Biost 518: Applied Biostatistics II
Homework #2

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.
	
	History of CVD

N= 497
	No history of CVD

N= 4,503
	Totals
N=5000

	Descriptive statistics
	Mean, SD, min-max, missing values
	Mean, SD, min-max, missing values
	Mean, SD, min-max, missing values

	CRP
	5.19 (7.74; 0-76; 3)
	3.43 (5.92;0-108;64)
	3.61 (6.15;0-108;67)

	Fibrinogen

	342.97(75.45;132-741;5)
	320.75(65.95-109-872;80)
	322.97(67.28;109-872;85)


 Among the 497 patients with a prior history of CVD, the mean crp level was 5.19mg/l and mean fibrinogen 342.97mg/dl. In the 4503 without prior history of CVD, the mean crp level is 3.43mg/l and mean fibrinogen 320.75mg/dl. The participants with prior CVD had higher values of crp and fibrinogen. Missing data was comparable in both groups for both CRP and fibrinogen.
Scatter plot of fibrinogen and crp 
across status of prior CVD.
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The figure above shows the scatterplot for fibrinogen on CRP by history of CVD. Also displayed for each category are superimposed lowess smooth curves. Data suggest a linear trend 
of fibrinogen with crp across the two comparison groups. There are outliers, the extreme one belonging to the group with no prior history of cardiovascular disease. Fibrinogen levels tend to increase with increasing crp in both groups in a curvilinear fashion. Data also shows heteroscedasticity with the spread of the data increasing in the higher levels of crp.
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. 
Using a two sample ttest assuming equal variance, of the 492 
study participants who had history of prior CVD, the mean fibrinogen level is 342.97mg/dl with a standard error of 3.40 and 95% CI  336.29, 349.65. Among the 4423 with no prior history of CVD, the mean fibrinogen is 320.75mg/dl with standard error 0.99 and 95% CI 318.80, 322.69. The difference in mean fibrinogen in the two comparison groups is 22.22mg/dl lower in the group with no prior CVD. A 95% CI suggest that our finding would not be unusual if the true difference in the mean fibrinogen lies anywhere between 15.98 mg/dl and 28.46mg/dl lower in the group with no prior disease. At a significance level of 0.05, we have evidence to reject the null hypothesis of no difference in the mean fibrinogen in the two groups.
The standard error of the sample mean in the group with prior CVD 3.40 is higher than the standard error of the sample mean for the group without prior CVD 0.99. This is explained by the high disparity in sample sizes which with the standard deviation are used to derive the standard error.

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.
From linear regression analysis, we estimate that for the difference in status of prior CVD, the difference in mean fibrinogen level is 22.22 mg/dl which is the intercept from the model. A 95%CI suggests that this difference in fibrinogen by status of CVD disease is not unusual if the true difference lies between 15.98 and 28.46mg/dl. With a two sided p-value of <0.005 we have evidence to reject the null hypothesis of no linear association between mean fibrinogen and the two comparison groups.
The estimate and confidence interval from the two sample ttest and regression analysis are comparable.

The standard error from the regression analysis is smalle
r than that from the ttest (3.18 compared to 3.54)
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. 

Using a two sample ttest that allows for the possibility that the standard deviation might differ across the two comparison groups, of the 492
 study participants who had history of prior CVD, the mean fibrinogen level is 342.97mg/dl with a standard error of 3.40 and 95% CI  336.29, 349.65. Among the 4423 with no prior history of CVD, the mean fibrinogen is 320.75mg/dl with standard error 0.99 and 95% CI 318.80, 322.69. The difference in mean fibrinogen in the two comparison groups is 22.22mg/dl lower in the group with no prior CVD. A 95% CI suggest that our finding would not be unusual if the true difference in the mean fibrinogen lies anywhere between 15.98 mg/dl and 28.46mg/dl lower in the group with no prior disease. At a significance level of 0.05, we have evidence to reject the null hypothesis of no difference in the mean fibrinogen in the two groups.
In this case however the standard error of the difference in means is higher than that obtained when an assumption of similar variances is made. SE=3.54 compared to 3.18 in prior analysis.

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.

A similar analysis would have been done using linear regression analysis that allows for heteroscedasticity to provide robust standard error estimates.

