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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: First, we dichotomize CRP into normal (<=3 mg/L) and high (>3 mg/L). We then present the table for normal, high, and any level first for overall FIB and then for groups broken up by previous history of CVD.

RESULTS: There are 67 subjects missing a value for CRP and 85 subjects missing a value for FIB. While many of the subjects missing CRP are also missing FIB, a few are not and thus we remove all subjects missing either of these values (a total of 101 subjects). Of these 4899 subjects, 3732 had a normal CRP level (<= 3mg/L) and 1167 had a high CRP level (>3 mg/L). The following table presents a descriptive analysis. Overall, there is a lower mean FIB level in those with normal CRP than with high CRP. Both the min and max in the normal CRP group are lower than their corresponding order statistics in the high CRP group. Also, the standard deviation is higher in the high CRP group. This trend continues in the groups broken down by previous history of CVD – the normal CRP group has lower mean, min, max, and standard deviation than the high CRP group. Mean FIB in those with previous history of CVD is higher than in those with no previous history of CVD.
	
	Normal CRP (<= 3 mg/L) (n=3732)
	High CRP (>3 mg/L) (n=1167)
	Any Level (n=4899)

	FIB
	307.5 (53.80; 270.0 - 592.0)
	372.7 (80.96; 314.0 - 872.0)
	323.0 (67.35; 281.0 - 872.0)

	FIB (No previous CVD)
	306.2 (53.05; 270.0 - 562.0)
	367.2 (78.88; 311.0 - 872.0)
	319.6 (64.83; 277.0 - 872.0)

	FIB (Previous CVD)
	312.4 (56.28; 270.0 - 592.0)
	386.3 (84.50; 331.0 - 695.0)
	334.5 (74.11; 285.0 - 695.0)


NB: Format for each column is Mean (SD; Min – Max). All values are measured in mg/dl.
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: We perform a t-test between groups of FIB defined by previous history of CVD, assuming equal variances. The confidence level is set at 95%.

RESULTS: 3777 subjects had no previous history of disease, while 1122 subjects had previous history of CVD. The mean FIB level among those with no previous history of CVD was 319.6 mg/dl, while the mean in those with previous history of CVD was 334.5 mg/dl. This corresponds to a difference in means of 14.8 mg/dl, with those in the no previous history group tending to have the lower mean FIB. The corresponding 95% confidence interval means that the data would not be surprising with a true difference in means between 10.4 and 19.3 mg/dl, again with the group having no previous history of CVD tending to have the lower mean FIB. Based on this t-test the p-value is <.0005 and thus we reject the null hypothesis that the distributions are equal in favor of the alternative, that distributions are not equal.
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: The same analysis could be performed with simple linear regression by regressing previous history of CVD (as the predictor of interest) on FIB (the response). This regression with a binary predictor of interest exactly corresponds to the t-test. We use naïve standard errors to calculate the confidence intervals.
RESULTS: The statistical output for the t-test included both individual group means, while that for the regression analysis only explicitly includes the mean for the group with no history of CVD. However, the mean for the group with CVD is found by simply adding the estimated slope to the intercept. The confidence interval for the difference in means is essentially the same (the differences are introduced by using a pooled sd estimate in regression). 
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: We perform a t-test allowing for unequal variances. The confidence level is set at 95%.
RESULTS: Of the 3777 subjects with no previous history of CVD, the mean FIB level was 319.6 mg/dl. Of the 1122 subjects with prior history of CVD, the mean FIB level was 334.5 mg/dl. This corresponds to a difference in means of 14.8 mg/dl, with those in the group with no prior history of CVD tending to have the lower mean. The corresponding 95% confidence interval means that the data would not be surprising given a true difference of means between 10 and 19.7 mg/dl, again with the group with no prior history of CVD tending to have the lower mean FIB. Based on this t-test the p-value is <.0005, and thus we reject the null hypothesis that the means are equal in favor of the alternative, that the group with no previous history of CVD tends to have the lower 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: A similar analysis could be performed with simple linear regression while using robust standard errors to calculate the confidence intervals.
RESULTS: As in 2(b), there is almost an exact correspondence between linear regression here and the t-test performed in 2(c). The only differences are due to rounding in the confidence interval (and due to the fact that we use a pooled sd estimate to calculate the confidence interval in regression), and the fact that the estimated mean for the group with a previous history of CVD is not given explicitly.
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)?
METHODS: We could have used the results of the analysis in (a) to predict whether the analysis in (c) would have found a stronger or weaker association by looking at the looking at the standard deviation in the group with smaller sample size. This is the group with previous history of CVD. Notice that the standard error is 2.21 compared to 1.05 in the group with larger sample size (no history of CVD). Thus we know that the t-test which presumes equal variances, as we ran in (a), is anti-conservative. This leads the t-statistic to be too large in magnitude and the p-value to be too small. Thus we could predict that the analysis in (c) would have a smaller t statistic in magnitude and a larger p-value, which was indeed the case.
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. 

