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a. A proportional hazards regression model containing the centered serum LDL values as well as a step function with cut values at 70, 100, 130, and 160 mg/dL was used to test for a linear relationship between death and serum LDL. By assessing the p values for each covariate in the model, we can compare the fit for each of the functions. The two-sided p value testing that there were no departures from linearity (for the centered serum LDL function) was 0.847, so we do not have enough evidence to suggest that the hazard function is well fit by a linear model.
b. A proportional hazards regression model containing the centered serum LDL values as well as a quadratic polynomial was used to test for a linear relationship between death and serum LDL. The two-sided p value testing that there were no departures from linearity (for the centered serum LDL function) was 0.007, so we can conclude that the hazard function is better fit by a linear model than the quadratic polynomial.

c. A proportional hazards regression model containing the centered serum LDL values as well as a cubic polynomial was used to test for a linear relationship between death and serum LDL. The two-sided p value testing that there were no departures from linearity (for the centered serum LDL function) was 0.008, so we can conclude that the hazard function is better fit by a linear model than the cubic polynomial.

d. A proportional hazards regression model containing the centered serum LDL values as well linear splines with knots at 70, 100, 130, and 160 mg/dL was used to test for a linear relationship between death and serum LDL. The two-sided p value testing that there were no departures from linearity (for the centered serum LDL function) was 0.678, so we do not have enough evidence to suggest that the hazard function is well fit by a linear model.

e. A proportional hazards regression model containing the centered serum LDL values as log(LDL) values was used to test for a linear relationship between death and serum LDL. The two-sided p value testing that there were no departures from linearity (for the centered serum LDL function) was 0.650, so we do not have enough evidence to suggest that the hazard function is well fit by a linear model.
f. See below for a plot of the fitted values from each of the above models, as well as a model that includes only the centered serum LDL values. The cubic, quadratic, and linear splines models were very similar and were closest to the centered LDL model at the upper end of the LDL range. The step function model was the closest to the centered serum LDL model and the log(LDL) was the furthest. Because the step function includes values from the centered LDL model, it would not be the best to investigate whether the association is well described by a linear relationship. So I would choose to use the cubic model as it was the next closest model and as such would be a good comparison.
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g. The hazard ratios are the slope for each spline in the model. A slope of zero is horizontal, with a slope<1 negative and >1 positive. The p value provides an assessment of the probability that that corresponding particular slope is not equal to 1.
h. There is not enough evidence to state that the association between time to death and serum LDL is truly U-shaped. The p value for the initial spline (LDL<70) is 0.978 so is less than one (so is a negative slope) at p=0.019. If the last spline (LDL>160) were greater than one and p<0.05, there would be evidence of a true U-shaped curve, however it is actually 0.994 with p=0.678, so there is not enough evidence to state that the association is U-shaped.
i. For the proportional hazards model containing log(LDL) (using log base 2), race, and the interaction between the two covariates, the hazard ratio for LDL is 1.862 (exponentiated regression coefficient). Race was modeled as a categorical variable, demonstrating a hazard ratio of 19.92 in black vs. white subjects, 304.7 in Asian vs. white subjects, and 8,063 in other race vs. white subjects. The regression coefficient for the interaction between log(LDL) and race was 0.557.
j. The interaction coefficient was 0.557, but was not statistically significant (two-sided p value of 0.091), suggesting that we do not have sufficient evidence that race modifies the association between time to death and serum LDL.
k. Using a post-estimation analysis testing that the log(LDL) and interaction coefficients are simultaneously equal to zero, the two-sided p vale was 0.0002, suggesting that we can reject the null hypothesis that there is no association between time to death and log(LDL).

l. Using a post-estimation analysis testing that the each race and interaction coefficients are simultaneously equal to zero, the two-sided p vale was 0.1841, suggesting that we do not have enough evidence to state that there is an association between time to death and race.
m. Using a post-estimation likelihood ratio analysis testing the difference in distributions between a model containing black race and another with it removed from the model, the two-sided p vale was 0.1178, suggesting that we do not have enough evidence to state that there is a difference in the distribution of time to death between whites and blacks.
n. Using a linear regression model including salary, sex, year, and the interaction between sex and year clustered by patient ID, a post-estimation test that both sex and the interaction between sex and year coefficients were simultaneously equal to zero suggests that we can reject the null hypothesis that there is no evidence of sex discrimination in the mean salary given in recent years (p=0.0493). 

o. Using a linear regression model including log(salary), sex, year, and the interaction between sex and year clustered by patient ID, a post-estimation test that both sex and the interaction between sex and year coefficients were simultaneously equal to zero suggests that we can reject the null hypothesis that there is no evidence of sex discrimination in the mean salary given in recent years (p=0.0216).
p. The model in part a is better to be able to provide a salary estimate that can more easily be understood in terms of real dollars, whereas the interpretation of the model in part b with the geometric mean is a little more obscure. The geometric mean in model b, however, protects more against outliers and heteroscedasticity. 
q. The incorrect models would have tended to be more conservative when making inference about associations with sex. When considering association by year, the standard error would tend to be higher in the models that did not account for correlated observations.
