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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: An indicator variable was created for C-reactive protein (CRP), which is originally a continuous variable.  The new variable, crpCTG, was categorized into three levels: CRP = 0 mg/l, CRP between 1-3 mg/l, and CRP greater than 4 mg/l.  For the descriptive statistical analysis for the association between CRP and blood fibrinogen (FIB) overall, a total of 4899 subjects were involved.  Out of the total 5000 subjects in the dataset, this means that 101 subjects were missing data on the variable, FIB, and therefore were not included in the analysis.  Two other descriptive statistical analyses were conducted between CRP and FIB.  One was conducted in a group having no prior history of diagnosed cardiovascular disease (CVD), while the second was conducted in a group having prior diagnosed CVD.  Among the group having no prior history of CVD, a total of 3777 subjects were analyzed.  Among the group having prior history of CVD, a total of 1122 subjects were analyzed.  For each analysis, the total number of groups within each grouping level of CRP was presented, along with descriptive statistics for FIB levels according to mean, standard deviation, minimum, quintiles, median, and maximum, for each grouping level of CRP, as well as overall totals.  

Results
: 
For all three analyses, data is available on 5000 subjects.  For the first analysis looking at the association between CRP and FIB overall, there are a total of 101 subjects missing data on serum CRP.  With the remaining 4899 subjects available for analysis, 426 subjects had a serum CRP of 0 mg/l, 3306 subjects had a serum CRP between 1-3 mg/l, and 1167 subjects had a serum CRP of greater than 4 mg/l.  Table 1a below presents the results from the descriptive statistical analysis between CRP and FIB overall.  One distinct trend from this first analysis is that mean FIB levels increase as CRP level increases among three categories.  The mean FIB for subjects with a serum CRP of 0 mg/l was 279.815 mg/dl, mean FIB for subjects with a serum CRP of 1-3 mg/l was 311.053 mg/dl, and mean FIB for subjects with a serum CRP of greater than 4 mg/l was 372.682 mg/dl.  The overall mean FIB for all subjects was 323.018 mg/dl.  Besides calculating mean FIB levels, standard deviation, minimum, 25% quintile, median, 75% quintile, and maximum FIB levels are presented.  

For the second analysis looking at the association between CRP and FIB among subjects with no prior history of CVD, there are a total of 3777 subjects available for analysis.  Table 1b presents the descriptive statistics of this analysis.  Similar to the first analysis, mean FIB levels appear to increase among increasing serum CRP levels as grouped by categorical levels.  Among the 3777 subjects with no prior history of CVD, 348 subjects had a serum CRP of 0 mg/l and mean FIB of 277.479 mg/dl.  2597 subjects had a serum CRP of 1-3 mg/l and mean FIB of 310.018 mg/dl.  832 subjects had a serum CRP of greater than 4mg/l and a mean FIB of 367.204 mg/dl.  The overall mean FIB for subjects with no prior history of CVD was 319.617 mg/dl.  In addition to calculating mean FIB levels, standard deviation, minimum, 25% quintile, median, 75% quintile, and maximum FIB levels are presented.   
For the third analysis looking at the association between CRP and FIB among subjects with a prior history of CVD, there are a total of 1122 subjects available for analysis.  Table 1c presents the descriptive statistics of this analysis.  Similar to the first and second analyses, mean FIB levels appear to increase among increasing serum CRP levels as grouped by categorical levels.  Among the 1122 subjects with prior history of CVD, 78 subjects had a serum CRP of 0 mg/l and mean FIB of 290.231 mg/dl.  709 subjects had a serum CRP of 1-3 mg/l and mean FIB of 314.845 mg/dl.  335 subjects had a serum CRP of greater than 4mg/l and a mean FIB of 386.287 mg/dl.  The overall mean FIB for subjects with prior history of CVD was 334.464 mg/dl.  In addition to calculating mean FIB levels, standard deviation, minimum, 25% quintile, median, 75% quintile, and maximum FIB levels are presented.  When examining the association between CRP and FIB by prior history of CVD status, the mean FIB level was greater among subjects with a prior history of CVD as compared to subjects with no prior history of CVD (334.464 mg/dl vs. 319.617 mg/dl).             
Table 1a: Descriptive statistics between C-reactive protein (CRP) and blood fibrinogen (FIB) overall
	
