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Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II
Emerson, Winter 2015
Homework #2

January 13, 2015
Written problems: To be submitted as a MS-Word compatible file to the class Catalyst dropbox by noon  on Tuesday, January 20, 2015. 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.
All questions relate to associations between the two biomarkers C-reactive protein (CRP) and fibrinogen (FIB), and how any such association might depend upon prevalence of prior cardiovascular disease (CVD). This homework again uses the subset of information that was collected to examine inflammatory biomarkers and mortality. The data can be found on the class web page (follow the link to Datasets) in the file labeled inflamm.txt. Documentation is in the file inflamm.pdf. See homework #1 for information about reading the data into R and/or Stata.

1. Provide a suitable descriptive statistical analysis for the association between CRP and FIB both 
overall
, and
 separately for groups having no prior history of diagnosed cardiovascular disease or having prior diagnosed CVD.
Methods: the outcome variable is fib and out primary variable of interest is crp
. A third variable, previous CVD history also needs to be considered. We categorize CRP into three groups according to Mayo Clinic
 Criteria
. Mean, standard deviation, minimum, maximum and sample size are used to describe the association between CRP groups and fib. Also scatter plots are drawn to illustrate the trend between CRP and fib, both overall trend and separate trend divided by previous CVD history.
Results: as the co
ncentration of CRP goes up, the concentration of fibrinogen tends to increase, which is shown both by mean and scatter plot. At the same time, in the same CRP group, people with previous CVD history tend to have higher fib values than people who don’t
.

	
	Fibrinogen (mg/dl)

	
	Mean(SD; Min-Max; n)

	CRP(mg/l)
	CVD-
	CVD+
	Both CVD Groups

	<1
	277.5(48.5; 172-436; 348)
	290.2(57.9; 180-540; 78)
	279.8(50.5; 172-540; 426)

	1~3
	304.0(50.2; 109-482; 2073)
	309.6(52.9; 138-532; 538)
	305.2(50.8; 109-532; 2611)

	>3
	354.2(72.4; 132-872; 1356)
	367.7(81.5; 175-695; 506)
	357.9(75.2; 132-872; 1862)

	All CRP Groups
	319.6(64.8; 109-872;3777)
	334.5(74.1; 138-695; 1122)
	323.0(67.4; 109-872; 4899)
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2. Perform t test analyses exploring an association between mean fibrinogen and prior history of CVD.

a. Perform
 an analysis presuming that the standard deviation of fibrinogen is similar within each group defined by presence of absence of prior history of CVD. 
Methods: perform a t test on the mean of fib by previous CVD history with the assumption of equal variance between two groups.

Results: among 1124 participants who have previous CVD history status, their mean fib is 334.5mg/dl, while among 3791 non-CVD participants, their mean fib is 319.6mg/dk. The difference between these means is 14.9mg/dl, which means subjects with previous CVD history tend to have 14.9mg/dl higher fib than those who don’t. 95% confidence interval of this difference is 10.4mg/dl to 19.3mg/dl, which means that 14.9mg/dl higher average fib among people with previous CVD history is not unusual if the true difference is anywhere between 10.4mg/dl to 19.3mg/dl higher mean fib among those who have CVD. This observation is statistically significant at a 0.05 level of significance (two-sided P<0.001), and we can with high confidence reject the null hypothesis that the mean fib levels between two groups are not different in favor of that people with previous CVD history is associated with higher mean fib.

b. How
 could the same analysis as presented in part a have been performed with linear regression? Explicitly provide the correspondences between the various statistical output from each of the analyses.
Methods: in this simple linear regression, fib will be the response variable and prevdis the predictor with the default equal variance assumption. 

Correspondence: The coefficient of _cons
 is corresponding to the mean fib in non-CVD group. Coefficient of prevdis is corresponding to the difference of mean in non-CVD group substracted from the mean in CVD group. As a result, the sum of these two coefficients (coefficients for both prevdis and _cons) stands for the mean fib in CVD group subjects. The t statistic value for prevdis is corresponding to the t value in ttest, the same as the continuous p value
.
c. Perform
 an analysis allowing for the possibility that the standard deviation of fibrinogen might differ across groups defined by presence of absence of prior history of CVD. 

