BIOST518 Homework #4
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: The survival distribution was estimated using Kaplan-Meier estimates defined by serum LDL modeled as a continuous variable. Difference in survival distributions between LDL values was tested using the proportional hazards regression. The hazard ratio and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. 
Results: The following graph and table depicts Kaplan-Meier estimates of survival probability across groups defined by serum LDL values. Apparent from that groups with the lowest serum LDL have the worst 5 year survival probabilities, and groups in the 160-189 mg/dL range appear to have the best survival probabilities.  
Inference: from proportional hazards regression analysis, we estimate that for each 1 mg/dL unit difference in serum LDL, the risk of death is 0.738% lower in the group with the higher serum LDL. This estimate is highly statistically significant (P=0.006<0.01). A 95% confidence interval suggests that this observation is not unusual if a group that has a 1 mg/dL higher serum LDL might have risk of death that was anywhere from 0.212% lower to 1.26% lower than the group with the lower serum LDL. 
	 
	
	Survival Probabilities(Kaplan-Meier)

	Serum LDL Stratum
	N(Total=725)
	1 years
	2 years
	3 years
	4 years
	5 years

	0: <70 mg/dL
	26
	1.000
	1.000
	0.923
	0.808
	0.654

	1: 70-99 mg/dL
	148
	0.980
	0.960
	0.912
	0.878
	0.831

	2: 100-129 mg/dL
	229
	0.983
	0.939
	0.913
	0.882
	0.817

	3: 130-159 mg/dL
	219
	0.977
	0.954
	0.927
	0.904
	0.863

	4: 160-189 mg/dL
	79
	1.000
	0.987
	0.962
	0.911
	0.886

	5: >=190 mg/dL
	24
	1.000
	0.958
	0.917
	0.917
	0.833


Table 1: Survival probabilies at 1 to 5 years within strata defined by serum LDL. 
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Figure 1: Kaplan-Meier survival curve estimates within strata defined by serum LDL level. 
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  
From proportional hazards regression analysis, for each population defined by serum LDL value, the hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.99262. In other words, the risk of death is 0.738% lower in this group relative to a group having serum LDL of 160 mg/dL. This estimate is highly statistically significant (P=0.006<0.01).  A 95% confidence interval suggests that this observation is not unusual if a group that has serum LDL different from 160 mg/dL, might have risk of death that was anywhere from 0.212% lower to 1.26% lower than the group having serum LDL of 160 mg/dL. 

Of the 725 subjects, the mean hazard ratio is 1.33 with standard deviation of 0.326. The minimum hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.525 and the maximum hazard ratio is 3.01. From the regression model, we estimated a decreasing nonlinear function for the hazard ratio as shown below with a minimum occurring at approximately 247 mg/dL, however, the proportional hazard regression model may not be an accurate portrayal of the true relationship, either. From table 1, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
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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 survival distribution was estimated using Kaplan-Meier estimates defined by serum LDL modeled as a continuous logarithmically transformed variable. Difference in survival distributions between LDL values was tested using the proportional hazards regression. The hazard ratio and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. 
Results: The following graph and table depicts Kaplan-Meier estimates of survival probability across groups defined by serum LDL values. Apparent from the group with the lowest serum LDL have the worst 5 year survival probabilities, and groups in the 160-189 mg/dL range appear to have the best survival probabilities.   
	 
	
	
	Survival Probabilities(Kaplan-Meier) 

	Serum ldl stratum
	N(Total=725)
	
