Biost 518 / 515, Winter 2015
Homework #2
January 13, 2015, Page 1 of 10

Biost 518: Applied Biostatistics II

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

January 13, 2015
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: To compare trends in mean blood fibrinogen levels across levels of blood C reactive protein (CRP), a scatter plot was constructed, modeling
 each variable on an untransformed continuous scale. The data points were stratified by whether participants reported a previous history of cardiovascular disease (CVD), and lowess smooths were superimposed to indicate the trend in mean fibrinogen across levels of CRP overall and separately by previous history of CVD. Summary statistics on the mean, standard deviation, minimum, and maximum of blood fibrinogen by levels of CRP overall and by history of CVD were tabulated, with CRP categorized into three groups based on clinical risk for heart attack: low risk (less than 1 mg/L), average risk (1 to 3 mg/L), and high risk (above 3 mg/L). 

Inference: Eighty-five individuals had missing data on blood fibrinogen, 67 had missing data on blood CRP, and 51 had missing data on both. This resulted in a total of 101 individuals excluded from the present analysis due to incomplete data on one or both variables of interest. The mean CRP among those missing data on fibrinogen was 2.88 mg/L (sd 2.74), compared to 3.61 mg/L (sd 6.15) among those without missing data. The mean fibrinogen level among those with missing data on CRP was 310.9 mg/dl (sd 41.7), compared to 323.0 mg/dl (sd 67.3) among those without missing data. Among the 101 participants with missing data one or both biochemical markers of inflammation, the prevalence of prior history of disease was 26.7%, slightly higher than the 22.9% among those without missing data.


The figure below shows the scatterplot of fibrinogen levels by CRP levels among strata defined by previous history of CVD for the 4,899 individuals with complete data. Levels of CRP in the sample are highly skewed, with few participants having CRP levels above 10 mg/L and some outliers with levels above 60 mg/L. There are additionally a few outliers with fibrinogen levels above 700 mg/dl. Generally, there is an upward trend in fibrinogen levels with higher CRP levels overall and for each strata, and those without a history of CVD have slightly lower mean fibrinogen levels (blue line) than those with a history of prior CVD (red line) for each level of CRP. Although the lowess smooth lines increase sharply from CRP levels 0 through approximately 3 and become more flat for higher levels of CRP where the data is sparse, the association appears approximately linear through the bulk of the data from CRP levels 3 to 40 or 50.
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This pattern of increasing mean fibrinogen with higher levels of CRP can be seen in the table below; the mean fibrinogen level among those with a CRP level below 1mg/L is 279.8 mg/dl, compared to 311.1 mg/dl among those with CRP between 1 and 3 mg/L, and 372.7 mg/dl among those with CRP above 3 mg/L. Among those with no history of CVD, the mean fibrinogen levels are lower overall and for each level of CRP than they are among those with a history of CVD. However, the standard deviations are large (48.52 mg/dl to 84.50 mg/dl), so this difference may not be significant. These data suggest that there is an association between CRP and fibrinogen. This positive association does not seem to be modified by previous history of CVD, although previous history of CVD should be considered as a potential confounder, as those with a previous history of disease also tend to have a higher CRP level (mean 4.40, sd 6.88 among those with a previous history of CVD compared to mean 3.38, sd 5.90 among those without).

	Table 1: Mean fibrinogen level by level of blood C reactive protein, stratified by history of CVD (N=4,899)

	
	Blood fibrinogen level

	
	Overall

Mean (sd; min, max) n
	No history of CVD

Mean (sd; min, max) n
	History of CVD

Mean (sd; min, max) n

	Overall
	323.0 (67.36; 109, 872) n=4,899
	319.6 (64.83; 109, 872) n=3,777
	334.5 (74.11; 138, 695) n=1,122

	CRP <1 mg/L
	279.8 (50.55; 172, 540) n=426
	277.5 (48.52; 172, 436) n=348
	290.2 (57.9; 180, 540) n=78

	CRP 1 to 3 mg/L
	311.1 (53.18; 109, 592) n=3,306
	310.0 (52.46; 109, 562) n=2,597
	314.8 (55.60; 138, 592) n=709

	CRP >3 mg/L
	372.7 (80.96; 132, 872) n=1,167
	367.2 (78.88; 132, 872) n=832
	386.3 (84.50; 175, 695) n=335


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: To test whether there is a difference in the mean fibrinogen level between groups with and without a prior history of CVD (previous angina, myocardial infarction, TIA, or stroke), a T-test
 assuming equal variances was conducted (2-tailed p-value, alpha=0.05). Eight-five individuals with missing data on fibrinogen levels were excluded from this analysis. Those with missing data were not significantly different on presence of prior history of CVD (70.6% vs. 77.1%; Chi-sq=2.02; p=0.155).

