Homework 2 - 2137

BIOST 515/518

Winter 2015

TOTAL SCORE: 109/195

1. Methods: To describe associations between CRP (c-reactive protein levels, mg/L) and FIB (fibrinogen levels, mg/dL), a Pearson correlation was performed for all non-NA CRP and FIB data values. Separate Pearson correlations were formed for CRP and FIB values for patients without prior CVD (cardiovascular disease) and for patients with prior CVD. Zero and NA values are not replaced. 

Results: Table 1 shows the correlation coefficients for CRP and FIB in this data set. The correlation coefficient for all patients is 0.481. The correlation coefficients for only patients with prior CVD and without prior CVD are 0.524 and 0.459 respectively. 

Table 1: Correlation Coefficients for CRP and FIB

	All CRP and FIB
	Patients with prior CVD
	Patients without prior CVD

	0.481
	0.524
	0.459


In this problem, Pearson correlation analysis to describe the association between CRP and FIB by history of CVD would not be sufficient. Based on the following reasons, I am taking 13 points off.
1. You stated what you have done to missing and zero values but you haven’t discussed samples with missing and appropriate data in your results.
2.  It would be appropriate to display central tendency, minima and maxima as summary measures for CRP and FIB by history of CVD, but you haven’t done that in your table or in your inference.  

3. You haven’t stated how you assessed the validity of your assumptions, i.e. linearity of the association, patterns of variability. 
4. Scatter plots would have been better to get an idea on the distribution of FIB and CRP, and how they differ across history of CVD groups. 

5. You haven’t summarized by how much subjects with prior CVD vary by CRP and FIB compared with subjects with no prior CVD (also going back to point 1)

Total score = 2/15

2. 

Methods: A t test assuming equal variances was performed to evaluate mean fibrinogen levels (mg/dL) between groups defined by incidence of prior CVD. 

Results: The difference in mean fibrinogen levels between patients with and without prior CVD is 14.9mg/L with a 95% CI (confidence interval) of 10.4-19.3mg/L. The p value for this test is 6.73e-11. 

1. You haven’t mentioned how you handled subjects who had missing FIB measurements (-1)
2. I would use “compare mean” rather than “evaluate mean” when you describe t-test 
3. Method of inference for p-values and CI not mentioned , also it is enough to state that p < 0.0001 for such a small p-value. (-2)

4. In your results section, you haven’t mentioned how many samples that you actually analyzed (-1).
5. You haven’t stated the underlying hypothesis and how you decided to reject or not reject that hypothesis (-1)
Total score = 4/10
b.

Methods: Simple linear regression, using classic SE (standard error) calculations, was performed to model the difference in mean fibrinogen between patients with and without prior CVD. 

Results: The estimated value for the intercept in this linear model is 320mg/L with a standard error of 1.09. These are the same values for the estimated mean and standard error for fibrinogen levels in patients without prior CVD. The slope is 14.9mg/L, the same value as the difference in mean fibrinogen levels in 2a, with a SE of 2.28, also the same as in 2a. The p value, 6.73e-11, is also the same for the linear model and the t test above. The CI for the slope of this linear model is 10.4-19.3mg/L, the same as the CI for the difference in mean fibrinogen estimates in the t test. 
1. I think you are trying to say the SE and Mean estimates for fibrinogen levels is the same between the classical linear regression and the t-test outputs. But you haven’t clearly stated that the intercept value and its SE are not equal when comparing the classical linear regression and the t-test outputs. (-2).

2. May be important to note that t statistics from the two analyses also don’t vary in absolute value (-1).
Total score = 7/10
c.

Methods: A t test allowing for unequal variances was performed to evaluate mean fibrinogen levels (mg/dL) between groups defined by incidence of prior CVD.

Results: The difference in mean fibrinogen levels between patients with and without prior CVD is 14.9mg/L with a 95% CI of 10.1-19.7mg/L. The p value for this test is 1.45e-9. 
1. I’m not taking any more points off for not mentioning how you handled missing values but it would be important to mention in your methods and results section. 
2. May be good to mention the type of approximation for the t-test in your methods (Satterthwaite approximation) (-1)

3. Since you made the same mistakes in omitting method of inference for CI and p-value in your methods section, I am not taking more points off but I’d like to mention that this would be important. 
4. You haven’t stated the number of subjects analyzed (no points taken as I have already taken points from part a)
5. Inference of the 95% CI and p-value are also not in line with how we should state them in this class. You haven’t explicitly stated what the 10.1-19.7 mg/L confidence interval suggests. You haven’t stated how the p-value allows you to reject the underlying hypothesis that you were also supposed to state (-3)

Total score = 7/10
d.

