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4-6 were terribly hard to grade due to not answering the question as structured
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.
Method:
All the missing values (n=101) for the variables of interest (C reactive protein [CRP], Fibrinogen and prior history of diagnosed cardiovascular disease [CVD]) were excluded from all analysis (i.e. all analysis responses to questions 1 – 8). 
Descriptive statistics such as the mean, standard deviation, minimum and maximum for serum CRP (mg/dl) and fibrinogen (mg/dl) measurements were used for the total study population and within two groups defined as those who had or did not have prior history of diagnosed CVD. A scatterplot was used to examine the association between serum CRP and Fibrinogen levels in total study population and among groups defined by having or not having prior history of CVD.
Results:
The sample size for this study is 5,000, with 101 missing values for serum measurements of CRP (n=67) and Fibrinogen (n=34) levels. Because of the exclusion of this missing data, we will not be able to assess its impact on the study generalizability.
Out of the 4,899 subjects analyzed, 3,777 (77.1%) had no prior history of cardiovascular disease (CVD) and 1,122 (22.9%) had prior history of CVD. 
Both serum CRP and Fibrinogen levels were more likely to be higher with those who had prior history of cardiovascular disease – see Table 1.  A few outliers were noted for those with no history of CVD and spread of data points suggest presence of heteroscedasticity (unequal variance). There is a suggested association between serum CRP and Fibrinogen levels, the lowess line shows no strong linear trend and indicates an upward curvilinear trend between mean serum CRP and Fibrinogen levels for total population and groups with or without CVD. The parallel lines for each group suggest absence of effect modification. 	Comment by Author: 2/5pts; More description of the distributions needed and potential confounding/effect modification	Comment by Author: This seems like a strong statement given how difficult it is to see anything on the graph

Table 1. Serum C Reactive Protein and Fibrinogen levels in Study population (total and within those with/out prior cardiovascular disease) 	Comment by Author: 5/5pts

	
	No Prior History of Cardiovascular disease
(N= 3,777)
	With Prior History of Cardiovascular disease
(N=1,122)
	Total

(N=4,899)

	
	Mean (Standard deviation; Minimum – Maximum)

	Serum C Reactive Protein1 (mg/dl)
	3.385 (5.9148; 0 – 108) 
	4.4055 (6.9041; 0 – 83)
	3.6189 (6.1696; 0 – 108)

	Serum Fibrinogen 2(mg/dl)
	319.6172 (64.8336; 109 – 872)
	334.4643 (74.1134; 138 – 695)
	323.0176 (67.3541; 109 – 872)



1: 67 missing values were excluded from analysis
2: 34 missing values were excluded from analysis

