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Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II
Emerson, Winter 2015
Homework #2

January 13, 2015
Written problems: To be submitted as a MS-Word compatible file to the class Catalyst dropbox by noon  on Tuesday, January 20, 2015. See the instructions for peer grading of the homework that are posted on the web pages. 
On this (as all homeworks) Stata / R code and unedited Stata / R  output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

In all problems requesting “statistical analyses” (either descriptive or inferential), you should present both
· Methods: A brief sentence or paragraph describing the statistical methods you used. This should be using wording suitable for a scientific journal, though it might be a little more detailed. A reader should be able to reproduce your analysis. DO NOT PROVIDE Stata OR R CODE.
· Inference: A paragraph providing full statistical inference in answer to the question. Please see the supplementary document relating to “Reporting Associations” for details.
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.
Ans: 

Methods: Missing data of CRP or fibrinogen is omitted from this analysis. Missing 
data of prior diagnosed CVD 
(if any) is omitted from the separate group analysis. Within groups having no prior diagnosed CVD or having diagnosed CVD and overall, descriptive statistics (mean, SD, min and max) of fibrinogen (continuous variable) is compared among subgroups with low, average and high CRP levels. The definitions of low, average and high CRP levels are the same as in hw1
. 
Results: We have 5000 observations 
in total, among which there're 101 observations with missing data of CRP or fibrinogen, no observation with missing data of prior diagnosed CVD. These 101 observations are omitted from this analysis. The descriptive statistical analysis results are li
sted in the below table. Among the groups with prior diagnosed CVD, without prior diagnosed CVD and total sample, mean blood fibrinogen is lowest in low CRP group and highest in high CRP group. Also, the standard deviation      blood fibrinogen is highest in high CRP group.  These results suggest that CRP is associated with fibrinogen. 
Table: 

	Blood fibrinogen
	Prior diagnosed CVD
	No prior diagnosed CVD 
	Overall 

	(mg/dL)
	Low CRP
	Average CRP (1-3mg/L)
	High CRP
	Any
	Low CRP
	Average CRP (1-3mg/L)
	High CRP
	Any
	Low CRP
	Average CRP (1-3mg/L)
	High CRP
	Any

	 
	(<1mg/L)
	
	(>3mg/L)
	CRP
	(<1mg/L)
	
	(>3mg/L)
	CRP
	(<1mg/L)
	
	(>3mg/L)
	CRP

	
	 
	
	 
	Level
	 
	
	 
	Level
	 
	
	 
	Level

	Sample Size

	78
	709
	335
	1122 
	348
	2597
	832
	3777 
	426
	3306
	1167
	4899 

	Mean
	290.2
	314.8
	386.3
	334.5 
	277.5
	310
	367.2
	 319.6
	279.8
	311.1
	372.7
	 323
.0

	SD
	57.9
	55.6
	84.5
	 74.1
	48.5
	52.5
	78.8
	64.8 
	50.5
	53.2
	81
	 67.4

	Min
	180
	138
	175
	 138
	172
	109
	132
	 109
	172
	109
	132
	109 

	Max
	540
	592
	695
	 695
	436
	562
	872
	 138
	540
	592
	872
	 872


*No observation is with missing data of prior diagnosed CVD. 101 observations with missing data of CRP or FIB 
are omitted from the analysis.
2. Perform t test analyses exploring an assiation 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. 
Ans: 
Method: Compare mean fibrinogen among groups defined by prior history of CVD using two-sample t test assuming equal variance. 85 missing data of fibrinogen is omitted from this analysis. 
Result: The mean fibrinogen of 1124 subjects with prior diagnosed CVD is 334.4mg/dl. The mean fibrinogen of 3791 subjects without prior diagnosed CVD is 319



