Steven Bahr
22s:138

Cigarettes

In a study by Mendenhall and Sincich (1992) a random sample of 25 brands of cigarettes is taken and 5 variables are reported including: brand, tar content, nicotine content, weight, and carbon monoxide content.  Previous studies have shown that cigarettes containing higher tar and nicotine contents also produce higher levels of carbon monoxide in the smoke emitted.  Each of these three substances is hazardous to ones health.  
My goal is to use this data to see if there is a linear relationship between carbon monoxide content and tar and/or nicotine content.  I would also like to find out whether tar or nicotine is more hazardous.  I will use a frequentist approach of linear regression analysis and compare it with a Bayesian approach using noninformative priors.  I will fit the models using WinBUGS and interpret the results.  In the end it shall be possible to predict the level of carbon monoxide content for any cigarette containing tar and nicotine.  
In classical regression analysis, we look at the conditional distribution of the response variable at different levels of a predictor variable.  In this study the response variable of interest is the level of carbon monoxide.  The predictor variables are tar content and nicotine content.  I used Microsoft Excel to make scatter plots of the predictors versus the response.  
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The relationship in these scatter plots look roughly linear so it makes sense to try to summarize the relationship between these two variables with a straight line.  The equations for the lines are given in the scatter plots.  I then used SAS to calculate predicted values, residuals, and 95% confidence intervals for the mean levels of carbon monoxide content in each of the brands of cigarettes.  
The REG Procedure

                                         Model: MODEL1

                                 Dependent Variable: cmonoxide

                                        Output Statistics

                     Dependent   Predicted    Std Error                               Std Error

        Obs brand     Variable     Value   Mean Predict     95% CL Mean      Residual  Residual

          1 Alpine     13.6000   14.3847       0.5801   13.1816   15.5878   -0.7847     1.288

          2 Benson&H   16.6000   15.6841       0.3860   14.8836   16.4847    0.9159     1.359

          3 BullDurh   23.5000   26.3994       0.9866   24.3533   28.4455   -2.8994     1.011

          4 CamelLig   10.2000    9.0164       0.4037    8.1791    9.8537    1.1836     1.354

          5 Carlton     5.4000    5.9772       0.5055    4.9289    7.0256   -0.5772     1.319

          6 Chesterf   15.0000   14.7746       0.3169   14.1173   15.4319    0.2254     1.377

          7 GoldenLi    9.0000    9.5482       0.4813    8.5501   10.5463   -0.5482     1.328

          8 Kent       12.3000   12.5103       0.3684   11.7464   13.2743   -0.2103     1.364

          9 Kool       16.3000   16.1029       0.3712   15.3330   16.8727    0.1971     1.363

         10 L&M        15.4000   14.7313       0.3230   14.0615   15.4011    0.6687     1.375

         11 LarkLigh   13.0000   13.6028       0.3348   12.9085   14.2970   -0.6028     1.372

         12 Marlboro   14.4000   15.2413       0.6592   13.8743   16.6084   -0.8413     1.249

         13 Merit      10.0000    9.0885       0.3871    8.2858    9.8913    0.9115     1.358

         14 MultiFil   10.2000   11.9977       0.3357   11.3016   12.6939   -1.7977     1.372

         15 NewportL    9.5000    9.7936       0.3975    8.9693   10.6180   -0.2936     1.355

         16 Now         1.5000    3.7081       0.6786    2.3006    5.1155   -2.2081     1.239

         17 OldGold    18.5000   16.1174       0.5094   15.0609   17.1739    2.3826     1.317

         18 PallMall   12.6000   12.5513       0.6966   11.1066   13.9961    0.0487     1.229

         19 Raleigh    17.5000   15.7563       0.6123   14.4864   17.0262    1.7437     1.273

         20 SalemUlt    4.9000    6.3093       0.4868    5.2997    7.3189   -1.4093     1.326

         21 Tareyton   15.9000   14.3727       0.3063   13.7376   15.0079    1.5273     1.379

         22 True        8.5000    8.5014       0.3983    7.6755    9.3274   -0.0014     1.355

         23 ViceroyR   10.6000    9.5410       0.3613    8.7917   10.2902    1.0590     1.366

         24 Virginia   13.9000   15.0200       0.3523   14.2893   15.7507   -1.1200     1.368

         25 WinstonL   14.9000   12.4694       0.3267   11.7919   13.1468    2.4306     1.374


In Bayesian linear regression we are interested in estimating: the regression coefficients, the standard deviation of values around the regression line, the 95% credible set for the population mean of the response variable for the subpopulation, and the 95% predictive interval for an individual observation of the response variable.  For my analysis of this study I used non-informative reference priors approximated using WinBUGS.  I was able to make predictions of the carbon monoxide content emitted from a cigarette with an average amount of tar and nicotine content.  Here are the results:
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The model fit plot displays the fitted regression line (based on posterior means), and the 95% central interval (dashed lines for 2.5 and 97.5percentiles) for the expected value of carbon monoxide corresponding to each value of the predictors.  

Overall I believe there is significant evidence of a linear relationship between carbon monoxide and tar/nicotine contents.  Each of these substances is hazardous to ones health and this study shows that increases in the tar and nicotine content of a cigarette are accompanied by an increase in the carbon monoxide emitted from the cigarette smoke. 
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