[image: ]	Comment by Author: 5/5pts; log-log scale would be ideal

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. 	Comment by Author: 7/10pts; didn’t state that was comparing mean difference, exclusion criteria was not specified andwrong
Method: The t test that assumes equal variances was used to compare mean serum fibrinogen levels (mg/dl) between those with and those without prior history of CVD. The 95% CI were also generated based on equal variance assumption and two sided p value set at 5% level was used. 	Comment by Author: How? Ratio, difference…
Result: The mean serum fibrinogen was 334.46 mg/dl (95% CI 330.12    338.81) among 1,122 subjects with prior history of CVD compared to 319.62 mg/dl (95% CI 317.55 - 321.69) mean serum fibrinogen level among 3,777 subjects with no prior history of CVD. The 95% confidence interval indicates that the observed tendency of 14.85 mg/dl higher serum fibrinogen levels among those with prior history of CVD will not be unusual if the true population difference is between 10.38 and 19.32 mg/dl higher than those without history of CVD given that both groups have identical variances.	Comment by Author: Excluded too many subjects and didn’t state criteria for such
This observation is statistically significant at 0.05 level (two sided p <0.0001) and can conclude with high confidence that the distribution of mean serum fibrinogen differs between those two groups.
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.	Comment by Author: 10/10pts
Method: Linear regression model that assumes homoscedasticity i.e. equal variance was used to compare the mean serum fibrinogen levels between those with and those without prior history of CVD. The outcome is mean serum fibrinogen level (mg/dl) as a continuous variable and the linear predictor a binary variable defined as those who have prior history of CVD and those without history of CVD. 95% CI intervals were generated and two sided p value set at 5% level was used. 
*It is important to mention that this model is saturated (the model parameters [intercept and slope] equal the distinct groups [2 groups]), the estimate/fitted values therefore equals the sample means. The intercept represents one group while the slope/coefficient denotes the difference between the groups.
Result: The intercept of the linear regression model (319.62 mg/dl) and its 95% CI (317.48 - 321.76) corresponds to the mean serum fibrinogen level and 95% CI of those with no prior history of CVD from t test output. The 95% CI of the intercept i.e. mean serum fibrinogen level among those with no prior history of CVD is slightly different from the corresponding 95% CI in t test for this group (95% CI 317.55 - 321.69) because the standard error in regression is calculated from the pooled SD of the two groups. The coefficient of the linear predictor (14. 85 mg/dl) in the linear regression model is the difference in mean serum fibrinogen level between those who have prior history CVD compared to those with no prior history of CVD. The 95% CI of the coefficient denotes that this difference will not be unusual if the true population difference is between 10.38 mg/dl and 19.32 mg/dl higher among those who have prior history of CVD compared to those without history of CVD. The coefficient of the predictor and its 95% CI correspond to the mean difference (14.85mg/dl) and its 95% CI output (10.38 mg/dl and 19.32 mg/dl) in the t test analysis. 
The t statistic of the predictor coefficient between the groups is 6.51 in the regression output. This t statistic corresponds to the t statistic value that is typically below the STATA table output on the right hand side. In this case, it has the same number but has a negative sign (-6.51)because the those who do not have prior history of CVD group (lower fibrinogen levels) is compared to the reference group with history of prior CVD (higher levels) and the difference is negative thus the negative t statistic value. 
The p value in regression model for t statistic is significant at 0.05 level (two sided p <0.0001) rejects the null hypothesis that states no difference between constant () and estimator () i.e. H0: . This p value corresponds to the p value in the t test output for alternative hypothesis that the difference between groups is not 0. We can therefore conclude with high confidence that the distribution of serum fibrinogen differs between these two groups.

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. 	Comment by Author: 9/10pts; didn’t state how comparing means
Method: The t test that assumes unequal variances was used to compare mean serum fibrinogen levels (mg/dl) between those with and without prior history of CVD. The 95% CI were also generated based on unequal variance assumption and two sided p value set at 5% level was used. 	Comment by Author: How?
Result: The mean serum fibrinogen was 334.46 mg/dl (95% CI 330.12 - 338.81) among 1,122 subjects with prior history of CVD compared to the 319.62 mg/dl (95% CI 317.55 - 321.69) mean serum fibrinogen level among 3,777 with no history of CVD. The 95% confidence interval indicates that the observed tendency of 14.85 mg/dl higher serum fibrinogen levels among those with prior history of CVD will not be unusual if the true population difference is between 10.04 and 19.65 mg/dl higher than those without history of CVD given that both groups (with and without prior history of CVD) assuming that they have unequal variances.
This observation is statistically significant at 0.05 level (two sided p <0.0001) and thus with high confidence reject the null hypothesis that states no difference in mean serum fibrinogen between two groups. In conclusion, those who have prior history of CVD have an associated higher mean serum fibrinogen level compared to those with no prior history of CVD. 
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.	Comment by Author: 9/10pts; comparison if p-values 
Method: Linear regression model that does not assume homoscedasticity using robust method was used. The outcome variable is mean serum fibrinogen levels as continuous variable while the linear predictor is binary defined as those who have prior history of CVD and those without history of CVD. 95% confidence intervals were generated and two sided p values set at 5% level was used.
*It is important to mention that this model is saturated (the model parameters [intercept and slope] equal the distinct groups [2 groups]), the estimate/fitted values therefore equals the sample means. The intercept represents one group while the slope/coefficient denotes the difference between the groups.
Result: The intercept of the linear regression model and 95% CI corresponds to the mean serum fibrinogen level of 319.62 mg/dl and 95% CI (317.55 - 321.69) among those with no prior history of CVD. The 95% CI of the intercept i.e. mean serum fibrinogen level among those with no prior history of CVD corresponds to the 95% CI in t test for those with no prior history of CVD (95% CI 317.55 - 321.69). The coefficient of the predictor (14.85mg/dl), corresponds to the difference in mean serum fibrinogen level between those who have prior history CVD compared to those with no prior history of CVD in the t test (14.85mg/dl). The 95% CI of the coefficient denotes that this difference will not be unusual if the true population difference is between 10.04 mg/dl and 19.65 mg/dl higher among those who have prior history of CVD compared to those without history of CVD. The 95% CI of this difference is slightly different from that generated by t t test (10.38 - 19.32) because the standard error generated by robust method is different from that of t test. 
The t statistic of the predictor coefficient between the groups is 6.51 in the regression output. This t statistic corresponds to the t statistic value that is typically below the STATA table output on the right hand side. In this case, it has the same number but has a negative sign (-6.51)because the those who do not have prior history of CVD group (lower fibrinogen levels) is compared to the reference group with history of prior CVD (higher levels) and the difference is negative thus the negative t statistic value.
The p value in regression model for t statistic is significant at 0.05 level (two sided p <0.0001) rejects the null hypothesis that states no difference between constant () and estimator () i.e. H0: . This p value corresponds to the p value in the t test output for alternative hypothesis that the difference between groups is not 0. Therefore, with high confidence we reject the null hypothesis that states no difference in mean serum fibrinogen between these two groups. In conclusion, those who have prior history of CVD have an associated higher fibrinogen level compared to those with no prior history of CVD.	Comment by Author: Only approximate