.6mg/dl. Based on 95% confidence interval, the tendency 
of mean fibrinogen among subjects with prior diagnosed CVD having 14.9mg/dl higher than those without prior diagnosed CVD is 
not unusual if the true difference of mean fibrinogen is between 10.4mg/dl and 19.3mg/dl with group of prior diagnosed CVD having higher mean fibrinogen. Because the p value (two side
) is less than 0.0001, we can reject the null hypothesis that fibrinogen is not associated 
with prior history of CVD. 
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.
Ans: We can use classical linear regression 
to perform the same analysis as part a. Estimated interception 
of classic linear regression corresponds to mean fibrinogen of subjects without prior history of CVD.  Estimated slope of classic linear regression corresponds to the difference of mean fibrinogen among groups with and without prior history of CVD.  P value 
of test for non-zero slope is exactly the p 
value of t test assuming equal variance in part a. CI for slope is exactly the CI of difference mean fibrinogen among groups with and without prior history of CVD.
Interpretation of classical linear regression results:  The estimated mean fibrinogen of group without prior history of CVD is 319.6 mg/dl. The estimated mean fibrinogen of group with prior history of CVD is 334.4 mg/dl. From linear regression analysis, we estimate that the mean fibrinogen difference between two groups with and without prior history of CVD is 14.9mg/dl. Based on 95% confidence interval, the observation 
is not unusual is the true difference 
is between 10.4mg/dl and 19.3mg/dl with group of prior diagnosed CVD having higher mean fibrinogen. Because the two-sided p value is less than 0.0001, we reject the null hypothesis that there's no linear tread in the average fibrinogen across groups with and without prior history of CVD.
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. 

Ans:

Method: Compare 
mean fibrinogen among groups defined by prior history of CVD using two-sample t test allowing for unequal variance. 85 missing data of fibrinogen is omitted from this analysis. 

Result: The mean fibrinogen of 1124 subjects with prior diagnosed CVD is 334.5mg/dl. The mean fibrinogen of 3791 subjects without prior diagnosed CVD is 319.6mg/dl. Based on 95% confidence interval, the tendency 
of mean fibrinogen among subjects with prior diagnosed CVD having 14.9mg/dl higher than those without prior diagnosed CVD is not unusual if the true difference of mean fibrinogen is between 10.1mg/dl and 19.7mg/dl with group of prior diagnosed CVD having higher mean fibrinogen. Because the p 
value is less than 0.0001, we can reject the null 
hypothesis that fibrinogen is not associated with prior history of CVD
. 

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.

Ans: We can use linear regression with robust standard error estimates 
to perform the same analysis as part c. Estimated interception 
of linear regression with robust standard error estimates corresponds to mean fibrinogen of subjects without prior history of CVD.  Estimated slope of classic linear regression corresponds to the difference of mean fibrinogen among groups with and without prior history of CVD.  P value of test for non-zero slope is exactly 
the p value of t test allowing unequal variance in part c. CI for slope is exactly 
the CI of difference mean fibrinogen among groups with and without prior history of CVD.

Interpretation of robust standard error estimates:  The estimated mean fibrinogen of group without prior history of CVD is 319.6 mg/dl. The estimated mean fibrinogen of group with prior history of CVD is 334.4 mg/dl. From linear regression analysis using Huber-White estimates, we estimate that the mean fibrinogen difference between two groups with and without prior history of CVD is 14.9mg/dl. Based on 95% confidence interval, the observation is not unusual is the true difference is between 10.1mg/dl and 19.7mg/dl with group of prior diagnosed CVD having higher mean fibrinogen. Because the two-sided p value is less than 0.0001, we reject the null hypothesis that there's no linear tread in the average fibrinogen across groups with and without prior history of CVD.

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)?
Ans: From the analysis result in part a, the estimated standard deviation is 67.0. In this situation that group 
with higher variance, t test that presumes equal variance is anti-conservative inference. That means the reported p values are too small in part a. We may 
reject the null hypothesis in part a, but not in part c. So we predict analysis in part c would find a stronger 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. 

Ans: Method: Missing data of CRP or fibrinogen is omitted from the analysis. Simple linear regression 
with robust standard error estimates is performed with fibrinogen and CRP.
a. Provide 
an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.