Inference: Among 3,791 participants with no prior history of CVD, the mean fibrinogen level was 319.6 mg/dl. Among the 1,124 participants with a prior history of CVD, the mean fibrinogen level was 334.5 mg/dl. This difference of 14.89 mg/dl would not be surprising if those with a prior history of CVD had true mean fibrinogen levels between 10.42 mg/dl and 19.35 mg/dl higher than those with no prior history of CVD. The results of this analysis indicate that, with 95% confidence, we can reject the null hypothesis in favor of the alternative hypothesis that mean fibrinogen levels are associated with prior history of CVD (p<0.0001).
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:
 Classic simple regression was conducted to assess the mean difference in the response variable (fibrinogen) between those with a history of CVD and those with no prior history of CVD. The hypothesis test (alpha=0.05) will test the null hypothesis that the slope of the regression is zero, which corresponds to the null hypothesis for the T-test 
that the difference in mean fibrinogen between the groups is zero.

Inference: The results of the simple linear regression indicate that the slope is 14.89, which matches to the mean difference from part a. The standard error is identical
, at 2.28, as is the 95% confidence interval (10.42, 19.35). The output from the simple linear regression also includes a t-statistic (6.54) and p-value (p<0.0001) that match the output from the t-test (the t-statistic for the t-test is negative simply because of the way the difference was calculated). The overall p-value of the regression model also matches the p-value from the t-test (p<0.0001), as there are no other predictors in the model.
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: To test whether there is a difference in the mean fibrinogen level between groups with and without a prior history of CVD (previous angina, myocardial infarction, TIA, or stroke), a T-test
 allowing for unequal variances was conducted (2-tailed p-value, alpha=0.05). Eight-five individuals with missing data on fibrinogen levels were excluded from this analysis. Those with missing data were not significantly different on presence of prior history of CVD (70.6% vs. 77.1%; Chi-sq=2.02; p=0.155).

Inference: Among 3,791 participants with no prior history of CVD, the mean fibrinogen level was 319.6 mg/dl. Among the 1,124 participants with a prior history of CVD, the mean fibrinogen level was 334.5 mg/dl. This difference of 14.9 mg/dl would not be surprising if those with a prior history of CVD had true mean fibrinogen levels between 10.09 mg/dl and 19.68 mg/dl higher than those with no prior history of CVD. The results of this analysis indicate that, with 95% confidence, we can reject the null hypothesis in favor of the alternative hypothesis that mean fibrinogen levels are associated with prior history of CVD (p<0.0001).
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:
 Simple regression with robust standard errors (calculated using the Huber-White sandwich estimator) was conducted to assess the mean difference in the response variable (fibrinogen) between those with a history of CVD and those with no prior history of CVD. The hypothesis test (alpha=0.05) will test the null hypothesis that the slope of the regression is zero, which corresponds to the null hypothesis for the T-test 
that the difference in mean fibrinogen between the groups is zero.
Inference: The results of the linear regression model indicate that the slope is 14.89, which matches to the mean difference estimated from part a. The standard error 
is very nearly the same (2.44629 mg/dl compared to 2.44674 mg/dl), and the 95% confidence interval is very slightly narrower for the regression inference (10.089, 19.680), compared to 10.086, 19.684 for the T-test. This is a reflection of both the differences in standard error and the fact that the degrees of freedom differ between the tests (4913 for the regression and 1664.57 for the T-test). The p-values for the overall F-test and the T-test are the same up to 4 significant figures (p<0.0001), indicating that the null hypothesis of no difference in mean fibrinogen levels by history of CVD should be rejected. 

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)?

The output from the analysis performed in part (a) indicates that the standard deviation of fibrinogen is different by groups defined by previous history of CVD (64.76 mg/dl among those with no history of CVD and 74.06 mg/dl among those with a history of CVD). Because there is higher variation in the group with a smaller sample size, assuming equal variances between the groups produces an anti-conservative estimate. This means that the association found in part (a) would be artificially small, the T 
statistic too high and the CI too narrow. The analysis in part (c) would be closer to the truth, indicating a weaker association. 

