
Biost 518: Applied Biostatistics II

Biost 515: Biostatistics II
Emerson, Winter 2014
Homework #1
January 6, 2014
Written problems: To be submitted as a MS-Word compatible email attachment to semerson@uw.edu by 9:30 am on Monday, January 13, 2014. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) Stata / R code and unedited Stata / R  output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

In all problems requesting “statistical analyses” (either descriptive or inferential), you should present both
· Methods: A brief sentence or paragraph describing the statistical methods you used. This should be using wording suitable for a scientific journal, though it might be a little more detailed. A reader should be able to reproduce your analysis. DO NOT PROVIDE Stata OR R CODE.
· Inference: A paragraph providing full statistical inference in answer to the question. Please see the supplementary document relating to “Reporting Associations” for details.
Keys to past homeworks from quarters that I taught Biost 517 (e.g. HW #8 from 2012) or Biost 518 (e.g., HW #3 from 2008) or Biost 536 (e.g. HW #3 from 2013)  might be consulted for the presentation of inferential results. Note that the requirement to provide a paragraph describing your statistical methods is new this year, and thus past keys do not give explicit examples of a separate paragraph. However, many past keys provide this information as an introductory sentence.
All questions relate to associations between death from any cause and serum low density lipoprotein (LDL) levels in a population of generally healthy elderly subjects in four U.S. communities. This homework uses the subset of information that was collected to examine MRI changes in the brain. The data can be found on the class web page (follow the link to Datasets) in the file labeled mri.txt. Documentation is in the file mri.pdf. The data is in free-field format, and can be read into Stata using the following code in a .do file. 
infile ptid mridate age male race weight height packyrs yrsquit alcoh /// 

    physact chf chd stroke diabetes genhlth ldl alb crt plt sbp aai ///

    fev dsst atrophy whgrd numinf volinf obstime death ///

    using http://www.emersonstatistics.com/datasets/mri.txt 

Note that the first line of the text file contains the variable names, and will thus be converted to missing values. Similarly, there is some missing data recorded as ‘NA’, and those, too, will be converted to missing values. If you do not want to see all the warning messages, you can use the “quietly” prefix. You may want to go ahead and drop the first case using “drop in 1”, because it is just missing values.
Recommendations for risk of cardiovascular disease according to serum LDL (low density lipoprotein) levels are as follows (taken from the Mayo Clinic website):

	Below 70 mg/dL
	Ideal for people at very high risk of heart disease

	Below 100 mg/dL
	Ideal for people at risk of heart disease

	100-129 mg/dL
	Near ideal

	130-159 mg/dL
	Borderline high

	160-189 mg/dL
	High

	190 mg/dL and above
	Very high


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.
Answer: Restricting the data to censoring events: death vs. end of study; we observe that all of the subjects not observed to die have observation times that are 1827 days or greater, which corresponds to exactly 5 years. For this reason, it makes sense to compare uncensored data (death events within 5 years of enrollment) only, and  not censored data 
(death events after 5 years of enrolment) for these analyses.
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.
Table 1

	Variable*
	N (Proportion)

(high LDL, low LDL) a
	mean (sd)

(high LDL, low LDL)
	Geometric mean (sd)

(high LDL, low LDL)
	% Quantiles (min,25,median,75,max)

(high LDL, low LDL)

	Age (yrs)
	
	74.9(5.8) , 74.5(5.4)
	74.7(1.1
) , 74.3(1.1)
	(65,70,74,78,94) , (65,71,73,78,99)

	Weight (lbs)
	
	162.7(30.7) , 159.4(30.8)
	159.9(1.2) , 156.4(1.2)
	(74,143,159,181,257) , (86,138,158,178,264)

	Pack yearsb
	
	33.4(24.3) , 35.2(28.5)
	21.7(3.4) 23.5(3.0)
	(0.10 ,15.1,26.8,51,102) , (0.3,14.5,30.8,48,240)

	Smoker(yes)
	58(0.54) , 349(0.56)
	
	
	

	Sex (male)
	45(0.42) , 315(0.51)
	
	
	

	Congestive Heart Failure prior to MRI
	3(0.03) , 37(0.06)
	
	
	