Using this method, we estimate that for the difference in status of prior CVD, the difference in mean fibrinogen level is 22.22 mg/dl which is the intercept from the model. A 95%CI suggests that this difference in fibrinogen by status of CVD disease is not unusual if the true difference lies between 15.28 and 29.16mg/dl. With a two sided p-value of <0.005 we have evidence to reject the null hypothesis of no linear association between fibrinogen and the two comparison groups. In addition, the standard error is 3.54.
Compared to results from the classical regression analysis that assumes homoscedasticity, the robust error estimate provides a larger standard error and a wider confidence interval. The robust standard error gives a rough idea of the magnitude of variances. 
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)?
In part a, assuming equal variances, the t statistic would was smaller than the t statistic from the analysis allowing the possibility of differing SDs
. In this case, the standard error is large and confidence interval narrower providing a stronger association.

Using, classic linear regression: t=6.27, SE=3.54, CI=15.98-28.46

In part c that assumes unequal variance, using the Huber White estimates, the t statistic is larger, the standard error smaller and confidence interval wider providing a weaker association.
Using robust estimates: t=6.98, SE=3.18, CI=15.26-29.18

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. 

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

The intercept of 304.01 from the regression model is the estimated mean fibrinogen level when crp is zero.

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

The slope 5.25 is the difference in the mean fibrinogen level for each mg/L difference in crp in the study population. Provide
 full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

From a linear regression analysis using Huber White estimates of the standard error, we estimate that for each mg/l difference in crp, the mean difference
 in fibrinogen is 5.25. A 95%CI suggests that this estimate would not be unusual if the true difference in means was between 4.60 and 5.89. With a two sided p-value of <0.005 we have evidence to reject the null hypothesis that there is no linear trend in average fibrinogen across crp.
c. In a table similar to table 1 below, provide estimates of the central tendency for fibrinogen levels within groups having CRP of 1, 2, 3, 4, 6, 8, 9, and 12 mg/L. (Make clear what summary measure is being estimated).
Using the difference in means per unit change in CRP given by the slope 5.25 and the value of mean fibrinogen when crp is zero

E[fibrinogen|crp]=304.01-5.25*crp

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.)
From a linear regression analysis on log transformed 
crp using Huber White estimates of the standard error, we estimate that for each unit difference in log transformed crp, the mean difference in fibrinogen is 36.83mg/dl
. A 95%CI suggests that this estimate would not be unusual if the true relationship between mean fibrinogen were between 34.57 and 39.09mg/dl in the groups with higher crp than those with lower crp
. With a two sided p-value of <0.005 we have evidence to reject the null hypothesis that there is no linear trend in average fibrinogen across log transformed crp.
Fitted values equation:

Mean fib= intercept+ slope* log transformed CRP

Intercept= 295.56

Slope=36.83

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.

From a linear regression analysis on log transformed fibrinogen, using Huber White estimates of the standard error we estimate that when comparing a population with varying crp by 1mg/l, the geometric mean of fibrinogen was 1.4% lower in the group with higher crp.  A 95%CI suggests that this observation is not unusual if the true geometric mean of fibrinogen is 1.2 to 1.5 % higher in the group with higher crp. With a two sided p-value of <0.005, we reject the null hypothesis that there is no linear trend in the mean fibrinogen across crp groups. 
Equation for fitted values:
Geom mean= 5.076 + 0.014*x

The slope is the change in log fib for every unit change in crp.
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.)
From linear regression analysis of log transformed 
data using Huber white estimates of the standard error, we estimate that for every unit difference in log crp, the geometric mean of fibrinogen is 11.1% higher in the study population with higher crp levels. A 95% CI suggests that our observation is not unusual if the true geometric means were such that the higher groups geometric mean fibrinogen were between 10.4 and 11.7% higher for 1 unit difference in log crp. Because the p-value is <0.005, we reject the null hypothesis of no linear association between mean fibrinogen across crp groups.
Equation for fitted values:
log(fib)=intercept+slope*log(crp)

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 Fib mg/dl)
	Problem 4: 

(mean fib mg/dl fitted for logcrp)
	Problem 5: (geometric mean of fib)
	Problem 6: (geometric mean of fib)

	1 mg/L
	309.266
	295.56
	305.113
	292.536

	2 mg/L
	314.517
	321.088
	309.389
	314.706

	3 mg/L
	319.767
	336.022
	313.726
	328.446

	4 mg/L
	325.018
	346.617
	318.123
	338.556

	6 mg/L
	335.520
	361.550
	327.103
	353.337

	8 mg/L
	346.022
	372.146
	336.337
	364.214

	9 mg/L
	351.273
	376.484
	341.051
	368.764

	12 mg/L
	367.025
	387.079
	355.593
	380.116


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: 
	Problem 4: 
	Problem 5: 
	Problem 6: 