Ans:  The estimated intercept 304 is the estimated mean fibrinogen (mg/dl) when CRP is 0 (mg/l).
b. Provide 
an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

Ans: The estimated slope 5.25 is the estimated 
in mean fibrinogen (mg/dl) for two groups differing by one mg/l in CRP.
c. Provide 
full statistical inference about the presence of an association between fibrinogen and CRP using this regression analysis.

Ans: From simple linear regression 
using Huber-White estimates, the estimated difference 
in mean fibrinogen for two groups differing by one mg/l in CRP is 5.25 mg/dl. Based on the 95% confidence interval, the observation 
is not unusual is 
the true difference in mean fibrinogen per one mg/l 
is between 4.60mg/dl and 5.90mg/dl. Because the two-sided p value is less than 0.0001, we reject the null hypothesis that there's no linear tread in the mean fibrinogen 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).
Ans: see table 
1.

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.)
Ans: 
Method: All 428 observations of CRP=0 are replaced with CRP=0.5. Simple linear regression with robust standard error estimates is performed with fibrinogen and log transformed CRP. Missing data of CRP or fibrinogen is omitted from the analysis.
Results: The estimated intercept 295 is the estimated mean fibrinogen (mg/dl) when CRP is 1 (mg/l). The estimated slope 36.8 is the estimated difference 
in mean fibrinogen (mg/dl) for two groups differing in CRP by 172
% (that is e1-1). From simple linear regression 
using Huber-White estimates, the estimated difference in mean fibrinogen is 36.8 mg/dl for two groups differing in CRP by 172%. Based on the 95% confidence interval, the observation 
is not unusual is 
the true difference 
in mean fibrinogen for two groups differing in CRP by 172% 
is between 34.6mg/dl and 39.1mg/dl. Because the two-sided p value is less than 0.0001, we reject the null hypothesis 
that there's no linear tread in the mean fibrinogen across CRP groups
.

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.

Ans: 

Method: Simple linear regression with robust standard error estimates is performed with log-transformed fibrinogen and untransformed CRP. No observation has fibrinogen as 0. Missing data of CRP or fibrinogen is omitted from the analysis. Estimate and CI of geometric 
mean of fibrinogen are back transformed. 
Results: The estimated intercept 301 
is the estimated geometric mean fibrinogen (mg/dl) when CRP is 0 (mg
/l). The estimated slope 1.01 
is the estimated ratio of geometric mean fibrinogen (mg/dl
) for two groups differing by 1mg/l in CRP. From simple linear regression using Huber-White estimates, the estimated ratio of geometric mean fibrinogen is 1.01 for two groups differing by 1mg/l in CRP. Based on the 95% confidence interval, the observation 
is not unusual is 
the true ratio of geometric mean fibrinogen for two groups differing by 1mg/l in CRP is between 1.01 and 1.
02. Because the two-sided p value is less than 0.0001, we reject the null hypothesis that there's no linear tread 
in the geometric mean fibrinogen across CRP groups.
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.)
Ans: 

Method: Simple linear regression with robust standard error estimates is performed with log-transformed fibrinogen and log transformed CRP. No observation has fibrinogen as 0. 428 observations of CRP=0 are replaced 
with CRP=0.5. Missing data of CRP or fibrinogen is omitted from the analysis. Estimate and CI of geometric mean of fibrinogen are back transformed. 

