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Question 1:5/5
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 in support.
Even if some subjects’ time to death values are right-censored, standard analyses can be performed for periods less than the earliest censoring time.  Here, the minimum censoring time in the sample is 5.005 years – just over five years.  Therefore it is valid to conduct analyses based on five-year survival.  At the five-year mark, we know for every subject whether the individual died or survived beyond five years.  We can therefore generate the following descriptive statistics summarized below:
Table 1. Descriptive Statistics for Five-Year Survival

	Total Number of Subjects
	Minimum Censoring Time
	Number Dead by Five Years
	Number Surviving Beyond Five Years
	Proportion Dead by Five Years
	Proportion Surviving Beyond Five Years

	735
	5.005 years
	121 subjects
	614 subjects
	16%
	84%


Method: The descriptive statistics above were obtained by analyzing the minimum and maximum observation times, converted from days to years, for subjects for whom no death was recorded.  The minimum figure yielded the minimum censoring time.  Next, a variable was generated for subjects who were dead within five years.  The numbers of subjects who were dead in five years and those who survived beyond five years were tabulated. 
Inference: The descriptive statistics above indicate that the earliest censoring time occurred just after the five-year mark.  Therefore standard analyses may be performed based on five-year survival.
Question 2:9/10
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).
(1) Materials and Methods: The serum LDL levels were grouped by the following clinical criteria:

(1)  below 70 mg/dL, which is ideal for people at very elevated risk of heart disease; 

(2)  70mg/dL-99.9 mg/dL, the upper bound of the ideal range for people at risk of heart disease; 

(3) 100-129 mg/dL, which is near ideal; 

(4) 130-159 mg/dL, which is borderline high;

(5) 160-189 mg/dL, which is high; and

(6) 190 mg/dL and above, which is very high.

Comments: 
The continuous random variables, such as age, weight, smoking history, should also include standard deviation, minimum and maximum.
The data was sorted by LDL category and death within five years or survival beyond five years.  Proportions were calculated from the counts.  The data was also grouped and analyzed by age brackets, LDL levels and the proportion surviving beyond five years.  Ten subjects were missing LDL levels.

To identify potential confounding variables associated with the predictor of interest, LDL category, and outcome, five-year survival, Table 2.1 analyzes the characteristics of subjects in each LDL group by average age, gender, weight, pack-years of smoking and cardiovascular risk history (coronary heart disease (CHD), congestive heart failure (CHF) and stroke).  .
Table 2.1 Characteristics of Subjects in Each Serum LDL Sub-Category 

	
	Below     70 mg/dL
	70-99 mg/dL
	100-129 mg/dL
	130-159 mg/dL
	160-189 mg/DL
	180 mg/dL and up

	Number in LDL group
	  22 subj
	143 subj
	228 subj
	225 subj
	  83 subj
	   24 subj

	Mean Age
	     76 years
	  75 years
	  75 years
	  74 years
	  75 years
	  76 years

	Proportion Male(M)/Female (F)
	   68% M

     32% F
	  56% M

   44% F
	  54% M

    46% F
	   43% M

    57% F
	 48% M

    52% F
	 21% M

    79% F

	Mean Weight
	167 lbs
	159 lbs
	160 lbs
	158 lbs
	165 lbs
	154 lbs

	Mean Pack-Years, Smoking 
	16 

pack-years
	18 

pack-years
	21 

pack-years
	20 

pack-years
	19 

pack-years
	14 

pack-years

	Proportion with Coronary Heart Failure
	   9%
	   9%
	   5%
	   5%
	   2%
	   4%

	Proportion with  Angina Diagnosis
	   9%
	   8%
	  11%
	   6%
	   7%
	   8%

	Proportion with Myocardial Infarction
	  14%
	   9%
	  14%
	  12%
	  11%
	  17%

	Proportion with Trans. Ischemic Attack
	  14%
	   8%
	   9%
	  10%
	  13%
	  13%

	Proportion with Stroke Diagnosis
	   9%
	   4%
	   3%
	   1%
	   4%
	  13%


As summarized in Table 2.1, most subjects were clustered in the near-ideal to borderline high-range serum LDL levels.  Only a small number of subjects – around 3% of the total number -- had very low LDL levels under 70 mg/dL.  Similarly only around 3% of the 725 subjects with LDL readings had extremely high LDL levels of 180 mg/dL and up.
The proportion of males compared to females varied strikingly between the serum LDL groups.  The sub-70 mg/dL category had 68% males and only 32% females whereas the proportions were more balanced in the middle LDL-level categories and highly skewed with predominantly females – 79% -- in the highest-LDL category.  The difference in gender balances between categories is an important potential confounder because women live longer than men on average.  In this elderly study population the gender difference in longevity may impact five-year survival because subjects may already be near their gender-average lifespan at the time of enrollment.  The predominance of women in the high-LDL category and the predominance of men at the lowest-LDL category may mask the impact of LDL on five-year survival because of longevity differences between men and women.