Methods: Simple linear regression, using robust SE calculations, was performed to model the difference in mean fibrinogen between patients with and without prior CVD. 

Results: The estimated value for the intercept in this linear model is 320mg/L with a standard error of 1.09. The slope is 14.9mg/L, the same value as the difference in mean fibrinogen levels in 2c, with a SE of 2.45, also the same as in 2c. The p value, 1.45e-9, is also the same for the linear model and the t test allowing for unequal variances. The CI for the slope of this linear model is 10.1-19.7mg/L, the same as the CI for the difference in mean fibrinogen estimates in the t test. 
1. You haven’t compared the estimated intercept and its standard error and whether or not they would be equal to the t-test output (-1).

2. The SE for the slope in the robust linear regression output will be approximately equal to the t-test output, though the differences can be negligible when sample size is large enough.

3. You haven’t compared the t statistic from the two outputs (-1)

4. P-value will be approximately the same between the two outputs.

Total score = 8/10 
e. The t test and linear model which assume equal variances will generally give a pooled variance lower than the variance used by statistical methods that allow for unequal variances. A lower variance for the outcome of interest will show a stronger association between the predictor of interest and the outcome of interest. We could predict that our results in part c, using a t test allowing for unequal variances, will give us a weaker association, as measured by a larger p value and smaller t statistic.

1. Sample size should also play a role in the magnitudes of t-statistic and p-value. One point taken off for not mentioning how the group with the smaller sample size has a larger Standard Deviation in the t-test output that presumes equal variance (-1)
Total score = 4/5
3. Methods: I performed a simple linear regression, using classic SE estimates, to evaluate an association between mean fibrinogen (mg/dL) across groups defined by CRP, modeling CRP as a continuous, untransformed variable. Serum CRP (mg/L) is modeled as the predictor of interest, and mean fibrinogen is is the outcome of interest. NA values are excluded from analysis. Zero values are not replaced. 

Results: 

a. The coefficient for the intercept in the linear model is a mean value of 304mg/dL of fibrinogen, given a serum CRP level of 0 mg/L. 
Note that I didn’t take off points for not correctly stating it in sentence form but it should be “The estimated mean FIB level in subjects having CRP level of 0 mg/L is 304 mg/dL.

Total score = 5/5
b. The coefficient for the slope of the linear model, using serum CRP as a predictor, is 5.25mg/dL increase in mean fibrinogen per unit increase in CRP. 
The estimated mean Fib level is 5.25 mg/dL higher for every 1 mg/dL absolute difference in CRP levels.

Total score = 5/5
c. With a two-sided p value of less than 0.0001, we can conclude that our data would be unusual if there were no association between serum CRP levels and fibrinogen levels.
This would be an incorrect inference statement. I gave you 4 points for your methods statement above but it doesn’t include what type of SE estimator you used, which statistic was used to compute the 95% CI and p-values. Your response also doesn’t include results section. 
Total score = 4/10
d. See Table 2 for fitted values for the central tendency for mean fibrinogen levels at various levels of serum CRP, modeled as a continuous, untransformed variable. The formula used to estimate the central tendency of mean fibrinogen (y) for groups defined by CRP (x) is: y = Bo + B1(x) = 304.0 + (5.251*x)

1 point off for rounding them to the nearest integer
Total score = 4/5
4. Methods: I performed a simple linear regression, using classic SE estimates, to evaluate an association between mean fibrinogen (mg/dL) across groups defined by CRP, modeling CRP as a continuous, log (base e) transformed variable. Log serum CRP (log(mg/L)) is modeled as the predictor of interest, and mean fibrinogen is the outcome of interest. All 0 values for serum CRP are replaced by 0.5mg/L. NA values are excluded from analysis. The formula used to estimate the central tendency of mean fibrinogen (y) for groups defined by log(CRP) (x) is: y = Bo + B1(log(x)) = 295.6 + (36.83*log(x))

Results: 

a. The coefficient for the intercept in the linear model is a mean value of 296mg/dL of fibrinogen, given a log-transformed serum CRP level of 0 mg/L. 
Total score = 5/5

b. The coefficient for the slope of the linear model, using log serum CRP as a predictor, is 36.8(log(mg/L)). 
Incorrect interpretation and incorrect estimate.

