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1. Methods: Serum fibrinogen levels were stratified by clinical ranges (low: <200 mg/dL, normal: 200-400 mg/dL, and high: >400 mg/dL) and compared with C-reactive protein levels, further divided based on subject history of cardiovascular disease. Descriptive statistics are presented for each category, and for the entire sample. Mean CRP levels are listed, as well as standard deviation, minimum and maximum values, and sample size. 
Inference: The table below describes the C-reactive protein levels stratified by CVD history and compared with fibrinogen levels. Data for CRP values were missing for 67 subjects and fibrinogen levels for 85 subjects, with a total of 101 subjects excluded from analysis due to missing one or both of the values. Mean CRP levels tend to be higher in subjects with a history of CVD than those without, and tend to be higher with higher levels of serum fibrinogen. 
	
	C-Reactive Protein Level (mg/L)*

	Fibrinogen (mg/dL)
	History of CVD

(n=1,122)
	No history of CVD

(n=3,777)
	All subjects

(n=4,899)

	<200
	  2.30 ± 3.47 (0-12, n=10)
	     1.80 ± 2.96 (0-16, n=49)
	1.88 ± 3.02 (0-16, n=59)

	200-400
	  3.06 ± 3.67 (0-37, n=929)
	 2.59 ± 3.36 (0-57, n=3,348)
	2.69 ± 3.43 (0-57, n=4,277)

	>400
	11.4 ± 12.9 (0-83, n=183)
	10.6 ± 13.8 (0-108, n=380)
	10.9 ± 13.5 (0-108, n=563)


CVD = Cardiovascular Disease
* Described as mean ± SD (min-max, n)
a. Methods: Mean fibrinogen levels were compared using a two-sided t-test assuming equal variance between groups defined by subjects with a history of cardiovascular disease and those without. Results include difference in mean with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.
Inference: The mean fibrinogen level was 319.6 mg/dL in the group with no previous history of CVD (n=3,791) compared to a mean of 334.5 mg/dL in the group with a history of CVD (n=1,124). 85 subjects were missing fibrinogen values so were not included in the analysis. The observed difference in mean fibrinogen levels of 14.9 mg/dL would not be unusual if the true difference in means were 10.4 mg/dL to 19.4 mg/dL (95% CI). The difference is statistically significant (p<0.0001), so we can reject the null hypothesis that there is no difference in mean fibrinogen levels between subjects who have a history of CVD and those who do not. 
b. Methods: Mean fibrinogen levels were compared using a classical linear regression model assuming homoscedasticity between groups defined by subjects with a history of cardiovascular disease and those without. The mean fibrinogen level in the group with no previous history of CVD was equal to the regression intercept, with the difference in means between groups equal to the slope. The mean fibrinogen level of the group with history of CVD was calculated by the sum of the intercept and slope. Results include difference in mean with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

Inference: The mean fibrinogen level was 319.6 mg/dL in the group with no previous history of CVD (n=3,791), compared to a mean of 334.5 mg/dL in the group with a history of CVD (n=1,124). 85 subjects were missing fibrinogen values so were not included in the analysis. The observed difference in mean fibrinogen levels of 14.9 mg/dL would not be unusual if the true difference in means were 10.4 mg/dL to 19.4 mg/dL (95% CI). The difference is statistically significant (p<0.0001), so we can reject the null hypothesis that there is no difference in mean fibrinogen levels between subjects who have a history of CVD and those who do not. 

c. Methods: Mean fibrinogen levels were compared using a two-sided t-test allowing for unequal variance between groups defined by subjects with a history of cardiovascular disease and those without. Results include difference in mean with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.
Inference: The mean fibrinogen level was 319.6 mg/dL in the group with no previous history of CVD (n=3,791) compared to a mean of 334.5 mg/dL in the group with a history of CVD (n=1,124). 85 subjects were missing fibrinogen values so were not included in the analysis. The observed difference in mean fibrinogen levels of 14.9 mg/dL would not be unusual if the true difference in means were 10.1 mg/dL to 19.7 mg/dL (95% CI). The difference is statistically significant (p<0.0001), so we can reject the null hypothesis that there is no difference in mean fibrinogen levels between subjects who have a history of CVD and those who do not. 

d. Methods: Mean fibrinogen levels were compared using a classical linear regression model with Huber-White sandwich estimator, allowing for heteroscedasticity between groups defined by subjects with a history of cardiovascular disease and those without. The mean fibrinogen level in the group with no previous history of CVD was equal to the regression intercept, with the difference in means between groups equal to the slope. The mean fibrinogen level of the group with history of CVD was calculated by the sum of the intercept and slope. Results include difference in mean with a 95% confidence interval. An alpha level of 0.05 was used to determine statistical significance.