	FIB (mg/dl)

	CRP (mg/l)
	N
	Mean
	Standard deviation
	Minimum
	25% quintile
	Median
	75% quintile
	Maximum

	0
	426
	279.815
	50.546
	172
	246
	277
	307
	540

	1-3
	3306
	311.053
	53.175
	109
	270
	307
	337
	592

	4

	1167
	372.682
	80.958
	132
	314
	362
	418
	872

	Total
	4899
	323.018
	67.354
	109
	281
	311
	361
	872


Table 1b: Descriptive statistics between CRP and FIB by subjects with no history of CVD

	
	FIB (mg/dl)

	CRP (mg/l)
	N
	Mean
	Standard deviation
	Minimum
	25% quintile
	Median
	75% quintile
	Maximum

	0
	348
	277.479
	48.524
	172
	245
	270.5
	307
	436

	1-3
	2597
	310.018
	52.457
	109
	270
	307
	337
	562

	4
	832
	367.204
	78.878
	132
	311
	361
	403.5
	872

	Total
	3777
	319.617
	64.834
	109
	277
	311
	361
	872


Table 1c: Descriptive statistics between CRP and FIB by subjects with prior history of CVD

	
	FIB (mg/dl)

	CRP (mg/l)
	N
	Mean
	Standard deviation
	Minimum
	25% quintile
	Median
	75% quintile
	Maximum

	0
	78
	290.231
	57.934
	180
	253
	283
	316
	540

	1-3
	709
	314.845
	55.600
	132
	274
	311
	354
	592

	4
	335
	386.287
	84.504
	175
	331
	373
	436
	695

	Total
	1122
	334.464
	74.113
	138
	285
	328
	367
	695


2. Perform t test analyses exploring an association between mean fibrinogen and prior history of CVD.

a. Methods: 
Using a t-test that presumed that the standard deviation of fibrinogen is similar within each group defined by the presence or absence of prior history of CVD (i.e., assumes equal variances), differences in mean fibrinogen were compared between subjects with no prior history of CVD and subjects with prior history of CVD.  Two-sided p-values were calculated.  95% confidence intervals for the difference in population means were constructed using the same presumption that the standard deviation of fibrinogen is similar within each group defined by the presence or absence of prior history of CVD (i.e., assumes equal variance) as in the t-test analysis.  If subjects were missing values for fibrinogen, then they were not included as part of the analysis.

Results: A total of 4915 subjects were included in the analysis (Table 2a).  Among the 3791 subjects with no prior history of CVD, mean fibrinogen was 319.574 
mg/dl.  Among the 1124 subjects with prior history of CVD, mean fibrinogen was 334.459 mg/dl.  From the 95% confidence interval that allows for equal variances, the observation that subjects with a prior history of CVD had mean fibrinogen 14.885 mg/dl higher than subjects with no prior history of CVD would not be unusual if the true difference in population means was between 10.424 mg/dl to 19.346 mg/dl higher mean fibrinogen among subjects with prior history of CVD.  Based on our t-test that allowed for equal variances, our observation is statistically significant at the 0.05 significance level (two-sided p-value < 0.0001).  Thus, with 95% confidence, we can reject the null hypothesis that mean fibrinogen is not different by prior CVD history status in favor of the hypothesis that prior CVD history status is associated with higher mean fibrinogen.   

Table 2a: T-test with equal variances comparing fibrinogen to prior history of CVD
	
	Fibrinogen (mg/dl)