	Coronary
 Heart Disease Diagnosis
	
	
	
	

	No
	86(0.80) , 488(0.79)
	
	
	

	Angina
	8(0.07) , 54(0.09)
	
	
	

	Myocardial Infarction
	13(0.12) , 76(0.12)
	
	
	

	Stroke
	
	
	
	

	No
	87(0.81) , 541(0.88)  
	
	
	

	Diagnosis of a transient ischemic attack
	6(0.06) , 18(0.03)
	
	
	

	Diagnosis of a stroke
	14(0.13) , 59(0.09)
	
	
	


aHigh serum LDL is defined as 160 mg/dL or higher, and low serum LDL is less than 160 mg/dL
.
b1 pack year = smoking 1 pack of cigarettes/day, for 1 year
. 
Within
 the dataset (n=735) there were ten missing values for serum LDL, which were removed from the analysis, so our sample size was 725. Table 1 summarizes differences across serum LDL dichotomized by high and low levels (less than 160 mg/dL and 160 mg/dL or greater
).
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.
Answer
: In order to test for an association between serum LDL and 5 year all-cause mortality, I performed a two sided t-test
 of the difference in mean serum LDL for subjects who were either dead or living 5 years after an MRI date. No confounding variables were adjusted for, nor were precision variables included. The observed mean serum LDL levels were 127.2 mg/dL (n=614) for subjects alive after 5 years, and 118.7 mg/dL (n=121) for those who died within 5 years of the MRI, for an estimated mean difference of 8.5
 mg/dL. We conclude that mean serum LDL levels were statistically different between the groups, at the significance level 0.05 (p = 0.0186). Based on this test, the interval: (1.44, 15
.56) encompasses the true population difference in mean serum LDL levels with 95% confidence
.
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.
Answer
: In order to test for an association between serum LDL and 5 year all-cause mortality, I performed a two sided t-test
 of the difference in geometric (log-transformed
) mean serum LDL for subjects who were either dead or living 5 years after an MRI date. No confounding variables were adjusted for, nor were precision variables included. The observed geometric mean serum LDL levels were exponentiated
  to attain mean estimates of 122.8 mg/dL (n=614) for subjects alive after 5 years, and 112.0 mg/dL (n=121) for those who died within 5 years of the MRI, for an estimated difference
 of 10.8 mg/dL
. We conclude that mean serum LDL levels were statistically different between the groups, at the significance level 0.05 (p = 0.01279). Based on this test, the interval: (1.02, 1.18
) encompasses the true population difference
 in mean serum LDL levels with 95% confidence
.

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).
Answer
: In order to test for an association between serum LDL and 5 year all-cause mortality, I used the Wald test statistic to determine the difference in risk of death within 5 years, for subjects observed to have either high or low serum LDL. No confounding variables were adjusted for, nor were precision variables included. The observed proportions of subjects dead within 5 years were 0.13 and 0.17 for the high LDL (n=107) and low LDL (n=618) groups, respectively, for a difference of 0.04
. We fail to reject the null hypothesis that probability of death within five years was different between the groups, at the significance level 0.05 (p = 0.277). We obtain the Wald-based interval of: (-0.10, 0.03) which encompasses the true population difference in probability of death within 5 years, with 95% confidence

