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1. The observations of time to death in this data are subject to (right) censoring. Nevertheless, problems 2 – 6 ask you to dichotomize the time to death according to death within 5 years of study enrolment or death after 5 years. Why is this valid? Provide descriptive statistics that support your answer.
ANS: In this case it is valid to dichotomize time to death because by doing so we are considering a new binary variable which would indicate if the patient died within 5 years or after 5 years of joining the study. Doing so is valid because in our sample we have we have complete information about this variable, i.e. we know the number of people who died within 5 years and the number of people who did not. Firstly, for people who died during the study we have complete information regarding when they died. So if we reduce our attention to the 602 (81.9%) patients who were alive at the end of the study we see that out of those 602 the range of observation times is 1827 days to 2159 days or 5 to 5.9 years. Which means that for all the right censored observations we know that that they all dies AFTER 5 years. 
In summary, even though our data is censored for time to death for 81.9% of the patients there is no censoring when we dichotomize the variable to death before or after 5 years.  



2. Provide a suitable descriptive statistical analysis for selected variables in this dataset as might be 
presented in Table 1 of a manuscript exploring the association between serum LDL and 5 year all-cause mortality in the medical literature. In attention to the two variables of primary interest, you may restrict attention to age, sex, weight, smoking history, and prior history of cardiovascular disease (coronary heart disease (CHD), congestive heart failure (CHF), and stroke.
Methods: We present the descriptive statistics for the sample in table 1 below which are divided into the two groups for those who die within 5 years and those who die after 5 years. For continuous variables like serum LDL levels we measured the mean, standard deviation and the range of the data and we do the same for some ordered discrete variables like age and smoking history. For the categorical variables Sex, CHD,CHF and stroke we present the proportion of patients for each category. 

Inference: Based on the table below we observe that majority of patients (83.5%) of patients died after 5 years of being enrolled in the study. We notice that within our sample for both groups the LDL levels vary from being ideal to Very high levels and we also have about 10 missing observations for .LDL levels. The distribution of age seems to be the same across both groups with no missing data. The ratio of males to females is approximately one for both groups which means that in the data these variables are not associated with the response. We have similar results for weight. 

Sex may be a potential effect modifier which is consistent with the descriptive statistics presented in table 1 which shows that those who died within 5 years have a higher smoking rate than those who lives longer. 

Based on the descriptive statistics for CHD,CHF and Stroke we notice that these variables may be potential confounders or effect modifiers as we see that within the group of those who died early had a history of heart conditions.  


	 
	Died within 5 years

N = 121 (16.5%)
	Died after 5 years

N = 614 (83.5%)


	
	N(%)
	Mean
	SD
	Min
	Max
	NAs
	N(%)
	Mean
	SD
	Min
	Max
	NAs

	Serum LDL mg/dL
	 
	118.7
	1307.3
	11.0
	227.0
	2
	
	127.2
	1084.3
	39.0
	247.0
	8

	Age (years)
	
	76.5
	6.7
	67.0
	91.0
	0
	
	74.2
	5.2
	65.0
	99.0
	0

	Sex
	Male: 78 (53.1%)

Female: 43 (46.9%)
	0
	Male: 288 (53.1%)

Female: 326 (46.9%)
	0

	Weight (pounds)
	
	159.1
	32.8
	96.0
	264.0
	0
	
	160.1
	30.3
	74.0
	258.0
	

	Smoking history 
	
	28.1
	36.0
	0.0
	240.0
	1
	
	18.0
	24.7
	0.0
	180.0
	0

	CHD
	No diagnosis: 75 (62.0%)

Angina: 17 (14.0%)

Myocardial Infarction: 29 (24.0%)
	0
	No diagnosis: 505 (82.2%)

Angina: 47 (7.7%)

Myocardial Infarction: 62 (10.1%)
	0

	CHF
	No congestive Heart failure: 104 (86.0%)

Congestive Heart Failure: 17 (14.0%)
	0
	No congestive Heart failure: 590 (96.1%)

Congestive Heart Failure: 24 (3.9%)
	

	Stroke
	No Diagnosis: 86 (71.1%)

Transient Ischemic attack: 7 (5.8%) 

Diagnosis of Stroke: 28 (23.1%)
	0
	No Diagnosis: 540 (89.6%)

Transient Ischemic attack: 17 (2.8%) 

Diagnosis of Stroke: 47 (7.7%)
	0



3. Perform a statistical analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing mean LDL values across groups defined by vital status at 5 years.

Methods:  We performed a 2 sample t-test on independent samples for the difference of mean serum LDL levels between the group that died within 5 years and those who died after. The test was performed at an alpha level of 0.05.

Inference:  Based on a two sample t-test for difference of means we observed the mean LDL levels for those who died within 5 years in the sample is 118.7 mg/dL and the mean for the other group 
is 127.2 mg/dL. So in this sample we observe the mean LDL level to be 8.5 mg/dL higher for those who lives longer 
with a 95% confidence interval of (1.4, 15.6) mg/dL higher for those who lived longer. These results are unexpected for when the true difference is 0, i.e. there is statistically significant evidence to suggest that there is a difference in mean LDL level across the two groups based on a P-value of 0.019.
4. Perform a statistical analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing geometric mean LDL values across groups defined by vital status at 5 years.