	
	N
	Mean
	Standard Error
	Standard Deviation
	95% confidence interval

	No prior history of CVD
	3791
	319.574
	1.052
	64.764
	317.512, 321.636

	Prior history of CVD
	1124
	334.459
	2.209
	74.063
	330.125, 338.794

	Total
	4915
	322.978
	0.959
	67.287
	321.096, 324.859

	Difference
	
	-14.885
	2.276
	
	-19.346, -10.424


  t-statistic = -6.541   2-sided p-value < 0.0001
b. Using 
classical linear regression analysis, we estimate that for each unit difference in prior history of CVD between two populations, the difference in mean fibrinogen is 14.885 mg/dl higher among those with prior history of CVD.  The 95% confidence interval suggests that this observation would not be unusual if the true difference in mean fibrinogen were between 10.424 mg/dl and 19.346 mg/dl higher among those with prior history of CVD.  Given that the two-sided p-value is less than 0.0001, we reject the null hypothesis that there is no linear trend in average fibrinogen among prior CVD history status.
We can see, therefore, how using classical linear regression can yield the same results as from the previous t-test analysis in part (a).  Comparing Table 2a and Table 2b, the difference in mean fibrinogen and the coefficient for “prior history of CVD” are equivalent in absolute value (signs are different due to different reference group).  From Table 2a, the difference in mean fibrinogen is 14.885 mg/dl higher among subjects with prior history of CVD.  From Table 2b, subjects with prior history of CVD have a mean fibrinogen of 14.885 mg/dl greater as compared to subjects with no prior history of CVD.  In addition, the 95% confidence intervals from both analyses agree with each other.  From Table 2a, the 95% confidence interval indicates that subjects with prior history of CVD have a mean fibrinogen 10.424 mg/dl to 19.346 mg/dl higher as compared to subjects with no prior history of CVD.  The same result holds from Table 2b: the 95% confidence interval suggests that subjects with prior history of CVD have mean fibrinogen levels 10.424 mg/dl to 19.346 mg/dl higher than subjects with no prior history of CVD.  The different in signs is, again, due to a difference in reference group designation.  Standard deviation values from both analyses agree with each other as well – both yield standard error values of 2.276 mg/dl.     
Table 2b: Linear regression analysis of fibrinogen and prior history of CVD

	
	Fibrinogen (mg/dl)

	
	Coefficient
	Standard error
	t-statistic
	P>|t|
	95% confidence interval

	Intercept
	319.357
	1.088
	293.670
	<0.0001
	317.441, 321.707

	Prior history of CVD
	14.885
	2.276
	6.540
	<0.0001
	10.424, 19.346


c. Methods
: Using a t-test that allowed for the possibility that the standard deviation of fibrinogen might differ across groups defined by the presence or absence of prior history of CVD (i.e., assumes unequal variances/Satterthwaite approximation), differences in mean fibrinogen were compared between subjects with no prior history of CVD and subjects with prior history of CVD.  Two-sided p-values were calculated.  95% confidence intervals for the difference in population means were constructed using the same presumption that the standard deviation of fibrinogen may differ across groups defined by the presence or absence of prior history of CVD (i.e., assumes unequal variance) as in the t-test analysis.  If subjects were missing values for fibrinogen, then they were not included as part of the analysis.
Results: A total of 4915 subjects were included in the analysis (Table 2c).  Among the 3791 subjects with no prior history of CVD, mean fibrinogen was 319.574 mg/dl.  Among the 1124 subjects with prior history of CVD, mean fibrinogen was 334.459 mg/dl.  From the 95% confidence interval that allows for unequal variances, the observation that subjects with a prior history of CVD had mean fibrinogen 14.885 mg/dl higher than subjects with no prior history of CVD would not be unusual if the true difference in population means was between 10.086 mg/dl to 19.684 mg/dl higher mean fibrinogen among subjects with prior history of CVD.  Based on our t-test that allowed for unequal variances, our observation is statistically significant at the 0.05 significance level (two-sided p-value < 0.0001).  Thus, with 95% confidence, we can reject the null hypothesis that mean fibrinogen is not different by prior CVD history status in favor of the hypothesis that prior CVD history status is associated with higher mean fibrinogen.   
Table 2c: T-test with unequal variances comparing fibrinogen to prior history of CVD
	
	Fibrinogen (mg/dl)

