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Emerson, Winter 2014
Homework #4

Question 1

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.
Method
:

The instantaneous risk of death across groups defined by serum LDL modeled as a continuous variable was evaluated using simple proportional hazards regression using robust standard error estimates.  A proportional hazards model was chosen because of right-censoring in the data set.  The robust standard error approach was chosen to relax assumptions about proportional hazards.  Statistical inference was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using the Huber-White sandwich estimator, with two-sided p value and 95% confidence interval computed using the approximate normal distribution for proportional hazards parameter estimates. 

Descriptive Statistics:

Table 1A below summarizes appropriate descriptive statistics:

	Subjects (N)
	Deaths (N)
	Hazard Ratio
	Robust SE
	P-Value
	95% CI for Hazard Ratio

	725
	131
	0.993
	0.00283 mg/dL
	0.009
	0.987, 0.998


Inferences:

From proportional hazards regression analysis, we estimate that for each 1 mg/dL difference in serum LDL, the risk of death is 0.00738
% lower in the group with the higher serum LDL (hazard ratio = 0.993).  For every 10 mg/dL difference in serum LDL, the risk of death is 7.14% lower in the group with the higher serum LDL (hazard ratio = 0.929).  This estimate is highly statistically significant (two-sided p value = 0.009).  A 95% confidence interval suggests that this observation is not unusual if a group that has a 1 mg/dL higher serum LDL has a risk of death that is anywhere from a 0.181% to 1.29% lower risk of death.   
Stated alternatively, the 95% confidence interval suggests that this observation is not unusual if a group that has a 10 mg/dL higher serum LDL has a risk of death that is anywhere from a 1.80% to a 12.2% lower risk of death.   

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  
Method
:  For each serum LDL level, the hazard ratio was recentered relative to a group having a serum LDL of 160 mg/DL.  The recentering was performed by exponentiating the actual hazard ratio estimate obtained by simple proportional hazards regression of serum LDL and all-cause mortality by the LDL level minus 160 mg/dL.  
Results:

For economy of presentation, a scatterplot of the recentered hazard ratio by serum LDL level is presented below.  The scatterplot indicates that as serum LDL increases, the recentered hazard ratio representing risk of death decreases.  This trend is consistent with the results reported in 1A, indicating as serum LDL increases the instantaneous risk of death decreases. 
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Question 2
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

The instantaneous risk of death across groups was evaluated using proportional hazards regression on log-transformed serum LDL levels 
using robust standard error estimates.  To render the results more interpretable, the log-transformed serum LDL levels used in regression was further transformed through division by the natural log of 2 so that the proportional hazards estimate describes change for each doubling in serum LDL rather than each e-fold change.  
A proportional hazards model was chosen because of right-censoring in the data set.  The robust standard error approach was chosen to relax assumptions about proportional hazards.  Statistical inference was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using the Huber-White sandwich estimator, with two-sided p value and 95% confidence interval computed using the approximate normal distribution for proportional hazards parameter estimates. 

Descriptive Statistics:

Table 2A.1 below summarizes appropriate descriptive statistics for log-transformed LDL:

	Subjects (N)
	Deaths (N)
	Hazard Ratio
	Robust SE
	P-Value
	95% CI for Hazard Ratio

	725
	131
	0.438
	0. 0867 mg/dL
	<0.001
	0.297, 0.645


Table 2A.2 below summarizes appropriate descriptive statistics for log-transformed LDL converted to describe change by each doubling in LDL rather than each e-fold change:

	Subjects (N)
	Deaths (N)
	Hazard Ratio
	Robust SE
	P-Value
	95% CI for Hazard Ratio

	725
	131
	0. 564
	0. 0775 mg/dL
	<0.001
	0.431, 0.738


Inferences

From proportional hazards regression analysis, we estimate that for each doubling in serum LDL, the risk of death is 43.6% lower in the group with the lower LDL (proportional hazard = 0.564).  This estimate is highly statistically significant (two-sided p<0.001).  A 95% confidence interval suggests that this observation is not unusual if a group that has a serum LDL twice as high as another might have a risk of death 
that was anywhere from 26.2% to 56.9% times as low as the 
group with the lower serum LDL.

The statistical significance level obtained on log-transformed serum LDL levels was higher than the statistical significance level obtained on untransformed LDL as a continuous variable.  Both analyses indicated the difference was statistically significant but the greater sensitivity of regression on a log-transformed variable to multiplicative effect likely yielded the lower p-value.
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

gen 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  
Method:  For each log-transformed serum LDL level, the hazard ratio was recentered relative to a group having a serum LDL of the log of 160 mg/DL.  The recentering was performed by exponentiating the actual hazard ratio estimate obtained by simple proportional hazards regression of log serum LDL and all-cause mortality by the log LDL level minus the log of 160 mg/dL.  

