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Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II
Emerson, Winter 2014
Homework #4
January 27, 2014
Question 1
Overall: 36/40 points

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 survival distribution estimated by Kaplan-Meier can not help us to answer the question directly. We will have to compare too many survival curves. But we can compare  the instantaneous risk (hazard) of death over the entire period of observation across groups defined by serum LDL modeled as a continuous variable. The proportional hazards regression with robust standard error estimate was used. The hazard of death was estimated by maximum partial likelihood estimation. The P value and 95% confidence interval were computed by Wald-based estimation. This model used serum LDL as a continuous variable to estimate a common hazard ratio for each additional difference in serum LDL level.  
Descriptive Statistics:  
Figure 1
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Figure 2
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Table 1 

	Time

(Months)
	Survival Probabilities 

(Kaplan-Meier)

	12 
	0.9834

	24 
	0.9559

	36 
	0.9228

	48 
	0.7797

	60
	0.8359


Table 2
	Time

Months
	Survival
 Probabilities (Kaplan-Meier)

	
	ldl < 70 
	70<ldl<100
	100<ldl<130
	130<ldl<160
	160<ldl<190
	190<ldl

	12
	1
	0.979
	0.9825
	0.9778
	1
	1

	24
	1
	0.958
	0.9386
	0.9556
	0.988
	0.9583

	36
	0.9091
	0.9091
	0.9123
	0.9289
	0.9639
	0.9167

	48
	0.7727
	0.8811
	0.8772
	0.9111
	0.9036
	0.9167

	60
	0.5909
	0.8322
	0.8114
	0.8711
	0.8795
	0.8333


Inferential Statistics:
From proportional hazards regression analysis, we estimate that for each 10 mg/dl unit difference in serum LDL, the instantaneous risk (hazard) of death is 7.14% lower (hazard ratio 0.9286) in the group with higher serum LDL. This estimate is highly statistical significant (P < 0.0001). A 95% confidence interval suggests that this observation is not unusual if a group that has a 10 mg/dl higher serum LDL might have the true instantaneous risk of dying was anywhere between 1.80% and 12.18% lower for each 10 mg/dl higher serum LDL. We thus reject the null
 hypothesis of no association between survival time and serum LDL in favor of a trend toward lower risk of death among subjects with higher serum LDL.
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  

A: The variable has been made.
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.

Method: The survival distribution estimated by Kaplan-Meier can not help us to answer the question directly. We will have to compare too many survival curves. But we can compare  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. The proportional hazards regression with robust standard error estimate was used. The hazard of death was estimated by maximum partial likelihood estimation. The P value and 95% confidence interval were computed by Wald-based estimation. This model used serum LDL as a continuous logarithmically transformed variable to estimate a common hazard ratio for every percentage difference in serum LDL level
.  

Descriptive Statistics: 
Figure 1
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Figure 2
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Table 1

	Time
	Survival Probabilities 

(Kaplan-Meier)

	12 Months
	0.9834

	24 Months
	0.9559

	36 Months
	0.9228

	48 Months
	0.7797

	60 Months
	0.8359


Table 2

	Time

Months
	Survival Probabilities (Kaplan-Meier)

	
	ldl < 70 
	70<ldl<100
	100<ldl<130
	130<ldl<160
	160<ldl<190
	190<ldl

	12
	1
	0.979
	0.9825
	0.9778
	1
	1

	24
	1
	0.958
	0.9386
	0.9556
	0.988
	0.9583

	36
	0.9091
	0.9091
	0.9123
	0.9289
	0.9639
	0.9167

	48
	0.7727
	0.8811
	0.8772
	0.9111
	0.9036
	0.9167

	60
	0.5909
	0.8322
	0.8114
	0.8711
	0.8795
	0
.8333


Inferential Statistics:
From proportional hazards regression analysis, we estimate that for each 10% difference
 in serum LDL, the instantaneous risk (hazard) of death is 7.58% lower (hazard ratio 0.9242) in the group with higher serum LDL. This estimate is highly statistical significant (P < 0.0001). A 95% confidence interval suggests that this observation is not unusual if a group that has a 10% higher serum LDL might have the true instantaneous risk of death was anywhere between 4.09% and 10.94% lower for each 10% higher serum LDL. We thus reject the null hypothesis of no association between survival time and serum LDL in favor of a trend toward lower risk of death among subjects with higher serum LDL.

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  
A: The variable has been made.
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: In question1, we find that serum LDL is statistically significantly associated with survival for the first order trend. We
 can continue to examine for the second order trend by adding serum LDL and serum LDL squared to a proportional hazards model with robust standard error estimate. The hazard of death was estimated by maximum partial likelihood estimation. The P value and 95% confidence interval were computed by Wald-based estimation.
Descriptive Statistics: 

Figure 1
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Figure 2
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Table 1

	Time
	Survival Probabilities 

(Kaplan-Meier)

	12 Months
	0.9834

	24 Months
	0.9559

	36 Months
	0.9228

	48 Months
	0.7797

	60 Months
	0.8359


Table 2

	Time

Months
	Survival Probabilities (Kaplan-Meier)

	
	ldl < 70 
	70<ldl<100
	100<ldl<130
	130<ldl<160
	160<ldl<190
	190<ldl

	12
	1
	0.979
	0.9825
	0.9778
	1
	1

	24
	1
	0.958
	0.9386
	0.9556
	0.988
	0.9583

	36
	0.9091
	0.9091
	0.9123
	0.9289
	0.9639
	0.9167

	48
	0.7727
	0.8811
	0.8772
	0.9111
	0.9036
	0.9167

	60
	0.5909
	0.8322
	0.8114
	0.8711
	0.8795
	0.8333


Inferential Statistics: The
 ldlsqr term is not statistically significant associated with instantaneous risk (hazard) of death (P = 0.055). Therefore, we do not have evidence to conclude that nonlinear association is between survival and serum LDL levels. 
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  

A: The variable has been made.
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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Problem1
 is a linear model, however the predicted model does not appear perfect linearity. We center the serum LDL to 160 mg/dl. The graph shows that people with higher serum LDL have relative hazard less than 1. Problem2 model and Problem3 model seem to appear nonlinear association. The predicted model in problem 3 appear U shaped relationship. For those serum LDL level greater or less than 160 mg/dl, the relative hazard appear to have relative hazard greater than 1. For those subjects with much lower serum LDL, their relative hazard increase more. This might due to low nutrition or impaired organ cause body can’t make enough cholesterol. 
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.
�overall very good analysis just missing information on what descriptive statistics mean and also on the end further description/explanation of Q4


�Q1:8 /10 points


�-2 points, you don’t provide methods for how you chose your descriptive statistics, you also never discuss the descriptive statistics, what does all of this mean?


�good analysis, it would be good to present the p-value in this sentence so we know which of all of the information was used to make conclusions about the hypothesis testing


�Q2: 10/10 points


�good explanation


�already deducted points earlier but make sure to interpret the descriptive statistics when necessary


�good explanation here


�Q3: 9/10 points


�we can also look the overall test of the model to look for an association between ldl and survival


�-1 point: though we learn this from the model, we can also detect an association through the overall p-value (<0.0001)


�Q4: 9/10 points


�-1 point: see answer key for other specifics that are missed about sample sizes at the ends and what we can infer about linearity, but overall a good discussion of the differences. You can also look at the graph in terms of ldl or all curves on the same graph for an easier comparison





