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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:

Subjects with missing data for serum C reactive protein (CRP) and data from serum fibrinogen (FIB) were excluded from the analysis. Descriptive statistics are presented within groups defined by serum CRP measurements (less than 1 mg/L, between 1 and 3 mg/L inclusive, and greater than 3 mg/L), as well as in the entire sample that had CRP measurements available. Within each group defined by serum CRP level, we presented the mean, standard deviation, minimum and maximum values for continuous variables (FIB, age body mass index (BMI), cholesterol). For binary variables (sex and indicators of smoking, prior history of cardiovascular disease (CVD), or death), percentages were presented. To assess validity of our assumptions regarding CRP and FIB, we used lowess smoother fit to look for patterns (Figure 1). 
Inference:
Data on 5000 subjects was collected. Out of these, 4933 subjects had their serum CRP measured and 67 subjects had missing CRP values. After excluding the subjects with missing CRP, 34 subjects had missing data on FIB. A total of 4899 individuals remained for further analysis.
Of the 4899 individuals, subjects with history of CVD were 78 individuals having CRP measurement less than 1 mg/L, 709 individuals having CRP measurement between 1 and 3 mg/L inclusive, and 335 individuals having CRP measurement greater than 3 mg/L. 348 individuals having CRP less than 1 mg/L, 2597 individuals having CRP between 1 and 3 mg/L and 832 having CRP > 3 mg/L did not have history of CVD. Table 1 presents descriptive statistics within these groups. Some trends were evident across the categories defined by serum CRP levels: With higher CRP values, subjects with prior history of CVD and no history of CVD tend to have higher FIB values. Figure 1 shows that CRP increases linearly with increasing values for FIB. 
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Figure 1. Distribution of CRP by FIB. 

	
	History of Cardio Vascular Disease
	
	
	

	
	Yes
	No
	Total (n=4899)

	
	Blood C-Reactive Protein Level
	Blood C-Reactive Protein Level
	

	
	< 1 mg/L
(n=78)
	1 - 3 mg/L
(n=709)
	> 3 mg/L
(n=335)
	< 1 mg/L
(n=348)
	1 - 3 mg/L
(n=2597)
	> 3 mg/L
(n=832)
	< 1 mg/L
(n=426)
	1 - 3 mg/L
(n=3306)
	> 3 mg/L
(n=1167)

	Blood Fibrinogen (mg/dL)*
	290.23 (57.93; 180.0 - 540.0)
	314.84 (55.60; 138.0 - 592.0)
	386.29 (84.50; 175.0 - 695.0)
	277.48 (48.52; 172.0 - 436.0)
	310.02 (52.46; 109.0 - 562.0)
	367.20 (78.88; 132.0 - 872.0)
	279.48 (48.52; 172.0 - 436.0)
	311.02 (52.46; 109.0 - 562.0)
	372.20 (78.88; 132.0 - 872.0)


* Mean (standard deviation; minimum – maximum)

Table 1. Descriptive statistics of characteristics

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. 
Methods: 

Mean FIB levels were compared between subjects who had prior history of CVD and those without. The differences in the mean were tested using a t test that presumes equality of variances, with two-sided p-values using STATA software. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data were excluded from the analysis. 
Inference
:

Mean FIB was 319.574 mg/dL among 3791 subjects who had no history of CVD and 334.459 mg/dL among 1124 subjects who had history of CVD. On average, subjects with history of CVD were 14.885 mg/dL higher in FIB than subjects with no history of CVD. Based on a 95% confidence interval, this mean difference would not be unusual if the true difference population means were anywhere between a 10.424 mg/dL to 19.346 mg/dL. Using the t-test that presumes equal variance, the difference in means is statistically sufficient at a 0.05 level of significance (two-sided p-value < 0.001). We concluded that the distribution of serum FIB differs between those with history of CVD and those without. 
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.
Methods
: 

Mean FIB levels were compared between subjects who had prior history of CVD and those without. The differences in the mean were tested using a linear regression test that presumes equality of variances and using Huber-White estimates of standard error using STATA software. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data were excluded from the analysis.

Correspondences between t-test and regression using STATA for equal variance assumption:

Estimates of within group means, the mean for subjects with no history of CVD provided by the t-test (319.574 mg/dL) is also provided by the regression output under the coefficient value for the intercept estimate. The regression output also provides the same absolute difference in mean FIB as the t-test (14.885 mg/dL). The 95% confidence intervals and p-values for the difference in means of FIB also match between the two analysis methods. The F statistic from regression output can also be calculated using the t-test output: F=(-6.541)2  = 42.785.
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. 