Results: The estimated intercept 293 

is the estimated geometric mean fibrinogen (mg/dl) when CRP is 1 (mg/l). The estimated slope 1.11 
is the estimated ratio 
of geometric mean fibrinogen (mg/dl) for two groups differing in CRP by 172
% (that is e1-1). From simple linear regression using Huber-White estimates, the estimated ratio of geometric mean fibrinogen is 1.11 for two groups differing in CRP by 172%. Based on the 95% confidence interval, the observation 
is not unusual is 
the true ratio of geometric mean fibrinogen for two groups differing by 1mg/l in CRP is between 1.10 and 1.12. Because the two-sided p value is less than 0.0001, we reject the null hypothesis that there's no linear tread in 
the geometric mean fibrinogen across log transformed CRP groups.
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)
	Problem 4: (Mean)
	Problem 5: (Geometric Mean)
	Problem 6: (Geometric Mean)

	1 mg/L
	309
	296
	305
	293

	2 mg/L
	315
	321
	309
	315

	3 mg/L
	320
	336
	314
	328

	4 mg/L
	325
	347
	318
	339

	6 mg/L
	336
	362
	327
	353

	8 mg/L
	346
	372
	336
	364

	9 mg/L
	351
	376
	341
	369

	12 mg/L
	367
	387
	356
	380


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: (Mean)
	Problem 4: (Mean)
	Problem 5: (Geometric Mean)
	Problem 6: (Geometric Mean)

	Differences

	2 mg/L – 1 mg/L
	5.25
	25.5
	4.28
	22.2

	3 mg/L – 2 mg/L
	5.25
	14.9
	4.34
	13.7

	4 mg/L – 1 mg/L
	15.8
	51.1
	13.0
	46.0

	4 mg/L – 2 mg/L
	10.5
	25.5
	8.73
	23.9

	6 mg/L – 3 mg/L
	15.8
	25.5
	13.4
	24.9

	8 mg/L – 4 mg/L
	21.0
	25.5
	18.2
	25.7

	9 mg/L – 6 mg/L
	15.8
	14.9
	13.9
	15.4

	9 mg/L – 8 mg/L
	5.25
	4.34
	4.71
	4.55

	12 mg/L – 6 mg/L
	31.5
	25.5
	28.5
	26.8

	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
	1.011

	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.
Ans: Simple linear regression using untransformed fibrinogen and 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. When c=1 mg/l (2mg/l-1mg/l, 3mg/l-2mg/l, 9 mg/l-8 mg/l), the difference in mean fibrinogen is 5.25 mg/dl. When c=2 mg/l (4mg/l-2mg/l), the difference in mean fibrinogen is 10.5 mg/dl. When c=3 mg/l (4mg/l-1mg/l, 6mg/l-3mg/l, 9mg/l-6mg/l), the difference in mean fibrinogen is 15.8 mg/dl. When c=4 mg/l (8mg/l-4mg/l), the difference in mean fibrinogen is 21.0 mg/dl. When c=6 mg/l (12mg/l-6mg/l), the difference in mean fibrinogen is 31.5 mg/dl.
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.
Ans: Simple linear regression using log transformed fibrinogen and untransformed CRP gave constant ratio of the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels. When c=1 mg/l (2mg/l-1mg/l, 3mg/l-2mg/l, 9 mg/l-8 mg/l), the ratio of geometric mean fibrinogen is1.014. When c=2 mg/l (4mg/l-2mg/l), the ratio of geometric mean fibrinogen is 1.028. When c=3 mg/l (4mg/l-1mg/l, 6mg/l-3mg/l, 9mg/l-6mg/l), the ratio of geometric mean fibrinogen is 1.043. When c=4 mg/l (8mg/l-4mg/l), the ratio of geometric mean fibrinogen is 1.057. When c=6 mg/l (12mg/l-6mg/l), the ratio of geometric mean fibrinogen is 1.087.
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.

Ans: Simple linear regression using untransformed fibrinogen and 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. When c=2 (2mg/l-1mg/l, 4mg/l-2mg/l, 6mg/l-3mg/l, 8mg/l-4mg/l, 12 mg/l-6mg/l), the difference in mean fibrinogen is 25.5 mg/dl. When c=1.5 (3mg/l-2mg/l, 9mg/l-6mg/l), the difference in mean fibrinogen is 14.9 mg/dl.
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.