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: Eighty-five individuals had missing data on blood fibrinogen, 67 had missing data on blood CRP, and 51 had missing data on both. This resulted in a total of 101 individuals excluded from the present analysis due to incomplete data on one or both variables of interest. To examine the association between mean fibrinogen and CRP, simple linear regression was conducted with robust standard errors (Huber-White sandwich estimator). Both variables were modeled as continuous, untransformed random variables. 

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

The
 estimated intercept indicates that, for individuals with a CRP of 0 mg/L, the mean fibrinogen level is 304 mg/dl. This estimate would be consistent with a true mean between 302 and 307 mg/dl, based on 95% confidence intervals.  

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

The estimate 
of the slope indicates that the mean difference in fibrinogen between participants differing in CRP by 1 mg/L is 5.25 mg/dl. Based on 95% confidence intervals, this estimate would not be surprising if the true difference were between 4.60 and 5.90 mg/dl. 

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

With on a two-sided p-value <0.0001, we reject the null hypothesis that there is no association between blood CRP level and blood fibrinogen ((=0.05). The positive value of the estimated slope and the fact that the 95% confidence interval does not contain 0 further indicates that mean fibrinogen levels are not equal across groups defined by one-unit changes 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).

The mean fibrinogen levels between groups having specific CRP levels are presented in Table 2, below. These estimates are obtained by plugging the value of CRP into the formula: E[fibrinogen | CRP=x] = 340.0152 + 5.250855 * x.

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: Eighty-five individuals had missing data on blood fibrinogen, 67 had missing data on blood CRP, and 51 had missing data on both. This resulted in a total of 101 individuals excluded from the present analysis due to incomplete data on one or both variables of interest. To examine the association between mean fibrinogen and CRP, simple linear regression was conducted with robust standard errors (Huber-White sandwich estimator) using log-transformed CRP with original values of 0 imputed as 0.5. 

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

The estimated 
intercept is 296, indicating that for individuals with a CRP of 1 mg/L (ln(CRP)=0), the mean fibrinogen level is 296 mg/dl. This estimate would be consistent with a true mean between 294 and 297 mg/dl among those with CRP of 1mg/L, based on 95% confidence intervals.  

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

The estimate of the slope indicates that the mean difference in fibrinogen between participants with an “e” (~2.72) difference 
in CRP (a 1-unit difference in ln(CRP)) is 36.8 mg/dl. Based on 95% confidence intervals, this estimate would not be surprising if the true difference
 in mean fibrinogen between those differing in CRP levels by ‘e’ mg/L were between 34.6 and 39.1 mg/dl. 

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

With on 
a two-sided p-value <0.0001, we reject the null hypothesis that there is no association between blood CRP level and blood fibrinogen ((=0.05). The positive value of the estimated slope and the fact that the 95% confidence interval does not contain 0 further indicates that mean fibrinogen levels are not equal across groups defined by e-unit changes 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).

The mean fibrinogen levels between groups having specific CRP levels are presented in Table 2, below. These estimates are obtained by plugging the value of CRP into the formula: E[fibrinogen | ln(CRP=x)] = 295.5663 + 36.83316 * ln(x).

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: Eighty-five individuals had missing data on blood fibrinogen, 67 had missing data on blood CRP, and 51 had missing data on both. This resulted in a total of 101 individuals excluded from the present analysis due to incomplete data on one or both variables of interest. To examine the association between geometric mean fibrinogen and CRP levels, simple linear regression was conducted on log-transformed fibrinogen with robust standard errors (Huber-White sandwich estimator). 

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

The 
estimated intercept is 5.71, indicating that for individuals with a CRP of 0 mg/L, the geometric mean fibrinogen level is 301 mg/dl (e^(5.71)). This estimate would be consistent with a true geometric mean between 299 and 303 mg/dl among those with CRP of 0 mg/L, based on 95% confidence intervals.  

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

The estimate 
of the slope indicates that the ratio of geometric mean fibrinogen levels between participants with a 1-unit difference in CRP is 1.01 mg/dl. Based on 95% confidence intervals, this estimate would not be surprising if the true ratio of geometric mean fibrinogen between those differing by 1 mg/L CRP were between 1.01 mg/dl and 1.02 mg/dl. 

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

With on a two-sided p-value <0.0001, we reject the null hypothesis that there is no association between blood CRP level and geometric mean blood fibrinogen ((=0.05). The positive value of the estimated slope and the fact that the 95% confidence interval does not contain 0 further indicates that geometric mean fibrinogen levels are not equal across groups defined by 1-unit changes 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).