Methods
: 

Mean FIB levels were compared between subjects who had prior history of CVD and those without. The differences in the mean were tested using a t-test test that presumes unequal variances and using STATA software. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data were excluded from the analysis.
Results
:

Mean FIB was 319.574 mg/dL among 3791 subjects who had no history of CVD and 334.459 mg/dL among 1124 subjects who had history of CVD. On average, subjects with history of CVD were 14.885 mg/dL higher in FIB than subjects with no history of CVD. Based on a 95% confidence interval, this mean difference would not be unusual if the true difference population means were anywhere between a 10.096 mg/dL to 19.684 mg/dL. Using the t-test that presumes unequal variance, the difference in means is statistically sufficient at a 0.05 level of significance (two-sided p-value < 0.001). We concluded that the distribution of serum FIB differs between those with history of CVD and those without. 

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.

Methods: 

Mean FIB levels were compared between subjects who had prior history of CVD and those without. The differences in the mean were tested using a robust regression in STATA software to address heterogeneity of variance in our data. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data were excluded from the analysis.

Correspondences between t-test and regression using STATA for unequal variance assumption:

The mean for subjects with no history of CVD provided by the t-test (319.574 mg/dL) is also provided by the regression output under the coefficient value for the intercept estimate. The regression output also provides the same absolute difference in mean FIB as the t-test (14.885 mg/dL). Unequal variance assumption output looks different when comparing the 95% confidence intervals with equal variance assumption for t-test and regression methods (10.0861 mg/dL, 19.684 mg/dL). The 95% confidence intervals and p-values for the difference in means of FIB slightly differ between the two analysis methods. The F statistic from regression output can also be calculated using the t-test output: F=(-6.0836)2  = 37.02.
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
:
Part A presumes equal variance. I would check if the variances within each group are not equal. The STATA output shows that the variance and sample size are different. The overall F for Part A = (-6.541)2  = 42.785. The overall F value for Part C = (-6.084)2 = 37.015. These values for T suggest that the t-test with unequal variance assumption is stronger, even though both p-values < 0.0001. 
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. 
Methods: 

Mean FIB levels were compared between subjects with difference levels of CRP. The differences in the mean were tested using a robust regression using Huber-White estimates of standard error in STATA software to address heterogeneity of variance in our data. Both variables were modeled as continuous variables. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data and missing CRP data were excluded from the analysis.
a. Provide an interpretation of the estimated intercept from the fitted regression model as it pertains to fibrinogen levels.
E [FIBi | CRPi] = 304.015 + 5.259* CRPi
Ans
:

It is a value in a population with all modeled covariates equal to zero. The estimated mean FIB for subjects with CRP value of 0 mg/dL is 304.015 mg/dL. 
b. Provide an interpretation of the estimated slope from the fitted regression model as it pertains to fibrinogen levels.

Ans
:

The estimated difference in mean FIB for two groups differing by 1 mg/L in CRP is 5.259 mg/dL. The estimated within group standard deviation is 59.058 mg/L.
c. Provide full statistical inference 
about the presence of an association between fibrinogen and CRP using this regression analysis.

Methods
:

Mean FIB levels were compared between subjects with difference levels of CRP. The differences in the mean were tested using a robust regression using Huber-White estimates of standard error in STATA software to address heterogeneity of variance in our data. Both variables were modeled as continuous variables. The 95% confidence intervals for the difference in population means were similarly based on that same handling of variances. Individuals with missing FIB data and missing CRP data were excluded from the analysis.

Inference
:

From linear regression analysis using Huber-White estimates of standard error, we estimate that for each 1 mg/l difference in CRP between two populations, the difference in mean FIB is 5.259 mg/dL higher in populations with higher CRP values. 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 mg/dL. We reject the null hypothesis that this mean difference equals to zero, p-value < 0.0001.
Another interpretation: The distribution of CRP differs across fibrinogen values with a test statistic T = 15.91. Under assumptions of homoscedasticity, estimated trend in mean CRP by FIB is an average difference of 5.259 mg/dL per one unit differences in fibrinogen. The confidence interval for the trend is (4.604, 5.898).

