
Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II
Emerson, Winter 2015
Homework #2
January 13, 2015
All questions relate to associations between the two biomarkers C-reactive protein (CRP) and fibrinogen (FIB), and how any such association might depend upon prevalence of prior cardiovascular disease (CVD). This homework again uses the subset of information that was collected to examine inflammatory biomarkers and mortality. The data can be found on the class web page (follow the link to Datasets) in the file labeled inflamm.txt. Documentation is in the file inflamm.pdf. See homework #1 for information about reading the data into R and/or Stata.

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: C-reactive protein [CRP] measurements were missing for 67 participants and blood fibrinogen [fib] measurements were missing for 85 patients, 101 patients were excluded from this descriptive analysis.  The figure below provides a scatterplot of  CRP and fib with lowess smooth.   Those with a previous history of Atherosclerotic disease [CVD history] at the time of enrollment are blue and those without disease are red.  
Results: The lowess smooth in the scatterplot shows a somewhat linear trend (flat and then curved upward) of increasing CVD with increasing fib for both groups with and without previous disease. Table 1 summarizes fib by categories of CRP-- below 1mg/L, 1-3 mg/L, and above 3 mg/L.  The Table confirms the trend shown in the scatterplot with an increase mean fib with increasing CVD category.
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Table 1: Summary of Blood fibrinogen by CRP category and atherosclerotic disease at the time of enrollment
	No atherosclerotic disease at enrollment

	CRP
	N
	mean
	sd
	min
	p25
	p50
	p75
	max

	Below 1mg/L
	348
	277.48
	48.52
	172
	245
	270.5
	307
	436

	1-3 mg/L
	2597
	310.02
	52.46
	109
	270
	307
	337
	562

	Above 3 mg/L
	832
	367.20
	78.88
	132
	311
	361
	403.5
	872

	Total
	3777
	319.6172
	64.8336
	109
	277
	311
	361
	872

	Atherosclerotic disease at the time of enrollment

	Below 1mg/L
	78
	290.23
	57.93
	180
	253
	283
	316
	540

	1-3 mg/L
	709
	314.84
	55.60
	138
	274
	311
	354
	592

	Above 3 mg/L
	335
	386.29
	84.50
	175
	331
	373
	436
	695

	Total
	1122
	334.46
	74.11
	138
	285
	328
	367
	695


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. 
Performing a 2-sample ttest assuming equal variance we find the mean fib is 319.57 for the group of enrollees without prior history of CVD  (N=3791) and 334.46 for the group of patients with prior history of CVD (N=1124).  Mean CVD is 14.88 higher for the group of patients with previous CVD history and based on a 95% confidence interval this observed difference would not be unusual if it were between 10.42 to 19.35 mg/dl higher for the true population with CVD history.  With high statistical significance (p<.0001) we can reject the null hypothesis that the mean fib is equal between groups with and without CVD history.
b. How could the same analysis as presented in part a have been performed with linear regression? Explicitly provide the correspondences between the various statistical output from each of the analyses.
The same analysis could have been performed with simple linear regression.  In the regression statistical output the number of observations is the same (n=4915) for both tests.  The coefficient, standard error and 95% confidence interval for the variable indicating previous CVD disease “prevdis” are all equal to the row in the ttest summarizing the mean difference, standard error and 95% confidence interval for both groups.  The coefficient, standard error and 95% confidence interval for _cons in the regression output is equal to the row in the ttest output summarizing these statistics for the group of patients without previous CVD history (prevdis=0).  The t-statistic (6.54) is the same in both outputs as well as the p-value for this statistic.  The standard deviation for both combined groups in the ttest (67.29) is also close to the Root MSE of the regression output (67.003).
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. 


Performing a 2-sample ttest assuming un-equal variance we find the mean fib is 
319.57 for the group of enrollees without prior history of CVD  (N=3791) and 
334.46 for the group of patients with prior history of CVD (N=1124).  Mean CVD 
is 14.88 higher for the group of patients with previous CVD history and based on 
a 95% confidence interval this observed difference would not be unusual if it 
were between 10.09 to 19.68 mg/dl higher for the true population with CVD 
history.  With high statistical significance (p<.0001) we can reject the null 
hypothesis that the mean fib is equal between groups with and without CVD 
history.

d. How could a smilar 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.