d. 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)?	Comment by Author: 5/5pts
The sample size of the groups is different, with the smaller group having more variability. This means that the t test that assumes equal variances is anticonservative producing low p value and a narrow CI. I would therefore predict that the t test assuming unequal variances (part c) to have a wider CI and higher P value and thus a weaker association. 
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. 
Method: A linear regression model that assumes heteroscedasticity i.e. unequal variance using robust method for standard errors was used. The outcome is mean serum fibrinogen level defined as a continuous variable while the linear predictor is mean serum CRP level (mg/L) also defined as a continuous, untransformed random variable. 95% confidence intervals were generated and two sided p values set at 5% level was used.	Comment by Author: mean FRP as a function of absolute difference in CRP levels
Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.	Comment by Author: 5/5pts
The intercept of 304.015 mg/dl denotes the estimated mean serum fibrinogen level in a population with mean C reactive protein level of 0 mg/L. This estimate will not be unusual if true population lies between 301.514 and 306.517 mg/l. The two sided p value is <0.0001 and is significant at 0.05 level rejecting the null hypothesis that estimate equals 0.
a. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.	Comment by Author: 5/5pts
The slope of 5.251 mg/dl denotes the difference in mean serum fibrinogen level between groups that differ with 1 mg/L in mean serum CRP level. That is, those with one mg/L higher mean serum CRP levels tend to have higher serum fibrinogen level by 5.251 mg/dl. This difference will not be unusual if true population lies between 4.604 and 5.898 mg/dl. The two-sided p value is <0.0001 and is significant at 0.05 level rejecting the null hypothesis that the mean difference between groups that differ by 1mg/L of CRP is 0.
b. Provide full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.	Comment by Author: 8/10pts; interpretation was missing key words
In a sample of 4,899, linear regression analysis showed an estimate of 5.25 mg/dl difference for every 1mg/L increase in mean serum CRP level. Those with higher mean serum CRP levels tend to have higher mean serum fibrinogen levels. The 95% confidence interval indicates that the observed tendency of 5.250855 mg/dl higher serum fibrinogen levels will not be unusual if the true population difference is between 4.60 and 5.90 mg/dl higher per 1mg/L. This observation is statistically significant at 0.05 level (two sided p <0.0001), thus with high confidence reject the null hypothesis that states no difference in mean serum fibrinogen between groups that differ by 1mg/L in mean serum CRP levels.	Comment by Author: Need directionality and fibrinogen mentioned
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). 	Comment by Author: 5/5pts
The model used to generate estimates:
 Mean Serum Fibrinogen level (mg/dl) = intercept or () equivalent to 304.015mg/dl  + slope/( equivalent to 5.251 *(X1) mg/L of mean serum CRP level 

304.015 mg/dl(() is the mean fibrinogen level associated with group with mean CRP level of 0 mg/L
5.251 ((slope is the difference in mean serum fibrinogen levels in groups that differ by 1mg/L in mean CRP level

The CRP levels in the table below, are entered as X1 in the model above and calculated manually to determine the fitted/estimate of serum mean Fibrinogen level.)
* The mean is the summary measure for fibrinogen levels being estimated