Inference: The mean fibrinogen level was 319.6 mg/dL in the group with no previous history of CVD (n=3,791) compared to a mean of 334.5 mg/dL in the group with a history of CVD (n=1,124). 85 subjects were missing fibrinogen values so were not included in the analysis. The observed difference in mean fibrinogen levels of 14.9 mg/dL would not be unusual if the true difference in means were 10.1 mg/dL to 19.7 mg/dL (95% CI). The difference is statistically significant (p<0.0001), so we can reject the null hypothesis that there is no difference in mean fibrinogen levels between subjects who have a history of CVD and those who do not.
e. Although I would expect a weaker association from the t test allowing for unequal variances (c), due to less degrees of freedom, the high t statistic and very low p value from the t test assuming equal variance (a) would make me think that the difference in associations would be unlikely to be of any statistical importance.
2. Methods: Mean fibrinogen levels were compared by level of serum CRP, with CRP modeled as a continuous untransformed random variable. The association between mean fibrinogen level and CRP was evaluated using a simple linear regression model with Huber-White sandwich estimator allowing for unequal variance. 101 subjects were excluded from analysis due to missing CRP values, fibrinogen values, or both. An alpha level of 0.05 was used to determine statistical significance.
Inference: 
a. The estimated intercept of the linear regression model was -10.6, which corresponds to a CRP value when the mean fibrinogen level is 0. This is not a clinically relevant value in this case, as CRP results are limited to positive values, but rather a mathematical artifact of fitting a line to the data. 
b. The estimated slope of the linear regression model was 0.044, which corresponds to the change in CRP value (an increase of 0.044 mg/L) for each increase of 1 mg/dL in mean fibrinogen. 
c. Using the simple linear regression model, we estimate that the CRP level increases by 0.044 mg/L for each 1 mg/dL increase in mean fibrinogen. This value would not be unusual if the true increase in CRP were between 0.038 mg/L and 0.050 mg/L (95% CI) for each 1 mg/dL increase in mean fibrinogen. The association between CRP level and mean fibrinogen was statistically significant, with a p-value<0.0001, meaning that we can reject the null hypothesis that there is no association between CRP and mean fibrinogen values. 
d. Estimates of the central tendency for fibrinogen levels are provided in Table 1, with the values created by this model (calculated from the regression-derived formula CRP=(0.044)(fibrinogen)+(-10.6)) contained in the mean fibrinogen + untransformed CRP column. Values are displayed as expected mean fibrinogen in mg/dL.
3. Methods: Mean fibrinogen levels were compared by level of serum CRP, with CRP modeled as a continuous log transformed random variable. CRP values of zero were assumed to be below the threshold of measurement and as such were assigned values of 0.5 mg/L. The CRP values were then log transformed, and the association between mean fibrinogen level and log(CRP) was evaluated using a simple linear regression model with Huber-White sandwich estimator allowing for unequal variance. Values of intercept and slope were then exponentiated. 101 subjects were excluded from analysis due to missing CRP values, fibrinogen values, or both. An alpha level of 0.05 was used to determine statistical significance.
Inference: 
a. The estimated intercept of the linear regression model was -1.59, which was then exponentiated, resulting in an intercept of 0.203, which corresponds to the geometric mean CRP value when the mean fibrinogen level is 0. 

b. The estimated slope of the linear regression model was 0.007 (or exponentiated to 1.01), which corresponds to the change in the ratio of the geometric mean CRP value (an increase of 0.72%) for each increase of 1 mg/dL in mean fibrinogen. 

c. Using the simple linear regression model on the log transformed CRP data, we estimate that the geometric mean CRP level increases 0.72% for each 1 mg/dL increase in mean fibrinogen. This value would not be unusual if the true increase in geometric mean CRP were between 0.69% and 0.76% (95% CI) for each 1 mg/dL increase in mean fibrinogen. The association between geometric mean CRP level and mean fibrinogen was statistically significant, with a p-value<0.0001, meaning that we can reject the null hypothesis that there is no association between geometric mean CRP and mean fibrinogen values.

d. Estimates of the central tendency for fibrinogen levels are provided in Table 1, with the values created by this model (calculated from the regression-derived formula log(CRP)=(0.007)(fibrinogen)+(-1.59)) contained in the mean fibrinogen + log transformed CRP column. Values are displayed as expected mean fibrinogen in mg/dL