Methods: perform a t test on the mean of fib by previous CVD history status with the assumption of unequal variance between two groups.

Results: among 1124 participants who have previous CVD history, their mean fib is 334.5mg/dl, while among 3791 non-CVD participants, their mean fib is 319.6mg/dk. The difference between these means is 14.9mg/dl, which means subjects with previous CVD history tend to have 14.9mg/dl higher fib than those who don’t. 95% confidence interval of this difference is 10.1mg/dl to 19.7mg/dl, which means that 14.9mg/dl higher average fib among people with previous CVD history is not unusual if the true difference is anywhere between 10.1mg/dl to 19.7mg/dl higher mean fib among those who have CVD. This observation is statistically significant at a 0.05 level of significance (two-sided P<0.001), and we can with high confidence reject the null hypothesis that the mean fib levels between two groups are not different in favor of that people with previous CVD history is associated with higher mean fib.
d. How
 could a smilar analysis as presented in part c have been performed with linear regression? Explicitly provide the correspondences between the various statistical output from each of the analyses.

Methods: in this simple linear regression, fib will be the response variable and prevdis the predictor with robust option. 

Correspondence: The coefficient of _cons is corresponding to the mean fib in non-CVD group. Coefficient of prevdis is corresponding to the difference of mean in non-CVD group subtracted from the mean in CVD group. As a result, the sum of these two coefficients (coefficients for both prevdis and _cons) stands for the mean fib in CVD group subjects. The t statistic value for prevdis is corresponding to the t value in ttest, the same as the continuous p value.

e. How
 could you have used the results of the analysis performed in part a to predict whether the analysis in part c would have found a stronger or weaker association (as measured by the magnitude of the t statistic and p value)?
Answers: if we want to use results from equal variance assumption t test to predict the results in unequal variance one, we will get a weaker association, because t=-6.5412 in equal variance t test, while t=-6.0836, leading to a greater p value and a possible unsignificant association. The decrease in the absolute value of t comes from the increase of standard error of the difference
. 
For problems 3 – 6, we are interested in exploring alternative approaches to the use of simple linear regression to explore associations between CRP and FIB. In each of those problems, I ask you to report fitted values from the regression. Please always use at least 4 significant figures when making calculations, and report the fitted values to three significant digits.
3. Perform a statistical analysis evaluating an association between mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, untransformed random variable. 

a. Provide
 an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

Methods: fib is the response variable and crp the predictor of interest, with the assumption of robust estimation.

Answer: the intercept 304.0152 means when crp level is 0mg/l, mean fib level will be
 304.0152mg/dl.
b. Provide
 an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

Answer: as crp level increases per unit
, mean fib level will increase 5.2509mg/dl.

c. Provide
 full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

Answer
: according to the regression model, when crp level is 0mg/l, mean fib level will be 304.0152mg/dl. As crp level increases per unit
, mean fib level will increase 5.2509mg/dl. The slope is statistically significant with a significance level of 0.05 (P<0.001). The increase will not be unusual if the true average increase amount falls within the interval of 4.6039mg/dl to 5.8979 mg/dl as crp level goes up per unit.
d. In
 a table similar to table 1 below, provide estimates of the central tendency for fibrinogen levels within groups having CRP of 1, 2, 3, 4, 6, 8, 9, and 12 mg/L. (Make clear what summary measure is being estimated).
Answer: numbers are filled in table1. I am using mean as the summary measure.

4. Repeat
 problem 3, except perform a statistical analysis evaluating an association between mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, log transformed random variable. (For the purpose of this problem in this homework, replace all observations of CRP=0 with CRP=0.5.)
Methods: fib is the response variable and log transformed crp the predictor of interest, with the assumption of robust estimation.