Methods:  We considered the ratio of geometric mean serum LDL levels between the group that died within 5 years and those who died after by performing a two sample t-test on independent samples by using a log transformation on the LDL levels. The test was performed at an alpha level of 0.05.

Inference:  Based on a two sample t-test for difference of means on the log transformed data we observed the geometric mean LDL level for those who died within 5 years in the sample is 112.0 mg/dL and the geometric mean for the other group is 122.8 mg/dL. So in this sample we observe the geometric mean LDL level to be 1.1 times higher for those who lives longer with a 95% confidence interval of (1.02, 1.18) times higher for those who lived longer. These results are unexpected for when the true ratio is 1 across the two groups based on a P-value of 0.012.

5. Perform a statistical analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing the probability of death within 5 years across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL).

Methods:  We performed a Pearson Chi-square test for the difference of proportions
 between the group of patients with high LDL level and with those who do not have high LDL levels. The test was performed at an alpha level of 0.05.

Inference:  Based on a Perason Chi square test for difference of probability or risk of death within 5 years we observed the estimated probability of dying within 5 years in the sample is 16.99% and the estimated probability in the sample for the other group is 13.08%. 
So in this sample we observe the proportion of patients dying within 5 years is 3.91% higher for those who do not have high LDL with a 95% confidence interval of 3.14% lower to 10.9% higher. These results are not unexpected for when the true difference is 0, i.e. there is not enough statistically significant evidence to suggest that there is a difference in the probability of death within 5 years across the two groups based on a P-value of 0.314
6. Perform a statistical analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing the odds of death within 5 years across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL).

Methods:  We performed a Pearson Chi-square test for the rtaio of odds 
between the group of patients with high LDL level and with those who do not have high LDL levels. The test was performed at an alpha level of 0.05.

Inference:  Based on a Perason Chi square test the estimated odds of death within 5 years in the sample is 1.36 times higher for those who do not have high LDL levels 
with a 95% confidence interval of 1.33 times lower to 2.46 times higher. These results are not unexpected for when the true ratio is 1, i.e. there is not enough statistically significant evidence to suggest that the odds ratio is not 1 based on a P value of 0.314

7. Perform a statistical analysis evaluating an association between serum LDL and all-cause mortality over the entire period of observation of these subjects by comparing the instantaneous risk of death across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL).

Methds:  We performed a logrank test to compare the survival experience or the hazard functions for the two groups with high serum LDL level and those who do not have high serum LDL levels.

Inference: Based on the log rank test where we compare the survival function or the hazard function which is the instantaneous risk of death. Based on a log rank test for survival data we do not have sufficient evidence to conclude that the hazard function is not the same or the hazard ratio is one based on a P value of the test of 0.225

8. Supposing I had not been so redundant (in a scientifically inappropriate manner) and so prescriptive about methods of detecting an association, what analysis would you have preferred a priori in order to answer the question about an association between mortality and serum LDL? Why?  


I would use Kaplen Mier estimates or compare the hazard ratio but using possibly more categories for the serum LDL levels. The reason is because we decrease power or effectively lose information when we dichotomize or categorize our data. However, in the case of time to death we have censored data and so we need some form of survival methods instead of simple regression. 
�Total points awarded: 54 out of 75.  See below for comments.


�5/5 points awarded for question 1


�7.5/10 points awarded for question 2.  See below comments for details.


�3/3 points awarded for choice of descriptive stats.


�1.5/3 points awarded for inference. Sex may be an effect modifier because of smoking??? This sentence doesn’t make sense.  Next paragraph does not explain how these effect both LDL & Death.  Does not indicate understanding of confounding which is association with both the POI and Outcome, and cannot be a mediator. -1.5 points


�your numbers don’t match the key.  Check stata code.


�3/4 points awarded for table.  The numbers should be directly below the column heading it corresponds to (N (%) looks strange with nothing below it. Also, need to define “smoking history.”  (-1 point).   Choice of statistics is good.


�8/10 points awarded for question 3.


�No mention of equal or unequal variances. -1 point.


�Define the “other group”-.5


�Lived longer than 5 years? Should say that more clearly. No mention of one sided or two sided. -.5 points


�8.5/10 points awarded for question 4.


�No mention of variances. -1 point.


�Not really how he interprets geometric means.  He uses % higher (but I think yours means the same thing). No mention of one sided or two sided. -.5 points


�8/10 points awarded for question 5.


�Difference of proportions of what?  No mention of outcome (death in 5 years).  – .5 points


�This is confusing.  You do not state what the 2 groups are that these % correspond to (High LDL & non high LDL). No mention of one sided of two sided. 


-1.5 point.


�8/10 points awarded for question 6


�Odds of what? Death within 5 years. -.5 points.


�Compared to what? Define high LDL level.  No mention of one sided or two sided.  – 1.5 points.  


�Numbers are very different from what’s in the key…


�7/10 awarded for question 7.


�Need to define high LDL. No Kaplan-Meier graph.  No point estimates or 95% CIs for hazard ratio. No mention of 1 sided or 2 sided. -3 points.


�2/10 points awarded for question 8.






