Biost 518 / 515, Winter 2014
Homework #4
January 27, 2014, Page 5 of 5

Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II

Emerson, Winter 2014
Homework #4
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. 
a. Include full description of your methods, appropriate descriptive statistics, and full report of your inferential statistics.
Answer:

Methods:

The survival distribution of subjects defined by serum LDL levels was estimated using Kaplan-Meier estimates.  These descriptive statistics are presented within groups defined by serum LDL measurements determined by recommendations from the Mayo Clinic (less than 100 mg/dL, between 100 and 129 mg/dL inclusive, between 130 and 159 mg/dL inclusive, and greater than or equal to 160 mg/dL). The instantaneous risk of death over the period of observation across groups defined by serum LDL modeled as a continuous variable was analyzed using Cox proportional hazards regression with robust standard errors. The p-value and confidence intervals were computed accordingly using Wald statistics.
Inference:
The following table and graph (analysis time is measured in months) depicts the Kaplan-Meier survival estimates for the 725 subjects based on their serum LDL levels. Among the 725 subjects with available LDL levels, 165 had serum LDL levels less than 100 mg/dL, 228 had serum LDL levels between 100 and 129 mg/dL, 225 had levels between 130 and 159 mg/dL, and 107 had LDL levels of 160 mg/dL and above. From the table and graph, it appears that subjects with low LDL levels have worse survival than the other strata. Those with the highest LDL (over 160 mg/dL) seem to have the best survival for the first three years and then their survival curve closely aligns with subjects that have serum levels between 130 and 159 mg/dL. Subjects with LDL levels between 130 and 159 mg/dL tended to have similar survival as the other subjects with lower LDL levels, however survival was improved around year 3-4. Overall, survival rates are generally high (above 75%) for most of the study.
From proportional hazards regression analysis that uses robust standard errors, we estimate that for each 1 mg/dL unit difference in LDL, the instantaneous risk of death is 0.738% (hazard ratio: 0.993) lower in the group with higher LDL. This estimate is statistically significant at a 0.05 level (two-sided p-value = 0.0093). A 95% CI suggests that this observation would not be unusual if a group that has 1 mg/dL higher LDL might have instantaneous risk of death anywhere from 0.182% to 1.29% lower than the group with lower LDL. We thus reject the null hypothesis of no association between survival time and serum LDL levels in favor of a trend toward lower risk of death among subjects with higher serum LDL levels.
Table 1. Survival Estimates for Strata Defined by Serum Low Density Lipoprotein (LDL)
	Time (years)
	Below 100 mg/dL

(N=165)
	100-129 mg/dL

(N=228)
	130-159 mg/dL

(N=225)
	160 mg/dL and above

(N=107)
	All Subjects (N=725)

	1
	0.982
	0.983
	0.978
	1
	0.981

	2
	0.964
	0.939
	0.956
	0.981
	0.954

	3
	0.909
	0.912
	0.929
	0.953
	0.921

	4
	0.867
	0.877
	0.911
	0.907
	0.888

	5
	0.800
	0.811
	0.871
	0.869
	0.835


Figure 1. Kaplan-Meier Survival Curves for Strata Defined by Serum LDL
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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.

Answer:

Methods:

The survival distribution of subjects defined by serum LDL levels less than 160 mg/dL and LDL levels greater than or equal to 160 mg/dL was estimated using Kaplan-Meier estimates. The instantaneous risk of death over the period of observation across groups defined by serum LDL modeled as a continuous logarithmically transformed variable was analyzed using Cox proportional hazards regression with robust standard errors. The p-value and confidence intervals were computed accordingly using Wald statistics.
Inference:

The table and graph from question 1 (analysis time is measured in months) depicts the Kaplan-Meier survival estimates for the 725 subjects based on their serum LDL levels. Refer to the description in question 1 for analysis of the subjects. It appears from the survival curves that survival improves, generally, for subjects with higher LDL. Furthermore, from proportional hazards regression analysis that uses robust standard errors, we estimate that for each 10% increase in LDL, the instantaneous risk of death is 7.58% lower (hazard ratio: 0.924) in the group with higher LDL. This estimate is statistically significant at a 0.05 level (two-sided p-value < 0.0001). A 95% CI suggests that this observation would not be unusual if a group that has LDL that is 10% higher as another group might have instantaneous risk of death anywhere from 4.09% to 10.9% lower than the group with lower LDL. We thus reject the null hypothesis of no association in favor of a trend toward lower risk of death among subjects with higher serum LDL levels.
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.
Answer:

Methods:

The survival distribution of subjects defined by serum LDL levels less than 160 mg/dL and LDL levels greater than or equal to 160 mg/dL was estimated using Kaplan-Meier estimates. The instantaneous risk of death over the period of observation across groups defined by serum LDL modeled quadratically was analyzed using Cox proportional hazards regression with robust standard errors. The p-values and confidence intervals were computed accordingly using Wald statistics. This model allows us to test whether serum LDL and instantaneous risk of death are linearly associated and whether the two variables are associated. 
Inference:

The table and graph from question 1 (analysis time is measured in months) depicts the Kaplan-Meier survival estimates for the 725 subjects based on their serum LDL levels. The corresponding description acknowledges that survival between the two groups with highest LDL levels have roughly equivalent outcomes in the long run, however those with LDL levels of at least 160 mg/dL had better survival outcomes at first. The strata containing subjects with less than 100 mg/dL has the worst survival outcomes. There is nothing immediately apparent from the presented Kaplan-Meier curves that suggest a U-shaped trend in our dataset.
From proportional hazards regression analysis that uses robust standard errors, we find a p-value of 0.055 when testing whether the relationship between LDL and time to death is nonlinear. This p-value is not significant at a 0.05 significance level. Therefore, we do not have sufficient evidence that the trend between LDL level and time to death is nonlinear. It could be that the relationship is nonlinear, however our quadratic polynomial could not detect this. However, we do find strong evidence for a statistically significant association between LDL and instantaneous risk of death in our model (P=0.0005).
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.
Answer:

Methods:
Hazard ratios based on three different methods were computed for each population defined by serum LDL value relative to the group having serum LDL of 160 mg/dL. Method A fit a regression using untransformed LDL levels modeled as continuous. Method B fit a regression using logarithmically transformed LDL levels modeled as continuous. Method C fit a regression using LDL modeled quadratically. 

Inference:
The graph below depicts the hazard ratios (on a log scale) for each population defined by serum LDL levels relative to a population with serum LDL of 160 mg/dL using the three methods described above and labeled according to the method used. From the graph we can see that model A (untransformed LDL modeled as continuous) has a decreasing relationship between hazard ratio and LDL. That is, a population with higher LDL has a lower hazard ratio and thus lower instantaneous risk of death compared to a population with lower LDL. In comparison, model B (logarithmically transformed LDL modeled as continuous), exhibits a similar trend as model A overall. However, subjects with lower LDL levels have higher instantaneous risk of death in this model compared to the model that used method A. Additionally, subjects with higher LDL levels had higher hazard ratios compared to model A. However, subjects with LDL levels between 75 mg/dL to 160 mg/dL had lower instantaneous risk of death (although this seems subtle) when comparing model A and B. Model C (LDL modeled quadratically) exhibits higher hazard ratios than the other two models for subjects with LDL levels up to approximately 75 mg/dL and subjects over 160 mg/dL (except for the population with the lowest LDL levels where model B predicts the highest hazard ratio). This is even more pronounced in subjects with serum LDL levels over 160 mg/dL as they are modeled to have higher instantaneous risk of death than subjects with lower LDL levels; the smallest hazard ratio occurs with subjects with LDL levels of approximately 160 mg/dL when using model C.
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