	
	N
	Mean
	Standard Error
	Standard Deviation
	95% confidence interval

	No prior history of CVD
	3791
	319.574
	1.052
	64.764
	317.512, 321.636

	Prior history of CVD
	1124
	334.459
	2.209
	74.063
	330.125, 338.794

	Total
	4915
	322.978
	0.959
	67.287
	321.096, 324.859

	Difference
	
	-14.885
	2.447
	
	-19.684, -10.086


t-statistic = -6.084  2-sided p-value < 0.0001
d. Using
 linear regression analysis with robust standard error estimates (i.e., Huber-White sandwich estimator), we calculate that for each unit difference in prior history of CVD between two populations, the difference in mean fibrinogen is 14.885 mg/dl higher among those with prior history of CVD.  The 95% confidence interval suggests that this observation would not be unusual if the true difference in mean fibrinogen were between 10.089 mg/dl and 19.681 mg/dl higher among those with prior history of CVD.  Given that the two-sided p-value is less than 0.0001, we reject the null hypothesis that there is no linear trend in average fibrinogen among prior CVD history status.

We can see, therefore, how using linear regression with robust standard error estimates can yield the same results as from the previous t-test analysis in part (c).  Comparing Table 2c and Table 2d, the difference in mean fibrinogen and the coefficient for “prior history of CVD” are similar in absolute value (signs are different due to different reference group).  From Table 2c, the difference in mean fibrinogen is 14.885 mg/dl higher among subjects with prior history of CVD.  From Table 2d, subjects with prior history of CVD have a mean fibrinogen of 14.885 mg/dl greater as compared to subjects with no prior history of CVD.  In addition, the 95% confidence intervals from both analyses tend to agree with each other.  From Table 2c, the 95% confidence interval indicates that subjects with prior history of CVD have a mean fibrinogen 10.086 mg/dl to 19.684 mg/dl higher as compared to subjects with no prior history of CVD.  The same result holds from Table 2d: the 95% confidence interval suggests that subjects with prior history of CVD have mean fibrinogen levels 10.089 mg/dl to 19.681 mg/dl higher than subjects with no prior history of CVD.  The different in signs is, again, due to a difference in reference group designation.  Standard deviation values from both analyses agree with each other as well – both yield standard error values of about 2.446 mg/dl.    
Table 2d: Linear regression analysis of fibrinogen and prior history of CVD, robust standard errors
	
	Fibrinogen (mg/dl)

	
	Coefficient
	Robust standard error
	t-statistic
	P>|t|
	95% confidence interval

	Intercept
	319.574
	1.052
	303.800
	<0.0001
	317.512, 321.636

	Prior history of CVD
	14.885
	2.446
	6.080
	<0.0001
	10.089, 19.681


e. Sin
ce the major difference between the two analyses in parts (a) and (c) was allowing for equal variances versus allowing for unequal variances, by assessing which assumption was more accurate – that is, whether it was better to assume equal variances or assume unequal variances – we could use the results of the analysis from 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).  Given that the results from part (a) suggest that the assumption of equal variances may be the better assumption as compared to the assumption of unequal variances, this may impact the precision which is reflected in the narrower 95% confidence interval in part (a) as compared to the wider 95% confidence interval in part (c).  Therefore, given the narrower 95% confidence interval in part (a), the increased precision may help us to predict that the association found in part (c) may be weaker than the association found in part (a) as seen by a t-statistic smaller in magnitude (6.541 in part (a) versus 6.084 in part (c)) as well as a larger p-value.     
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: Linear regression analysis was performed using Huber-White estimates of the standard error (i.e., robust standard error estimates).  This analysis was done evaluating an association between mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, untransformed random variable.  

Results: A total of 4899 subjects were available for this analysis.  The observed intercept estimate from the fitted regression model was 304.015.  This means that the estimated FIB for subjects with a CRP of 0 mg/l is about 304.015 mg/dl.  
The observed slope estimate from the fitted regression model was 5.251.  This means that the estimated difference in mean FIB for two groups differing by 1 mg/l CRP is 5.251 mg/dl, with subjects with a higher serum CRP level averaging a higher mean FIB
.  Our overall conclusion about the presence of an association between fibrinogen and CRP is that we estimate for each 1 mg/l difference in serum CRP between two populations, the difference in mean FIB is 5.251 mg/dl higher in the population with higher serum CRP.  The 95% confidence interval suggests that this observation would not be unusual if the true difference in mean FIB were between 4.604 mg/dl and 5.898 mg/dl higher per 1 mg/l difference in serum CRP.  Given that the observed two-sided p-value is less than 0.0001, with 95% confidence, we can reject the null hypothesis that there is no linear trend in the average FIB across serum CRP levels
.      

