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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.

This is valid because within this dataset, no subjects were censored before 5 years. We have complete information about which subjects died and which subjects were still alive 5 years after study enrolment. Since no study participants were lost to follow up before the 5 year threshold, we can assume that everyone alive at 5 years will survive sometime past this threshold.

To demonstrate that there is no censored observation before 5 years have passed from study enrolment, I would use the minimum value of observation time within individuals who did not die during the study (individuals whose deaths are recorded in the study are not censored).  Indeed, in the data, we find that the minimum number of days of observation time contributed by an individual who does not die is 1,827 days (five years would be 1826 days).
Methods: A subset representing all study participants who did not die was created. Within this subset, I returned the minimum value for the observation time variable (obstime).
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:  The data were subdivided into two groups: a high LDL group (individuals exhibiting an LDL concentration of 160 mg/dL or higher), and a low LDL group (individuals with an LDL concentration of lower than 160 mg/dL). Descriptive statistics were tabulated for each of these two groups, and are shown below in tabular form.  Categorical variables are summarized by counts, and binary variables are summarized by the mean (which relates to the proportion of the variable). Descriptive statistics for observation times are not listed since they are censored and therefore need to be treated with Kaplan-Meier methods.
	 
	Variable
	N obs
	Mean
	sd
	Min
	.25 q
	Median
	.75 q
	Max

	Low LDL (< 160 mg/dL)
	Age
	725
	74.57
	5.45
	65
	71
	74
	78
	99

	 
	Weight
	725
	159.86
	30.77
	74
	138.5
	158
	179
	264

	 
	Sex (Male=1)
	725
	0.5
	-
	-
	-
	-
	-
	-

	 
	Smoking (Pack Years)
	725
	19.62
	27.16
	0
	0
	6.5
	33.75
	240

	High LDL (>= 160 mg/dL)
	Age
	10
	74.4
	6.13
	68
	68
	74
	77
	86

	 
	Weight
	10
	166.8
	29.07
	130
	146
	157.5
	194
	213

	 
	Sex (Male=1)
	10
	0.6
	-
	-
	-
	-
	-
	-

	 
	Smoking (Pack Years)
	9
	18.17
	23.69
	0
	0
	5
	37
	65


	Low LDL
	Stroke Type
	Counts
	Percent

	n=725 obs
	No Stroke
	628
	86.6

	 
	Transitent Ischemic Attack
	24
	3.3

	 
	Stroke
	73
	10.1

	 
	CHD Type
	Counts
	Percent

	 
	None
	574
	79.17

	 
	Angina
	62
	8.55

	 
	MI
	89
	12.28

	 
	CHF 
	Counts
	Percent

	 
	None
	685
	94.48

	 
	Present
	40
	5.52

	High LDL
	Stroke Type
	Counts
	Percent

	n=10 obs
	No Stroke
	8
	80

	 
	Stroke
	2
	20

	 
	CHD Type
	Counts
	Percent

	 
	None
	6
	60

	 
	Angina
	2
	20

	 
	MI
	2
	20

	 
	CHF 
	Counts
	Percent

	 
	None
	9
	90

	 
	Present
	1
	10


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: I dichotomized the data into two groups: study participants with observation times greater than 5 years (1826 days), and those individuals with observation times less than or equal to 5 years. A two-sided two sample t test was performed to analyze whether there was a difference in the mean LDL values between individuals who had lived greater than 5 years who had not.

