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1.
Methods: The survival distribution was estimated using Kaplan-Meier estimates keeping serum LDL concentrations as a continuous variable. The difference in survival distributions between groups differing in serum LDL level by one mg/dL was tested using the Wald-statistic. The hazard ratio and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. 
Descriptive Statistics: The graph below demonstrates the cumulative hazard for increasing serum LDL concentrations, and is the inverse of a Kaplan-Meier survival curve.  Apparent from the graph is a pattern of increasing cumulative hazard as serum LDL concentration increases. Step sizes are much larger as serum LDL gets higher due to the decreasing sample size as more events occur.
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Inference: Using 725 time-to-event or time-to-censoring observations, robust proportional hazards regression analysis was used to estimate the hazard conferred by one-unit (mg/dL) increases in serum LDL concentration. Per unit increase in LDL concentration, the risk of death is 0.9926 in the group with higher LDL concentration. This equates to a 0.74% decrease in hazard for every unit increase in serum LDL concentration. The 95% confidence interval suggests that this observation would not be unusual if a group that has a serum LDL concentration that is one mg/dL higher than another group had an instantaneous risk of death between 0.9871 and 0.9982 times as likely as the group with the lower serum LDL concentration. This estimate is statistically significant (p = 0.009), and thus we reject the null that there is no difference in hazards between groups differing in LDL concentration by one unit.
2.
 Methods: The survival distribution was estimated using Kaplan-Meier estimates on log base 2 transformed serum LDL concentrations kept as a continuous variable. The difference in survival distributions between groups differing two-fold in serum LDL concentrations were tested using the Wald-statistic. The hazard ratio and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors.
Descriptive Statistics: The graph below demonstrates the cumulative hazard for increasing log-transformed serum LDL concentrations, and is the inverse of a Kaplan-Meier survival curve.  Apparent from the graph is a pattern of increasing cumulative hazard as serum LDL concentration increases, although this rise occurs more steeply than in the previous graph, and appears to be curvilinear. 
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Inference: Using 725 time-to-event or time-to-censoring observations, robust proportional hazards regression analysis was used to estimate the hazard conferred by a doubling in serum LDL concentration. When LDL concentration doubles, the risk of death is 0.5638 times as likely in the group with higher LDL concentration. This equates to a 43.6% decrease in hazard for every doubling of serum LDL concentration. The 95% confidence interval suggests that this observation would not be unusual if a group that had double the serum LDL concentration of another group had an instantaneous risk of death between 0.4307 and 0.7381 times as likely as the group with the lower serum LDL concentration. This estimate is highly statistically significant (p < 0.001), and thus we reject the null that there is no difference in hazards between groups differing in LDL concentration two-fold.
3. 

Methods: The survival distribution was estimated using Kaplan-Meier estimates keeping serum LDL concentrations and squared serum LDL concentrations as continuous variables. The difference in survival distributions between groups differing in serum LDL level by one mg/dL was tested using the Wald-statistic. The hazard ratio and 95% CI was computed using a quadratic model and Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. 
Descriptive Statistics: The graph below demonstrates the cumulative hazard for increasing serum LDL concentrations squared, and is the inverse of a Kaplan-Meier survival curve.  Apparent from the graph is a pattern of increasing cumulative hazard as serum LDL concentration increases. As demonstrated in the above curve, the relationship between the hazard and the squared LDL concentrations appears to be more linear than the previous two examples.
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Inference: Using 725 time-to-event or time-to-censoring observations, robust proportional hazards regression analysis was used to estimate the hazard conferred by a one-unit squared increase in serum LDL concentration. When the squared LDL concentration increases by one unit, the risk of death is 1.000076 times as likely in the group with higher LDL concentration. The 95% confidence interval suggests that this observation would not be unusual if a group that had one unit squared higher LDL concentration than another group had an instantaneous risk of death between 0.999998 and 1.00015 times as likely as the group with the lower serum LDL concentration. This estimate is statistically significant (p = 0.034), and thus we reject the null that there is no difference in hazards between groups differing in on unit squared LDL concentration.

4. The following graph demonstrates relative hazards at different serum LDL concentrations as compared to a baseline serum LDL value of 160 mg/dL. The three variables represent un-transformed LDL concentrations, log-transformed LDL concentrations, and LDL concentrations squared. In all cases the hazard appears to decrease as LDL concentration increases, however LDL and log(LDL) appear to represent curvilinear trends, whereas LDL squared values appear to represent a more linear trend in relative hazard of different LDL concentrations.
[image: image4.jpg]Hazards Relative to LDL of 160 for log LDL, LDL, and LDLA2

.

§
i
.
. ..
2
=
.
0 50 100 150 200 250

]

DL ® log(DL)
o Loz





