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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. 
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.
	
	Serum 
CRP Levels (Overall CVD*)

	
	‹ 1 mg/L                          (n=426)
	1-3 mg/L                     (n=3306)
	› 3 mg/L                                (n=1167)
	Any Level              (n=4899)

	FIB** Levels (mg/DL)
	279.82 (50.55; 172-540)
	311.05 (53.18; 109-592)
	372.68 (80.95; 132-872)
	323.02 (67.35; 109-872)

	
	Serum CRP Levels (Prior History of CVD*)

	
	‹ 1 mg/L                          (n=78)
	1-3 mg/L                     (n=709)
	› 3 mg/L                                (n=335)
	Any Level              (n=1122)

	FIB** Levels (mg/dL)
	290.23 (57.93; 180-540)
	314.85 (55.60;138-592)
	386.29 (84.50; 175-695)
	334.46 (74.11; 138-695)

	
	Serum CRP Levels (No Prior History of CVD*)

	
	‹ 1 mg/L                          (n=348)
	1-3 mg/L                     (n=2597)
	› 3 mg/L                                (n=832)
	Any Level              (n=3777)

	FIB** Levels (mg/dL)
	277.48 (48.52; 172-436)
	310.02 (52.46; 109-562)
	367.20 (78.88; 132-872)
	319.62; (64.83; 109-872)


*CVD: Cardiovascular Disease

**FIB: Blood fibrogen
Methods: Descriptive statistics are presented within groups defined by serum CRP levels, based on knowledge of low/average/high risk of heart disease (<1 mg/L, 1-3 mg/L, and >3 mg/L, respectively) and the previous homework. Average (SD; min-max) FIB levels are given for each level/overall, and the tables are stratified by CVD history. Missing values of FIB and CRP have been dropped for this analysis, as Stata treats missing values as large and would skew the analysis.
Analysis
: There is a consistent trend of increased FIB levels with increased CRP levels, regardless of stratifying by CVD history. Interestingly, those with no prior history of CVD have consistently lower FIB levels across any of the 3 groups of CRP levels, and overall (319.62 average mg/dL vs. 334.46 mg/dL, respectively). Thus, based on this descriptive statistics, I would support an increase in FIB levels as CRP levels increase, with those having prior CVD history having increase FIB levels regardless of CRP levels in comparison to those with no CVD history.
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
: For this problem, I used a t-test assuming equal variances.

Analysis: The mean FIB level was 319.62 mg/dL among the 3777 subjects who had no prior CVD history and 334.46 mg/dL among the 1122 subjects who had prior CVD history. The mean difference of 14.85 mg/dL would not be unusual with a true population mean difference between 10.38 and 19.32 mg/dL, 95% confidence. Using a t test assuming equal variance, this observation is statistically significant at a 0.05 level of significance (two-sided P= <0.0001); thus, we reject the null hypothesis that there is no difference between fibrogen levels among those with and without prior CVD history.
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
: For this problem, I used linear regression without robust SE (not using the Huber-White sandwich estimator).
Analysis: The same answers are given as those in the t-test output. The slope of the regression line corresponds to the mean difference and the intercept corresponds to the mean FIB levels of subjects with no prior CVD history (14.85 mg/dL and 319.62 mg/dL, respectively). The same confidence interval and p-value are given.
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
: For this problem, I used a t-test allowing for unequal variances.
Analysis: The mean FIB level was 319.62 mg/dL among the 3777 subjects who had no prior CVD history and 334.46 mg/dL among the 1122 subjects who had prior CVD history. The mean difference of 14.85 mg/dL would not be unusual with a true population mean difference between 10.04 and 19.65, 95% confidence. Using a t test allowing for unequal variances, this observation is statistically significant at a 0.05 level of significance (two-sided P= <0.0001); thus, we reject the null hypothesis that there is no difference between fibrogen levels among those with and without prior CVD history.

d. How could a similar 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
: For this problem, I used linear regression with robust SE (using the Huber-White sandwich estimator).
Analysis: The same answers are given as those in the t-test output above. The slope of the regression line corresponds to the mean difference and the intercept corresponds to the mean FIB levels of subjects with no prior CVD history (14.85 mg/dL and 319.62 mg/dL, respectively). The same confidence interval and p-value are given.

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)?
We know that a t-test that presumes equal variance is anti-conservative when the group with a smaller sample size has a higher variance. Looking at the Stata output from part a, we see that the smaller group (those with prior history of CVD) has a higher variance (standard deviation 74.11). Thus, there would have been a stronger association found using a t-test presuming equal variance. 