Answer: according to the regression model, when log transformed crp level is 0mg/l, or crp level is 1mg/l, mean fib level will be 295.5663mg/dl. As log transformed crp level increases per unit, or crp level increases to 2.71828 times
, fib level will increase 36.8332mg/dl. The slope is statistically significant with a significance level of 0.05 (P<0.001). The increase will not be unusual if the true average increase amount falls within the interval of 34.5773mg/dl to 39.0890 mg/dl as log transformed crp level goes up per unit.
 We can with high confidence reject the null hypothesis that the true incremental slope is zero in favor of the log transformed crp is associated with fib level.
5. Repeat
 problem 3, except perform a statistical analysis evaluating an association between the geometric mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, untransformed random variable.

Methods: log transformed fib is the response variable and crp the predictor of interest, with the assumption of robust estimation.

Answer: according to the regression model, when crp level is 0mg/l, the geometric mean of fib level will be 5.7068mg/dl, or the mean of fib on original scale will be 300.8958mg/dl. As crp level increases per unit
, geometric mean of fib level will increase 0.0139mg/dl, or the mean of fib on original scale will increase to exp(0.0139), or 1.0140 times
. The slope is statistically significant with a significance level of 0.05 (P<0.001). The increase will not be unusual if the true geometric mean of increase amount falls within the interval of 0.0122mg/dl to 0.0157 mg/dl, or the mean of fib on original scale will increase to 1.0122 to 1.0158 times as crp level goes up per unit. We can with high confidence reject the null hypothesis that the true incremental slope is zero in favor of the crp is associated with fib level.
6. Repeat
 problem 3, except perform a statistical analysis evaluating an association between the geometric mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, log transformed random variable. (For the purpose of this problem in this homework, replace all observations of CRP=0 with CRP=0.5.)
Methods: log transformed fib is the response variable and log transformed crp the predictor of interest, with the assumption of robust estimation.

Answer: according to the regression model, when log transformed crp level is 0mg/l, or crp level is 1mg/l, the geometric mean of fib level will be 5.6786mg/dl, or the mean of fib on original scale will be 292.5358mg/dl. As log transformed crp level increases per unit, geometric mean of fib level will increase 0.1054mg/dl, or the mean of fib on original scale will increase to exp(0.1054), or
 1.1111 times. The slope is statistically significant with a significance level of 0.05 (P<0.001). The increase will not be unusual if the true geometric mean of increase amount falls within the interval of 0.0995mg/dl to 0.1113 mg/dl, or the mean of fib on original scale will increase to 1.1047 to 1.1177 times as crp level goes up per unit. We can with high confidence reject the null hypothesis that the true incremental slope is zero in favor of the crp is associated with fib level.

Table 1: Example of possible display of fitted values. You should indicate the summary measure of the fibrinogen distribution that is being estimated in each column.
	
	Fitted Values for Fibrinogen (mg/dL)

	CRP level
	Problem 3: (E(fib))
	Problem 4: (E(fib))
	Problem 5: (GM(fib))
	Problem 6: (GM(fib))

	1 mg/L
	309.2661
	295.5663
	5.7207
	5.6786

	2 mg/L
	314.5169
	321.0971
	5.7346
	5.7516

	3 mg/L
	319.7678
	336.0316
	5.7485
	5.7944

	4 mg/L
	325.0186
	346.6279
	5.7624
	5.8247

	6 mg/L
	335.5204
	361.5624
	5.7903
	5.8674

	8 mg/L
	346.0221
	372.1587
	5.8181
	5.8977

	9 mg/L
	351.2729
	376.4970
	5.8320
	5.9102

	12 mg/L
	367.0255
	387.0932
	5.8738
	5.9405


7. Complete
 the following table that makes comparisons (differences or ratios) of the fitted values for each of the models. 
Table 2: Example of possible display of comparisons of fitted values.
	
