# 1571
1. With right censoring, we can say that death occurs after a certain point, although we are not able to say exactly when it occurs.  Thus, the group that experienced death after 5 years is valid to use for statistical analysis because even for those who were censored after 5 years, we still know that they experienced death after 5 years even though we do not know exactly when it occurred.  The potential issue is with the group that experienced death before 5 years because if their observation time had been truncated due to leaving the study (still alive), we would have right censoring, and would not know if their time of death was before or after 5 years.  However, I listed the number of observations that had observation times of less than or equal to 1826 days (my proxy for 5 years), and all 121 subjects died when their observation time ended, so none were subject to censoring.  In the “death after 5 years” group, 602 were censored and 12 died (however, as explained above, censoring in this group does not invalidate our analysis).
Note: 10 subjects with missing LDL cholesterol values were excluded from the analysis.
	
	Low LDL Cholesterol (<160 mg/dL), N=618
	High LDL Cholesterol (>160 mg/dL), N=107

	Death at or before 5 years, n (% of total in each cholesterol group)
	116 (18.8%)
	15 (14.0%)

	Age, years 

     Mean
	74.515 
	74.879

	Sex, n (% of total of each sex)
     Female

     Male 
	303 (83.0%)

315 (87.5%)
	62 (17.0%)

45  (12.5%)

	Weight
     Mean
	162.740
	159.356

	Smoking History
Current Smokers

     N (% of total in cholesterol group)
     Pack-Years, mean

Past Smokers

     N (% of total in cholesterol group)
     Pack-Years, mean

     Number of Years Since Quitting Smoking, mean

Ever Smokers

     N (% of total in cholesterol group)
     Pack-Years, mean
	85 (13.8%)
44.866

264 (42.7%)
32.102

22.318

349 (56.5%)
35.211
	13 (12.1%)
42.032

45 (42.1%)
30.849

21.444

58 (54.2%)
33.355

	Prior History of Cardiovascular Disease
Congestive Heart Failure, n (% of total in cholesterol group)  

     Coronary Heart Disease-Angina or Myocardial Infarction, n (% of total in cholesterol group)
      Stroke or Transient Ischemic Attack
	37 (6.0%)

130 (21.0%)
77 (12.5%)
	3 (2.8%)

21 (19.6%)

20 (18.7%)


Methods: I conducted the following with the statistical program, STATA.  I first dichotomized the groups into low (<160 mg/dL) and high (>=160 mg/dL) LDL cholesterol.  I excluded the 10 subjects with missing LDL observations.  This was done for all the following problems.  The 160 mg/dL cut point was chosen according to information given to us in the problem set.  I chose to dichotomize on LDL (the predictor of interest), because it is a cohort study, and so is categorized based on POI.  I used the observation time variable to generate a new variable indicating vital status at 5 years (using 1826 days as a proxy).  I reported the count of those who died at or before 5 years for both LDL groups.  I gave the percentage of those who had died out of the total number of people in each LDL group.  I used similar methods for sex, and history of congestive heart failure, coronary heart disease and stroke.  These were all binary/categorical variables, so this type of reporting of descriptive statistics was appropriate.  For age and weight, I found a mean for each LDL group.  I reported a count of current smokers in each group by finding those who had a nonzero pack-year history, as well as zero years since quitting smoking.  For past smokers, I counted those who had a nonzero pack-year history and a nonzero value for years since quitting smoking, for each LDL group.  I added these two together for ever smokers.  I found the mean pack-years for each of these three groups, excluding the non-smokers, as they would distort the mean that we are interested in.  For past smokers, I also included the mean number of years since quitting smoking.  I included information about past smoking and time since quitting due to a scientific/medical reason, which is that the deleterious effects of smoking lessen over time after quitting.  

Inference: The POI is LDL cholesterol levels, here dichotomized into high and low.  The primary response variable is death.  For this question, I also reported the point estimates for LDL cholesterol across many other variables (age, smoking status, sex, weight, etc.) to see if the point estimates (means or counts) tended to differ.  There was a higher rate of death among those with low LDL cholesterol than high LDL cholesterol (18.8% of the cholesterol group vs. 14.0%).  A larger proportion of males were in the low LDL group than females (87.5% vs. 83.0%, respectively).  A higher proportion of the low LDL group had a history of congestive heart failure than the high LDL group (6.0% vs. 2.8%, respectively).  However, a higher proportion of the high LDL group had a history of stroke or transient ischemic attack than the low LDL group (18.7% vs. 12.5%, respectively).
2. Methods: I performed a two-sided t-test comparing the mean serum LDL cholesterol between those who died at or before 5 years and those who died after 5 years. 