	CRP level
	Fitted Values for Mean Fibrinogen (mg/dL)

	1 mg/L
	309.266

	2 mg/L
	314.517

	3 mg/L
	319.768

	4 mg/L
	325.019

	6 mg/L
	335.520

	8 mg/L
	346.022

	9 mg/L
	351.273

	12 mg/L
	367.026



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.)
Method: A linear regression model that assumes heteroscedasticity i.e. unequal variance was used to compare the mean serum fibrinogen levels (mg/dl) as a continuous outcome variable with mean serum CRP level (mg/L) as linear predictor as a continuous, log transformed random variable. CRP values equal to 0 were replaced with 0.5 and then log transformed.
95% confidence intervals were generated and two sided p values set at 5% level was used.

The Model used to generate estimates:	Comment by Author: 5/5pts
Serum mean Fibrinogen (mg/dl) level = intercept or () equivalent to 295.566 mg/dl + slope or ( equivalent to 36.83316mg/L * (X1) serum mean log CRP level 

295.566 is (() or mean fibrinogen level (mg/dl) associated with mean log CRP level of 0 equivalent to mean serum of 1mg/L CRP
36.833 is ((slope is the difference in mean serum fibrinogen levels in groups that differ by 1 unit of mean log CRP level

In this case in the table below the CRP values from 1 – 9mg/L were log transformed and entered as X1 to provide estimates for mean fibrinogen levels (mg/dl).
Interpretation:	Comment by Author: 9/10pts
In a sample of 4,899, linear regression analysis showed an estimate of 295.566mg/dl for group with serum mean CRP level of 1mg/dl. This finding will not be unusual if the true population estimate lies between 293.645 and 297.488 mg/dl. The two sided p value is <0.0001 and is significant at 0.05 level rejecting the null hypothesis that the estimate equals 0.	Comment by Author: 5/5pts
The difference in mean serum fibrinogen level between groups that differ by one unit in mean log CRP level is 36.833 mg/dl. That is, those with one unit higher mean log serum CRP levels tend to have higher serum fibrinogen level by 36.833 mg/dl. The 95% confidence interval indicates that the observed tendency of mg/dl higher serum fibrinogen levels will not be unusual if the true population difference is between 34.577 and 39.089 higher for every unit increase in mean log CRP level. There is statistical significant evidence at 0.05 level (two sided p <0.0001) of this association.	Comment by Author: 4/5pts per 2.718-fold increase, not 1 unit



* The mean is the summary measure for fibrinogen levels being estimated
	CRP level
	Fitted Values for Mean Fibrinogen (mg/dL)

	1 mg/L
	295.566

	2 mg/L
	321.097

	3 mg/L
	336.032

	4 mg/L
	346.628

	6 mg/L
	361.562

	8 mg/L
	372.159

	9 mg/L
	376.497

	12 mg/L
	387.093



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.
Method: A linear regression model that assumes heteroscedasticity i.e. unequal variance was used to compare the mean log serum fibrinogen levels (mg/dl) as a continuous outcome variable with mean serum CRP level (mg/L) as linear predictor as a continuous random variable. 
95% confidence intervals were generated and two sided p values set at 5% level was used.

The Model used to generate estimates:	Comment by Author: 5/5pt w/ table
Serum mean log Fibrinogen level = intercept or () equivalent to 5.706764 + slope or ( equivalent to 0.0139186  * (X1) serum mean CRP level (mg/L) 

5.707 is (() or mean log fibrinogen level associated with mean CRP level of 0 mg/L 
0.0139 is ((slope is the difference in mean log serum fibrinogen levels in groups that differ by 1 mg/L in mean CRP level

In the table below the CRP values from 1 – 9mg/L were entered as X1 and the estimate generated in log units was then exponentiated to provide interpretable measurable estimates in mg/dl.