	Fitted Values for Fibrinogen (mg/dL)

	Comparisons across CRP level
	Problem 3: (E(fib))
	Problem 4: (E(fib))
	Problem 5: (E(fib))
	Problem 6: (E(fib))

	Differences

	2 mg/L – 1 mg/L
	5.2509
	25.5308
	4.2763
	22.1703

	3 mg/L – 2 mg/L
	5.2509
	14.9345
	4.3362
	13.7395

	4 mg/L – 1 mg/L
	15.7526
	51.0616
	13.0097
	46.0207

	4 mg/L – 2 mg/L
	10.5017
	25.5308
	8.7335
	23.8505

	6 mg/L – 3 mg/L
	15.7526
	25.5308
	13.3773
	24.8917

	8 mg/L – 4 mg/L
	21.0034
	25.5308
	18.2135
	25.6580

	9 mg/L – 6 mg/L
	15.7526
	14.9346
	13.9477
	15.4264

	9 mg/L – 8 mg/L
	5.2509
	4.3383
	4.7142
	4.5492

	12 mg/L – 6 mg/L
	31.5051
	25.5308
	28.4901
	26.7782

	Ratios

	2 mg/L / 1 mg/L
	1.0170
	1.0863
	1.0140
	1.0758

	3 mg/L / 2 mg/L
	1.0167
	1.0465
	1.0140
	1.0437

	4 mg/L / 1 mg/L
	1.0509
	1.1728
	1.0426
	1.1573

	4 mg/L / 2 mg/L
	1.0334
	1.0795
	1.0282
	1.0758

	6 mg/L / 3 mg/L
	1.0493
	1.0760
	1.0426
	1.0758

	8 mg/L / 4 mg/L
	1.0646
	1.0737
	1.0573
	1.0758

	9 mg/L / 6 mg/L
	1.0469
	1.0413
	1.0426
	1.0437

	9 mg/L / 8 mg/L
	1.0152
	1.0117
	1.0140
	1.0125

	12 mg/L / 6 mg/L
	1.0939
	1.0706
	1.0871
	1.0758


8. With respect to the results presented in Table 2, answer the following questions:
a. Which
 analysis gave constant differences in the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels (i.e., comparing CRP=x to CRP = x+c)? Explicitly provide all those similar paired comparisons from the table.
Answer: problem 3. In this setting, both of crp and fib are treated as continuous variables on their raw scale. The differences between crp levels in 2mg/l and 1mg/l, 3mg/l and 2mg/l as well as 9mg/l and 8mg/l are the same, all of which are 5.2509mg/l or the exact value of slope β1. The same thing also happens to the differences between crp level in 4mg/l and 1mg/l, 6mg/l and 3mg/l as well as 9mg/l and 6mg/l, all of which are 15.7526mg/l or three times of slope β1.
b. Which
 analysis gave constant ratios of the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels (i.e., comparing CRP=x to CRP = x+c)? Explicitly provide all those similar paired comparisons from the table.
Answer: problem 5. In this setting, response variable fib is transformed into log scale, while predictor crp is still treated as continuous variable on its raw scale. The ratios between crp levels in 2mg/l and 1mg/l, 3mg/l and 2mg/l as well as 9mg/l and 8mg/l are the same, all of which are 1.0140 or the exponentiation of slope β1. The same thing also happens to the ratios between crp level in 4mg/l and 1mg/l, 6mg/l and 3mg/l as well as 9mg/l and 6mg/l, all of which are 1.0426 or the cube of exponentiation of slope β1.
c. Which
 analysis gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels (i.e., comparing CRP=x to CRP = c * x )? Explicitly provide all those similar paired comparisons from the table.

Answer: problem 4. In this setting, response variable fib is still treated as continuous variable on its raw scale, while predictor crp is transformed into log scale. The differences between crp levels in 2mg/l and 1mg/l, 4mg/l and 2mg/l, 6mg/l and 3mg/l, 8mg/l and 4mg/l as well as 12mg/l and 6mg/l are the same, all of which are 25.5308mg/l or the summation of intercept β0 and the product of slope β1 times log2. The same thing also happens to the differences between crp level in 3mg/l and 2mg/l as well as 9mg/l and 6mg/l, all of which are 14.9346 or the summation of intercept β0 and the product of slope β1 times log(3/2).
d. Which
 analysis gave constant ratios in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels (i.e., comparing CRP=x to CRP = c * x )? Explicitly provide all those similar paired comparisons from the table.