Results:
For economy of presentation, a scatterplot of the recentered hazard ratio by log serum LDL level is presented below.  The scatterplot indicates that as serum LDL increases, the recentered hazard ratio representing risk of death decreases.  This trend is consistent with the results reported in 2A, indicating as serum LDL increases the instantaneous risk of death decreases. 
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Question 3
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.
Method
:

The instantaneous risk of death across groups defined by serum LDL modeled quadratically 
was evaluated using proportional hazards regression using robust standard error estimates.  A proportional hazards model was chosen because of right-censoring in the data set.  The robust standard error approach was chosen to relax assumptions about proportional hazards.  Statistical inference was based on the Wald statistic computed from the regression slope parameter and its standard error as estimated using the Huber-White sandwich estimator, with two-sided p value and 95% confidence interval computed using the approximate normal distribution for proportional hazards parameter estimates. 

The linearity of the association of serum LDL and the instantaneous risk of death was tested using a likelihood ratio
.  Statistical inference was based on the F statistic and two-sided p-value.
Descriptive Statistics

Table 3A below summarizes appropriate descriptive statistics:

	
	Subjects (N)
	Deaths (N)
	Hazard Ratio
	Robust SE
	P-Value
	95% CI for Hazard Ratio

	LDL
	725
	131
	 0.993
	0.00283 mg/dL
	0.009
	0.987,           0.998

	LDL Squared
	725
	131
	0. 999975
	0.000012 mg/dL
	0.034
	0.999951,    0.9999981


The likelihood ratio test on LDL and LDL-squared found a p-value of <0.001. 
Inferences
:

Based on proportional hazards regression analysis on squared serum LDL, we estimate that for every 10 mg/dL difference in squared serum LDL, the instantaneous risk of death is 0.0250% lower in the group with higher serum LDL (hazard ratio exponentiated by 10 = 0. 9998).  This estimate is not statistically significant at the α= 0.01 level but is significant at the α= 0.05 level (p=0.034).  A 95% confidence interval suggests that this observation is not unusual if a group that has a 10 mg/dL higher squared serum LDL has a risk of death that is anywhere from a 0.00190% to a 0.0490% lower risk of death.   
The likelihood ratio test on LDL and LDL-squared found a p-value of <0.001. There is clear evidence that the trend in LDL and the instantaneous risk of death is nonlinear.

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)) * HR2^(ldl^2 - 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  
The steps stated above were performed in preparation for analysis in Question 4.
Question 4
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.
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All three of the recentered hazard ratios show a decline in the instantaneous risk of death as serum LDL increases.  The nature of the trend depicted depending on whether the serum LDL is modeled as a linear variable, a log variable or a quadratic variable.  

The shape of the trend is influenced by the choice of how serum LDL is modeled, tending toward the shape suggested by the model.  The recentered hazard ratio graph appears linear when modeled based on linear serum LDL.  The quadratic model of serum LDL takes somewhat of a curve shape though it is not exactly a U shape. The log serum LDL also indicates a curvilinear relationship.
A priori, the log transformation is preferable because a constant difference in serum LDL level may not confer the same decrease in risk.   The log transformation is better at detecting a multiplicative effect on risk.  
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Notes on grading: I graded descriptive statistics as 2 points per question, methods as 4 points per question, and inference as 4 points per question


�6.5/10


�Methods: 4/4


�Descriptive Stats: 0/2


These are not descriptive statistics


�Inference: 2.5/4


-0.5 0.738%


-1 No conclusion about association





Note: did not include description of subjects, but I included those points with the descriptive stats (same for following questions)


�This sentence should probably read something like: “has a risk of death that is anywhere from a 0.181% to 1.29% lower than a group with lower LDL.”


�Similarly here


�I’ve included this part when grading question 4


�6.5/10


�Methods: 3.5/4


�-0.5 LDL continuous?


�This is unnecessary to include in methods because it is just a reparameterization


�Descriptive Stats: 0/2


These are not descriptive statistics


�Inference: 3/4


Note that a doubling of LDL does not make much scientific sense (given that it is unlikely for someone to double their LDL and also the range of LDL levels in our dataset)


-1 no conclusion about association


�*instantaneous 


�This is a bit confusing sounding—might want to say “lower than the”


�1/10


�Methods: 1/4


This is the incorrect analysis to perform for this question. There should be two terms in the model.


I did include a point because we could use the likelihood ratio test to test whether the association b/w LDL and instantaneous risk of death are linearly associated and for correctly identifying the response variable


�LDL continuous?


�Note that the likelihood ratio test cannot be used if using robust SE


�Descriptive Stats: 0/2


These are not descriptive statistics.


�Inference: 0/4


-2 This should have used two parameters in the model, thus this inference is incorrect.


�-2 The test for nonlinearity should have a p-value that was not significant (P = 0.055). 


I also tried to reproduce this using these commands, but I couldn’t:


stcox ldl ldlsq


est store quad


stcox ldl


lrtest quad


In this case I got a p-value of 0.114


�6/10


-4 for lack of comparisons/differentiations between the curves


(did not mention differences at the lowest range of LDL


(did not mention that the hazard ratios are predicted to be very similar over the mid range of LDL


(did not compare/differentiate linear vs logarithmic vs quadratic curves (see key for more discussion) aside from general shape