	Differences

	2 mg/L – 1 mg/L
	5.251
	25.528
	4.276
	22.170

	3 mg/L – 2 mg/L
	5.251
	14.933
	4.336
	13.739

	4 mg/L – 1 mg/L
	15.752
	51.057
	13.009
	46.021

	4 mg/L – 2 mg/L
	10.502
	25.528
	8.733
	23.850

	6 mg/L – 3 mg/L
	15.752
	25.528
	13.377
	24.891

	8 mg/L – 4 mg/L
	21.003
	25.528
	18.213
	25.657

	9 mg/L – 6 mg/L
	15.752
	14.933
	13.947
	15.426

	9 mg/L – 8 mg/L
	5.251
	4.338
	4.714
	4.549

	12 mg/L – 6 mg/L
	31.505
	25.528
	28.489
	26.778

	Ratios

	2 mg/L / 1 mg/L
	1.017
	1.086
	1.014
	1.076

	3 mg/L / 2 mg/L
	1.016
	1.046
	1.014
	1.043

	4 mg/L / 1 mg/L
	1.051
	1.173
	1.043
	1.157

	4 mg/L / 2 mg/L
	1.033
	1.079
	1.028
	1.076

	6 mg/L / 3 mg/L
	1.049
	1.076
	1.043
	1.076

	8 mg/L / 4 mg/L
	1.065
	1.074
	1.057
	1.076

	9 mg/L / 6 mg/L
	1.047
	1.041
	1.043
	1.043

	9 mg/L / 8 mg/L
	1.015
	1.011
	1.014
	1.012

	12 mg/L / 6 mg/L
	1.094
	1.070
	1.087
	1.076


8. With respect to the results presented in Table 2, answer the following questions:
a. Which analysis 
gave constant differences in the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels (i.e., comparing CRP=x to CRP = x+c)? Explicitly provide all those similar paired comparisons from the table.
The analysis using linear regression of untransformed fibrinogen on untransformed crp.
	Increase by 1mg/L
	2 mg/L – 1 mg/L
	5.251

	
	3 mg/L – 2 mg/L
	5.251

	
	9 mg/L – 8 mg/L
	5.251

	Increase by 3mg/L
	6 mg/L – 3 mg/L
	15.752

	
	9 mg/L – 6 mg/L
	15.752


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.
The analysis using linear regression of log transformed fibrinogen on untransformed crp

	Increase by 1mg/L
	2 mg/L – 1 mg/L
	1.014

	
	3 mg/L – 2 mg/L
	1.014

	
	9 mg/L – 8 mg/L
	1.014

	Increase by 3mg/L
	6 mg/L – 3 mg/L
	1.043

	
	9 mg/L – 6 mg/L
	1.043


c. Which analysis 
gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels (i.e., comparing CRP=x to CRP = c * x )? Explicitly provide all those similar paired comparisons from the table.

The analysis using linear regression of fibrinogen on log transformed crp.

	2 fold increase in crp
	2 mg/L / 1 mg/L
	25.528

	
	4 mg/L / 2 mg/L
	25.528

	
	6 mg/L / 3 mg/L
	25.528

	
	8 mg/L /4 mg/L
	25.528

	
	12 mg/L / 6 mg/L
	25.528

	1.5 fold increase in crp
	3 mg/L / 2 mg/L
	14.933

	
	9 mg/L / 6 mg/L
	14.933


d. Which analysis 
gave constant ratios in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels (i.e., comparing CRP=x to CRP = c * x)? Explicitly provide all those similar paired comparisons from the table.

The analysis using linear regression on log transformed fibrinogen and log transformed crp gave constant ratios between groups that differed by a relative increase in crp levels

	2 fold increase in crp
	2 mg/L / 1 mg/L
	1.0758

	
	4 mg/L / 2 mg/L
	1.0758

	
	6 mg/L / 3 mg/L
	1.0758

	
	8 mg/L / 4 mg/L
	1.0758

	
	12 mg/L / 6 mg/L
	1.0758

	1.5 fold increase in crp
	3 mg/L / 2 mg/L
	1.043

	
	9 mg/L / 6 mg/L
	1.043


9. How
 would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
I would use an analysis that provides scientific relevance. Clinical outcome measures are often most directly related to the relative abundance of the receptor agonist complex, and when drugs are prescribed, their effectiveness ismeasured by the relative decrease or increase in the measure of disease. In this case, it makes more sense to predict the levels of fibrinogen 
based on a relative increase in crp.
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