The same analysis could have been performed with linear regression using robust standard error estimates.  In the regression statistical output the number of observations is the same (n=4915) for both tests.  The coefficient, standard error and 95% confidence interval for the variable indicating previous CVD disease “prevdis” are all equal to the row in the ttest summarizing the mean difference, standard error and 95% confidence interval for both groups.  The coefficient, standard error and 95% confidence interval for _cons in the regression output is equal to the row in the ttest output summarizing these statistics for the group of patients without previous CVD history (prevdis=0).  The t-statistic (6.08) is the same in both outputs as well as the p-value for this statistic.  The standard deviation for both combined groups in the ttest (67.29) is also close to the Root MSE of the regression output (67.003) (as well as the same for the ttest assuming equal variance and simple linear regression).

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)?
Based on the strong statistical significance (p<.0001) we could predict that the analysis in part c would have found a similarly strong association.  Since the analysis in part c assumed unequal variance we know that the 95% confidence interval for the difference would be wider than in part a.

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 from this regression model was 304.015 which is the mean fib for those with a CRP level of 0. 

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

The estimated slope from this regression model is 5.251, which is the estimated difference in mean fib for two groups differing by 1 point of CRP levels.

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

From linear regression analysis using Huber-White estimates of the standard error, we estimate that for each point of difference in CRP between the two populations, the difference in mean fib is 5.251 points higher as CRP increases.  A 95% confidence interval suggests that this observation is not unusual if the true difference in mean fib were between 4.604 and 5.898 points higher per one point increase in CRP levels.  Because the two sided p-value is <.0001, we reject the null hypothesis that there is no linear trend in the average fib across CRP groups.
d. In a table similar to table 1 below, provide estimates of the central tendency for fibrinogen levels within groups having CRP of 1, 2, 3, 4, 6, 8, 9, and 12 mg/L. (Make clear what summary measure is being estimated).
To do answer this question we need to reparameterize our model:

E[fib│CRP] = 304.015 + 5.251(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.)
The intercept from this regression model was 295.566 which is the mean fib for those with a log transformed CRP level of 0. 
The estimated slope from this regression model is 36.833, which is the estimated difference in mean fib for two groups differing by 1 point of log CRP.  
From linear regression analysis using Huber-White estimates of the standard error, we estimate that for each point of difference in log transformed CRP level between the two populations, the difference in mean fib is 36.833 points higher as CRP increases.  A 95% confidence interval suggests that this observation is not unusual if the true difference in mean fib were between 34.577 and 39.089 points higher per one point increase in log CRP level.  Because the two sided p-value is <.0001, we reject the null hypothesis that there is no linear trend in the average fib across CRP groups.

To calculate the values for Table 1 we need to use the un-transformed values of CRP level since we used the log transformed values of this measurement for the regression model
E[fib│logCRP] = 304.015 + 36.833 (logCRP)   

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.

The intercept from this regression model was 5.707 which is the mean log transformed fib for those with a CRP level of 0. The geometric mean fib is 300.896.
The estimated slope from this regression model is .014, which is the estimated difference in log transformed fib for two groups differing by 1 point of CRP.  The exponentiated value of the slope is 1.014.
From linear regression analysis using Huber-White estimates of the standard error, we estimate that for each point of difference in CRP level between the two populations, the difference in the geometric mean fib is 1.014 points higher as CRP increases.  A 95% confidence interval suggests that this observation is not unusual if the true difference in mean fib were between 1.012 and 1.016 points higher per one point increase in log CRP level.  Because the two sided p-value is <.0001, we reject the null hypothesis that there is no linear trend in the average fib across CRP groups.

E[logfib│CRP] = 300.896 + 5.707 (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.)
The intercept from this regression model was 5.679 which is the mean log transformed fib for those with a log transformed CRP level of 0. The geometric mean fib is 292.536.

The estimated slope from this regression model is .105, which is the estimated difference in log transformed fib for two groups differing by 1 point of CRP.  The exponentiated value of the slope is 1.111.

From linear regression analysis using Huber-White estimates of the standard error, we estimate that for each point of difference in CRP level between the two populations, the difference in the geometric mean fib is 1.111 points higher as CRP increases.  A 95% confidence interval suggests that this observation is not unusual if the true difference in mean fib were between 1.106 and 1.118 points higher per one point increase in log CRP level.  Because the two sided p-value is <.0001, we reject the null hypothesis that there is no linear trend in the average fib across CRP groups.