.
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).
Answer
: In order to test for an association between serum LDL and 5 year all-cause mortality, I compared the odds ratio of death within five years, for subjects observed to have either high or low serum LDL. No confounding variables were adjusted for, nor were precision variables included. The observed odds of death within 5 years were 0.13 and 0.17 
for the high LDL (n=107) and low LDL (n=618) groups, respectively. This yields an odds ratio of 0.74 which is not significantly different from 1 using significance level 0.05 (p = 0.315), and we thus fail to reject the null hypothesis that probability of death within five years was different between the groups. We obtain a confidence interval
 of: (0.40, 1.34
) which encompasses the true population proportion of odds of death within 5 years, with 95% confidence
.
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).
Answer
: In order to test for an association between serum LDL and all-cause mortality, I used a Cox proportional-hazards regression model, for subjects observed to have either high or low serum LDL. No confounding variables were adjusted for, nor were precision variables included. The observed ratio of hazard rates of the high LDL (n=107) and low LDL (n=618) groups, was 0.72, indicating a greater instantaneous risk of death for the low LDL group. This estimate is not significantly different from 1 using significance level 0.05 (p = 0.227), and we thus fail to reject the null hypothesis that probability of death within five years was different between the groups. We obtain a confidence interval of: (0.42, 1.23
) which encompasses the true population hazard ratio with 95% confidence
.
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?
Answer: Here we are conducting a prospective cohort study, in which subjects who received various baseline measures are followed over time. The point of this study design is to determine how measured baseline variables affect rates of a specified set of outcomes. In this particular case, we hope to determine the effect of serum LDL on mortality
; hence any model that does not include mortality as an outcome would be incorrect. Specifically, as we are working with outcome measures that are subject to right censoring, the most appropriate analysis to account for this censoring would be using a Cox proportional-hazards regression
. Further, due to the nature of observational studies, I would adjust for any confounding by including in my analysis any measured variables that are believed to be causally associated with mortality, independent of serum LDL, and associated with serum LDL in our sample. Based on the results of table 1 (and without any prior knowledge of potential confounding variables) I might include the following adjustment variables in a regression model: congestive heart failure, history of stroke, and history of coronary heart disease.
Discussion Sections: January 6 – 10, 2014
We will review material from Biost 517 / 514 as it relates to the scientific question posed by this homework. Come to discussion section prepared to discuss (and ask questions) about this assignment
.
�Total Grade: 51/75





SSE comments : My grade is 44/75, though this is due to the gravity of the errors. The peer grader did an excellent job of identifying problems with the homework answers.


�Question 1 Grade: 4/5


�-1 point. This is incorrect, “not” shouldn’t be used.


�Question 2 Grade: 6/10





SSE comment:  3/10


�Q2 Table Layout Grade: 4/4





SSE comments: I find this table layout nearly impossible to get the info we want. We want to compare the distributions. There are many descriptive statistics we might want to compare, but it is difficult to “jump over” parts.





Given that you wanted to give lots of stats, a better approach would have been to use different rows for the 


--mean (sd)


-- GM (and do not give sd)


-- mdn (25th , 75th %iles)


-- min, max 


for each variable that they are relevant. Such an approach avoids white space





You never gave overall sample sizes for the high LDL and low LDL groups in the table 





I would have only given 1 point for table layout.


�-1 Point from Choice of Descriptive Statistics. For standard deviations, use 3 significant digits.





SSE comments: Personally I would give 3 sig figs for the SD here, though an argument could be made for only giving 1 decimal place beyond what was given for the mean. 





GM is very nonstandard for age and weight, and is impossible for pack years owing to the many 0s. What did you do with all the 0s? You need to tell us about them. I would have given 1 point.


�Note that for CHD Diagnosis and Stroke variables, it isn’t clear that they refer to a history of these events.


�Refer to HW Key to see Dr. Emerson’s use of 3 groups (trichotomizing), as well as a column for descriptive statistics for the group including all non-missing LDL levels.





SSE comments: Dichotmizing vs trichotomizing is somewhat arbitrary. When three categories can fit, it is nicer to have three categories. Furthermore, given the counterintuitive results that are ultimately obtained (higher LDL = better survival) it is natural to want to see if the linear trend exists. Hence, I regard it far better to give three categories, but I would not take off for that. I would have taken off for failure to include the descriptive statistics for the entire population combined.


�Q2 Choice of Descriptive Statistics Grade: 2/3


�Should have a general discussion about what the descriptive statistics tell us about the types of patients in the sample and about the possibility of confounding.


�Q2 Discussion Grade: 0/3





SSE comments: I agree with the peer grader: Some discussion of the findings should be included.


�Question 3 Grade: 7/10


�Q3 Analysis and Methods Grade: 4/5


�1 Point from Analysis and Methods. Which t-test was used? That which presumes equal variances or that which allows for the possibility of unequal variances? 





SSE comments: I would have taken off 2 points for failure to more precisely define the test.


�-1 Point from Reporting Associations. The direction of this difference, that is, which group has the higher LDL level, should be explained, here and especially for the confidence interval.