Answer: problem 6. In this setting, both response variable fib and predictor crp are transformed into log scale. The ratios between crp levels in 2mg/l and 1mg/l, 4mg/l and 2mg/l, 6mg/l and 3mg/l, 8mg/l and 4mg/l as well as 12mg/l and 6mg/l are the same, all of which are 1.0758 or the exponentiation of the product of slope β1 times log2. The same thing also happens to the differences between crp level in 3mg/l and 2mg/l as well as 9mg/l and 6mg/l, all of which are 1.0437 or the exponentiation of the product of slope β1 times log(3/2).
9. How
 would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
Answer: I
 would choose the model in problem 4, log transforming only CRP and leaving FIB in the raw scale. One of the reasons for doing so is that CRP is commonly considered to be log transformed when the population is relating to an inflammatory disease. Another reason is that most CRP values in this data set are within 1mg/l-3mg/l interval, while the interval of FIB is much wider. So using CRP in log scale and FIB in raw scale might be more appropriate to fit the data.
�Score: 155.5/195. The analyses were well done, but there was room for improvement in the description of methods and the clarity of communication throughout.


�Question 1: 11/15 points


 �How can I tell how many complete cases there are in terms of fib, crpctg and prevdis


There are commands in R, at least, that would allow you to do this.


�No conversation of missing values -0.5 points


�Put the variables in terms of scientific entities rather than coding.


�


�The key mentions using logarithmic intervals in order to stratify the relatively large proportion of samples that have CRP > 3mg/L.


�Start sentences with a capital letter.


�No discussion of curvilinearity seen in the non-transformed scatterplot -1 point. No explicit discussion of CVD as either a possible confounder or EM -1 point. No univariate descriptive statistics in either the table nor the results -1 point.


� Not sure why both scatterplots are here. Make sure to use real names when at all possible, not just abbreviations. -0.5 points


� 9/10 points


�Write this up in real sentences. Include how 95% CI intervals were determined, and mention how you dealt with missing data. -1 point


�good


� 8/10  points


�Use scientific names. What is prevdis?


�I would call this the estimated slope -1 point.


�No mention of 95% CI -1 point.


� 10/10 points


�Allowing for the variances to be unequal, not assuming that they are.


�8/10 points


� Make this less statistical software language. Huber-White sandwich estimators. -1 point


�These are only approximately equall. -1 points


�2/5 points.


�This doesn’t quite get at how we could tell from just part a. See the key for discussion. -3 points


�4.5/5 points


�Will tend to be, or is estimated to be. – 0.5 points


�3/5 points


�This is really the core of this question. What is a unit? -2 points.


�7/10 points


�Even taking the methods from part a, you need more details on the regressiojn, the 95% CI, and the “robust” and the sample size. See the key. -2 points


�Same as before. -1 points


�5/5 points


�22/25 points.


� Need more explanation here, especially about how you dealt with measurements of zero. -2 point.. Also, you didn’t quite repeat #3 


�Would you know how to interpret this?


�See above and key. -1 point.


�17/25 points. The numbers are spot on, but definitely check the key to see how to communicate this, especially with the methods sections. Also, the values in the table were not in units of mg/dL, -5 points.


�Need better methods. -2 points. 


� -1 point.


�Much easier to interpret as a percentage.


�15/25 points. See above question. The numbers look good, but you lost points for the same things as above. Also, the values in the table were not in units of mg/dL, -5 points.


�This is almost impossible to understand. Work to make this an interpretation. -2 points.


�10/10 points. Very well done! 


�5/5 points. Very nice


�5/5 points.


�5/5 points


�5/5 points


�4/5 points


�Why would you keep fibrinogen on the raw scale? -1 point