4. Methods: Linear regression analysis was performed using Huber-White estimates of the standard error (i.e., robust standard error estimates).  This analysis was done evaluating an association between mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, log transformed random variable.  If a subject had a CRP of 0 mg/l, a value of 0.5 mg/l was substituted with the assumption that those subjects had some positive CRP value below a lower limit of detection.   

Results: A total of 4899 subjects were available for this analysis.  The observed intercept estimate from the fitted regression model was 295.566.  This means that the estimated FIB 
for subjects with a CRP of 0 mg/l 
is about 295.566 mg/dl.  The observed slope estimate from the fitted regression model was 36.833
.  This means that the estimated difference in mean FIB for two groups differing by log of 1 mg/l CRP is 36.833 mg/dl, with subjects with a higher log serum CRP level averaging a higher mean FIB.  Our overall conclusion about the presence of an association between fibrinogen and CRP is that we estimate for each log 1mg/l difference in serum CRP between two populations, the difference in mean FIB is 36.833 mg/dl higher in the population with higher log serum CRP.  The 95% confidence interval suggests that this observation would not be unusual if the true difference in mean FIB were between 34.577 mg/dl and 39.089 mg/dl higher per log of 1mg/l difference in serum CRP.  Given that the observed two-sided p-value is less than 0.0001, with 95% confidence, we can reject the null hypothesis that there is no linear trend in 
the average FIB across log-transformed serum CRP levels.

5. Methods: Linear regression analysis was performed using Huber-White estimates of the standard error (i.e., robust standard error estimates).  This analysis was done evaluating an association between geometric mean (i.e., log-transformed) fibrinogen across groups defined by CRP, modeling CRP as a continuous, untransformed random variable.  In order to obtain inference on the geometric mean, fitted regression model estimates, as well as 95% confidence interval estimates, were exponentiated.  

Results: A total of 4899 subjects were available for this analysis.  The observed intercept estimate from the fitted regression model was 300.896.  This means that the estimated geometric mean of FIB for subjects with a CRP of 0 mg/l is about 300.896 mg/dl.  
The observed slope estimate from the fitted regression model was 1.014.  This means that the estimated ratio of geometric mean FIB for two groups differing by 1 mg/l CRP is 1.014 mg/dl, with subjects with a higher serum CRP level averaging a higher geometric mean FIB
.  Our overall conclusion about the presence of an association between fibrinogen and CRP is that we estimate for each 1 mg/l difference in serum CRP between two populations, the geometric mean FIB is 1.402% higher in the population with higher serum CRP.  The 95% confidence interval suggests that this observation would not be unusual if the true relationship between geometric means were such that the higher serum CRP group’s geometric mean FIB were between 1.223% and 1.581% higher for every 1 mg/l difference in serum CRP
.  Given that the observed two-sided p-value is less than 0.0001, with 95% confidence, we can reject the null hypothesis that there is no linear trend in the average FIB across serum CRP groups.

6. Methods: Linear regression analysis was performed using Huber-White estimates of the standard error (i.e., robust standard error estimates).  This analysis was done evaluating an association between geometric mean (i.e., log-transformed) fibrinogen across groups defined by CRP, modeling CRP as a continuous, log transformed random variable.  In order to obtain inference on the geometric mean, fitted regression model estimates, as well as 95% confidence interval estimates, were exponentiated.  If a subject had a CRP of 0 mg/l, a value of 0.5 mg/l was substituted with the assumption that those subjects had some positive CRP value below a lower limit of detection.  To aid with interpretation of the model estimates, serum CRP was not only log transformed, but rescaled log CRP to base 1.1 as well.    