Ans: Simple linear regression using log transformed fibrinogen and log transformed CRP gave gave constant ratios in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels. When c=2 (2mg/l-1mg/l, 4mg/l-2mg/l, 6mg/l-3mg/l, 8mg/l-4mg/l, 12 mg/l-6mg/l), the ratio of geometric mean fibrinogen is 1.076. When c=1.5 (3mg/l-2mg/l, 9mg/l-6mg/l), the ratio of geometric mean fibrinogen is 1.044.

9. How 
would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
Ans:  I prefer the analysis method of problem 3 (simple linear regression evaluating an association between untransformed fibrinogen and untransformed CRP). I believe the choice of statistical methods should base on the scientific question we ask and how useful is our statistical inference. First, as indicated in the categories of levels of CRP, it seems that log CRP is not of clinical interest
. So I won't perform linear regression modeling on log transformed CRP. Then I think outlier plays an important role (outlier may be associated with disease) in clinical practice. We should not down weight outliers by comparing geometric mean.  Also, it's far more natural 
to compare absolute differences compared with ratios. There's no good reason 
to compare geometric mean instead of mean.  In summary, I prefer the problem 3 method.
�Total Score: 141.5 points (of 195)


�Total: 7 points (of 15)


-3 points for no scatterplot


-1 point for no presentation of summary statistics for CRP by groups defined by presence or absence of CVD in Table


-.5 for slight confusion with Table layout (see comment below about sample size row) and no explanation of abbreviations (CVD, CRP, FIB)


-.5 for lack of meaningful discussion of choice of CRP categories – why does it make sense (scientifically) to categorize in this way other than just that we did so on the last homework; also note that the key suggests using intervals corresponding to a multiplicative increase in CRP measurements


-1.5 for no discussion of potential effect modification or confounding. See key for example of how to do so.


-.5 for no discussion of skewness of CRP


-.5 for no comment on how you handled missing data for variables other than CVD, CRP, and FIB


-.5 for no discussion of trends of linearity and/or heteroscedasticity (important assumptions related to linear regression


�What about subjects missing observations for other variables?


�You should write out in words what CRP and CVD are at least once rather than just jumping right into using their abbreviations


�You should explain in more detail what these levels are. Also you should explain your motivation for choosing those levels—why do they make sense scientifically?


�subjects


�it’s a little confusing to have sample size reported the same way mean, sd, min and max are because it seems like the same units (mg/dL) are being associated with each cell in the table, but sample size doesn’t have units in terms of mg/dL


�note that the key only reports three significant figures for the mean fibrinogen levels


�make sure you introduce an abbreviation before you use it (you should make it clear somewhere that you are going to abbreviate fibrinogen (FIB)).


��Total: 7 points (of 10)


-1 no mention of method of comparison in methods section (i.e., difference in means)


-1 no mention of 95% confidence interval construction method in methods


-.5 since null hypothesis was not stated specifically enough (see comments below)


-.5 for slight issues with interpretation of 95% CI: especially, make sure to say what you mean by “tendency”








�


�


�


�Note that the supplementary document “Reporting Associations” states we should typically report only three significant figures


�The observed difference of mean


�“Would not be” instead of “is”


�sided


�what type of association does the t-test that assumes equal variances look for? Specifically, you should saw we reject the null hypothesis ‘of no difference in the distributions of fibrinogen across CVD groups” (see key)


�Total: 7 points (of 10)


-2 no mention of standard error for intercept or standard error for linear regression and correspondence to standard error from t test output


-.5 for not mentioning what the response and predictor are of your linear regression


-.5 for no mention of correspondence between test statistics


�With what response and what predictor?


