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Emerson, Winter 2014
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January 27, 2014
Written problems: To be submitted as a MS-Word compatible file to the class Catalyst dropbox by 9:30 am on Monday, February 3, 2014. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) Stata / R code and unedited Stata / R  output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Unless explicitly told otherwise in the statement of the problem, in all problems requesting “statistical analyses” (either descriptive or inferential), you should present both
· Methods: A brief sentence or paragraph describing the statistical methods you used. This should be using wording suitable for a scientific journal, though it might be a little more detailed. A reader should be able to reproduce your analysis. DO NOT PROVIDE Stata OR R CODE.
· Inference: A paragraph providing full statistical inference in answer to the question. Please see the supplementary document relating to “Reporting Associations” for details.
This homework builds on the analyses performed in homeworks #1,  #2, and #3. As such, all questions relate to associations among death from any cause, serum low density lipoprotein (LDL) levels, age, and sex in a population of generally healthy elderly subjects in four U.S. communities. This homework uses the subset of information that was collected to examine MRI changes in the brain. The data can be found on the class web page (follow the link to Datasets) in the file labeled mri.txt. Documentation is in the file mri.pdf. See homework #1 for additional information. 
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: Proportional hazards model with robust method is used to evaluate the association between serum LDL and all-cause mortality by comparing the hazard of death across groups defined
 by serum LDL as a continuous variable, our summary measure of the distributions (main estimate) is the hazard ratio. Estimated hazard ratio for two groups differing by 1 mg/dl in serum LDL is found by exponentiation slope (stata gives the Hazard ratio directly). Estimated hazard ratio for two groups differing by 10 mg/dl in serum LDL, found by the original hazard ratio to the power of 10, is used for scientific inference due to the magnitude of LDL. Maximum partial likelihood method is used to find parameter estimates. In large samples, the regression parameter estimates are approximately normally distributed, thus P values and CI that are displayed for each parameter estimate are Wald-based estimates. And a robust method that allows unequal variances across groups is used to calculate standard errors. 

Inference: Serum LDL measurements were missing for 10 of the 735 subjects in the data set. Data was available on 725 subjects having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL). Over the entire period of observation, 131 (18.1%) of the patients were observed to die, the minimum and maximum censoring time was 5.00 years and 5.91 years. the minimum and maximum observation time of death was 0.186 years (68 days) and 5.54 years.
From proportional hazards regression analysis, we estimate that for each 10 mg/dl unit difference in serum LDL, the risk of death is 7.14% lower (by relative risk, not difference in risk) in the group with the higher serum LDL (the estimated hazard ratio for 10 units is 0.929). This estimate is highly statistically significant (P =0.009). A 95% CI [0.878, 0.982] suggests that this observation is not unusual if a group that has a 10 mg/dl higher LDL might have risk of death that was anywhere from 1.80% lower to 12.2% lower than the group with the lower LDL (by relative risk, not difference in risk). 

I think using 10 units difference in serum LDL is better, but just in case, here’s the inference for 1 unit difference. 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 (by relative risk, not difference in risk) in the group with the higher serum LDL (the estimated hazard ratio for 1 units is 0.993). This estimate is highly statistically significant (P =0.009). A 95% CI [0.987, 0.998] suggests that this observation is not unusual if a group that has a 10 mg/dl higher LDL might have risk of death that was anywhere from 0.182% lower to 1.29% lower than the group with the lower LDL (by relative risk, not difference in risk). 

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  
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: Proportional hazards model with robust method is used to evaluate the association between
 serum LDL and all-cause mortality by comparing the hazard of death across groups defined by serum LDL modeled as a continuous logarithmically transformed variable. The response variable is the observation time for each subject. And predictor variable is the log-transformed serum LDL level. Our summary measure of the distributions (main estimate) is the hazard ratio for each doubling in serum LDL (stata gives the Hazard ratio directly). Estimated hazard ratio for two groups doubling in serum LDL is found by generating and then using the Proportional hazards model on the new predictor variable defined as log(LDL)/log(2). Maximum partial likelihood method is used to find parameter estimates. In large samples, the regression parameter estimates are approximately normally distributed, thus P values and CI that are displayed for each parameter estimate are Wald-based estimates. And a robust method that allows unequal variances across groups is used to calculate standard errors. 
Inference: Serum LDL measurements were missing for 10 of the 735 subjects in the data set. Data was available on 725 subjects having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL). Over the entire period of observation, 131 (18.1%) of the patients were observed to die, the minimum and maximum censoring time was 5.00 years and 5.91 years. the minimum and maximum observation time of death was 0.186 years (68 days) and 5.54 years.

