


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. 
Because LDL is a continuous variable, it would not be intuitive to verify proportional hazards based on each level of serum LDL so the following is a summary evaluation of survival by a categorical variable of LDL based on levels below 129 mg/dl, between 130 and 159 mg/dl, and above 160 mg/dl. Overall, subjects with the highest levels of LDL tend to have the highest long-run survivorship, but this is not consistent as survivorship for this group falls below that for subjects with serum LDL between 130 and 159 mg/dl for substantial periods of the study. During the first five years of the after induction into the study, 81% of subjects with serum LDL less than 129 mg/dl, 87% of subjects with serum LDL between 130 and 159 mg/dl, and 87% of subjects with serum LDL higher than 160 mg/dl survived.  As the table shows, and the graph attests, we cannot assume proportional hazards. This leads me in the following analyses to use a robust standard error
. 
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	Time
	Beginning Total
	Failures
	Survivor Function
	Standard Error
	[95% Conf. Int.]

	LDL≤129
	 
	 
	 
	 
	 
	 

	1 Year
	387
	7
	0.982
	0.007
	0.963
	0.992

	2 Years
	374
	13
	0.949
	0.011
	0.922
	0.967

	3 Years
	359
	15
	0.911
	0.014
	0.878
	0.935

	4 Years
	344
	15
	0.873
	0.017
	0.836
	0.902

	5 Years
	318
	26
	0.807
	0.020
	0.764
	0.842

	130≤LDL≤159
	 
	 
	 
	 
	 
	 

	1 Year
	221
	5
	0.978
	0.010
	0.947
	0.991

	2 Years
	216
	5
	0.956
	0.014
	0.919
	0.976

	3 Years
	210
	6
	0.929
	0.017
	0.887
	0.956

	4 Years
	206
	4
	0.911
	0.019
	0.866
	0.942

	5 Years
	197
	9
	0.871
	0.022
	0.820
	0.909

	160≤LDL
	 
	 
	 
	 
	 
	 

	1 Year
	0
	0
	1
	N/A
	N/A
	N/A

	2 Years
	106
	2
	0.981
	0.013
	0.927
	0.995

	3 Years
	103
	3
	0.953
	0.020
	0.891
	0.980

	4 Years
	98
	5
	0.907
	0.028
	0.833
	0.949

	5 Years
	94
	4
	0.869
	0.033
	0.789
	0.920


Methods: To compare instantaneous risk of death across serum LDL levels, we fit a proportional hazards regression model (Cox model) with robust standard errors on all cause mortality by un-transformed serum LDL treated as a continuous variable
. 

Inference: We estimate that for each 1 mg/dl difference in serum LDL, instantaneous risk of death is .74% lower in the group with higher serum LDL. A robust 95% confidence interval suggests that our finding would not be surprising if the instantaneous risk of death per unit increase in serum LDL
 decreased anywhere from 0.18% to 1.29%. With a 2-sided p-value of 0.009, we can, at the alpha=.05 level
 reject the null hypothesis of equal instantaneous risk of death
 in favor of one with a negative additive relationship
. 

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). 

Done.
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.

Because we are comparing the same outcome across the same predictor variable with just a difference in the assumed relationship, our summary statistics are the same as they were in the above problem
. 

Methods: To compare instantaneous risk of death across serum LDL levels assuming a multiplicative relationship, we fit a proportional hazards regression model (Cox model) with robust standard errors on all cause
 mortality by log-base2-transformed serum LDL treated as a continuous variable meaning that we are comparing instantaneous risk of death for each doubling of serum LDL
. 

Inference: We estimate that for each 1 mg/dl difference in serum LDL, instantaneous risk of death is .74% lower in the group with higher serum LDL. A robust 95% confidence interval suggests that our finding would not be surprising if the instantaneous risk of death per unit increase in serum LDL decreased anywhere from 0.18% to 1.29%. With a 2-sided p-value of 0.009, we can, at the alpha=.05 level reject the null hypothesis of equal instantaneous risk of death in favor of one with a negative additive relationship.

