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January 27, 2014
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. 
Descriptive Statistics:  Descriptive statistics were calculated using Kaplan-Meier survival estimates.  To calculate the below descriptive statistics (KM survival curves and table) the sample was divided into two groups:  those with LDL under 160 mg/dL and those with LDL over 160 mg/dL.  This data uses the 725 available observations from a sample of 735 elderly subjects between the ages of 65 and 99.  Of those 725 individuals for whom we have data, 618 had LDL under 160 mg/dL, while 107 had LDL over 160 mg/dL.  
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	LDL under 160 mg/dL
	LDL over 160 mg/dL

	Total Sample

	Time
	Survivor Function (95% CI)
	Standard Error

	Survivor Function (95% CI)
	Standard Error
	Survivor Function (95% CI)
	Standard Error

	1 year
	0.981 
(0.966-0.989)
	0.006
	1.00
	--
	0.981
(0.968-0.989)
	0.005

	2 years
	0.952
(0.931-0.966)
	0.009
	0.981
(0.927-0.995)
	0.013
	0.954
(0.936-0.967)
	0.008

	3 years
	0.918
(0.893-0.937)
	0.011
	0.953
(0.891-0.980)
	0.020
	0.921
(0.899-0.938)
	0.010

	4 years
	0.887
(0.859-0.909)
	0.013
	0.907
(0.833-0.949)
	0.028
	0.888
(0.863-0.909)
	0.012

	5 years
	0.830
(0.798-0.858)
	0.015
	0.869
(0.789-0.920)
	0.033
	0.835
(0.807-0.860)
	0.014


Methods:  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 was performed.  The parameter estimates were calculated using maximum partial likelihood estimation.  The P values and confidence intervals were calculated using Wald-based estimates.  The standard error was calculated using the delta method.  

Results:  From proportional hazards regression analysis, I estimate that for each 10 mg/dL increase in LDL, the risk of death is 7.135% lower.  Based on a 95% confidence interval, this observed hazard ratio of 0.993 would not be unusual if the true hazard ratio were between 0.987 and 0.998.  Or in other words, a 95% CI suggests that this observation is not unusual if a group that has a 10 mg/dL higher LDL might have a risk of death that was anywhere from 1.98% to 12.27% lower than a group with lower LDL.  A two-sided p value of 0.009 suggests that we can, with high confidence, reject the null hypothesis that the hazard of death does not vary according to LDL in favor of a tendency for higher LDL to decrease hazard of death.  

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. 
Descriptive statistics were calculated using Kaplan-Meier survival estimates.  To calculate the below descriptive statistics (KM survival curves and table) the sample was divided into two groups:  those with LDL under 160 mg/dL and those with LDL over 160 mg/dL.  This data uses the 725 available observations from a sample of 735 elderly subjects between the ages of 65 and 99.  Of those 725 individuals for whom we have data, 618 had LDL under 160 mg/dL, while 107 had LDL over 160 mg/dL.  
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Methods:  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 was performed.  The parameter estimates were calculated using maximum partial likelihood estimation.  The P values and confidence intervals were calculated using Wald-based estimates.  The standard error was calculated using the delta method.  

Results:  From proportional hazards regression analysis, I estimate that for each doubling in LDL, the risk of death is .564 times as high in the group with the higher LDL.  In other words, for each doubling in LDL, there is a 43.62% 
lower risk of death amongst the group with the higher LDL than amongst the group with the lower LDL.  A 95% confidence interval suggests that this observation is not unusual if a group that has an LDL twice as high as another group might have a risk of relapse that was anywhere from .431 to .738 times as high as the group with the lower LDL.  In other words, based on a 95% confidence interval, this observed hazard ratio would not be unusual if the true risk of death was between 26.19% and 56.93% lower amongst a group with a LDL twice as high as another group.  A two-sided p value less than 0.001 
suggests that we can, with high confidence, reject the null hypothesis that the hazard of death does not vary according to LDL in favor of a tendency for higher LDL to decrease the risk of death.  