Results: A total of 4899 subjects were available for this analysis.  The observed intercept estimate from the fitted regression model was 292.536.  This means that the estimated geometric mean of FIB for subjects with a CRP of 0 mg/l is about 292.536 mg/dl
.  The observed slope estimate from the fitted regression model was 1.010.  This means that the estimated ratio of geometric mean FIB for two groups differing by 10% in serum CRP (i.e., 1.1-fold difference in serum CRP) is 1.010 times higher among the higher geometric mean FIB group
.  Our overall conclusion about the presence of an association between fibrinogen and CRP is that we estimate that when comparing two groups of subjects differing in serum CRP by 10%, the geometric mean FIB is 1.010 % higher in the higher serum CRP population.  The 95% confidence interval suggests that this observation would not unusual if the true relationship between geometric means were such that the higher serum CRP group’s geometric mean FIB was between 0.953% and 1.066% higher than that in the lower serum CRP group.  Given that the observed two-sided p-value is less than 0.0001, with 95% confidence, we can reject the null hypothesis that there is no linear trend in the average FIB across serum 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)
	Problem 4: (mean fibrinogen)
	Problem 5: (geometric mean fibrinogen)
	Problem 6: (geometric mean fibrinogen)

	1 mg/L
	309.266
	332.399
	301.910
	293.546

	2 mg/L
	314.517
	369.233
	302.924
	294.556

	3 mg/L
	319.768
	406.066
	303.938
	295.566

	4 mg/L
	325.019
	442.899
	304.952
	296.576

	6 mg/L
	335.520
	516.565
	306.980
	298.596

	8 mg/L
	346.022
	590.232
	309.008
	300.616

	9 mg/L
	351.273
	627.065
	310.022
	301.627

	12 mg/L
	367.025
	737.564
	313.064
	304.657


7. Comple
te 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)
	Problem 4: (mean fibrinogen)
	Problem 5: (geometric mean fibrinogen)
	Problem 6: (geometric mean fibrinogen)

