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Problems 1-3 of the homework relate to the dataset regarding MRI measurements of cerebral atrophy in elderly Americans (mri.doc and mri.txt). In this homework we will focus primarily on associations between mortality and serum LDL as possibly modified by race. 
a. Model proportional hazard regression of time to death as the censored outcome to test association to ldl including ldl as a continuous and dummy variable. P = 0.0073, reject the null hypothesis that the association between ldl and survival is linear in stepwise modeling of ldl. 
b. Model proportional hazard regression of time to death as the censored outcome to test association to ldl including ldl as a continuous and quadratic polynomial. P = 0.0005, reject the null hypothesis that the association between ldl and survival is linear in quadratic modeling of ldl. 

c. Model proportional hazard regression of time to death as the censored outcome to test association to ldl including ldl as a continuous and cubic. P < 0.0005, reject the null hypothesis that the association between ldl and survival is linear in cubic modeling of ldl. 

d. Model proportional hazard regression of time to death as the censored outcome to test association to ldl including linear splines of ldl. P < 0.0005, reject the null hypothesis that the association between ldl and survival is linear in using linear splines of ldl. 

e. Model proportional hazard regression of time to death as the censored outcome to test association to ldl including  ldl as a log transformed continuous variable. P < 0.0005, reject the null hypothesis that the association between ldl and survival is linear in log transformed modeling of ldl. 

f. The log transformed models look the least helpful as options for non-linear models that might fit LDL and an association to time to death. The linear fit is clearly affected by what is occurring at low LDL. The quadratic may look like the best model to the log hazard function. The stepwise also looks helpful in modeling what is occurring at low LDL.
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g. The regression parameters model different slopes at the different cut offs of LDL defined. In this example, we cut LDL into 0, 70, 100, 130, 140 and 400 levels. We the survival and ldl association at each of these intervals 0-70, 70-100, etc. This allows for changes in direction during these ranges, which is something we may want to allow for if we suspect a change in direction between ranges or drop off in survival with certain levels of LDL. 
h. No, there is not evidence of a U-shape trend in survival and LDL. We would see a change in the direction of the slopes in the very lowest and very highest LDL levels to see a u-shape trend. Both slopes, are in fact negative as can be seen pictured above in the figure above. 
i. Having fit a proportional hazard model of survival on a log transformed serum ldl, race and the interaction between logldl and race, the analysis found that the hazard rate for white participants is .461. When ldl is zero, the difference between whites and blacks hazard ratio is .154. Those are the only easily interpretable values from the output of this model. 
j. Testing the parameters of interaction between race and logldl (all). Test returns a p value of 0.0452, we reject the null hypothesis that race does not modify the association between time to death and serum ldl. 

k. Testing the parameters of serum ldl (logldl) and interactions of race and logldl (all). Test returns a p value of < 0.001, we reject the null hypothesis that there is no association between serum ldl and time to death. 

l. Testing the parameters of race (all) and interactions of race and logldl (all). Test returns a p value of < 0.0001, we reject the null hypothesis that there is no association between race and time to death. 

m. Testing the parameters of blacks (white is reference group) and interaction of blacks and logldl (again, whites is reference group here). Test returns a p value of 0.5416, we cannot reject the null hypothesis that there is no difference in the distribution of time to death between whites and blacks. 

Problems 4 of the homework relates to the university salary dataset. 

n. Using the 123 faculty members hired in 1990 or later and within one year of their highest degree attained, I performed a linear regression analysis on mean salary as the response and sex as the predictor of interest accounting for year calendar year and an interaction between sex and calendar year clustering by ID to account for the multiple data points on many of the faculty members. Using an type one error of 0.05, we reject the null hypothesis of no association between mean salary and sex, the difference in mean is not zero (p = 0.0493). 
o. Using the 123 faculty members hired in 1990 or later and within one year of their highest degree attained, I performed a linear regression analysis on geometric mean salary as the response and sex as the predictor of interest accounting for year calendar year and an interaction between sex and calendar year clustering by ID to account for the multiple data points on many of the faculty members. Using an type one error of 0.05, we reject the null hypothesis of no association between mean salary and sex, the ratio in geometric mean is not one (p = 0.0216). 

p. The merits of the two models in a and b are that you have a dataset that has multiple data points of faculty members that were hired before 1995. Clustering this data allows the analysis to account for the non-independent data points that are these faculty members. 
q. If this same analysis had been completed without accounting for the clustered data, the results would be a lower p value and would thusly be anti-conservative.
If, however, you were interested in the association of salary by year (instead of sex), and if we are comparing clustering this data vs. Not clustering this data. The results from not clustering this data would be a higher p value tan the clustered data, and would thusly be deemed ‘conservative’. 