Another potential confounder is the history of coronary heart failure.  Patients in the sub-70 mg/dL group had the highest prevalence of heart failure history at 9%, compared to just 2%-5% for other groups.  This is not surprising in light of the fact that sub-70 mg/dL serum LDL levels are recommended for patients at high risk of heart disease.  Patients in this category may be maintaining this very low serum level because of their elevated risk.  This is another important potential confounder associated with survival probability but not in the causal pathway of interest. 
While there are some slight differences in mean weight, this may be due to the different gender ratios in each category.  The average ages of the subjects in each group were similar, ranging between 74 and 76.
The 
(2) Data and Inferences

(i) Results:  As summarized in Table 2.1, death within five years was far more likely among subjects with levels below 70 mg/dL.  The five-year survival likelihood was substantially higher – between 81% and 88% compared to 59% − for subjects with serum LDL levels over 70 mg/dL.  
Table 2.2 Five-Year Survival by Serum LDL Level for All Subjects, Count and (Proportion)

	
	Below     70 mg/dL
	70-99 mg/dL
	100-129 mg/dL
	130-159 mg/dL
	160-189 mg/DL
	180 mg/dL and above

	Died within  five years
	9

(41%)
	24

   (17%)
	43

  (19%)
	29

   (13%)
	10

   (12%)
	4

  (17%)

	Survived past five years
	13

(59%)
	119

     (83%)
	185

     (81%)
	196           

     (87%)
	73

   (88%)
	20

   (83%)


(ii) Discussion: This result may at first blush seem puzzling because serum LDL is generally portrayed as “bad cholesterol” that patients endeavor to reduce.  As indicated in the materials and methods section, however, potential confounders may account for this result.  

First, because a serum LDL level below 70 mg/dL is recommended for people at very high risk of heart disease, patients in the lowest LDL category tended to have a higher prevalence of coronary heart disease history. The higher prevalence of this risk factor for earlier mortality may be a confounder.
In addition, elderly patients in the lowest-LDL category may have low LDL levels because of reduced caloric intake because of geriatric failure to thrive, depression and withdrawal, common problems among the elderly.  We do not have metrics for geriatric failure to thrive but it would be useful to assess whether this may be a potential confounder.
Third, and importantly, as discussed in the materials and methods section, there is a pronounced difference in gender balance between groups.  Men are overrepresented in the below-70 mg/dL category at 68%.  In contrast the highest LDL categories are skewed toward female overrepresentation – 79% in the over180 mg/dL category.  The varying gender imbalance is potentially an important confounder because many observational studies indicate women live longer than men.  This may impact five-year survival, particularly among a population of elderly subjects already near the average lifespan for their gender.  The predominance of women in the high-LDL category and men in the lowest-LDL category may be driving the difference in five-year survival and masking the effect of LDL level differences.  
Question 3:10/10
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. 
Method.  To evaluate whether there is any association between serum LDL and five-year mortality, I performed a t-test that allows for unequal variances on mean serum LDL levels comparing five-year survival with five-year mortality groups.  The mean serum LDL levels and difference between the groups is summarized in Table 3 below.  

Table 3. Difference in Mean LDL by Five-Year Survival
	
	Died within Five Years
	Survived Beyond Five Years
	Difference in Mean LDL
	95% Confidence Interval for the Difference
	Two-Sided P-Value

	Mean LDL
	118.7 mg/dL
	127.2 mg/dL
	8.5 mg/dL
	1.44 to 15.56 mg/dL
	0.019


Inferences.  As summarized in Table 3, the 95% confidence interval for the difference in mean LDL levels between subjects who survived beyond five years compared to subjects who died within five years is between 1.44 mg/dL and 15.56 mg/dL.  The two-sided p-value indicates a statistically significant difference at the α=0.05 level though the p-value just exceeds the threshold for the  α=0.01 level (p=0.019).  
The 95% confidence interval permits us to reject the null hypothesis of no difference and conclude that there is a statistically significant difference in serum LDL levels between groups defined by five-year mortality.  Because the magnitude of the difference is subject to a wide range, whether the difference is clinically significant remains to be determined through future analyses, which should adjust for confounders to better permit an assessment of association.
Question 4:8/10
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.
Method.  First I transformed the serum LDL levels to natural log (ln) values.  Then I performed a t-test that permits the possibility of unequal variances on the natural log LDL values.  Finally, I transformed the resulting log geometric mean and log ratio data by exponentiation to get the geometric means, difference in geometric means and 95% confidence interval for the difference in geometric means summarized in Table 4 below. 
Inferences.  The geometric mean LDL for individuals who survived beyond five years is 122.8 mg/dL (CI: 120.2 mg/dL, 119.5 mg/dL) compared to a lower geometric mean LDL of 112 mg/dL (95% CI: 104.5 mg/dL, 120.0 mg/dL) among subjects who died within five years. The point estimate for the difference between geometric mean LDL of individuals who survived beyond five years and died within five years is 1.097 mg/dL.  The 95% confidence interval for the difference is between 1.02 mg/dL and 1.18 mg/dL.  The results suggest a statistically significant difference in the geometric mean LDL between subjects who died within five years and those who survived past five years. 
Comments: 

(1) Two-sided P value should be provided as well. 