The geometric mean fibrinogen levels between groups having specific CRP levels are presented in Table 2, below. These estimates are obtained by plugging the value of CRP into the formula: GM[fibrinogen | CRP=x)] = e^(5.706764) + e^(0.0139186 * x).

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: Eighty-five individuals had missing data on blood fibrinogen, 67 had missing data on blood CRP, and 51 had missing data on both. This resulted in a total of 101 individuals excluded from the present analysis due to incomplete data on one or both variables of interest. To examine the association between geometric mean fibrinogen and CRP levels, simple linear regression was conducted with robust standard errors (Huber-White sandwich estimator), using log-transformed fibrinogen levels and log-transformed CRP with original values of 0 imputed as 0.5 prior to transforming.

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

The estimated 
intercept is 5.68, indicating that for individuals with a CRP of 1 mg/L (ln(CRP)=0), the geometric mean fibrinogen level is 293 mg/dl (e^(5.68)). This estimate would be consistent with a true geometric mean between 290 and 294 mg/dl among those with CRP of 1 mg/L, based on 95% confidence intervals.  

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

The estimate of the slope indicates that the ratio of geometric mean fibrinogen levels between participants with an e-fold difference
 in CRP is 1.11 mg/dl. Based on 95% confidence intervals, this estimate would not be surprising if the true ratio of geometric mean fibrinogen between those with an e-fold change in CRP were between 1.10 mg/dl and 1.12 mg/dl. 

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

With on a two-sided 
p-value <0.0001, we reject the null hypothesis that there is no association between blood CRP level and geometric mean blood fibrinogen ((=0.05). The positive value of the estimated slope and the fact that the 95% confidence interval does not contain 0 further indicates that geometric mean fibrinogen levels are not equal across groups defined by ‘e’-fold changes 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).

The geometric mean fibrinogen levels between groups having specific CRP levels are presented in Table 2, below. These estimates are obtained by plugging the value of CRP into the formula: GM[fibrinogen | ln(CRP=x)] = e^(5.678587) + e^(0.0153917 * ln(x)).

	Table 2: 
Fitted values of fibrinogen by level of CRP from four simple linear regression models 

	CRP level
	Problem 3:

(mean mg/dl)
	Problem 4:

(mean mg/dl)
	Problem 5: 
(geometric mean mg/dl)
	Problem 6: 
(geometric mean mg/dl)

	1 mg/L
	345
	296
	302
	294

	2 mg/L
	351
	321
	302
	294

	3 mg/L
	356
	336
	302
	294

	4 mg/L
	361
	347
	302
	294

	6 mg/L
	372
	362
	302
	294

	8 mg/L
	382
	372
	302
	294

	9 mg/L
	387
	376
	302
	294

	12 mg/L
	403
	387
	302
	294


7. Complete the following table that makes comparisons (differences or ratios) of the fitted values for each of the models. 
	Table 3
: Comparisons of fitted values of fibrinogen across levels of CRP.

	Differences

	Comparisons across CRP level
	Problem 3:

(mean difference mg/dl)
	Problem 4:

(mean difference mg/dl)
	Problem 5: 
(geometric mean difference mg/dl)
	Problem 6: 
(geometric mean difference mg/dl)

	2 mg/L – 1 mg/L
	5.25
	25.5
	0.014
	0.011

	3 mg/L – 2 mg/L
	5.25
	14.9
	0.014
	0.006

	4 mg/L – 1 mg/L
	15.8
	51.1
	0.043
	0.022

	4 mg/L – 2 mg/L
	10.5
	25.5
	0.029
	0.011

	6 mg/L – 3 mg/L
	15.8
	25.5
	0.044
	0.011

	8 mg/L – 4 mg/L
	21.0
	25.5
	0.061
	0.011

	9 mg/L – 6 mg/L
	15.8
	14.9
	0.046
	0.006

	9 mg/L – 8 mg/L
	5.25
	4.34
	0.016
	0.002

	12 mg/L – 6 mg/L
	31.5
	25.5
	0.095
	0.011

	Ratios

	Comparisons across CRP level
	Problem 3:

(ratio of means)
	Problem 4:

(ratio of means)
	Problem 5: 

(ratio of geometric means)
	Problem 6: 

(ratio of geometric means)