A two-sided two-sample t test was used to test whether serum LDL levels (the predictor of interest) were associated with 5 year survival (outcome of interest). The mean was used as the summary measure. The mean LDL for study participants surviving up to or past 5 years was determined to be 127.2 mg/dL. The mean LDL for participants who died before 5 years was determined to be 118.7 mg/dL. The difference in the means is 8.5 mg/dL with a 95% confidence interval of 1.44mg/dL to 15.56 mg/dL (p=0.019). Given an alpha level of 0.05, it would be unlikely to observe this large of a difference in the mean LDL concentrations between the two groups in the absence of a true association.
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: LDL values for all study participants were log transformed.  Then a two sided two sample t test was performed comparing the mean log transformed LDL concentrations between subjects who had survived 5 years and over, and those who did not survive up until 5 years. Values stated below have been back transformed to represent biologically relevant values.
A two-sided two-sample t test was used to test whether log-transformed serum LDL levels (the predictor of interest) were associated with 5 year survival (outcome of interest). The geometric mean was used as the summary measure. The back-transformed mean LDL for individuals who survived past 5 years was 114.4 mg/dL and 105.6 mg/dL for individuals who died before 5 years past study enrolment. The difference in the geometric mean LDL between these groups is 0.92 mg/dL, with a 95% confidence interval of 0.86 mg/dL to 1.011 mg/dL (p=0.025). Given an alpha level of 0.05, it would be unlikely to observe this large of a difference in the geometric mean LDL concentrations between the two groups in the absence of a true association.
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: LDL values were dichotomized into two groups: high LDL (values > 160 mg/dL) and low LDL (all values less than 160 mg/dL).  Observation time was also dichotomized into two groups: individuals surviving at 5 years or longer, and those that did not survive up until the 5 year threshold.  Given that both variables are binary, a chi-square test was performed testing for independence of LDL values and five-year survival outcomes. The null hypothesis is that LDL concentration and five-year survival are independent.
To test the independence of LDL level (the predictor of interest) on 5-year survival (the outcome of interest) a chi-square test of independence was performed. The probability that LDL concentration and five-year survival are independent is 0.092.  Unfortunately, the precision of this test was insufficient to demonstrate at an alpha level of 0.05 that such the above probability of independence would be unlikely if the two variables were in fact independent. Thus we fail to reject the null hypothesis. 
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: Since we are interested in the odds of death for people with low LDL versus high LDL, the initial step in this analysis is to sub-select all individuals who have died within the 5 year time frame. From there we can look at the odds that a dead study participant had a high LDL or low LDL level. Logistic regression was performed with all cases of mortality within 5 years as the response variable and LDL status as the predictor of interest. 

Using LDL status as the predictor of interest and participant mortality as the outcome of interest, logistic regression was performed to determine the odds of death associated with having a high LDL level or a low LDL level. Individuals with high LDL levels (LDL > 160 mg/dL ) were 1.13 times as likely to die within five years of study enrolment as individuals with LDL levels less than 160 mg/dL (95% CI: 0.24 – 5.30, p =0.875). Given the observed large p value, it is possible that we would observe this odds ratio even in the absence of a true relationship between high LDL levels and likelihood of death. Thus we fail to reject the null hypothesis.
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). 
Methods: Observation time was kept as a continuous variable with days as the units.  LDL level was dichotomized as described previously so as to make a high LDL group (LDL > 160 mg/dL) and a low LDL group (LDL < 160 mg/dL). Cox proportional hazards regression was performed to compare the instantaneous risk of death between subjects with high LDL levels and those with low LDL levels. 

Of 735 study participants 133 were observed to die during the study observation, contributing 1,325,995 days at risk of death. Cox proportional hazards regression was used to assess what proportion of the risk of death was conferred by high LDL status. The ratio of the hazard of death between individuals exhibiting high LDL and individuals exhibiting low LDL was 1.17 (95% CI: 0.29 - 4.74, p = 0.823).  Given the large p value associated with this test, this study was not adequate to demonstrate that the slightly elevated hazards for individuals with a high LDL concentration would be unlikely if there were no true relationship between LDL level and the instantaneous risk of death.
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?
A priori I would have favored using Cox proportional hazards regression to analyze whether there was an association between mortality and serum LDL.  This is because analysis is generally more informative when continuous variables (such as observation time) are kept continuous, rather than dichotomizing them to the lowest threshold before censoring occurs.  Keeping the data continuous allows you to use more of the data at a finer resolution.  However, if observation time is kept continuous, then that variable is subject to censoring, which means that not all regression methods will be applicable.  Cox proportional hazards will however allow you to do regression with the censored data. Cox proportional hazards regression also has the advantage of demonstrating how much additional hazard your predictor of interest confers (since it is a ratio of the hazards), rather than relating the hazards to a baseline value which is less interpretable.