Total score = 0/5

c. With a two-sided p value of less than 0.0001, we can conclude that our data would be unusual if there were no association between log-transformed serum CRP levels and fibrinogen levels.
Same issue as in part 3c

Total score = 4/10
d. See Table 2 for fitted values for the central tendency for mean fibrinogen levels at various levels of log-transformed serum CRP. The formula used to estimate the central tendency of geometric mean fibrinogen (y) for groups defined by CRP (x) is: y = Bo + B1(x) = 295.6 + (36.83*log(x))
Your slope estimate is off. It should be 25.5308. And there are incorrect calculations in your fitted values for CRP > 3 mg/dL –discrepancy between your table and the solution. 
Total score = 2/5
5. Methods: I performed a simple linear regression, using classic SE estimates, to evaluate an association between geometric mean fibrinogen (mg/dL) across groups defined by CRP, modeling CRP as a continuous, untransformed variable. Serum CRP (mg/L) is modeled as the predictor of interest, and geometric mean fibrinogen is is the outcome of interest. NA values are excluded from analysis. 

Results: 

a. The coefficient for the intercept in the linear model is a mean value of 5.71(log(mg/dL), or 302mg/dL) of fibrinogen, given a serum CRP level of 0 mg/L. 
This estimate would be the geometric mean not the mean, it would be in log scale. 

Total score = 2/5
b. The coefficient for the slope of the linear model, using serum CRP as a predictor, is 0.0139(log(mg/L)). 
This geometric mean estimate for the intercept is also incorrectly interpreted.

Total score = 1/5

c. With a two-sided p value of less than 0.0001, we can conclude that our data would be unusual if there were no association between serum CRP levels and fibrinogen levels.
You have stated in your methods that you evaluated the geometric mean of FIB but you haven’t stated how you accomplished that. For the same reasons as 4c and 3c, I am taking 6 points off

Total score = 4/10

d. See Table 2 for fitted values for the central tendency for geometric mean fibrinogen levels at various levels of serum CRP, modeled as a continuous, untransformed variable. The formula used to estimate the central tendency of geometric mean fibrinogen (y) for groups defined by CRP (x) is: y = exp(Bo + B1(x)) = exp(5.707 + (0.01392*x))
Points no longer taken off but it would be important not to round them to the nearest integer

Total score = 5/5
6. Methods: I performed a simple linear regression, using classic SE estimates, to evaluate an association between geometric mean fibrinogen (mg/dL) across groups defined by CRP, modeling CRP as a continuous, log (base e) transformed variable. Log serum CRP (log(mg/L)) is modeled as the predictor of interest, and geometric mean fibrinogen is the outcome of interest. All 0 values for serum CRP are replaced by 0.5mg/L. NA values are excluded from analysis. 

Results: 

a. The coefficient for the intercept in the linear model is a geometric mean value of 5.86(log(mg/dL), or 295mg/dL) of fibrinogen, given a log-transformed serum CRP level of 0 mg/L. 
Total score = 5/5

b. The coefficient for the slope of the linear model, using log serum CRP as a predictor, is 0.105(log(mg/L)). 
Not a sufficient interpretation of the coefficient. 

Total score = 0/5

c. With a two-sided p value of less than 0.0001, we can conclude that our data would be unusual if there were no association between log-transformed serum CRP levels and fibrinogen levels.
Same reasons as in 3c, 4c, and 5c.

Total score = 4/10

d. See Table 2 for fitted values for the central tendency for geometric mean fibrinogen levels at various levels of log-transformed serum CRP. The formula used to estimate the central tendency of geometric mean fibrinogen (y) for groups defined by log CRP (x) is: y = exp(Bo + B1(log(x))) = 5.679 + (0.1054*log(x))
Your slope estimate is off (-2).

Total score = 3/5
Table 2: CRP level (mg/L) and Fitted Values for Fibrinogen (mg/dL)

	CRP level (mg/L)
	Problem 3

Mean Fibrinogen (mg/dL)
	Problem 4

Mean Fibrinogen (mg/dL)
	Problem 5

Geometric Mean Fibrinogen (mg/dL)
	Problem 6

Geometric Mean Fibrinogen (mg/dL)

	1
	309
	296
	305
	293

	2
	315
	321
	309
	315

	3
	319
	336
	314
	329

	4
	325
	347
	318
	339

	6
	336
	362
	327
	353

	8
	346
	372
	336
	364

	9
	351
	377
	341
	369

	12
	367
	387
	356
	380


7.