METHODS: For this problem, we perform simple linear regression with robust standard errors. Confidence level is set at 95%.
a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

The estimated intercept is 304.0 mg/dl. According to our regression model, the mean FIB level in subjects with a serum CRP level of 0 mg/L is 304.0 mg/dl.
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

The estimated slope from the fitted regression model is 5.251. According to our regression model, for every 1 mg/L increase in serum CRP, there is an estimated average difference in mean FIB of 5.251 mg/dl, with the higher CRP tending to have a higher mean FIB level.  
c. Provide full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

The estimated average difference in mean FIB level for a 1 mg/L difference in CRP level is 5.251 mg/dl, with the higher CRP group tending to have a higher mean FIB. The corresponding 95% confidence interval suggests that this data would not be surprising if the true average difference in mean FIB level was between 4.604 and 5.898 mg/dl. The p-value for this test is <.00005, so we reject the null hypothesis that the means are equal between groups in favor of the alternative hypothesis, that mean FIB tends to increase with CRP.
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).
Using our regression model, we estimate the mean FIB level for each CRP group defined above. We enter the results into Table 1 below. 
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: We now add 0.5 to all observations of 0 within CRP. We run a linear regression with robust standard errors. Confidence level is set at 95%.
a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

The estimated intercept is 295.6 mg/dl. According to our regression model, the mean FIB level in subjects with a log serum CRP level of 0 mg/L is 295.6 mg/dl.
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

The estimated slope from the fitted regression model is 36.83. According to our regression model, for every 1 unit increase in log serum CRP, there is an estimated average difference in mean FIB of 36.83 mg/dl, with the higher log CRP tending to have a higher mean FIB level.  
c. Provide full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

The estimated average difference in mean FIB level for a 1 unit difference in log CRP level is 36.83 mg/dl, with the higher log CRP group tending to have a higher mean FIB. The corresponding 95% confidence interval suggests that this data would not be surprising if the true average difference in mean FIB level was between 34.58 and 39.09 mg/dl. The p-value for this test is <.00005, so we reject the null hypothesis that the means are equal between groups in favor of the alternative hypothesis, that mean FIB tends to increase with log CRP.
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).

Using our regression model, we estimate the mean FIB level for each log CRP group defined above. We enter the results into Table 1 below. We are still comparing mean FIB, but now we have Y_i = b0 + b1*log(X_i).
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: We now revert back to the original CRP data. We run a linear regression comparing geometric means (this is equivalent to running a regression with log transformed y) with robust standard errors. Confidence level is set at 95%.
a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

The estimated intercept is 5.707 log mg/dl. According to our regression model, the geometric mean FIB level among subjects with 0 serum CRP is exp(5.707) = 300.97 mg/dl.
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

The estimated slope from the fitted regression model is 0.01392. According to our regression model, for every 1 unit increase in serum CRP, there is an estimated average ratio of geometric mean FIB of 1.014, with the higher CRP tending to have a higher geometric mean FIB level.  
c. Provide full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

The estimated average ratio of geometric mean FIB levels for a 1 unit difference in log CRP level is 1.014, with the higher CRP group tending to have a higher geometric mean FIB. The corresponding 95% confidence interval suggests that this data would not be surprising if the true average ratio of geometric mean FIB levels was between 1.012 and 1.016. The p-value for this test is <.00005, so we reject the null hypothesis that the ratio of geometric means are equal between groups in favor of the alternative hypothesis, that geometric mean FIB tends to increase with CRP.
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).

Using our regression model, we estimate the geometric mean FIB level for each CRP group defined above. We enter the results into Table 1 below. 
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: We now use the continuous log CRP data. We run a linear regression comparing geometric means (this is equivalent to running a regression with log transformed y) with robust standard errors. Confidence level is set at 95%.
a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

The estimated intercept is 5.679 log mg/dl. According to our regression model, the geometric mean FIB level among subjects with log CRP = 0 is exp(5.679) = 292.50 mg/dl.
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

The estimated slope from the fitted regression model is 0.1054. According to our regression model, for every 10% increase in serum CRP, there is an estimated average ratio of geometric mean FIB of 1.11, with the higher CRP tending to have a higher geometric mean FIB level.  
c. Provide full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

The estimated average ratio of geometric mean FIB levels for a 10% increase in CRP level is 1.11, with the higher CRP group tending to have a higher geometric mean FIB. The corresponding 95% confidence interval suggests that this data would not be surprising if the true average ratio of geometric mean FIB levels was between 1.105 and 1.118. The p-value for this test is <.00005, so we reject the null hypothesis that the ratio of geometric means are equal between groups in favor of the alternative hypothesis, that geometric mean FIB tends to increase with each 10% increase in CRP.
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).