	Differences

	2 mg/L – 1 mg/L
	5.251
	36.834
	1.014
	1.011

	3 mg/L – 2 mg/L
	5.251
	36.834
	1.014
	1.011

	4 mg/L – 1 mg/L
	15.753
	110.499
	3.042
	3.031

	4 mg/L – 2 mg/L
	10.502
	73.666
	2.028
	2.021

	6 mg/L – 3 mg/L
	15.753
	110.499
	3.042
	3.031

	8 mg/L – 4 mg/L
	21.003
	147.334
	4.056
	4.041

	9 mg/L – 6 mg/L
	15.753
	110.499
	3.042
	3.031

	9 mg/L – 8 mg/L
	5.251
	36.834
	1.014
	1.011

	12 mg/L – 6 mg/L
	31.505
	220.999
	6.084
	6.061

	Ratios

	2 mg/L / 1 mg/L
	1.017
	1.111
	1.003
	1.003

	3 mg/L / 2 mg/L
	1.017
	1.099
	1.003
	1.003

	4 mg/L / 1 mg/L
	1.051
	1.332
	1.010
	1.010

	4 mg/L / 2 mg/L
	1.033
	1.199
	1.007
	1.007

	6 mg/L / 3 mg/L
	1.049
	1.272
	1.010
	1.010

	8 mg/L / 4 mg/L
	1.065
	1.333
	1.013
	1.013

	9 mg/L / 6 mg/L
	1.047
	1.214
	1.010
	1.010

	9 mg/L / 8 mg/L
	1.015
	1.062
	1.003
	1.003

	12 mg/L / 6 mg/L
	1.094
	1.428
	1.020
	1.020


8. With respect to the results presented in Table 2, answer the following questions:
a. Analyses from 
problems 3 and 4 gave constant differences in the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels.  That is, analyses in which mean fibrinogen was being measured, whether or not CRP was modeled as a continuous, untransformed or log transformed random variable.  Each 1 unit increase in CRP level resulted in constant difference: 2 mg/l to 1 mg/l; 3 mg/l to 2 mg/l; 9 mg/l to 8 mg/l.  Each 3 unit increase in CRP level resulted in constant difference: 4 mg/l to 1 mg/l; 6 mg/l to 3 mg/l; 9 mg/l to 6 mg/l.  
b. Analysis from 
problem 3 – examining mean fibrinogen across groups defined by CRP, modeling CRP as a continuous, untransformed random variable – gave a better approximation of constant ratios of the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels.  Each 1 unit difference in CRP level yielded relatively constant ratios: 2 mg/l to 1 mg/l; 3 mg/l to 2 mg/l; 9 mg/l to 8 mg/l.  Each 3 unit difference in CRP level also yielded relatively constant ratios: 4 mg/l to 1 mg/l; 6 mg/l to 3 mg/l; 9 mg/l to 6 mg/l.    
c. Analyse
s from problems 5 and 6 gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels.  That is, analyses in which geometric mean fibrinogen was being measured, whether or not CRP was modeled as a continuous, untransformed or log transformed random variable.  Each 1 unit increase in CRP level resulted in constant difference: 2 mg/l to 1 mg/l; 3 mg/l to 2 mg/l; 9 mg/l to 8 mg/l.  Each 3 unit increase in CRP level resulted in constant difference: 4 mg/l to 1 mg/l; 6 mg/l to 3 mg/l; 9 mg/l to 6 mg/l.  
d. Analyses from problems 
5 and 6 gave constant ratios in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels.  That is, analyses in which geometric mean fibrinogen was being measured, whether or not CRP was modeled as a continuous, untransformed or log transformed random variable.  Each 1 unit increase in CRP level resulted in constant ratios: 2 mg/l to 1 mg/l; 3 mg/l to 2 mg/l; 9 mg/l to 8 mg/l.  Each 3 unit increase in CRP level resulted in constant difference: 4 mg/l to 1 mg/l; 6 mg/l to 3 mg/l; 9 mg/l to 6 mg/l.  

9. Deciding
 on which analysis to use in order to investigate associations between fibrinogen and CRP requires both statistical and scientific considerations.  Though science may serve to dictate the choice of model due to perhaps advantages in interpretability of the results, statistical preferences also should come in to consideration of issues such as whether to transform the response variable (i.e., geometric or non-geometric).  Therefore, some things to consider when deciding what analysis to use would be, for example, choosing the predictor of interest to be transformed.  Again, as stated before, an untransformed predictor may have its advantage in being more interpretable.  However, if the data may not likely follow a straight line relationship, which is necessary to predict the value of the parameter in individual groups, then it may be better to transform the predictor of interest in the analysis.  Another consideration to make is whether to conduct regression on geometric means – that is, whether to estimate the geometric mean of the response variable.  This may be an appropriate choice if the response variable is positive and continuous.  Other factors that may lead to regression on geometric means may include an interest in multiplicative models, which may yield easier interpretation and provide comparisons of groups using ratios, desire to down-weight outliers, and/or the standard deviation of response in a group is proportional to the mean.  Given that in all four of the previous analyses, one or more of these considerations apply, choosing which analysis to ultimately do may rest on balancing the most appropriate scientific goals to the most appropriate statistical methods.  
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�This should read greater than 4 for all tables if that is what it represents as given in your methods. 


�2A. 10/10


�Too many units


�2b. 10/10


�2c 10/10


�2d. 10/10


�2e. 4/5





Discuss sample size differences as a reason for the standard error estimate to change across groups.


�Mean fib. Minus 2 pts.





3a. 3/5 


�3b. 5/5 


�3c. 9/10





Mention Wald statistics for CI. Missing data, and round data.


�3d 5/5


�Mean fib


�1 mg/L not 0 because of transformation.





4a. 4/5


�4b. This is not the same result as the Key. And I am not sure why it wouldn’t be given your methods. Also, your results were not interpreted as a multiple fold increase in difference in CRP levels. But conceptually I think you were doing the right thing. 





4b. 2/5


�4c. 8/10 





Numbers incorrect, wald statistics for CI, missing data, and round data, multiplicative increase 


�4d. 4/5





Your numbers don’t match table. 


�5a 5/5


�5b 5/5


�5c. 10/10


�5d. 4/5





Your numbers don’t match table


�6a. 1 mg/l not zero because of log transform





4/5 pt


�6b 5/5pts


�6c. 8/10





Reject in favor of what? Missing data, CI used


�6d. 4/5





Correct summary measure, your numbers don’t match table. 


�Only question 3 is right. 





7. 2.5/10


�8a. Only problem 3.


2.5/5


�8b. 0/5


�8c. 0/5


�8d. only problem 6. 





2.5/5


�5/5