From proportional hazards regression analysis, we estimate that for each doubling in serum LDL, the risk of death is 0.564 times lower in the group with the higher serum LDL. This estimate is highly statistically significant (P <0.001). A 95% CI [0.431, 0.738] suggests that this observation is not unusual if a group that has a serum LDL twice as high as another might have risk of death that was anywhere from 0.431 times to 0.738 times as high as the group with the lower 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  
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: Proportional hazards model with robust method is used to evaluate the association between
 serum LDL and all-cause mortality by comparing the hazard of death across groups defined by serum LDL modeled quadratically. The response variable is the observation time for each subject. And predictor variables are serum LDL level and LDL squared. Our summary measure of the distributions (main estimate) is still the hazard ratio. Maximum partial likelihood method is used to find parameter estimates. In large samples, the regression parameter estimates are approximately normally distributed, thus P values and CI that are displayed for each parameter estimate are Wald-based estimates. And a robust method that allows unequal variances across groups is used to calculate standard errors. 

Inference: Serum LDL measurements were missing for 10 of the 735 subjects in the data set. Data was available on 725 subjects having mean serum LDL of 126 mg/dL (SD 33.6 mg/dL; range 11 – 247 mg/dL). Over the entire period of observation, 131 (18.1%) of the patients were observed to die, the minimum and maximum censoring time was 5.00 years and 5.91 years. the minimum and maximum observation time of death was 0.186 years (68 days) and 5.54 years.

From proportional hazards regression analysis, we estimate that for each 1 mg/dl unit difference in serum LDL, the risk of death is 2.58%(the estimated hazard ratio is 0.974) lower (by relative risk, not difference in risk) in the group with the higher serum LDL. This estimate is highly statistically significant (P =0.008
). A 95% CI [0.956, 0.993] suggests that this observation is not unusual if a group that has a 1 mg/dl higher LDL might have risk of death that was anywhere from 0.691% to 4.43% than the group with the lower LDL. (by relative risk, not difference in risk). For each 1(mg/dl)2 unit difference in square serum LDL, the risk of death is 0.0076% higher in the group with higher serum LDL, though the estimate is not statistically significant (P=0.055). The P value for Wald chi-square test is 0.0005, thus the linear term and square term are significant. So we have strong evidence to show that the all-cause mortality and serum LDL are associated. Furthermore, the squared term is not significant when keeping only the linear term in the model for log hazard, thus we don’t find clear evidence that the trend in mortality and LDL is nonlinear. We could not be sure it was linear either, it could have been nonlinear in a way that a quadratic polynomial could not detect.

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

predict fithrC  
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 second graph below is the first one without one outlier at LDL=11 mg/dL.

We can see from graph 2: when serum LDL < 160 mg/dL, all the fitted Hazard Ratios (HR) from three models are greater than 1, they all form a monotone decreasing line towards a hazard ratio of 1 at
 serum LDL = 160 mg/dL. The curve from model 1and 2 are more liner than that from model 3. The curve from model 1 is slightly more liner than that from model 2. The curves cross path at a serum LDL from 50 ~ 100 mg/dL.
When serum LDL > 160 mg/dL, all the fitted Hazard Ratios (HR) from model 1 and 2 are less than 1, they both form a monotone decreasing line from a hazard ratio of 1 at serum LDL = 160 mg/dL and approaching HR= 0.5 towards the highest observed LDLs. The curves from model 1and 2 are almost identical with model 1 having a slightly lower HR. As for model 3 not all the HRs is less than 1, we can see an increasing trend (HR>1) of the green curve towards the end, forming a U shaped curve unlike model 1 and 2 are strictly decreasing.
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Discussion Sections: January 27 – 31, 2014
�33/40


�Limited descriptive statistics including Table 1 and K-M curve.  Should include LDL as categorical variable.  Key groups by LDL <70, 70-99… 





Full credit for methods and inference.


6/10  


�


Methods 5/5


Inference 5/5, answer key uses log 1.1 scale for 10% increase.  





�Methods: 5/5





Answer key describes the methods for Problem 4.  


�P=0.0005 in answer key





The rest of the discussion does not match the answer key which focuses on the graph predictions (it was not clear from the question that this sort of discussion was expected).  Your analysis is correct.  


5/5





�





Essentially correct.  From answer key, this suggests “that we do not have strong evidence that the true association between death from any cause and serum LDL is not adequately described by a log hazard function that is linear in LDL.”  


�


7/10 





Missing some statement about the overall trends:





Summary interpretation of the overall trend would help clarify, “the model predicts a trend that is predominantly downward with higher LDL.”  


Midrange values LDL have very similar estimates for three curves


What does the linearity mean when interpreting the results?








