameters that we have chosen are first approximations. But 

they help to establish the plausibility of the relative PAFs that we have identified for current and 

never smokers. 