Interpretation:	Comment by Author: 10/10pts
In a sample of 4,899, linear regression analysis showed an estimate of 300.896 mg/dl for group with serum mean CRP level of 0 mg/dl. This finding will not be unusual if the true population estimate lies between 298.647 and 303.162mg/dl. The two sided p value is <0.0001 and is significant at 0.05 level rejecting the null hypothesis that the estimate equals 0.	Comment by Author: 1/5pt; numbers are right, no interpretation
The difference in mean serum fibrinogen level between groups that differ by 1 mg in mean CRP level is multiplicative by 1.39%. That is, those with 1mg/dl higher in mean serum CRP levels tend to have higher serum fibrinogen level by 1.39%. The 95% confidence interval indicates that the observed tendency of mg/dl higher serum fibrinogen levels will not be unusual if the true population multiplicative difference is between 1.21% and 1.57% higher for every 1mg/L increase in mean CRP level. There is statistical significant evidence at 0.05 level (two sided p <0.0001) of this association. 	Comment by Author: 5/5pts


* The geometric mean is the summary measure for fibrinogen levels being estimated

	CRP level (X1 values)
	Geometric Mean Fibrinogen (mg/dL)

	1 mg/L
	305.113

	2 mg/L
	309.390

	3 mg/L
	313.726

	4 mg/L
	318.123

	6 mg/L
	327.103

	8 mg/L
	336.337

	9 mg/L
	341.051

	12 mg/L
	355.593



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.)
Method: A linear regression model that assumes heteroscedasticity i.e. unequal variance was used. Serum fibrinogen levels were log transformed as a log transformed continuous outcome variable while the serum CRP level was used as linear predictor also log transformed random variable. CRP values equal to 0 were replaced with 0.5 and then log transformed.	Comment by Author: fitting the geometric mean of fibrinogen to proportionate differences in CRP levles
95% confidence intervals were generated and two sided p values set at 5% level was used.

inear regression                                      Number of obs =    4899	Comment by Author: Not ok, ignoring
                                                       F(  1,  4897) = 1243.68
                                                       Prob > F      =  0.0000
                                                       R-squared     =  0.2434
                                                       Root MSE      =  .17548

------------------------------------------------------------------------------
             |               Robust
      logfib |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
      logcrp |   .1053917   .0029885    35.27   0.000     .0995329    .1112504
       _cons |   5.678587   .0031556  1799.50   0.000       5.6724    5.684773
------------------------------------------------------------------------------
	Comment by Author: 5/5pts for table
The Model used to generate estimates:
Serum mean log Fibrinogen level = intercept or () equivalent to 5.679  + slope or ( equivalent to 0.105 * (X1) serum mean log CRP level 

5.679 is (() or mean log fibrinogen level associated with mean log CRP level of 0 	Comment by Author: 0/5pts No interpretation of the intercept and needs to be transformed for reporting. Better below but no mention of it being the intercept
0.105 is ((slope is the difference in mean log serum fibrinogen levels in groups that differ by one unit in mean log CRP level

In the table below the CRP values from 1 – 9mg/L were transformed and entered as X1 and the estimate generated in log units was then exponentiated to provide interpretable measurable estimates in mg/dl.

Interpretation:	Comment by Author: 5/10pts; interpretation of slope is wrong
In a sample of 4,899, linear regression analysis showed an estimate of 292.536 mg/dl for group with serum mean CRP level of 1 mg/dl. This finding will not be unusual if the true population estimate lies between 290.731 and 294.351 mg/dl. The two sided p value is <0.0001 and is significant at 0.05 level rejecting the null hypothesis that the estimate equals 0.
A 1% increase in serum mean CRP level is associated with 0.1054% increase in fibrinogen level. The 95% CI indicates that this finding will not be unusual if true population associated increase is between 0.0995% and 0.1113%. There is statistical significant evidence at 0.05 level (two sided p <0.0001) of this association. 	Comment by Author: 0/5pts; need to transform
* The geometric mean is the summary measure for fibrinogen levels being estimated

	CRP level
	Fitted Values for Geometric Mean Fibrinogen (mg/dL)

	1 mg/L
	292.536

	2 mg/L
	314.706

	3 mg/L
	328.446

	4 mg/L
	338.556

	6 mg/L
	353.337

	8 mg/L
	364.214

	9 mg/L
	368.764

	12 mg/L
	380.116



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 Fibrinogen (mg/dL)
	Problem 4: (mean Fibrinogen (mg/dL)
	Problem 5: (Geometric mean Fibrinogen (mg/dL)
	Problem 6: Geometric mean Fibrinogen (mg/dL)

	1 mg/L
	309.266
	295.566
	305.113
	292.536

	2 mg/L
	314.517
	321.097
	309.390
	314.706

	3 mg/L
	319.768
	336.032
	313.726
	328.446

	4 mg/L
	325.019
	346.628
	318.123
	338.556

	6 mg/L
	335.520
	361.562
	327.103
	353.337

	8 mg/L
	346.022
	372.159
	336.337
	364.214

	9 mg/L
	351.273
	376.497
	341.051
	368.764

	12 mg/L
	367.026
	387.093
	355.593
	380.116



7. Complete the following table that makes comparisons (differences or ratios) of the fitted values for each of the models. 	Comment by Author: 10/10pts
Table 2: Example of possible display of comparisons of fitted values.
	