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
:

E [FIBi | CRPi]  = 304.015 + 5.2509* CRPi
E [FIB | 1 mg/L ] = 304.015 + 5.2509*1 = 309.274 mg/dL
	
	Fitted Values for Fibrinogen (mg/dL)

	CRP level
	 Mean 

	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.)
Ans:

E [FIBi | log CRPi] = 295.566 + 36.833* logCRPi
Methods
: CRP was log transformed allowing 0 mg/L values to be replaced by a value of 0.5 mg/L. The outcome FIB and the predictor log CRP are both modeled as continuous variables. Linear regression that allows for robust standard error estimation was conducted. The 95% confidence interval from the mean difference in FIB was computed. 
Inference
: The estimated difference in mean FIB for two groups differing by 1 unit in log CRP is 40.159 mg/dL. The estimated within group standard deviation is 58.295 mg/L. In other words, every 1 unit difference in log of CRP is associated with a 40.159 mg/dL difference in the expected value of FIB. 
E[FIB | log(1)] = 288.921 + 40.159*log(1) = 288.921

	
	Fitted Values for Fibrinogen (mg/dL)

	CRP level
	 Mean 


	1 mg/L
	295.566 

	2 mg/L
	321.097 

	3 mg/L
	336.031 

	4 mg/L
	346.627 

	6 mg/L
	361.562 

	8 mg/L
	372.158 

	9 mg/L
	376.496 

	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.
E [log FIBi | CRPi] = 5.707 + 0.0139* CRPi
E [log FIB | 1 mg/L ] = exp(5.707) x exp(0.0139*1 mg/L)

Inference
: The estimated difference in the geometric mean of FIB for two groups differing by 1 mg/L CRP is 0.0139. The estimated within group standard deviation for the geometric mean of FIB is 0.183. In other words, every 1 mg/L difference in CRP is associated with a 0.0139 unit difference in the expected value of log of FIB.

	
	Fitted Values for Fibrinogen (mg/dL)

	CRP level
	 Mean 


	1 mg/L
	305.180 

	2 mg/L
	309.451 

	3 mg/L
	313.783 

	4 mg/L
	318.175 

	6 mg/L
	327.144 

	8 mg/L
	336.366 

	9 mg/L
	341.074 

	12 mg/L
	355.598 


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.)
E [log FIBi | log CRPi] = 5.679 + 0.105* CRPi
Inference
: The estimated difference in the geometric mean of FIB for two groups differing by 1 unit increase in the geometric mean of CRP is 0.113. The estimated within group standard deviation for the geometric mean of FIB is 0.178. 

E [log FIB | log(1 mg/L)] = exp(5.679) x exp(0.105*log(1))

	
	Fitted Values for Fibrinogen (mg/dL)

	CRP level
	 Mean 


	1 mg/L
	292.656 

	2 mg/L
	314.751 

	3 mg/L
	328.440 

	4 mg/L
	338.513 

	6 mg/L
	353.235 

	8 mg/L
	364.068 

	9 mg/L
	368.599 

	12 mg/L
	379.903 


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: (GeomMean )
	Problem 6: (GeomMean)

	1 mg/L
	309.266 
	295.566 
	305.180 
	292.656 

	2 mg/L
	314.517 
	321.097 
	309.451 
	314.751 

	3 mg/L
	319.768 
	336.031 
	313.783 
	328.440 

	4 mg/L
	325.019 
	346.627 
	318.175 
	338.513 

	6 mg/L
	335.520 
	361.562 
	327.144 
	353.235 

	8 mg/L
	346.022 
	372.158 
	336.366 
	364.068 

	9 mg/L
	351.273 
	376.496 
	341.074 
	368.599 

	12 mg/L
	367.026 
	387.093 
	355.598 
	379.903 


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: (GeomMean)
	Problem 6: (GeomMean)