4. Methods: Geometric mean fibrinogen levels were compared by level of serum CRP, with CRP modeled as a continuous untransformed random variable. The fibrinogen values were log transformed, and the association between mean log(fibrinogen) and CRP was evaluated using a simple linear regression model with Huber-White sandwich estimator allowing for unequal variance. 101 subjects were excluded from analysis due to missing CRP values, fibrinogen values, or both. An alpha level of 0.05 was used to determine statistical significance.
Inference: 
a. The estimated intercept of the linear regression model was -71.3, which corresponds to a CRP value when the geometric mean fibrinogen level is 0. This is not a clinically relevant value in this case, as CRP results are limited to positive values, but rather a mathematical artifact of fitting a line to the data.

b. The estimated slope of the linear regression model was 13.0, which corresponds to the change in CRP value (an increase of 13.0 mg/L) for each increase of 1 mg/dL in geometric mean fibrinogen. As this is a non-linear association, it can also be discussed in terms of ratios. The expected change in CRP is equal to 13.0*log(fibrinogen ratio). For example, a 10% increase in mean fibrinogen would result in an approximately 23.9% (13.0*log(1.10)) increase in mean CRP.
c. Using the simple linear regression model, we estimate that the CRP level increases by 13.0 mg/L for each 1 mg/dL increase in geometric mean fibrinogen. In other words, we would expect a 23.9% increase in mean CRP for every 10% increase in mean fibrinogen. This value would not be unusual if the true increase in CRP were between 11.4 mg/L and 14.7 mg/L (95% CI) for each 1 mg/dL increase in geometric mean fibrinogen (corresponding to between an 8.65% and 40.1% increase in mean CRP for every 10% increase in mean fibrinogen). The association between CRP level and geometric mean fibrinogen was statistically significant, with a p-value<0.0001, meaning that we can reject the null hypothesis that there is no association between CRP and geometric mean fibrinogen values. 

d. Estimates of the central tendency for fibrinogen levels are provided in Table 1, with the values created by this model (calculated from the regression-derived formula CRP=(13.0)log(fibrinogen)+(-71.3)) contained in the geometric mean fibrinogen + untransformed CRP column. Values are displayed as expected mean fibrinogen in mg/dL.
5. Methods: Geometric mean fibrinogen levels were compared by level of serum CRP, with CRP modeled as a continuous log transformed random variable. CRP values of zero were assumed to be below the threshold of measurement and as such were assigned values of 0.5 mg/L. The fibrinogen and CRP values were then log transformed, and the association between geometric mean fibrinogen level and log(CRP) was evaluated using a simple linear regression model with Huber-White sandwich estimator allowing for unequal variance. Values of intercept and slope were then exponentiated. 101 subjects were excluded from analysis due to missing CRP values, fibrinogen values, or both. An alpha level of 0.05 was used to determine statistical significance.

Inference: 
a. The estimated intercept of the linear regression model was -12.6, which was then exponentiated, resulting in an intercept of 0, which corresponds to the geometric mean CRP value when the geometric mean fibrinogen level is 0. 

b. The estimated slope of the linear regression model was 2.31, which corresponds to the change in the ratio of the geometric mean CRP value (an increase of 231%) for each increase of 1 mg/dL in geometric mean fibrinogen. As this is a complex non-linear association, it can also be discussed in terms of ratios. The expected change in CRP ratio is equal to (fibrinogen ratio)^2.31. For example, a 10% increase in mean fibrinogen would result in an approximately 24.6% ((1.10)^2.31) increase in mean CRP.

c. Using the simple linear regression model, we estimate that the ratio of the geometric mean CRP level increases by 231% for each 1 mg/dL increase in geometric mean fibrinogen. In other words, we would expect a 24.6% increase in mean CRP for every 10% increase in mean fibrinogen. This value would not be unusual if the true increase in the ratio of geometric mean CRP were between 220% and 242% (95% CI) for each 1 mg/dL increase in geometric mean fibrinogen (corresponding to between an 23.3% and 26.0% increase in mean CRP for every 10% increase in mean fibrinogen). The association between CRP level and geometric mean fibrinogen was statistically significant, with a p-value<0.0001, meaning that we can reject the null hypothesis that there is no association between CRP and geometric mean fibrinogen values. 

d. Estimates of the central tendency for fibrinogen levels are provided in Table 1, with the values created by this model (calculated from the regression-derived formula log(CRP)=(2.31)log(fibrinogen)+(-12.6)) contained in the geometric mean fibrinogen + log transformed CRP column. Values are displayed as expected mean fibrinogen in mg/dL.