�intercept


�two-sided


�two-sided


�the observation of what? Observed difference in mean


�true difference of means


�Total: 7 points (of 10)


-1 no mention of method of comparison in methods section (i.e., difference in means)


-1 no mention of 95% confidence interval construction method in methods


-.5 since null hypothesis was not stated specifically enough (see comments below)


-.5 for not saying that the 95% confidence interval is for the difference in mean fibrinogen (should be more specific than just saying the “tendency” of mean fibrinogen)


�Compare how? Compare the difference of means


�the observed difference of mean


�two-sided


�the null hypothesis of the t-test allowing for unequal variances is more specific than this: that there is no difference in the mean fibrinogen across groups defined by CVD


�it would be nice to finish by saying what we can conclude: there is evidence that there is an association between mean fibrinogen and prior CVD


�Total: 5 points (of 10)


-.5 no explicit mention of response and predictor of linear regression


-1 for saying that the p-values will be exactly the same


-.5 for no mention of correspondence (approximate) of test statistics


-1 for saying that the CI will be exactly the same


-2 for no mention of correspondence (approximate) of standard errors


�What’s the response? What’s the predictor?


�intercept


�it is not exactly the same as the p-value for the t-test


�only approximately 


�Total 1 point (of 5)


-4: your argument is not very clear. I am not certain which groups you are referring to because you do not state which groups you’re talking about when you mention “within group” standard deviation and “that group with higher variance” 


Also, it’s important to note that we care not only about which group has larger variance but also the sample size. If a group has smaller sample size and larger variance, then the t test presuming equal variance will report test statistics that are too big.


Finally, your final statement that “we predict analysis in part c would find a stronger association” is not true, nor is it consistent with your earlier arguments.


�Which group has higher variance?


�We actually reject the null in both parts…


�If by “stronger association” you mean smaller p-value/larger test statistic, then this statement contradicts your earlier statement that “the p-values are too small in part a”


�What’s your response? Your predictor?


�Total: 5 points (of 5)


ok


�Total: 4 points (of 5)


-1 for not stating the direction of the difference in means (mean fibrinogen is estimated to be higher for groups having higher CRP levels)


�What’s the direction of this difference? Which group will have the higher CRP?


�Total: 6.5 points (of 10)


-1 no explanation of methods for confidence interval


-1 no mention of response/predictor for linear regression


-1 for not stating the direction of the difference in means (mean fibrinogen is estimated to be higher for groups having higher CRP levels)


-.5 for interpretation of Confidence Interval: need to make sure that your language is specific and that you mention precisely what you mean by “the observation” (the observed difference in mean fibrinogen) and what groups you’re comparing (you say “per one mg/l” but should make sure to mention you’re referring to groups that differ by 1 mg/L CRP)


�Make sure you state that your response is untransformed fibrinogen and predictor is untransformed CRP


�What’s the direction of this difference? (higher CRP group tends toward higher mean fibrinogen levels)


�The observed difference in means


�if


�per one mg/l of what? 


�The key states the null hypothesis as: no difference in mean fibrinogen across CRP groups”


�Total: 5 points (of 5)


Ok, but see comment below


�It would be nice if you provided explanation of how you estimated the fitted values


�Part A Total: 5 points (of 5)


Part B Total: 4 points (of 5)


-1 for not stating the direction of the difference in means


See additionall comment below about communication of slope: I will not take any points off because it is correct, but note that it is slightly unnatural to talk about a 2.72-fold increase in CRP


Part C Total: 6 points (of 10)


-1 no discussion of methods for confidence interval


-2 no discussion of which predictor and response used in linear  regression; it is particularly important to mention the log transformation of CRP. Although you mention replacing CRP=0 with CP=0.5 you don’t explain why


-1 for not stating the direction of the difference in means


Part D Total: 5 points (of 5)


�Make sure to state the direction of this difference, namely that the groups with the higher CRP tend toward higher mean fibrinogen


�Note: this interpretation is technically correct but is not as easily interpretable. It would be more clear to communicate a 2-fold or 10-fold increase in CRP rather than a 2.72-fold increase in CRP


�What are your response and predictor?