(2) The ratio of geometric means interpretation should be included.
Table 4. Difference in Geometric Mean LDL by Five-Year Survival

	
	Died within Five Years
	Survived Past Five Years
	Difference in Mean LDL
	95% Confidence Interval for the Difference

	Geometric Mean LDL
	112.0 mg/dL
	122.8 mg/dL
	1.097 mg/dL
	1.02 to 1.18 mg/dL


Question 5:7/10
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).
Method.  I dichotomized the continuous variable of LDL into high LDL greater than or equal to 160 mg/dL or a level below that threshold.  I then performed a chi-squared test comparing the actual proportions with the expected proportions. 

Inferences.  Among patients with high LDL, 13% died within five years compared to 17% of patients with less than 160 mg/dL serum LDL.  Based on the chi squared test, we cannot reject the null hypothesis of no difference in five-year mortality between the groups (P=0.314).  The observed difference of 4%, may be due to chance. The 95% confidence interval for the difference in five-year mortality contains 0, ranging from a - 11% difference to a 3% difference.
Comments: 

(1) How the proportions differ among groups? Need more specifically.

(2) The detailed interpretation for 95% confidence interval.
Table 5. Five-Year Survival by Whether A Subject Had High Serum LDL (> 160 mg/dL)
	
	High LDL > 160 mg/dL
	LDL ≤ 160 mg/dL

	Died Within Five Years
	14 subjects
	105 subjects

	
	14/107 (13%)
	105/618 (17%)

	Survived Beyond Five Years
	93 subjects
	513 subjects

	
	93/107 (87%)
	513/618 (83%)


Question 6:9/10
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).

Method.  I dichotomized the continuous variable of LDL into high LDL greater than or equal to 160 mg/dL or a level below that threshold.  I then used Stata to calculate the estimated odds ratio, which is the ratio of the sample odds.  The 95% confidence interval was obtained using exact methods by inverting the Fisher’s exact test.  The p-value was obtained using the chi-squared test.
Inferences. The odds ratio is 0.735.  The 95% confidence interval for the odds ratio is 0.373, 1.361.  Because the 95% confidence interval contains 1 we cannot reject the null hypothesis that there is no difference in the odds of death within five years between the two LDL groups.  The p-value similarly suggests the evidence is insufficient to reject the null hypothesis of no difference in odds (P=0.314).
Comments: 

Need wording on 95% confidence interval interpretation.
Question 7:8/10
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).
Method. I converted the time to event entered in days into months.  I then generated a Kaplan-Meier survival curves by high serum LDL level to visualize the censored time-to-death data over the entire period of observation.  I compared the curves for the subjects with serum levels > 160 mg/dL and <160 mg/dL.  I then used proportional hazards regression with robust standard error estimates to better deal with potential nonproportional hazards to calculate the instantaneous risk of death.  
Inferences.  The point estimate for the hazard ratio is 0.718 but the 95% confidence interval for the hazard ratio is 0.42 and 1.2.  Because the 95% confidence interval contains 1, we cannot reject the null hypothesis that there is no difference in the instantaneous risk of death between the groups defined by whether subjects have high serum LDL.  There is not a statistically significant difference in instantaneous risk of death (P=0.226). 
Comments:
(1) The interpretation for the comparison of instantaneous risk of death among groups.

(2) The interpretation of hazard ratio.
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Question 8:6/10
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 have preferred logistic regression, which can answer the “forward” question of whether the probability (or odds) of survival given a serum LDL level on a continuous scale.  While logistic regression is less suitable for small sample sizes, here the sample sizes are quite large.  Regression has the advantage of allowing for the possibility that each serum LDL level has distinct odds of survival or distinct instantaneous risk (hazard) of death.  Regression also can be performed on continuous variables rather than transformation of continuous data into categories or dichotomization.  Keeping continuous variables continuous usually allows for greater precision and more efficient use of the full dataset rather than abstraction and effacement of potentially informative detail.  

I also would prefer multiple regression to account for the impact of the potential confounders discussed in Question 2, including the gender skews between the very-high and very-low serum LDL groups.   We are starting to discuss regression now – I am looking forward to learning more.
Performing tests on log-tranformed data may also be useful if the data is highly skewed (e.g., the median is distant from the mean).  Logarithmic transformation is also useful where multiplicative changes are more important. 
To analyze the full range of censored time-to-event data rather than just five-year survival, I might also use the logrank test.  While rank-based test are not ideal and have self-consistency problems, when it comes to censored data, there are fewer options, rendering the logrank test more attractive. 

Finally, if the choice were limited to the procedures performed in the preceding seven questions, I prefer the comparison of geometric means between serum LDL groups because of the greater ability of analysis using log-transformed and then back-exponentiated data to be useful even if the distribution is skewed.  