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). 

Descriptive statistics were calculated using Kaplan-Meier survival estimates.  To calculate the below descriptive statistics (KM survival curves and table) the sample was divided into two groups:  those with LDL under 160 mg/dL and those with LDL over 160 mg/dL.  This data uses the 725 available observations from a sample of 735 elderly subjects between the ages of 65 and 99.  Of those 725 individuals for whom we have data, 618 had LDL under 160 mg/dL, while 107 had LDL over 160 mg/dL.  
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Methods:  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 was performed.  Terms for both LDL modeled continuously and the square of LDL were included.  The parameter estimates were calculated using maximum partial likelihood estimation.  The P values and confidence intervals were calculated using Wald-based estimates.  The standard error was calculated using the delta method.  

Results:  From proportional hazards regression analysis, I estimate that for each (mg/dL)2 increase in the squared LDL, the risk of death is 0.008% higher.  A 95% confidence interval suggests that this observation is not unusual if the a group that has a squared LDL one (mg/dL)2 higher might have a risk of death that was anywhere from 0.000% to 0.015% higher than a group with lower LDL
.  A two-sided p value of 0.055 suggests that we cannot with high confidence reject the null hypothesis that the risk of death does not vary according to LDL.  From this analysis, I did not find clear evidence that the trend in LDL and risk of death was nonlinear (p=0.055).  While this trend may be nonlinear, I do not have enough precision to know whether or not it is.  

Even when the second order LDL was included, however, there was strong evidence for a statistically significant association between first order LDL and risk of death (p=0.008).  From proportional hazards regression analysis, I estimate that for each mg/dL increase in LDL, the risk of death is 2.577% lower.  A 95% confidence interval suggests that this observation is not unusual if a group that has a 1 mg/dL higher LDL might have a risk of death that was anywhere from 0.691% to 4.427% lo
wer than a group with lower LDL.  A two sided p value of 0.008 suggests that we can, with high confidence, reject the null hypothesis that the hazard of death does not vary according to LDL in favor of a tendency for higher LDL to decrease hazard of death.  As a result, I conclude that there is a linear association between LDL and the risk of death.  
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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While each of the fitted hazards ratio models is quite similar, the one that appears to be a best straight-line approximation is that modeled with LDL as a continuous variable.  Both the curves for LDL modeled as a continuous logarithmically transformed variable and LDL modeled quadratically appear less linear and better approximate a curve.  That modeled quadradically most differs from a straight-line approximation having tails that curve up considerably.  What this suggests is that outliers, or groups with the highest and lowest LDL values, are most at risk for death
.  It appears as if the fitted hazards ratio modeled quadratically grant the most weight to outliers, while that modeled with LDL as a continuous variable minimizes the weight of outliers.  Interestingly, the fitted hazards ratio on log transformed LDL has highly weighted extremes at the low end of LDL, but does not seem to be highly effected by high outliers.  Ultimately, because the fitted hazards ratio modeled using LDL as a continuous variable offers the best straight-line approximation, it suggests that such a model is the best estimate of hazard in this sample.  

�Good description!


�Might want to consider more than two groups here, since we can get more information about the study. (-2)


�I don’t think the SE adds much here; instead, could have put number of events up to that time period, or percentiles as in key (-1)


�Awesome!


Total: 7/10


�Same table as problem #1, but no extra points removed.


�Although this differs from the key, I believe it is correct and no points deducted.


�Must have done regression coefficient, but no points deducted


Total: 10/10


�This information is not needed and is difficult to interpret


(-2)


�Good!


�Again, not needed (-1)


Total: 7/10


�Nice graph! Should label “continuous” as “linear”


�Not exactly, as a quadratic fit has to be curved at both ends always to make a U-shape (-2)


�Logarithmic is best choice here (-2)
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