Using our regression model, we estimate the geometric mean FIB level for each log CRP group defined above. We enter the results into Table 1 below. 
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: (Mean)
	Problem 4: (Mean)
	Problem 5: (Geometric Mean)
	Problem 6: (Geometric Mean)

	1 mg/L
	309.25
	295.6
	305.82
	292.66

	2 mg/L
	314.50
	321.13
	309.46
	314.84

	3 mg/L
	319.75
	336.06
	313.80
	328.58

	4 mg/L
	325.00
	346.66
	318.20
	338.70

	6 mg/L
	335.51
	361.59
	327.18
	353.49

	8 mg/L
	346.01
	372.19
	336.42
	364.37

	9 mg/L
	351.26
	376.52
	341.14
	368.92

	12 mg/L
	367.01
	387.12
	355.68
	380.28


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: (Mean)
	Problem 4: (Mean)
	Problem 5: (Geometric Mean)
	Problem 6: (Geometric Mean)

	Differences

	2 mg/L – 1 mg/L
	5.25
	16.53
	3.64
	22.18

	3 mg/L – 2 mg/L
	5.25
	23.93
	4.34
	13.74

	4 mg/L – 1 mg/L
	15.75
	51.06
	12.38
	46.04

	4 mg/L – 2 mg/L
	10.5
	25.53
	8.74
	23.86

	6 mg/L – 3 mg/L
	15.76
	25.53
	13.38
	24.91

	8 mg/L – 4 mg/L
	21.01
	25.53
	18.22
	25.67

	9 mg/L – 6 mg/L
	15.75
	14.93
	13.96
	15.43

	9 mg/L – 8 mg/L
	5.25
	4.33
	4.72
	4.55

	12 mg/L – 6 mg/L
	31.5
	25.53
	28.5
	26.79

	Ratios

	2 mg/L / 1 mg/L
	1.016977
	1.05592
	1.011902
	1.075788

	3 mg/L / 2 mg/L
	1.016693
	1.076667
	1.014024
	1.043641

	4 mg/L / 1 mg/L
	1.05093
	1.172733
	1.040481
	1.157316

	4 mg/L / 2 mg/L
	1.033386
	1.110627
	1.028243
	1.075785

	6 mg/L / 3 mg/L
	1.049289
	1.075969
	1.042639
	1.075811

	8 mg/L / 4 mg/L
	1.064646
	1.073646
	1.05726
	1.07579

	9 mg/L / 6 mg/L
	1.046943
	1.04129
	1.042668
	1.04365

	9 mg/L / 8 mg/L
	1.015173
	1.011634
	1.01403
	1.012487

	12 mg/L / 6 mg/L
	1.093887
	1.070605
	1.087108
	1.075787


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.
The analysis from Problem 3 gave constant differences in the fitted values when comparing two groups that differed in an absolute increase of c units. For instance, when comparing any 1 unit difference in CRP level, the difference between fitted FIB values was always 5.25 (see rows 2-1 mg/L, 3-2 mg/L, 9-8 mg/L, column 1). Similarly, for any 2 unit increase, the difference between fitted FIB values was 2*5.25 = 10.5 (see row 4-2 mg/L, column 1). This same relationship (difference in fitted FIB values equals c*5.25) was true for 3 unit increase in CRP (rows 4-1 mg/L, 6-3 mg/L, and 9-6 mg/L), 4 unit increase in CRP (8-4 mg/L) and 6 unit increase in CRP (12-6 mg/L).
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.
If we look at the same rows as above, notice that for each c increase in CRP, we see constant ratios in the analysis we conducted in Problem 5. For example, in the 2/1 row, 3/2 row, and 9/8 row, we have a ratio of 1.01. In the 4/2 row, we have a ratio of 1.03. When c=3 (row 4/1, 6/3, 9/6) we have a ratio of 1.04. When c=4 (row 8/4) we have a ratio of 1.06. When c=6, we have a ratio of 1.09.
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.

The analysis from Problem 4 gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels. When c=2 (row 4-2, 6-3, 8-4, 12-6), we have a difference of 25.53. None of the other rows allow us to see this relationship.
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.

The analysis from Problem 6 gave constant ratios in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels. When we compare rows at c = 2 (rows 4/2, 6/3, 8/4, 12/6) notice that the ratios are always 1.075. 
9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
We should decide which analysis to run prior to analyzing the data using our prior knowledge of the biology of the problem. Prior to discussion section, knowing nothing about either of these variables, I would run the analysis from Problem 3 (comparing the difference in means). Post discussion section, I would run the analysis from Problem 6 (comparing the ratio of geometric means). The reasoning behind this is the following:

First I would ask which characterization of an association is scientifically important. In this case, all four of the characterizations appear scientifically important.

Second, I would ask which association is likely to exist. All of the associations are likely to exist, but we believe due to the biology of CRP that it operates more on a multiplicative scale. Thus we focus on the analyses from Problem 4 and Problem 6.

Last, we look at statistical precision. Analyzing the geometric mean when looking for aberrant behavior in biological data tends to give better precision. Therefore, we choose the analysis from Problem 6.