SSE comments: I agree that making clear the direction of the difference is important, especially for the CI. Recall that the difference is counterintuitive based on previous literature (ie, higher LDL has better survival), so it merits a little bit more accentuation. Admittedly a reader could work through the point estimates and the p value to figure this out, but they should not have to.


�-1 Point from Reporting Associations. No units given for confidence interval.


�Q3 Reporting Associations Grade: 3/5





SSE comments: Because of the jargon involved in "confidence", this is not a very useful description. For all the info this communicates, you might as well have just said (95% CI, xx.x - xx.x mg/dL). I do like you to give more detailed interpretation.


�Question 4 Grade: 3/10





SSE comments: I agree with the peer grader. The wording for the GM is wrong and the methods not at all well described.


�Q4 Analysis and Methods Grade: 1/5


�1 Point from Analysis and Methods. Which t-test was used? That which presumes equal variances or that which allows for the possibility of unequal variances?


�-1 Point from Analysis and Methods. The log-transformed mean is different from the geometric mean. You should be performing a t-test for the equality of log-transformed means.


�-1 Point from Analysis and Methods. Exponentiating the log transformed means will give the geometric mean, but exponentiating the geometric mean will not give the mean.


�-1 Point from Analysis and Methods. After performing the t-test on log-transformed data and finding a difference in log means, exponentiating this will give the ratio of geometric means, not the difference of geometric means. The ratio measures how alike geometric means are.


�-1 Point from Reporting Associations. The direction of this difference, that is, which group has the higher LDL level, should be explained, here and especially for the confidence interval. However, it should be a ratio and not a difference.


�-1 Point from Reporting Associations. No units given for confidence interval. Wouldn’t be necessary if this was interpreted correctly as a confidence interval for ratios.





�-1 Point from Reporting Associations. As noted above, ratios and not differences should be used to compare geometric means. Note that the point estimate for the difference, 10.8, is not included in the confidence interval (1.02,1.18) because this interval is for ratios and not differences.


�Q4 Reporting Associations Grade: 2/5


�Question 5 Grade: 9/10





SSE comments: I would give 7/10 points based on lack of sig figs on the proportions, failure to put them in context without jargon, and not adequate detail to tell what Wald statistic you were using. The usual Wald statistic in this setting would be the one that Stata's cs used. My best guess is that you used linear regression with robust SE. But I should not have to guess.


�Q5 Analysis and Methods Grade: 5/5


�-1 Point from Reporting Associations. The direction of this difference, that is, which group has the higher risk of death, should be explained, here and especially for the confidence interval.


�Q5 Reporting Associations Grade: 4/5


�Note that for this problem, Dr. Emerson uses Pearson’s Chi-Squared Test.


�Question 6 Grade: 7/10





SSE comments: The peer grader identified the issues correctly. I would personally have taken off more points for not understanding what “odds” means. 6/10


�Q6 Analysis and Methods Grade: 4/5


-2 Points from Reporting Associations. �These are not the correct odds (which are 0.151 and 0.205, respectively), but are in fact the point estimates for risk of death for each group given in the answer to question 5.


�-1 Point from Analysis and Methods. Which confidence interval is being used? It appears to be the Wald/Woolf confidence interval, but neither the test nor the accompanying confidence interval are specified.


�-1 Point from Reporting Associations. This confidence interval does not make clear which odds are in the numerator and which are in the denominator, a key element in interpreting which odds are larger and which are smaller.


�Q6 Reporting Associations Grade: 3/5.


�Question 7 Grade: 9/10


�Q7 Analysis and Methods Grade: 5/5


�-1 Point from Reporting Associations. This confidence interval does not make clear which odds are in the numerator and which are in the denominator, a key element in interpreting for which group the instantaneous risk of death is larger.


�Q7 Reporting Associations Grade: 4/5


�Question 8 Grade: 6/10





SSE comments: I am fine with the grading here. But I note that the discussion of the adjustment for confounding does not discriminate among the analyses you did in previous problems. Any of those could be adjusted for confounding. Also, we would not use Table 1 to decide which confounder we would adjust for a priori.


�+2 Points, equivalent to the first bullet in the HW Key


�+4 Points for making a decision consistent with the aforementioned bullet.


�Note on homework: Typically “we” is used instead of “I” in papers.






