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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.
Methods: The survival distribution was estimated using Kaplan-Meier estimates with strata defined by serum LDL less than 130 mg/dL, between 130 and 160 mg/dL and serum LDL greater than or equal to 160 mg/dL. Difference in survival distributions between those two groups was tested using the logrank statistic. 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 for the 394 patients with serum LDL less than 130 mg/dL, and the 226 patients with serum LDL between 130 and 160 mg/dL and the 108 patients with serum LDL greater than or equal to 160 mg/dL. Apparent from that graph is the tendency for higher survival probabilities for the high LDL group at most points in time, with a crossing with the lower serum LDL level (130-160 mg/dL) around 50-55 months of observation. The serum LDL group of 130-160 mg/dL intersects with the lowest serum LDL group (130mg/dl or less) around 10 months of the observation time. At the approximate median time, the highest serum LDL had the hazard ratio closest to 1, and the middle serum LDL group had the middle closest, and the lowest serum LDL group had the lowest hazard ratio, as can be seen in the chart below. The instantaneous risk of death is estimated to be 23.7% lower for the high LDL group compared to the lower LDL groups. Based on a 95% confidence interval, this observed hazard ratio of 0.763 for the comparison of the high LDL group to the low LDL groups would not be judged unusual if the true hazard ratio were anywhere between 0.592 to 0.983. A logrank test two-sided p value of 0.083 suggests that we can not with high confidence reject the null hypothesis that probability of survival is not associated with serum LDL levels. One can note that logrank tests are not reliable here due to the crossing of the survival curves for the groups. [image: image1.png]Survival Graph patients by Serum LDL levels
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	Survival Probabilities (Kaplan-Meier)

	 
	Serum Low Density Lipoprotein (LDL)

	Time
	<130 mg/dL (N = 393)
	130 mg/dL - 160 mg/dL  
(N = 225)
	160 mg/dL (N = 107)

	 
	Survival probabilities
	95% CI
	Survival probabilities
	95% CI
	Survival probabilities
	95% CI

	12 months
	0.982
	(0.963 - 0.992)
	0.978
	(0.947 - 0.991)
	1.000
	 

	24 months
	0.949
	(0.922 - 0.967)
	0.965
	(0.919 - 0.976)
	0.981
	(0.927 - 0.995)

	36 months
	0.911
	(0.878 - 0.935)
	0.929
	(0.887 - 0.956)
	0.953
	(0.891 - 0.980)

	48 months
	0.873
	(0.836 - 0.902)
	0.911
	(0.866 - 0.942)
	0.907
	(0.833 - 0.949)

	60 months
	0.807
	(0.764 - 0.842)
	0.871
	(0.820 - 0.909)
	0.869
	(0.789 - 0.920)


Regression

Methods: The odds of subjects dying within 5 years of study enrollment were compared between subjects in strata defined by serum LDL less than 130 mg/dL, between 130 and 160 mg/dL and serum LDL greater than or equal to 160 mg/dL using a simple proportional hazards regression model. The hazard ratio and 95% CI was computed using a robust Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. Parameter estimates of the regression uses maximum partial likelihood estimation. Statistical inference was based on hazard ratio between groups and the slope from the proportional hazards regression and its standard error, with two-sided p value and 95% confidence interval computed using the approximate normal distribution.

Results: From proportional hazards regression analysis, we estimate that for each 1 mg/dl unit difference in serum LDL levels, the risk of death is 0.7% lower in the group with the higher serum LDL levels (The higher group has an instantaneous event rate 0.993 times lower). This estimate is highly statistically significant (P =.009) so we cannot reject the null. A 95% CI suggests that this observation is not unusual if a group that has a 1mg/dl higher serum LDL level might have risk of death that was anywhere from 1.3% lower to 0.2% lower than the group with the lower 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, this can be effected by the Stata code

I created this variable.

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.

Transformed variable are uninterpretable and counter intuitive for descriptive statistics. Descriptive statistics will follow what was done in part 1a, with the same Kaplan Meier curves and statistic probabilities, and logranks.
Methods: The odds of subjects dying within 5 years of study enrollment were compared between subjects in strata defined by serum LDL less than 130 mg/dL, between 130 and 160 mg/dL and serum LDL greater than or equal to 160 mg/dL whose serum was log transformed 
using a simple proportional hazards regression model. The hazard ratio and 95% CI was computed using a robust Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. Parameter estimates of the regression uses maximum partial likelihood estimation. Statistical inference was based on hazard ratio between groups and the slope from the proportional hazards regression and  its standard error, with two-sided p value and 95% confidence interval computed using the approximate normal distribution.

Results: From proportional hazards regression analysis, we estimate that for each doubling in serum LDL levels, the risk of death is .436 times lower  in the group with the higher serum LDL levels. This estimate is highly statistically significant (P < .001). A 95% CI suggests that this observation is not unusual if a group that has a nadir twice as high as another might have risk of relapse
 that was anywhere from 0.431 to 0.738  times as low as the group with the lower 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, this can be effected by the Stata code

I created this variable
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.
The quadratically transformed variable is  uninterpretable and counter intuitive for descriptive statistics. Descriptive statistics will follow what was done in part 1a, with the same Kaplan Meier curves and statistic probabilities, and logranks.

Methods: The odds of subjects dying within 5 years of study enrollment were compared between subjects in strata defined by serum LDL less than 130 mg/dL, between 130 and 160 mg/dL and serum LDL greater than or equal to 160 mg/dL whose serum was squared(quadratically) transformed using a simple proportional hazards regression model. The hazard ratio and 95% CI was computed using a robust Cox proportional hazards regression with the Huber-White sandwich estimator of the standard errors. Parameter estimates of the regression uses maximum partial likelihood estimation. Statistical inference was based on hazard ratio between groups and the slope from the proportional hazards regression and its standard error, with two-sided p value and 95% confidence interval computed using the approximate normal distribution. Both squared transformed variable and variable as a continuous value were used in the regression.

Results: 

An analysis performed by regressing the serum ldl levels on a quadratic polynomial in death finds that the observed differences between the groups by death means is greater than what might reasonably be expected when had no true effect (P=0.008 ). A marginally statistically significant second order term in serum LDL levels (P = 0.055) suggests that we cannot with high confidence reject the null hypothesis that there is not an association with instantaneous risk of death and serum ldl levels squared. While we can reject the null for 
a quadratic relationship, however this means that with new data, there is a possibility that there may be a linear association, which would require more testing and data. The model overall is statistically significant, which provides evidence that it is linear, but we cannot with certainty say it is. Using this model, for every increase ldl, there is a 0.26 times lower than the lower serum LDL levels. Using this model for every squaring of serum ldl, there is almost equal risk of death than lower serum LDL levels. Serum ldl variable was doubled within a range of 140-247.
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

I created this variable.
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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For all three fitted hazard ratios, they appear similar to the results of problems 1-3. All three seem to follow a linear trend, however, the quadratic-based curve is more  in a curvilinear fashion. All three are highly variable at the extreme endpoints. The continuous ldl is most linear, the quadratic is semi-u shaped. Due to centering, all the curves are centered at the serum LDL level of 160 mg/dL, where it reports a relative hazard ratio of 1.
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.
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�You didn’t categorize your data for Cox regression. Not sure what you meant there.


�?


�No mention of the Null hypothesis.