Inference: The POI is vital status at 5 years.  The primary response variable is LDL levels, dichotomized into high and low with the same cut point used in previous answers.  The group that died at or before 5 years had a mean LDL of 118.698 mg/dL (n=119), while the group that died after 5 years had a mean LDL of 127.198 mg/dL (n=606).  The point estimate for the difference in LDL levels was 8.501 mg/dL (two-sided p-value =0.0186).  This p-value indicates that these data are beyond what would be expected by chance if the two LDL groups had equal 5-year death rates.  The 95% CI also supports the conclusion that the two groups do not have the same distribution of serum cholesterol levels: it indicates that the serum LDL level is 1.441 mg/dL to 15.560 mg/dL higher in those who did not die within 5 years, as compared to those who did.
3. Methods: I created a new variable, which was the natural log of the LDL values.  I then performed a two-sided t-test comparing the mean serum LDL cholesterol levels between those who died at or before 5 years and those who died after five years.  I exponentiated the point estimates for each group to get the geometric mean LDL levels.  I also exponentiated the difference in means, which gave me the ratio of the geometric means.
Inference: The POI is vital status at 5 years.  The primary response variable is LDL levels, dichotomized into high and low with the same cut point used in previous answers.  The group that died at or before 5 years had a mean LDL of 120.981 mg/dL (n=119).  The group that died after 5 years had a mean LDL of 122.825 mg/dL (n=606).  The point estimate for the difference in LDL levels between the two groups was 1.097 (two-sided p-value: 0.0128).  This indicates that the ratio of geometric means is beyond what we would expect to see by chance alone if the two groups with different 5-year vital status have the same distribution of serum LDL cholesterol.  The 95% CI also shows that the two groups have different LDL levels: it indicates that the group that survived beyond 5 years has 2.0% to 17.9% higher serum LDL levels than the group that died at or before 5 years [95% CI (1.020, 1.179)].  
4. Methods: I calculated risk of death among those with high LDL cholesterol and those with low LDL cholesterol, followed by the risk difference between these two point estimates.  
Inference: The POI is LDL cholesterol levels, here dichotomized into high and low.  The response variable is death.  The group with high LDL had a risk of death of 0.170 (n=618), and the group with low LDL had a risk of death of 0.131 (n=107).  The risk difference was 0.039, with a two-sided p-value of 0.3139; thus, this difference was not extreme enough to rule out the possibility that there was no difference in risk of death between the two groups.  The 95% CI also supported this null result: the observed risk difference was such that the group with high LDL had between 0.031 lower risk of death and 0.109 higher risk of death as compared to the group with low LDL [95% CI (-0.031, 0.109)].  
5. Methods: I calculated risk of death among those with high LDL cholesterol and those with low LDL cholesterol, as well as the odds ratio of these two point estimates.

Inference: The POI is serum LDL cholesterol levels, here dichotomized into high and low.  The primary response variable is death.  The group with high LDL had a risk of death of 0.170 (n=618), and the group with low LDL had a risk of death of 0.131 (n=107).  The odds ratio comparing the low LDL group to the high LDL group was 1.360.  The two-sided p-value was 0.314, indicating that the data is not extreme enough to rule out the possibility that there is no difference in risk of death between the two groups.  The 95% CI also supports this null result, such that the group with high LDL had between 25.4% lower and 147.7% higher risk of death [95% CI (.746, 2.477)].  
6. Methods: I calculated the cumulative hazard functions comparing those with high LDL cholesterol and those with low LDL cholesterol.  I created a graph of the cumulative hazard functions.
Inference: The POI is serum LDL cholesterol levels, here dichotomized into high and low.  The primary response variable is death.  Based on the two-sided p-value of 0.306, there is not enough evidence to say with certainty that the 5-year survival probabilities of the high LDL group and the low LDL group are not equal.  The following graph shows the point estimates and 95% confidence intervals of the hazard functions for low LDL and high LDL groups.  Point estimates and confidence intervals are not reported numerically, as they were in previous answers because they are different at each instantaneous time point.  It can be seen from the graph that the two hazards functions cross, and this test works best with “proportional hazards,” when the lines have similar slopes and do not cross.  Thus, this analysis is not ideal, and the results should be interpreted with caution.
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7. I would use the odds ratio, which I used in Question 6.  The groups are defined appropriately, with the subjects categorized based on LDL levels, the (scientifically speaking) “true” POI.  This is also the correct way to define the data for analyses because this is a cohort study, which was grouped based on POI.  The odds ratio is easily interpretable, with exposure (serum LDL cholesterol) being associated with a certain percent higher or lower risk of death at 5 years.  I find it more straightforward in its interpretation than the risk difference.  The cumulative hazard function method has its merits, as it compares the two groups at many time points; however, in this analysis, the two hazard curves cross and under this condition the log rank test does not perform well.    

In fact, I would have preferred regression over any of these methods.  We have two continuous 
variables: serum LDL cholesterol levels and observation time (serving as a proxy for time to 
death), so it is best to use regression so we can be more “efficient” (here used with its statistical 
meaning: to make use of the most data possible in your analysis).  Dichotomizing, or 
categorizing, the data causes us to lose valuable information.  However, because we have 
censored data that we are analyzing continuously, we need to use a method that can work with 
censored data, so I would use proportional hazards regression.