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: I performed a simple regression similar to part d of question 1, using the Huber-White sandwich estimator for robust SE.

a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.
Intercept
: 304.0. This is the estimated mean FIB when CRP=0.
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

Slope
: 5.25. This is the estimated difference in mean FIB when CRP groups differ by 1.

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

From 
linear regression analysis using the Huber-White sandwich estimator for robust SE, it is estimated that for each 1 mg/L difference in CRP levels between two groups, the difference in mean fibrinogen levels is 5.25 mg/dL. This would not be unusual with a true difference in mean fibrinogen levels between 4.60 and 5.90 mg/dL, 95% confidence. This observation is statistically significant at a 0.05 level of significance (two-sided P= <0.001); thus, we reject the null hypothesis that there is no linear trend in the average fibrinogen levels across CRP level groups.
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).
Problem 
#3 is listed in table 1 so I put the values in the table.

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
: I performed a simple regression using the Huber-White sandwich estimator for robust SE. I also made a new variable for the log of CRP (base ten log transformed) and use that in my analysis in place of CRP. All CRP=0 values were replaced with CRP=0.5.
Analysis: From linear regression analysis using the Huber-White sandwich estimator for robust SE and log-transformed CRP levels, it is estimated that for each 1 mg/L difference in log CRP levels between two groups, the difference in mean fibrinogen levels is 36.8 mg/dL. This would not be unusual with a true difference in mean fibrinogen levels between 34.58 and 39.09 mg/dL, 95% confidence. This observation is statistically significant at a 0.05 level of significance (two-sided P= <0.001); thus, we reject the null hypothesis that there is no linear trend in the mean fibrinogen levels across log CRP level groups.
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
: I performed a simple regression using the Huber-White sandwich estimator for robust SE and using the geometric mean. I also made a new variable for the log of FIB (base ten log transformed) and use that in my analysis in place of FIB. 
Analysis: From linear regression analysis using the Huber-White sandwich estimator for robust SE and log-transformed FIB levels, it is estimated that for each 1 mg/L difference in CRP levels between two groups, the geometric mean fibrinogen level is 1.40% higher. This would not be unusual with a true geometric mean difference in fibrinogen levels between 1.22 and 1.58%, 95% confidence. This observation is statistically significant at a 0.05 level of significance (two-sided P= <0.001); thus, we reject the null hypothesis that there is no linear trend in the mean fibrinogen levels across CRP groups.
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
: I performed a simple regression using the Huber-White sandwich estimator for robust SE and using the geometric mean. I used the log FIB and log CRP variables. 
Analysis: From linear regression analysis using the Huber-White sandwich estimator for robust SE and log-transformed FIB levels, it is estimated that for each 10% differing in height in CRP levels between two groups, the geometric mean fibrinogen level is 11% higher. This would not be unusual with a true geometric mean difference in fibrinogen levels between 10.5 and 11.8%, 95% confidence. This observation is statistically significant at a 0.05 level of significance (two-sided P= <0.001); thus, we reject the null hypothesis that there is no linear trend in the mean fibrinogen levels across CRP groups.
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 fibrinogen levels for those with CRP level=x
	Problem 4: mean fibrinogen levels for those with log CRP level=log(x)
	Problem 5: inverse geometric mean fibrinogen levels for those with CRP level=x
	Problem 6: inverse geometric mean fibrinogen levels for those with CRP level=log(x)

	1 mg/L
	309.271
	295.567
	311.098

	292.536

	2 mg/L
	314.522
	306.657
	321.426
	296.423

	3 mg/L
	319.772
	313.142
	331.754
	298.698

	4 mg/L
	325.023
	317.744
	342.082
	300.312

	6 mg/L
	335.626
	324.229
	362.738
	302.586

	8 mg/L
	346.128
	328.831
	383.394
	304.199

	9 mg/L
	351.379
	330.715
	393.722
	304.860

	12 mg/L
	367.032
	335.316
	424.706
	306.474


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 fibrinogen levels for those with CRP level=x
	Problem 4: mean fibrinogen levels for those with log CRP level=log(x)
	Problem 5: inverse geometric mean fibrinogen levels for those with CRP level=x
	Problem 6: inverse geometric mean fibrinogen levels for those with CRP level=log(x)