Table 1: Fitted Values for Fibrinogen Using Different Models of CRP
	
	Mean Fibrinogen Values
	Geometric Mean Fibrinogen Values

	CRP level
	Untransformed CRP (mg/dL)
	Log Transformed CRP (mg/dL)
	Untransformed CRP (mg/dL)
	Log Transformed CRP (ratio)

	1 mg/L
	264
	227
	260
	234

	2 mg/L
	286
	326
	281
	316

	3 mg/L
	309
	384
	304
	376

	4 mg/L
	332
	425
	328
	426

	6 mg/L
	377
	483
	382
	508

	8 mg/L
	423
	524
	446
	575

	9 mg/L
	445
	541
	482
	605

	12 mg/L
	514
	582
	606
	686


6. Table 2: Comparisons of Fitted Values for Fibrinogen Using Different Models of CRP
	
	Mean Fibrinogen Values
	Geometric Mean Fibrinogen Values

	Comparisons across CRP level
	Untransformed CRP 
	Log Transformed CRP 
	Untransformed CRP


	Log Transformed CRP 

	Differences (mg/dL)

	2 mg/L – 1 mg/L
	22.8
	99.1
	20.8
	81.8

	3 mg/L – 2 mg/L
	22.7
	57.9
	22.5
	60.6

	3 mg/L – 1 mg/L
	45.5
	157
	43.3
	142

	4 mg/L – 2 mg/L
	45.4
	99.0
	46.8
	111

	4 mg/L – 1 mg/L
	68.2
	198
	67.6
	192

	6 mg/L – 3 mg/L
	68.2
	99.0
	78.8
	132

	8 mg/L – 4 mg/L
	90.9
	99.0
	118
	149

	12 mg/L – 8 mg/L
	90.9
	57.9
	161
	110

	Ratios

	2 mg/L – 1 mg/L
	1.09
	1.44
	1.08
	1.35

	3 mg/L – 2 mg/L
	1.08
	1.18
	1.08
	1.19

	3 mg/L – 1 mg/L
	1.17
	1.69
	1.17
	1.61

	4 mg/L – 2 mg/L
	1.16
	1.30
	1.17
	1.35

	4 mg/L – 1 mg/L
	1.26
	1.87
	1.26
	1.82

	6 mg/L – 3 mg/L
	1.22
	2.13
	1.26
	1.35

	8 mg/L – 4 mg/L
	1.27
	1.23
	1.36
	1.35

	12 mg/L – 8 mg/L
	1.22
	1.11
	1.36
	1.19


a. The mean fibrinogen vs. untransformed CRP gave constant differences in the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels. Every 1 mg/L increase in CRP correlates with a 22.7 mg/dL increase in fibrinogen, a 2 mg/L increase in CRP correlates with a 45.4 mg/dL increase in fibrinogen, a 3 mg/L increase in CRP correlates with a 68.2 mg/dL increase in fibrinogen, and a 4 mg/L increase in CRP correlates with a 90.9 mg/dL increase in fibrinogen. 

b. The geometric mean fibrinogen vs. untransformed CRP gave constant differences in the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels. Every 1 mg/L increase in CRP correlates with an 8% increase in fibrinogen, a 2 mg/L increase in CRP correlates with a 17% increase in fibrinogen, a 3 mg/L increase in CRP correlates with a 26% increase in fibrinogen, and a 4 mg/L increase in CRP correlates with a 36% increase in fibrinogen. 

c. The mean fibrinogen vs. log transformed CRP gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels. Every 1.5-fold increase in CRP correlates with a 57.9 mg/dL increase in fibrinogen, a two-fold increase in CRP correlates with a 99.0 mg/dL increase in fibrinogen, a three-fold increase in CRP correlates with a 157 mg/dL increase in fibrinogen, and a four-fold increase in CRP correlates with a 198 mg/dL increase in fibrinogen.

d. The geometric mean fibrinogen vs. log transformed CRP gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels. Every 1.5-fold increase in CRP correlates with a 19% increase in fibrinogen, a two-fold increase in CRP correlates with a 35% increase in fibrinogen, a three-fold increase in CRP correlates with a 61% increase in fibrinogen, and a four-fold increase in CRP correlates with a 82% increase in fibrinogen.

7. The decision regarding which of the four potential analyses should be used to investigate associations between fibrinogen and CRP should be made prior to any data analysis. Consideration should be made with regard to the expected association between the data (linear vs. non-linear). As CRP and fibrinogen are both related to inflammation, it is quite possible that there would be a roughly linear association between the two variables, although may not be able to reliably make that claim prior to looking at the data. The other consideration is regarding the data output. It is easier to interpret changes in absolute values, as opposed to changes in ratios. So for both of those reasons, I would have likely chosen to perform the first method of analysis (untransformed CRP vs. mean fibrinogen). 