E[logfib│logCRP] = 292.536 + 1.111 (logCRP)   

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: (summary?)
	Problem 4: (summary?)
	Problem 5: (summary?)
	Problem 6: (summary?)

	1 mg/L
	309.266  mg/dL
	332.400 mg/dL
	301.910 mg/dL
	293.647 mg/dL

	2 mg/L
	314.517 mg/dL
	357.931 mg/dL
	302.924 mg/dL
	294.417 mg/dL

	3 mg/L
	319.768 mg/dL
	372.865 mg/dL
	303.938 mg/dL
	294.868 mg/dL

	4 mg/L
	325.019 mg/dL
	383.461 mg/dL
	304.952 mg/dL
	295.187 mg/dL

	6 mg/L
	335.521 mg/dL
	398.396 mg/dL
	306.980 mg/dL
	295.638 mg/dL

	8 mg/L
	346.022 mg/dL
	408.992 mg/dL
	309.008 mg/dL
	295.957 mg/dL

	9 mg/L
	351.273 mg/dL
	413.331 mg/dL
	310.022 mg/dL
	296.088 mg/dL

	12 mg/L
	367.026 mg/dL
	423.927 mg/dL
	313.064 mg/dL
	296.408 mg/dL


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: (summary?)
	Problem 4: (summary?)
	Problem 5: (summary?)
	Problem 6: (summary?)

	Differences

	2 mg/L – 1 mg/L
	5.251
	6.251
	1.014
	0.770

	3 mg/L – 2 mg/L
	5.251
	6.251
	1.014
	0.451

	4 mg/L – 1 mg/L
	15.753
	18.753
	3.042
	1.540

	4 mg/L – 2 mg/L
	10.502
	12.502
	2.028
	0.770

	6 mg/L – 3 mg/L
	15.753
	18.753
	3.042
	0.770

	8 mg/L – 4 mg/L
	21.003
	25.003
	4.056
	0.770

	9 mg/L – 6 mg/L
	15.752
	18.752
	3.042
	0.451

	9 mg/L – 8 mg/L
	5.251
	6.251
	1.014
	0.131

	12 mg/L – 6 mg/L
	31.505
	37.505
	6.084
	0.770

	Ratios

	2 mg/L / 1 mg/L
	1.017
	1.020
	1.003
	1.003

	3 mg/L / 2 mg/L
	1.017
	1.020
	1.003
	1.002

	4 mg/L / 1 mg/L
	1.051
	1.060
	1.010
	1.005

	4 mg/L / 2 mg/L
	1.033
	1.039
	1.007
	1.003

	6 mg/L / 3 mg/L
	1.049
	1.058
	1.010
	1.003

	8 mg/L / 4 mg/L
	1.065
	1.076
	1.013
	1.003

	9 mg/L / 6 mg/L
	1.047
	1.055
	1.010
	1.002

	9 mg/L / 8 mg/L
	1.015
	1.018
	1.003
	1.000

	12 mg/L / 6 mg/L
	1.094
	1.110
	1.020
	1.003


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.
Analyses #3, 4, and 5 gave consent differences in the fitted values when comparing 2 groups that differed by an absolute value in c units.  The numbers highlighted in column for problem summaries 3, 4, and 5 shows that those numbers differing by 1 unit were the same (yellow) and differing by 3 units were the same (blue).

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..

Analysis #5 gave constant ratios of the fitted values when comparing two groups that differed by an absolute increase in c units.  The numbers highlighted in column for problem summary 5 shows that those numbers differing by 1 unit were the same (yellow) and differing by 3 units were the same (blue).

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.

Analysis #5 gave constant differences in the fitted values when two groups differed by a relative c-fold increase in CRP levels.  For example1.014 * 3= 3.042 for groups that differed by 3 mg/L

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.


Analysis #6 gave constant ratios in the fitted values when comparing two groups that 
differed by a relative c-fold increase in CRP levels.   The red highlighted numbers were 
all the same for ratios comparing 2 fold increases and pink for 3/2 fold increases.
9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
Prior to looking at the data I would need to decide which model was most likely to fit the data best.  I would likely need to know something about the c-reactive protein test as well as the fib test and the range of likely results.  In this case if I expected outliers, I would have likely chosen a log-transformation of both CRP and fib to downweight the outliers.

