Homework #1:
1. Dichotomizing the time to death within 5 years of study enrollment or death after 5 years is acceptable, because there were no individuals in the study that were censored before 5 years of enrollment and follow up. Therefore, it can be assumed that their time of death would be more than 5 years, or else it would have been observed. Descriptive statistics were run on the data to ensure that no one was censored before 5 years of enrollment. To do this, the variables we sorted by death status (0 or 1) and the obstime variable was summarized. Then, we looked to see if those that did not die were observed greater than or equal to 1826 (days), since that would be five years (assuming only one leap year). We were not concerned with creating a binary five-year survival variable because those that died after five years were of no interest at this time. Those in the “no” column did not die before 1826 days, and therefore the earliest censored individual was after a total of 5 years.
	
	Death

	
	No (n = 602)
	Yes (n = 133)

	Days of Obs (Min-Max)
	1827 – 2159
	68 – 2022


2. 

	
	Death before 5 years (n=121)
	Death after 5 years (n=614)

	
	Nmissa
	Mean(SD) or n(%)
	Min-Max
	Nmissa
	Mean(SD) or n(%)
	Min-Max

	LDL (mg/dL)
	2
	118.7 (36.2)
	11 – 227
	8
	127.2 (32.9)
	39 – 247

	Age (years)
	0
	76.5 (6.2)
	67 – 91
	0
	74.2 (5.2)
	65 – 99

	Weight (lbs)
	0
	159.1 (32.8)
	96 – 264
	0
	160.1 (30.3)
	74 – 258

	Sex (male)
	0
	78 (64%)
	
	0
	288 (47%)
	

	Smoker
	1
	75 (63%)
	
	0
	338 (55%)
	

	Pack-yearsb
	1
	44.9 (36.4)
	1.35 – 240
	0
	32.6 (25.1)
	.1 – 180

	CHF
	0
	17 (14%)
	
	0
	24 (4%)
	

	CHD
	0
	
	
	0
	
	

	No
	
	75 (62%)
	
	
	505 (82%)
	

	Angina
	
	17 (14%)
	
	
	47 (8%)
	

	MIc
	
	29 (24%)
	
	
	62 (10%)
	

	Stroke
	0
	
	
	0
	
	

	No
	
	86 (71%)
	
	
	550 (90%)
	

	TIAd
	
	7 (6%)
	
	
	17 (3%)
	

	Yes
	
	28 (23%)
	
	
	47 (8%)
	


aNumber missing
bAmong smokers

cMyocardial Infarction

dTransient Ischemic Attack

Since we are concerned with five-year survival, we have decided to present the descriptive statistics in such a way to maintain the efficiency of the other data collected, especially the continuous variables. This time we created a new binary for five-year survival, using the obstime, knowing that anyone that was not observed for at least five years must have died (based on the analysis in question 1). By then sorting the variables based on this survival, we tabulated the important statistics, including the number of missing values and mean/standard deviation for continuous random variables. For nominal and binary variables, we tabulated the number of individuals and corresponding frequencies.