	Differences

	2 mg/L – 1 mg/L
	5.251
	11.657
	10.328
	3.887

	3 mg/L – 2 mg/L
	5.25
	6.485
	10.328
	2.275

	4 mg/L – 1 mg/L
	15.752
	22.207
	30.984
	7.776

	4 mg/L – 2 mg/L
	10.501
	11.087
	20.656
	3.889

	6 mg/L – 3 mg/L
	15.854
	11.087
	30.984
	3.888

	8 mg/L – 4 mg/L
	21.105
	11.087
	41.312
	3.887

	9 mg/L – 6 mg/L
	15.753
	6.486
	30.984
	2.274

	9 mg/L – 8 mg/L
	5.251
	1.884
	10.328
	0.661

	12 mg/L – 6 mg/L
	31.406
	11.087
	61.968
	3.888

	Ratios

	2 mg/L / 1 mg/L
	1.017
	1.038
	1.033
	1.013

	3 mg/L / 2 mg/L
	1.017
	1.021
	1.033
	1.008

	4 mg/L / 1 mg/L
	1.051
	1.075
	1.100
	1.027

	4 mg/L / 2 mg/L
	1.033
	1.036
	1.064
	1.013

	6 mg/L / 3 mg/L
	1.050
	1.035
	1.093
	1.013

	8 mg/L / 4 mg/L
	1.065
	1.035
	1.121
	1.013

	9 mg/L / 6 mg/L
	1.047
	1.020
	1.085
	1.008

	9 mg/L / 8 mg/L
	1.015
	1.006
	1.040
	1.002

	12 mg/L / 6 mg/L
	1.094
	1.034
	1.108
	1.013


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.
Problem 
3 and Problem 5 gave the most consistent differences, especially with differences of 1 in CRP levels (2 to 1, 3 to 2, 9 to 8 mg/L CRP). When the difference >1, the difference was just multiplicative (for example, a difference from 2 to 1 mg/L CRP is 5.251 in problem 3, and this is multiplied by 3 to get 15.854 for the difference between 6 to 3 mg/L CRP). 
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.
Problem 
3 and Problem 5 gave the most consistent differences with an absolute increase in units, however, there was more variability than with the differences seen in part a. These similar pairs were 2 to 1, 3 to 2, and 9 to 8 mg/L; 4 to 1, 3 to 6, and 9 to 6 mg/L,
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.

Problem 
4 and 6 were consistent when the CRP values were multiplicative of each other (for example, doubled). These pairs were 2 to 1, 4 to 2, 12 to 6, 6 to 3, and 8 to 4 mg/L CRP with the same values. They were also consistent for a 1.5 multiplicative factor (pairs 9 and 6, 3 and 2 mg/L CRP).
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.

Problem 
4 and 6 were consistent when the CRP values were multiplicative of each other (for example, doubled). These pairs were 2 to 1, 4 to 2, 12 to 6, 6 to 3, and 8 to 4 mg/L CRP with the same values. They were also consistent for a 1.5 multiplicative factor (pairs 9 and 6, 3 and 2 mg/L CRP). There was also less variability seen than with part b.
9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
These 
analyses are all similar except for the transformation. To transform the data or not really depends on if we think the data will follow a linear relationship. It is best to use a transformed predictor when you think the relationship will not be linear. However, even untransformed predictors can have advantages, because it can be hard to think of predictors in terms of their transformed values. Since we are considering multiplicative models (ratios) in CRP level, having the outcome transformed is also a possible decision. Thus, I would choose Problem 4’s model most likely.
�Total 138


�7 of 10 points for no graph


�4 of 5 points, no mention of overall N and breakdown of CRP variable (skewness, mean)


�9 of 10 points, no mention of 95% CI or what was done with missing data


�9 or 10 points. The SE of the intercept is not equal but the SE of the diff in means is equal


�9 or 10 points. No mention of 95%CI or p value or missing values


�9 of 10 points, the SE of the intercept are different but the are otherwise approximately the same


�5 of 5 points


�4 of 5 points, no units on value


�4 of 5 points, no units or interpretation


�7 of 10 points, no mention of methods, 95%CI, p value calculation, missing values. Results do not have N.


�5 of 5 points


�4a. 0 of 5. No mention of the intercept


4b. 4 of 5 points – mean difference is 25.5mg/dl for each two forld relative difference in CRP


4c. 8 or 10. No mention of 95% CI and p value or missing values in methods


4d. 5 of 5


�5a. 0 of 5. No mention of the intercept


5b. 0 of 5 points – no mention of geometric mean difference 


5c. 8 of 10. No mention of 95% CI and p value or missing values in methods


5d. 4 of 5, values are off slightly


�6a. 0 of 5. No mention of the intercept


6b. 0 of 5 points – no mention of geometric mean difference  of 7.58%


6c. 8 of 10. No mention of 95% CI and p value or missing values in methods or CRP 0(0.5


6d. 5 of 5


�305.11


�5 of 10, values for problem 4, 5 and 6 are off for both the ratios and differences


�5 of 5 point


�3 of 5 points, only the problem 5 had constant values


�3 of 5 points, only model 4 gave constant values


�3 of 5, same as c


�5 of 5





