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a. The instantaneous risk of death are compared by the hazard ratio for two groups differing by 1 in LDL level using a proportional hazard regression. Statistical inference on the hazard ratio is based on the Wald statistics. The two sided p value and 95% CI are calculated with robust standard error.
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By categorize the LDL level (min/130=1, 130/160=2, 160/max=3), we generated the Kaplan Meier plots. From the Kaplan-Meier curve, we can see that with the increasing level of LDL, the hazard will decrease. 

From proportional hazards regression analysis we estimate that for each 1 mg/dl unit difference in LDL level, the risk of death is 0.738% lower in the group with higher LDL level. This observation is statistically significant.(P=0.0093). A 95% CI suggests that this observation is not unusual if a group that has a higher LDL level in one unit will have a hazard of death 1.29%  to 0.182% lower than the group with lower LDL level.
b. From part a, we could find that our hazard ratio is0.9926246, so we can get the hazard ratio relative to group with LDL=160mg/dl by generate fithrA = .9926246 ^ (ldl-160).
c. The instantaneous risk of death are compared by the hazard ratio for two groups differing by an e-fold in LDL level using a proportional hazard regression. Statistical inference on the hazard ratio is based on the Wald statistics. The two sided p value and 95% CI are calculated with robust standard error.

We can either regenerate the categorical variable stands for different level of  ln(ldl)( 5.075/max=3 4.868/5.075=2 min/4.868=1), or we can refer to the problem 1, because the survival probability of logtransformed data is actually the same with original one. So we can tell that with higher ldl/ln(ldl) value, the hazard of death will decrease.
From proportional hazards regression analysis, we estimate that for each 2.72 difference in LDL level, the risk of death is 56.25% lower in the group with higher LDL level. This estimate is highly statistically significant(P<0.0001). A 95% CI interval suggests that this observation is not unusual if a grpu that has a LDL level 2.72 higher than another group have the risk of death from 70.33%  to 35.47% lower than the group with lower LDL level.
From part a, we could find that our hazard ratio is0.437521, so we can get the hazard ratio relative to group with LDL=160mg/dl by generate fithrB = 0.437521 ^ (ln(ldl)-log(160))
The instantaneous risk of death are compared by the hazard ratio for two groups differing by 1 in LDL level using a proportional hazard regression across groups defined by serium LDL modeled quadratically. Statistical inference on the hazard ratio is based on the Wald statistics. The two sided p value and 95% CI are calculated with robust standard error.

By referring to the KM curve in the first problem, we can see that with increasing ldl level, the subjects have a lower hazard ratio.

From proportional hazards regression analysis, we estimate that for each 1 mg/dl difference in LDL level, , the risk of death is 2.56% lower in the group with higher LDL level. This estimate is highly statistically significant(P=0.0005). A 95% CI interval suggests that this observation is not unusual if a grpu that has a LDL level 1mg/dl  higher than another group have the risk of death from 4.43%  to 0.691% lower than the group with lower LDL level.

From part a, we could find that our hazard ratio HR is 0.9742307, HR2 is  1.000076  .so we can get the hazard ratio relative to group with LDL=160mg/dl by generate fithrC = .9742307^((ldl - 160)) * 1.000076^(ldl^2 - 160^2)
2. 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.
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From the scatter plot, we can see that in lower (less than 75mg/dl)and higher LDL level(more than 200mg/dl), the fitted hazard ratio by 3 different models varies: model C(with square term)has a highest hazard ratio, and model A(original ldl as predictor) has the lowest one. While when the ldl level is moderate, the difference of these three models are not obvious. 