 Based on the descriptive statistics, it appears that those that died within five years had a slightly lower LDL level, although for both groups they were within the clinically significant range of “near ideal.” Of particular note of the two groups was that males made up a higher proportion of the cases of death within five years, and we know from previous studies that sex is associated with all-cause mortality. Lastly, we noticed a couple of medical differences between the two groups: most notably, not only did the survival group have less smokers and pack-years, they had less individuals with a history of congestive heart failure, coronary heart disease, and stroke, all of which are strongly associated with mortality. These differences could be confounding any associations perceived between LDL levels and five-year mortality.
3. A two-sided, two-sample t-test not assuming equal variances was run with α = 0.05. As before, we maintained the dichotomization of data based on five-year survival. The null hypothesis was that the LDL levels for the two populations (greater than or less than five-year survival) were equal. The alternative hypothesis being tested was that the LDL levels of these two groups are not equal. For those that died within five years from all causes, the mean LDL (mg/dL) level was 118.7, which is consistent (based on a 95% confidence interval) with a true mean LDL in this population between 112.1 – 125.3. For those that lived until at least year five of enrollment, the mean LDL was 127.2. With 95% confidence, these observed results would not be unusual if the true population mean LDL was between 124.6 – 129.8. The test statistic was -2.38, with a p-value of 0.0186. Therefore, we have sufficient data to reject the null hypothesis that the LDL levels in these two groups are the same. Our data of a mean LDL that is 8.5 mg/dL lower is consistent with a 1.4 – 15.6 mg/dL lower LDL for those that did not survive at least five years, based on the 95% confidence interval.
4. Again
, a two-sided, two-sample t-test not assuming equal variances was run with α = 0.05. The null hypothesis was that the LDL levels for the two populations (greater than or less than five-year survival) were equal. The alternative hypothesis being tested was that the LDL levels of these two groups are not equal. However, because we are analyzing the association using the geometric means of LDL for the two groups, we had to use a log transformation. A new variable log_ldl was created that took the natural log for all LDL values. The t-test was run on these values against the five-year survival. The means and confidence intervals were exponentiated to obtain the geometric means with corresponding confidence intervals for the two groups, and the difference in means was exponentiated to determine the ratio of the geometric means of the untransformed data
. 
(The following data is presented following back-transformation.) The geometric mean LDL of the group that did not survive at least five years was 112.0 mg/dL, which is consistent with a true population LDL mean of 104.5 – 120.0, based on the 95% confidence interval. The geometric mean LDL of the survival group was 122.8 mg/dL. Based on the 95% confidence interval, this observed mean would be consistent with a true population mean LDL between 120.2 – 125.5. The ratio of the mean LDL of the two groups was calculated to be 0.912
, meaning that the mean LDL was lower in those that died within five years. Finally, the p-value of this test was 0.0128, indicating that we do have sufficient data to reject the null hypothesis that the geometric mean LDL of the two groups are the same.
5. The POI, mean LDL level, was dichotomized to “high LDL” and “low LDL” based on clinically relevant measurements provided by the Mayo Clinic. The cutoff was 160 mg/dL, with any values above that being considered “high” and those below labeled as “low.” Since both the POI and response variables were dichotomized/binary, we chose to run a Chi-square Goodness-of-fit test with α = 0.05. We felt this was appropriate because no expected cells would be less than 5. The test was run to see if five-year survival was independent of a high or low LDL level (using a cutoff of 160 mg/dL), our null hypothesis. The alternative hypothesis was that high/low LDL levels and survival were not independent. The p-value was calculated to be 0.375. This would suggest that our data was insufficient to reject the null that LDL levels are independent of five-year survival. Instead, our data suggest that LDL levels do not vary between survival groups beyond chance.
6. First, we made a new variable, deathfvyr, to represent all those that did die within the first five years. Then, an odds ratio was calculated, with the outcome “cases” being those that died within five years, the “controls” being those that survived, “exposed” being those that had high LDL levels (greater than 160 mg/dL), and “unexposed” being those that had low LDL levels. We used a case-control analysis to calculate the odds ratio. We set α = 0.05. According to our data, the odds of someone with a high LDL dying within five years relative to those with low LDL is 0.774, initially suggesting a protective effect. However, the 95% Woolf confidence interval was also calculated, which was 0.44 – 1.37. In addition, the p-value was calculated to be 0.375. Therefore, the data observed would be consistent with a true population odds ratio between 0.44 – 1.37, and our p-value indicates that we do not have sufficient data to reject the possibility that the odds of death within five years between the two LDL groups is equal.
7. To
 determine instantaneous risk of death between the two groups, we calculated the proportional hazard using a Cox regression. We set failure to be defined by the binary variable death, and the time scale was set using the obstime variable. The Cox regression for proportional hazards was then calculated with a predetermined α = 0.05. According to the data observed, those with high LDL had a proportional hazard of 0.75
, suggesting a protective effect. With 95% confidence, our results are consistent with a true proportional hazard between 0.45 – 1.24. In conjunction with a p-value calculated of 0.268, our data was insufficient to conclude that the instantaneous risk of death between the high and low LDL groups was different over the study.
8. Since
 the specific aim of our analysis was to see if serum low-density lipoprotein levels have some association with survival, I would have used the method in question 7 – the Cox regression to calculate proportional hazard. I would have left the obstime variable continuous
 rather than dichotomizing, but do this with the ldl variable. Like in the previous questions, I would have made a binary indicator for high and low LDL
, and stcox in STATA to determine the proportional hazard between the groups. I believe this would address our aim most accurately because we are first not concerned with absolute risk, but the ratio of risk for those with high LDL levels. Also, the Cox regression model does not specify a baseline hazard rate. Once run, we can use the results of the test to report whether or not a high LDL level is associated with an increased or decreased risk of mortality at any given instant.
�9/10


Need a column for Total (-1)
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�Method: 5/5


�95% Ci for the ratio is missing (-2)
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�This is the hazard ratio


Slightly different than in answer key, probably due to the fact that we had 10 missing values for LDL that needed to be excluded from all analysis (-1)


�8/10


�Good. +2


�Better yet, use LDL as a continuous variable.