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). 

Done.
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.

Because we are comparing the same outcome across the same predictor variable with just a difference in the assumed relationship, our summary statistics are the same as they were in the above problem
. 

Methods: To compare instantaneous risk of death across serum LDL levels assuming a multiplicative relationship
, we fit a proportional hazards regression model (Cox model) with robust standard errors on all cause mortality by both serum LDL treated as a continuous variable and continuous serum LDL squared. From there, we use Wald tests to evaluate whether there is an association between serum LDL and instantaneous risk of death
 and whether there is a nonlinear association between serum LDL and instantaneous risk of death.

Inference: The Wald-test with both the continuous LDL term and the squared LDL term, we find strong evidence (p
=.0005) that there is an association between serum LDL and instantaneous risk of death
; however, the Wald test on the squared LDL term gives a p
-value of 0.055 meaning that at the alpha=.05 level, we don’t find strong evidence of a quadratic relationship between serum LDL and instantaneous 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). 
Done.
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.

The graph below shows the fitted values of relative hazard by serum LDL level with the linear model in green, the log-transformed model in blue and the quadratic model in orange.  The models are all similar near the middle of the distribution of serum LDL; however, at the extremes, the log-transformed model and the quadratic model estimate higher risk than the linear model. The log-transformed model estimates higher risk in particular at the lowest levels and the quadratic model estimates higher risk at both ends approximating a very gradual u-shaped relationship between hazard and serum LDL.
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Discussion Sections: January 27 – 31, 2014

We continue to discuss the dataset regarding FEV and smoking in children. Come do discussion section prepared to describe the approach to the scientific question posed in the documentation file fev.doc.
�HW 4 Grade: 14/40


�Q1 Grade: 2/10


�-3: Descriptive statistics should also include percentiles of survival within groups, restricted mean time of survival within groups, and univariate statistics regarding LDL and the number of people who died. Also very important to look at survival times of those who had missing LDL values, so that you can avoid informative censoring.


�-2: Should make it clear in the methods what summary measure you will be using and how you will be comparing summary measures between groups. Also should mention confidence interval and p-value.


�-1: Misleading language, the LDL is not being increased or decreased within the same individual, so should only compare groups of people with different LDL levels, as opposed to talking about changing LDL levels (which implies within a patient).


�level, reject


�-1: should specify “…risk of death [between groups with different LDL levels] in favor …”


�Should mention that those with missing LDL were omitted from analysis.


�-1: You aren’t comparing risks by taking differences, but by taking ratios, so the risks are related multiplicatively, not additively.


�Q2 Grade: 0/10


�-3: See Descriptive Statistics in Q1.


�All-cause


�-2: Should make it clear in the methods how you will be comparing summary measures between groups. Also should mention confidence interval and p-value.


�-5: This is the same as the inference from Q1, and it should be different. Point estimate, CI, p-values, and most importantly, interpretation, should be different, though should still reject the null hypothesis. See Key for answers.


�Q3 Grade: 3/10


�-3: See Descriptive Statistics from Q1.


�-1: A multiplicative relationship between what and what? This is confusing.


�-1: Should mention that association is tested “by simultaneously testing that both the linear term and the quadratic term had coefficients equal to zero.” See HW Key. This helps clarify the null hypothesis for this test.


-1: �2-sided or 1-sided?


�Not a full sentence.


�-1: 2-sided or 1-sided?


�Q4 Grade: 9/10


�-1: This implies there is a true U-shaped relationship between LDL and death. See HW Key: “It should be noted that the U-shape seen in the quadratic fit cannot be taken as proof that the highest LDL groups actually have increase risk over the groups with moderate levels: A quadratic curve ultimately has to be U-shaped over the whole real line, just as the linear and logarithmic curves must be monotonic (steadily increasing or steadily decreasing). It would require a much larger sample size and a more careful analysis to establish whether there is really a tendency for both lower and higher LDL to be associated with higher risk of death in this population.”