	2 mg/L / 1 mg/L
	1.02
	1.09
	1.00
	1.00

	3 mg/L / 2 mg/L
	1.01
	1.05
	1.00
	1.00

	4 mg/L / 1 mg/L
	1.05
	1.17
	1.00
	1.00

	4 mg/L / 2 mg/L
	1.03
	1.08
	1.00
	1.00

	6 mg/L / 3 mg/L
	1.04
	1.08
	1.00
	1.00

	8 mg/L / 4 mg/L
	1.06
	1.07
	1.00
	1.00

	9 mg/L / 6 mg/L
	1.04
	1.04
	1.00
	1.00

	9 mg/L / 8 mg/L
	1.01
	1.01
	1.00
	1.00

	12 mg/L / 6 mg/L
	1.08
	1.07
	1.00
	1.00


8. With respect to the results presented in Table 3, 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 differences 
in the fitted values of mean fibrinogen were constant across values of CRP differing by c-units in the analysis from problem three, wherein the mean fibrinogen level was modeled across CRP as a continuous variable. The estimated difference in mean fibrinogen was 5.25 mg/dl when comparing CRP levels of 2 to 1 mg/L, 3 to 2 mg/L, and 9 to 8 mg/L (a 1-unit difference in CRP). The estimated difference was 15.8 mg/dl when comparing CRP levels of 4 to 1 mg/L, 6 to 3 mg/L, and 9 to 6 mg/L (a 3-unit difference in 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.

Although the ratios 
of fitted values of geometric mean fibrinogen appear constant for every unit change from analyses in problem 5 and 6 in the table below, these ratios were not truly constant across values of CRP differing by c-units for any of the analyses. The ratios were the most similar across values of CRP differing by c-units in analysis 5 (wherein the geometric mean of fibrinogen was modeled across levels of CRP as a continuous variable), but these were not exactly the same when examined at 6 significant digits. For instance, the geometric mean ratio of fibrinogen was 1.00014 between those with CRP of 4 and 1, and 1.00015 between those with CRP of 6 and 3, as well as between 9 and 6 (a 3-unit difference in CRP).

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 differences 
in the fitted values of mean fibrinogen were constant across groups differing by a c-fold increase in CRP in the analysis from problem four, wherein the mean fibrinogen level was modeled across CRP as a log-transformed continuous variable. The estimated difference in mean fibrinogen was 25.5 mg/dl when comparing CRP levels of 2 to 1 mg/L, 4 to 2 mg/L, and 6 to 3 mg/L, 8 to 4 mg/L, and 12 to 6 mg/L (a 2-fold increase in CRP). The estimated difference was 14.9 mg/dl when comparing CRP levels of 3 to 2 mg/L and 9 to 6 mg/L (a 1.5-fold increase in 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.

Although
, in the table below
, the ratios of fitted values of geometric mean fibrinogen appear constant for every c-fold increase in CRP from the analyses in problem 5 and 6, these ratios were not truly constant across groups differing by a c-fold increase in CRP for any of the analyses. The ratios were the most similar across groups differing by a c-fold increase in CRP in the analysis from problem 6 (wherein the geometric mean of fibrinogen was modeled across levels of CRP as a log-transformed continuous variable), but these were not exactly the same when examined at 8 significant digits. For instance, the geometric mean ratio of fibrinogen was 1.0000365 between those with CRP of 2 and 1, 1.0000369 between those with CRP of 4 and 2, 1.0000372 between those with CRP of 6 and 3, 1.0000373 between those with CRP of 8 and 4, and 1.0000376 between those with CRP of 12 and 6 (a 2-fold increase in CRP).

9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
Before l
ooking at the data, I would consider what I know about CRP, fibrinogen, and their relationship. If fibrinogen were a variable that was best presented on a multiplicative scale, or if I wanted to downweight outliers in fibrinogen, I would conduct the analysis in problem 5 (log-transformed response but untransformed predictor). I might also conduct this analysis if I expected the error in estimating fibrinogen levels to be proportional to the mean (a mean-variance relationship). If I wanted to downweight the outliers in CRP. I would conduct the analysis in problem 4 (log-transformed predictor on untransformed response) or in problem 6 if I also chose to transform the response for reasons above (log-transformed response and predictor). Otherwise, I would conduct the analysis as in problem 3. It would not be appropriate to make the decision based on examination of the data to see which transformations produced the most significant estimates or made the data appear homoskedastic – these decisions must be made a priori.
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