Table 3: Comparisons of Fitted Values

	Comparison Across CRP Level
	Problem 3

Mean
	Problem 4

Mean
	Problem 5

Geometric Mean
	Problem 6

Geometric Mean

	
	
	Differences
	
	

	2mg/L-1mg/L
	6
	25
	4
	22

	3mg/L-2mg/L
	4
	15
	5
	14

	4mg/L-1mg/L
	16
	51
	13
	46

	4mg/L-2mg/L
	10
	26
	9
	24

	6mg/L-3mg/L
	17
	26
	13
	24

	8mg/L-4mg/L
	21
	25
	18
	25

	9mg/L-6mg/L
	15
	15
	14
	16

	9mg/L-8mg/L
	5
	5
	5
	5

	12mg/L-6mg/L
	31
	25
	51
	27

	
	
	Ratios
	
	

	2mg/L/1mg/L
	1.02
	1.08
	1.01
	1.08

	3mg/L/2mg/L
	1.01
	1.05
	1.02
	1.04

	4mg/L/1mg/L
	1.05
	1.17
	1.04
	1.16

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

	6mg/L/3mg/L
	1.05
	1.08
	1.04
	1.07

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

	9mg/L/6mg/L
	1.04
	1.04
	1.04
	1.05

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

	12mg/L/6mg/L
	1.09
	1.07
	1.09
	1.08


There are some values that are off, for example, for comparing across CRP 12 mg/L – 6 mg/L, the values are different from the solution for problem 3, 5 and 6. The additive differences for problem 3 all seem off. All other estimates are fine, except for rounding issue that I stated above. 
Total score = 8/10
a. The analysis in problem 3, modeling mean fibrinogen values by groups of CRP values, gives constant differences in fitted values when comparing two groups differing by an absolute increase in “c” units of CRP. For a 1-unit difference in CRP, the difference in mean fibrinogen is 5, 4, and 6mg/dL for differences of 9-8mg/L, 3-2mg/L and 2-1mg/L CRP respectively. For a 3-unit difference in CRP, the difference in mean fibrinogen is 15, 17 and 16mg/dL for differences of 9-6mg/L, 6-3mg/L, and 4-1mg/L CRP respectively.  
Total score = 5/5
b. The analysis in problem 5, modeling geometric mean fibrinogen values by groups of CRP values, gives constant ratios of fitted values when comparing two groups differing by an absolute increase in “c” units of CRP. For a 3-unit difference in CRP levels, we see a constant ratio of 1.04 for geometric mean fibrinogen values. For a 1-unit difference in CRP levels we see a ratio of 1.01 or 1.02.  For a 4-unit difference we see a ratio of 1.06 and for a 6-unit difference we see a ratio of 1.09. 

You are correct that for 1 mg/dL difference in CRP the ratio fitted values for the model fit showed a constant ratio of 1.01 in the geometric mean of FIB levels but you haven’t stated which analysis gave you constant ratios. Your other ratio estimates are off or incorrect.
Total score = 1/5

c. The analysis in problem 4, modeling mean fibrinogen values by groups of log-transformed CRP values, gives constant differences in fitted values when comparing two groups differing by a relative “c-fold” increase in units of CRP. As the value of CRP is doubled (2 vs 1mg/L, 4 vs 2mg/L, 8 vs 4mg/L, 12 vs 6mg/L) the value of mean fibrinogen increases by 25 or 26 units. When units of CRP are increased by 3/2 (3 vs 2 mg/L, 9 vs 6mg/L) the value of mean fibrinogen increases by 15 units. 
You missed the analysis comparing 6 vs 3 mg/L for multiplicative factor of 2.
Total score = 5/5

d. The analysis in problem 6, modeling geometric mean fibrinogen values by groups of log-transformed CRP values, gives constant ratios in fitted values when comparing two groups differing by a relative “c-fold” increase in units of CRP. As the value of CRP is doubled (2 vs 1mg/L, 4 vs 2mg/L, 8 vs 4mg/L, 12 vs 6mg/L) the ratio of geometric mean fibrinogen is 1.08 or 1.07. When units of CRP are increased by 3/2 (3 vs 2 mg/L, 9 vs 6mg/L) the ratio of geometric mean fibrinogen is 1.04 or 1.05. 

You missed the analysis comparing 6 vs 3 mg/L for multiplicative factor of 2.

Total score = 5/5
9. The choice of analysis would be done before looking at the data (or in the design phase of the experiment). Previous knowledge about the qualities of serum CRP and fibrinogen, and what they represent scientifically, would determine whether we want to compare absolute differences or ratios of values in our analysis.
It would be important to state how you may gain or lose precision if you have transformed or untransformed your variables. The question is asking, given all the four analysis you did above, what would be your rational for choosing the best analysis that you think could investigate the association between FIB and CRP well. Also, it would be good to mention how heteroscedasticity could sway your decision to transform your predictor. 
Total score 1/5