	1 years
	2 years
	3 years
	4 years
	5 years

	0: <70 mg/dL
	26
	
	1.000
	1.000
	0.923
	0.808
	0.654

	1: 70-99 mg/dL
	148
	
	0.978
	0.957
	0.907
	0.878
	0.827

	2: 100-129 mg/dL
	229
	
	0.983
	0.939
	0.912
	0.877
	0.811

	3: 130-159 mg/dL
	219
	
	0.978
	0.956
	0.930
	0.908
	0.869

	4: 160-189 mg/dL
	79
	
	1.000
	0.987
	0.962
	0.911
	0.886

	5: >=190 mg/dL
	24
	
	1.000
	0.958
	0.917
	0.917
	0.833


Table 2: Survival probabilies at 1 to 5 years within strata defined by serum LDL.
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Figure 2: Kaplan-Meier survival curve estimates within strata defined by serum LDL level. 
Inference: from proportional hazards regression analysis, we estimate that for each doubling in serum LDL, the risk of death is 0.564 times higher in the group with the higher serum LDL. This estimate is highly statistically significant (P=0.001<0.01). A 95% confidence interval suggests that this observation is not unusual if a group that has a serum LDL might have risk of death that was anywhere from 0.407 to 0.780 times as high as the group with the lower 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  
From proportional hazards regression analysis, for each population defined by serum LDL value modeled as a continuous logarithmically transformed variable, the hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.926. In other words, the risk of death is 0.926 times higher in this group relative to a group having serum LDL of 160 mg/dL. This estimate is not significant (P=0.623>0.01).  A 95% confidence interval suggests that this observation is not unusual if a group that has serum LDL different from 160 mg/dL, might have risk of death that was anywhere from 0.680 to 1.260 times higher than the group having serum LDL of 160 mg/dL. 
Of the 103 subjects, the mean hazard ratio is 0.757 with standard deviation of 0.102. The minimum hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.607 and the maximum hazard ratio is 1. From the regression model, we estimated a decreasing nonlinear function for the hazard ratio as shown below with a minimum occurring at approximately 247 mg/dL, however, the proportional hazard regression model may not be an accurate portrayal of the true relationship, either. From table 2, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
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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:  Difference in survival distributions between LDL values was tested using the proportional hazards regression, but include both a term for serum LDL modeled continuously and a term for the square of LDL. The hazard ratio and 95% CI was computed using Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. 

Results:  The slope parameter estimate for the ldlsqr term is not statistically different from 0 (P = 0.055>0.01), so we have no strong evidence for a departure from a straight line model. (At least not a departure that can be detected by a quadratic model.) We would need to simultaneously test that the slopes for ldl and ldlsqr are 0 using a multiple partial chi squared test. From this chi squared test result, I find a P value of 0.0005. Thus we have strong evidence to reject the null hypothesis that both of ldl and ldlsqr terms are equal to 0, and concluded that the association of serum LDL and the log hazard is nonlinear. 
Inference:  In proportional hazards regression modeling the log hazard function as a quadratic function of serum LDL, we find a statistically significant contribution from the squared ldl term (P=0.008). We thus concluded that we have evidence that the relationship between instantaneous risk of death and ldl is nonlinear.  
From the quadratic model, we estimate an upward U-shaped function for the hazard ratio as shown in the following figure with a minimum occurring at approximately 171 mg/dL. From that table1, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
The hazard ratio for ldl is 0.974 and 1.000 for the ldlsqr term. We estimate that for each 1 mg/dL unit difference in serum LDL, the risk of death is 2.58% lower in the group with the higher serum LDL. This estimate is highly statistically significant (P=0.008<0.01). A 95% confidence interval suggests that this observation is not unusual if a group that has a 1 mg/dL higher serum LDL might have risk of death that was anywhere from 0.691% lower to 4.43% lower than the group with the lower 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 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  
From proportional hazards regression analysis, the hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.998. In other words, the risk of death is 0.168% lower in this group relative to a group having serum LDL of 160 mg/dL. This estimate is not significant (P=0.683>0.01).  A 95% confidence interval suggests that this observation is not unusual if a group that has serum LDL different from 160 mg/dL, might have risk of death that was anywhere from 0.974% lower to 0.643% higher than the group having serum LDL of 160 mg/dL. 
Of the 725 subjects, the mean hazard ratio is 1.31 with standard deviation of 0.426. The minimum hazard ratio relative to a group having serum LDL of 160 mg/dL is 0.991 and the maximum hazard ratio is 6.997. From the quadratic model, we estimate an upward U-shaped function for the hazard ratio as shown in the following figure with a minimum occurring at approximately 171 mg/dL. From that table1, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
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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.
[image: image6.emf]Hazard Ratio Relative to 160 mg/dL N Mean Std. Dev.Min Max LDL at Min HR

fithrA 725 1.327678 0.325739 0.525168 3.013214 247 mg/dL

fithrB 103 0.757325 0.101675 0.607469 1 247 mg/dL

fithrC 725 1.30716 0.425871 0.990733 6.997123 171 mg/dL


From the regression model A, we estimated a decreasing nonlinear function for the hazard ratio as shown below with a minimum occurring at approximately 247 mg/dL, however, the proportional hazard regression model may not be an accurate portrayal of the true relationship, either. From table 1, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
From the regression model B, we estimated a decreasing nonlinear function for the hazard ratio as shown below with a minimum occurring at approximately 247 mg/dL, however, the proportional hazard regression model may not be an accurate portrayal of the true relationship, either. From table 2, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
From the quadratic model C, we estimate an upward U-shaped function for the hazard ratio as shown in the following figure with a minimum occurring at approximately 171 mg/dL. From that table1, we see that the best 3 and 5 year survival probability tends to be in the 160-189 mg/dL group. 
In sum, both A and B model showed a decreasing trend, with the lowest hazard ratio occurring at 247 mg/dL, while the C model occurring at 170 mg/dL, which is confirmed from the table 1 and 2 showing the best 3 and 5 year survival probabilities tends to be in the 160-189 mg/dL.  The differences include the shape of lines from model A, B and C, also the mean, standard deviation, minimum, maximum. 
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