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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: 
Descriptive statistics: We will use a Kaplan-meier curve to examine the survival distributions comparing 3 groups of serum LDL (<129 mg/dL, 130-159 mg/dL, >160 mg/dL) to examine possible violations of the proportional hazards assumption among these groups, this will give us an examination of the assumptions for cox regression.

We will use a proportional hazards regression model to estimate the hazard ratio comparing the survival distribution between two groups of older adults that differ in serum LDL by 1 mg/dL. We will use a robust standard error (the Huber-White sandwich estimator) to allow for the possibility of non-proportional hazards when calculating 95% confidence intervals. The wald test will provide a p-value of this test.
Inference: 
In this data set there are a total of 725 subjects with information on serum LDL (10 had missing information) and there were 131 deaths. There was a total of 2159 days on the study.
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	Survival Probabilities (LDL <130 mg/dL)
	Survival Probabilities (LDL 130-159 mg/dL)
	Survival Probabilities (LDL >159 mg/dL)

	Year 1
	0.9822
	0.9778
	1.000

	Year 2
	0.9491
	0.9556
	0.9813

	Year 3
	0.9109
	0.9289
	0.9533

	Year 4
	0.8728
	0.9111
	0.9065


Based on the graph and table above we can see that the proportional hazards assumption likely does not hold. We will use a robust standard error in the model to take this into account. Those in the middle serum LDL category have the best survival after 4 years.

Using the proportional hazards regression model with robust standard error, the instantaneous risk of death between two groups who differ in serum LDL by 1 mg/dL is estimated to be 0.738% (HR=0.9926) lower in groups with a higher serum LDL. Based on a 95% confidence interval, this observed hazard ratio of 0.9926 would not be judged as unusual if the true hazard ratio were between 0.9871 and 0.9982 (1.29% and 0.182% lower risk of death among higher serum LDL). The wald based test on the estimated slope (p=0.009) suggests that we can reject the null hypothesis that there is no association between serum LDL and survival. Note that for every 10 mg/dL difference in serum LDL we can estimate a hazard ratio of (0.9926)^10=.9284162 or a 7.158% decreased risk of death in higher serum LDL (95% CI 0.8782-0.9821).
b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model, this can be effected by the Stata code

gen fithrA = HR ^ (ldl – 160)

It could also be computed by creating a centered LDL variable, and then using the Stata predict command




gen cldl = ldl – 160

stcox cldl

predict fithrA  
Methods: I used the above code to create a centered LDL variable and the STATA command to compute the hazard ratio relative to a group having serum LDL of 160mg/dL.

Inference:  After centering the serum LDL variable at 160 mg/dL, we obtain the exact same hazard ratio, p-value and 95% confidence interval as in part 1.
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: I log-transformed continuous serum LDL and then I will use a proportional hazards regression model to estimate the hazard ratio comparing the survival distribution between two groups of older adults that differ by one unit of log serum LDL. We will use a robust standard error (the Huber-White sandwich estimator) to allow for the possibility of non-proportional hazards when calculating 95% confidence intervals. The wald test will provide a p-value of this test. We can then take the HR^log(10) to compare survival distributions that differ in a 10-fold increase of serum LDL. Descriptive statistics are shown in part 1. 
Inference: Using the proportional hazards regression model with robust standard error, the instantaneous risk of death between two groups who differ in serum LDL by one unit log serum LDL is estimated to be 56.24% (HR=0.4375) lower in groups with a higher serum LDL. Based on a 95% confidence interval, this observed hazard ratio of 0.4375 would not be judged as unusual if the true hazard ratio were between 0.2967 and 0.6453 (70.33% and 35.47% lower risk of death among higher serum LDL). The wald based test on the estimated slope (p<0.0001) suggests that we can reject the null hypothesis that there is no association between log LDL and survival. Note that for every 2-fold difference in serum LDL we can estimate a hazard ratio of (0. 43752)^(log(2))=0.5638 or a 43.62% decreased risk of death in higher serum LDL participants (95% CI 0.4307-0.7381).
b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model, this can be effected by the Stata code

gen logldl = log(ldl)

stcox logldl

fithrB = HR ^ (logldl – log(160))

It could also be computed by creating a centered logarithmically transformed LDL variable, and then using the Stata predict command




gen clogldl = log(ldl / 160)
stcox clogldl

predict fithrB 
Methods: I used the above code to create a centered LDL variable and the STATA command to compute the hazard ratio relative to a group having log serum LDL of 160mg/dL.

Inference:  After centering the serum LDL variable at 160 mg/dL, we obtain the exact same hazard ratio, p-value and 95% confidence interval as in part 1.

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: I will use a proportional hazards regression model that includes LDL modeled continuously as well as a term for the square of LDL to determine if the association between serum LDL and survival (as previously established in question 1) is nonlinear. We will use a robust standard error (the Huber-White sandwich estimator) to allow for the possibility of non-proportional hazards when calculating 95% confidence intervals. The wald test will provide a p-value of this test. 
Inference: Using the proportional hazards regression model with robust standard error, the instantaneous risk of death between two groups who differ in serum LDL by 1 mg/dL serum LDL, after adjusting for squared serum LDL, is estimated to be 2.577% (HR=0.9742) lower in groups with a higher serum LDL. Based on a 95% confidence interval, this observed hazard ratio of 0.9742 would not be judged as unusual if the true hazard ratio were between 0.9557 and 0.9931. The wald based test on the estimated slope (p=0.008) suggests that we can reject the null hypothesis that there is no association between LDL and survival, after adjusting for the squared LDL term. Using the wald test for the squared ldl covariate, based on p-value=0.055 we fail to reject the null hypothesis that the association between serum LDL and survival (log hazard) is linear or that the beta coefficient for the quadratic term is 0.
b. For each population defined by serum LDL value, compute the hazard ratio relative to a group having serum LDL of 160 mg/dL. (This will be used in problem 4). If HR is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model for the LDL term and HR2 is the hazard ratio (use the actual hazard ratio estimate) obtained from your regression model for the squared LDL term, this can be effected by the Stata code

gen fithrC = HR^((ldl - 160)) * HR^((ldl - 160)^2)
It could also be computed by creating a centered LDL variable, and then using the Stata predict command




gen cldl = ldl – 160




gen cldlsqr= cldl ^ 2

stcox cldl cldlsqr
predict fithrC  
Methods: I used the above code to create a centered LDL variable and the STATA command to compute the hazard ratio relative to a group having log serum LDL of 160mg/dL.

Inference:  After centering the serum LDL variable at 160 mg/dL, we obtain different hazard ratios and p-values. In fact, the first order term is now no longer statistically significant. However, the overall F-test is exactly the same.
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.
Methods: I used the fitted hazard ratios from problems 1-3 (see methods) to create two-way scatterplots of these hazard ratios with the X axis being serum LDL.
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We can see that the quadratic serum LDL is curved compared to the linear estimates on the normal and log scales. At the lower and upper ends of serum LDL the estimates are varied, but between 50 mg/dL and 200 mg/dL they are quite similar in their relative hazards. The relative hazards compared to 160 mg/dL are highest at the lowest serum LDL.