�The observed difference in mean fibrinogen


�if


�Make sure to specify direction of this difference: mean fibrinogen tends to be higher for groups with higher CRP


�Note: it is difficult to conceptualize a 172% increase in CRP so it would be more easily interpretable if you instead talked about a 2-fold or 10-fold increase in CRP


�The key states the null hypothesis as: no difference in mean fibrinogen across CRP groups


�Should make sure to refer to Table 1 for part d


�Part A Total: 4 points (of 5)


-1 the exponentiated intercept is 301, not the intercept itself


Part B Total: 2.5 points (of 5)


-1 take care when reporting the slope: 1.01 is the exponentiated value of the slope, not the slope itself. You’re right that we want to talk about e^beta_1, but we cannot say 1.01 is the “estimated slope”


-.5 remember we need to report more significant figures with ratios: at least three after the decimal place (see “Reporting associations”)


-1 for not stating the “direction” of the ratio: need to state which group has higher geometric mean fibrinogen


Part C Total: 6.5 points (of 10)


-.5 methods state you found estimate and CI for geometric mean when in fact you found for ratio of geometric mean


-.5 no mention in methods of what comparison method you’re using (ratio)


-.5 for only using 2 sig figs after the decimal when reporting a ratio rather than three


-1 no discussion of methods for confidence interval


-1 for not stating the direction of the ratio of geometric means


Part D Total: 5 points (of 5)


�


�Estimate and CI are of ratio of geometric mean, not just geometric mean


�Technically e^intercept is 301, not the intercept itself


�


�This is the exponentiated slope, not the estimated value of beta_1 itself


�Each geometric mean will have units mg/dl but the ratio does not have units


�Make sure you use precise language: what observation are you referring to? Specifically, the observed ratio of geometric mean fibrinogen


�if


�which group has the higher geometric mean fibrinogen? 


�Key states “no difference in the geometric mean…”


�Part A Total: 4 points (of 5)


-1 the exponentiated intercept is 293, not the intercept itself


Part B Total: 2.5 points (of 5)


-1 take care when reporting the slope: 1.11 is the exponentiated value of the slope, not the slope itself. 


-.5 remember we need to report more significant figures with ratios: at least three after the decimal place (see “Reporting associations”)


-1 for not stating the “direction” of the ratio: need to state which group has higher estimated geometric mean fibrinogen


Part C Total: 6.5 points (of 10)


-.5 methods state you found estimate and CI for geometric mean when in fact you found the CI for the ratio of geometric mean


-.5 no mention in methods of what comparison method you’re using (ratio)


-.5 for only using 2 sig figs after the decimal when reporting a ratio rather than three


-1 no discussion of methods for confidence interval (such as Wald)


-1 for not stating the direction of the ratio of geometric means


Part D Total: 5 points (of 5)


�It would be nice if you explained why you chose this approach, though it is not necessary for this assignment


�t


�technically this is e^estimated intercept, not the estimated intercept itself


�this is not the estimated slope but the exponentiated estimated slope


�make sure not only to report the ratio but to state which group has higher geometric mean fibrinogen (namely, the group with the higher CRP)


�note: it is quite unnatural to talk about a 2.172-fold increase in CRP; next time consider using a different base for your logarithmic transformation so you can discuss a more readily interpretable increase in CRP (such as 2-fold or 10-fold)


�the observed ratio of geometric mean fibrinogen


�if


�no difference in


�Total: 10 points (of 10)


�Total: 5 points (of 5)


�Total: 5 points (of 5)


�Total: 5 points (of 5)


�Total: 5 points (of 5)


�Total: 1 point (of 5)


You state that there is “no good reason” to model the geometric mean rather than the mean, however the key lists both scientific and statistical reasons for doing so (namely, we know that inflammation will act multiplicatively on CRP and thus we gain precision by log transforming CRP)


Also, you do not discuss why we would/would not consider log transforming fibrinogen


I agree that it is easier to talk about differences than ratios, but in this case the scientific relevance of the log-transformed CRP motivates the use of the geometric mean, above any other reasons


�It is important to note that you specified these categories and have not justified your choice of these categories scientifically. In fact, the key discusses reasons for which log CRP most certainly is of scientific interest.


�I agree with you here


�On the contrary, the key discusses some key scientific and statistical reasons for comparing the geometric mean instead of the mean





