Homework #4:
1. METHODS: The survival distribution was estimated using Kaplan-Meier estimates and creating groups for LDL based on Mayo guidelines. 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.
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Using the Kaplan-Meier survival curve above, we see that the group with serum LDL less than 70mg/dL had the lowest survival proportion by the end of the study period. No group made it to the 50th percentile of survival. Nevertheless, only the lowest LDL group reached the 25th percentile, which was at 124.25 months. The following table has survival estimates (and confidence intervals) for each of the groups at major time points:





Time (Months)

	LDL (mg/dL)
	N
	24
	60
	96
	132
	168

	<70
	22
	1.00
	1.00
	.909 (.683-.977)
	.727 (.491-.867)
	.525 (.292-.714)

	70-99
	143
	.986 (.945-.997)
	.958 (.909-.981)
	.902 (.840-.941)
	.860 (.792-.907)
	.756 (.647-.836)

	100-129
	228
	.983 (.954-.993)
	.947 (.909-.970)
	.908 (.862-.939)
	.860 (.807-.899)
	.798 (.734-.848)

	130-159
	225
	.982 (.953-.993)
	.956 (.919-.976)
	.924 (.881-.952)
	.898 (.850-.931)
	.836 (.772-.883)

	160-189
	83
	1.00
	.988 (.918-.998)
	.952 (.877-.982)
	.904 (.817-.951)
	.844 (.719-.917)

	189
	24
	1.00
	.958 (.739-.994)
	.917 (.706-.979)
	.875 (.661-.958)
	.833 (.615-.934)


Inference: Using the data from 725 subjects, we estimate that for every one unit (mg/dL) increase in LDL, the instantaneous hazard will decrease by 0.738%, with a robust standard error of 0.00283. Our data suggest that increasing LDL results in a decreased hazard. Our estimate would not be surprising if the true reduction in hazard in the population were between 0.182% lower to 1.29% lower for each unit increase in LDL, based on a 95% confidence interval. With the p-value of 0.009, we can conclude that we have sufficient data to reject the null that there is no association between serum LDL and instantaneous hazard.
a. The variable was created.
2. METHODS: The survival distribution was estimated using Kaplan-Meier estimates and creating groups for LDL based on Mayo guidelines. The difference in survival distributions between groups differing in serum LDL level by two-fold was tested using the Wald statistic and creating a new variable using log-base 2 of the LDL. The hazard estimate and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors.
For descriptives, see the survival curve and table from problem #1. Inference: Using the data from 725 subjects, we estimate that for a two-fold increase in LDL (mg/dL), the probability of death decreases by 43.6%, with a robust standard error of 0.0775. This estimate is statistically significant with a p-value <0.001. Our estimate would not be surprising if the true reduction in hazard in the population were between 26.2% lower to 56.9% lower for each doubling in LDL, based on a 95% confidence interval. We can conclude that we have sufficient data to reject the null that there is no association between serum LDL and the probability of death.

5/5 for performing an appropriate analysis


2/5 for reporting the association appropriately

Did not report the study population (-1)

Wrong interpretation of point estimate (-0.5) => hazard is not a probability of death

Did not report whether the p-value is two-sided or one-sided(-0.5)

Wrong interpretation of CI (-1)

a. Total: 7

b. The variable was created.

3. METHODS: The survival distribution was estimated using Kaplan-Meier estimates and creating groups for LDL based on Mayo guidelines. The difference in survival distributions between groups differing in serum LDL level was tested using the Wald statistic with the LDL modeled quadratically. The hazard estimate and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. We also ran a test to confirm that the quadratic model fit would be appropriate,
a. For descriptives, see the survival curve and table from problem #1. Inference: Using the data from 725 subjects, we estimated that based on a squared model of LDL, the hazard ratio estimate is 0.974, which would not be surprising if the true hazard ratio of squared serum LDL was between 0.956 and 0.993, based on the 95% confidence interval. In addition to the tight interval, the p-value became more significant (now 0.008) than when it was modeled linearly. A test was run to assess the significance of the quadratic fit, which returned a significant p-value of 0.0005, verifying that the quadratic model was a better fit than the linear. (The linear model tested alone returned a p-value of 0.0076) Compared to the log model, however, it is not as strong.
b. The variable was created. (The variable could not be generated in one line of code; instead, sub-variables were created first before fithrC was generated.)

    Fitted Hazard Ratios relative to baseline LDL of 160 mg/dL
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Serum LDL (mg/dL)
Blue = linear model; Red = logarithmic model; Green = quadratic model; 160mg/dL serum LDL was used as referent instantaneous hazard
Using the fitted hazard plots above and the estimates from the previous questions, it seems that the most appropriate model would be the logarithmic transformation model (red). The linear model (blue) is slightly curved with a negative slope, suggesting that every 1 unit increase in LDL decreases the hazard. The log transformation (red) seems to have nearly a slope of zero, and looks very linear. Lastly, the quadratic model seems to suggesting slightly higher hazard ratios both for lower and higher than 160 mg/dL LDL.
Hazard Ratio Relative to LDL of 160mg/dL








