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1. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled as a continuous variable. 
a. Include full description of your methods, appropriate descriptive statistics, and full report of your inferential statistics.
Methods: We investigated the possible association between serum LDL and all-cause mortality by fitting a proportional hazards regression model with serum LDL measured in mg/dL as the predictor. There were 725 subjects with serum LDL measurements available of the full 735 study participants. The 10 subjects in the data set with missing LDL measurements were not used in the following analysis.
Descriptives: We visualize the relationship qualitatively between the instantaneous risk of death and serum LDL by comparing the Kaplan-Meier survival curves for the data stratified by serum LDL of at most 79 mg/dL, serum LDL from 80 mg/dL to 159 mg/dL and LDL levels of at least 160 mg/dL. The survival curve for for the group with the highest LDL levels remains above the other two strata over the course of the study. Survival behavior appears similar for lower two LDL strata, with the two curves crossing repeatedly over the first two years (730 days). By 1,000 days on the study, survival for the strata with the lowest LDL dips below the mid-LDL group’s curve and continues to drop more rapidly over the remainder of the observation period. At this point the mid-LDL group exhibits survival behavior similar to the group with the highest LDL levels, though their survival stays lower relative to this group for the duration of the study.
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Inference: From Cox regression, the estimated hazards ratio (HR) was 0.9926 for groups differing by 1 mg/dL of serum LDL (this can be interpreted as a 0.74% relative decrease in hazard of death per e-fold increase in serum LDL between groups). The robust standard error of 0.002827 lead to a 95% confidence interval for HR from 0.9871 and 0.9982. This estimate was statistically significant at the 0.05 significance level, with p-value of 0.0093 so there is evidence that serum LDL is associated with a decrease in instantaneous risk of death.
2. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled as a continuous logarithmically transformed variable. 

a. Include full description of your methods, appropriate descriptive statistics (you may refer to problem 1, if the descriptive statistics presented there are adequate for this question), and full report of your inferential statistics.

Methods: We investigated the possible association between serum LDL and all-cause mortality by fitting a proportional hazards regression model with the natural logarithm of LDL (originally measured in mg/dL) as the predictor. There were 725 subjects with serum LDL measurements available of the full 735 study participants. The 10 subjects in the data set with missing LDL measurements were not used in the following analysis.
Descriptives: We could stratify log-LDL by LDL < log(80), log-LDL from log(80) to log (159), and log-LDL at least log(160) on the log(mg/dL) scale and plot the Kaplan-Meier survival curves for each strata, but this transformation of the data would not lead to a different interpretation of the graphical summary across groups from that in question 1.
Inference: From Cox regression, the estimated hazards ratio (HR) was 0.4376 for groups differing by e = 2.718… mg/dL of serum LDL. The robust standard error of 0.08674 lead to a 95% confidence interval for HR from 0.2967 and 0.6453. This estimate was statistically significant at the 0.05 significance level, with p-value less than 0.0001 so there is evidence that serum LDL is associated with a decrease in instantaneous risk of death.
3. Perform a statistical regression analysis evaluating an association between serum LDL and all-cause mortality by comparing the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled quadratically (so include both a term for serum LDL modeled continuously and a term for the square of LDL). 

a. Include full description of your methods, appropriate descriptive statistics (you may refer to problem 1, if the descriptive statistics presented there are adequate for this question), and full report of your inferential statistics. In the inferential statistics, include your conclusion regarding the linearity of the association of serum LDL and the log hazard.
Methods: We investigated the possible association between serum LDL and all-cause mortality by fitting a proportional hazards regression model with quadratic serum LDL (originally measured in mg/dL) along with serum LDL as the predictors. There were 725 subjects with serum LDL measurements available of the full 735 study participants. The 10 subjects in the data set with missing LDL measurements were not used in the following analysis.
Descriptives: We could stratify LDL2 by LDL2 < 802, LDL2 from 802 to 1592, and LDL2 at least 1602 on the mg2/dL2 scale and plot the Kaplan-Meier survival curves for each strata, but this transformation of the data would not lead to a different interpretation of the graphical summary across groups from that in question 1.

Inference: From Cox regression, the coefficient of the square-LDL was 1.000076 with robust standard error of 3.98x10-5. Based on a 95% confidence interval, this estimate is consistent with a true value of between 0.9999984 and 1.000154 and was not significant at the 0.05 significance level with p-value 0.055. Erstwhile, the coefficient on serum LDL was 0.9742 with robust standard error of 9.529x10-3. This estimate is consistent with a true value of between 0.9557 and 0.9931 based on a 95% confidence interval, and is statistically significant with p-value of 0.008. The Wald-based Chi-square test for goodness of model fit was significant (p=0.0005), so there is evidence that serum LDL is associated with a decrease in instantaneous risk of death.
4. Display a graph with the fitted hazard ratios from problems 1 – 3. Comment on any similarities or differences of the fitted values from the three models.
Answer: We plot the estimates for the hazards ratio (HR) from each of the identity, logarithmic, and quadratic transformations of serum LDL on the following graph, transformed back tothe mg/dL scale. In each case, the highest HR predicted corresponds to the smallest observed LDL level, indicating agreement amongst the models that low levels of serum LDL is associated with a high instantaneous risk of death. As serum LDL levels increase, all three models fit decreasing values for the HR until the interval from 150 mg/dL to 200 mg/dL serum LDL. Somewhere in this region, the quadratic-fit model starts to produce estimate of HR that increase in serum LDL and diverges from the fitted values from the identity and log models. Prior to this divergence of the quadratic-fit model, all three models tended to fit similar estimates of the HR in the interval from about 75 mg/dL to 175 mg/dL.
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