	Fitted Values for Fibrinogen (mg/dL)

	Comparisons across CRP level
	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)

	Differences

	2 mg/L – 1 mg/L
	5.251
	25.531
	4.276
	22.170

	3 mg/L – 2 mg/L
	5.251
	14.935
	4.336
	13.740

	4 mg/L – 1 mg/L
	15.753
	51.062
	13.010
	46.021

	4 mg/L – 2 mg/L
	10.502
	25.531
	8.734
	23.850

	6 mg/L – 3 mg/L
	15.752
	25.531
	13.377
	24.892

	8 mg/L – 4 mg/L
	21.003
	25.531
	18.214
	25.658

	9 mg/L – 6 mg/L
	15.753
	14.935
	13.948
	15.426

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

	12 mg/L – 6 mg/L
	31.506
	25.531
	28.490
	26.778

	Ratios

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

	3 mg/L / 2 mg/L
	1.017
	1.047
	1.014
	1.044

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

	4 mg/L / 2 mg/L
	1.033
	1.080
	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
	1.044

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

	12 mg/L / 6 mg/L
	1.094
	1.071
	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.	Comment by Author: 5/5pts
Problem 3, for every unit increase in CRP level there was an additional 5.25085
For instance, CRP level changes between 2 and 1, 3 and 2 and 9 mg/L – 8 mg/L since they differed by one unit, the fitted value difference was 5.25085. 
Similarly, differences of 3 units e.g. 4 mg/L – 1 mg/L, 6 mg/L – 3 mg/L and 9 mg/L – 6 mg/L had same fitted value of 15.7255. 
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..	Comment by Author: 5/5pts
Problem 5, gave a constant ratio when groups differed in absolute increase in c units in CRP levels.
2 mg/L / 1 mg/L, 3 mg/L / 2 mg/L and 9 mg/L / 8 mg/L differed by 1mg/L and the ratio is the same = 1.014
4 mg/L / 1 mg/L and 6 mg/L – 3 mg/L and 9 mg/L – 6 mg/L differed by 3mg/dl and has same ratio = 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.	Comment by Author: 4/5pts, missing 1.5 ratio 
Problem 4: gave constant differences when comparing two groups that differed by c fold increase in CRP levels.
2 mg/L – 1 mg/L, 4 mg/L / 2 mg/L, 6 mg/L – 3 mg/L, 8 mg/L – 4 mg/L and 12 mg/L – 6 mg/L differed by a factor of 2 gave a constant difference of 25.531.
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.	Comment by Author: 2.5/5pts; incorrect constant ratio and missing 2 vs. 1
Problem 6: 
4 mg/L / 2 mg/L, 6 mg/L / 3 mg/L, 8 mg/L / 4 mg/L and 12 mg/L / 6 mg/L. Doubling the CRP levels provided a constant ratio of 1.03223	Comment by Author: And 2 vs. 1 for a ratio of 1.076
3 mg/L / 2 mg/L and 9 mg/L / 6 mg/L with 1.5 fold of CRP provided a constant ratio of 1.044

9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?	Comment by Author: 1/5pts; points taken off for not choosing the best model and an incorrect discussion of how we would expect the variables to behave
I will use problem 1 (simple additive linear model) because of the following:	Comment by Author: This is very unclear
1. Scientific rationale: the study population is healthy older men with no chronic diseases such as inflammatory bowel disease and expect the levels of these inflammatory indicators to be low and not have multiplicative increments	Comment by Author: We expect that they will be multiplicative as they’re measures of protein levels
2. Statistical analysis: there are few outliers that could be dropped from analysis and no need to down weigh them using logarithmic transformations
3. Statistical interpretation is easier for additive simple models
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