	Differences

	2 mg/L – 1 mg/L
	5.251
	25.531
	4.271
	22.095

	3 mg/L – 2 mg/L
	5.251
	14.934
	4.332
	13.689

	4 mg/L – 1 mg/L
	15.753
	51.061
	12.995
	45.857

	4 mg/L – 2 mg/L
	10.502
	25.53
	8.724
	23.762

	6 mg/L – 3 mg/L
	15.752
	25.531
	13.361
	24.795

	8 mg/L – 4 mg/L
	21.003
	25.531
	18.191
	25.555

	9 mg/L – 6 mg/L
	15.753
	14.934
	13.93
	15.364

	9 mg/L – 8 mg/L
	5.251
	4.338
	4.708
	4.531

	12 mg/L – 6 mg/L
	31.506
	25.531
	28.454
	26.668

	Ratios

	2 mg/L / 1 mg/L
	1.0170
	1.0864
	1.0140
	1.0755

	3 mg/L / 2 mg/L
	1.0167
	1.0465
	1.0140
	1.0435

	4 mg/L / 1 mg/L
	1.0509
	1.1728
	1.0426
	1.1567

	4 mg/L / 2 mg/L
	1.0334
	1.0795
	1.0282
	1.0755

	6 mg/L / 3 mg/L
	1.0493
	1.0760
	1.0426
	1.0755

	8 mg/L / 4 mg/L
	1.0646
	1.0737
	1.0572
	1.0755

	9 mg/L / 6 mg/L
	1.0470
	1.0413
	1.0426
	1.0435

	9 mg/L / 8 mg/L
	1.0152
	1.0117
	1.0140
	1.0124

	12 mg/L / 6 mg/L
	1.0939
	1.0706
	1.0870
	1.0755


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

2 mg/L - 1 mg/L , 3 mg/L - 2 mg/L, and 9 mg/L - 8 mg/L
The following gave the same difference (15.753 mg/dL) in the fitted values when comparing two groups that differed by an absolute increase in 3 mg/L units:

4 mg/L – 1 mg/L, 6 mg/L – 3 mg/L, and 9 mg/L – 6 mg/L
b. Which analysis 
gave constant ratios of the fitted values when comparing two groups that differed by an absolute increase in c units in CRP levels (i.e., comparing CRP=x to CRP = x+c)? Explicitly provide all those similar paired comparisons from the table.
The following gave the same difference (1.014 mg/dL) in the fitted values when comparing two groups that differed by an absolute increase in 1 mg/L units:

2 mg/L - 1 mg/L , 3 mg/L - 2 mg/L, and 9 mg/L - 8 mg/L
The following gave the same difference (1.0426 mg/dL) in the fitted values when comparing two groups that differed by an absolute increase in 3 mg/L units:

4 mg/L – 1 mg/L, 6 mg/L – 3 mg/L, and 9 mg/L – 6 mg/L
c. Which analysis 
gave constant differences in the fitted values when comparing two groups that differed by a relative c-fold increase in CRP levels (i.e., comparing CRP=x to CRP = c * x )? Explicitly provide all those similar paired comparisons from the table.

The following gave the same difference (25.331 mg/dL) in the fitted values when comparing two groups that differed by a relative increase in2 mg/L units:

2 mg/L - 1 mg/L , 4 mg/L - 2 mg/L, and 6 mg/L - 3 mg/L, 8 mg/L – 4mg/L and 12 mg/L – 6 mg/L

The following gave the same difference (14.934 mg/dL) in the fitted values when comparing two groups that differed by a relative increase in 1.5 mg/L units:

3 mg/L – 2 mg/L, 9 mg/L – 6 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.

The following gave the same difference (1.076 mg/dL) in the fitted values when comparing two groups that differed by an relative increase in 2 mg/L units:

2 mg/L - 1 mg/L , 4 mg/L - 2 mg/L, and 6 mg/L - 3 mg/L, 8 mg/L – 4mg/L and 12 mg/L – 6 mg/L

The following gave the same difference (14.934 mg/dL) in the fitted values when comparing two groups that differed by an relative increase in 1.0435 mg/L units:

3 mg/L – 2 mg/L, 9 mg/L – 6 mg/L
9. How would you decide which of the four potential analyses should be used to investigate associations between fibrinogen and CRP?
Ans
:

I prefer to model CRP and FIB as in problem # 3. In one and two sample problems, I am not interested in transforming the predictor CRP. To make intercept more interpretable, I am using untransformed CRP and untransformed outcome FIB variables. 
The “difference” comparison method generalizes to the way information was borrowed across groups. Since I chose a continuous predictor, I prefer my reference groups to reflect differences that are 1. So, I prefer 1 mg/L difference in CRP. I am interested in differences in means of FIB. I believe additive changes are scientifically relevant than multiplicative changes. 
�Grade: 125/195


�Points: 8/15


�Discussion: 3/5


Methods incorrectly states that other variables (BMI, chol, etc) were included in your descriptive statistics. No mention of effect modification or confounding by prior CVD. The trend here is curvilinear, rather than linear.


�Graph: 3/5


No title and no lowess curve for groups with prior CVD and those with no prior CVD


�Table: 2/5


Formatting made it confusing to find the mean of fib right away. More lines in your columns might have helped here. No information about different levels of fibrinogen, mean CRP, or the spread of missing data across groups.


�Points: 9/10


�Analysis/Methods: 5/5


�Reporting: 4/5





Significant digits for reporting refers to 3 numbers in general, not just after the decimal point. Here you would say 320 and 334 mg/dL. However, if the leading number is 0, then you need 3 digits of information. For example, 0.349 is 3 sig digits, as is 0.000456. 





Next time I would suggest explicitly stating that we reject the null hypothesis.


�Points: 9/10





No mention of standard errors, but correct analysis and correspondences. 


�Points: 8/10


�Method/Analysis: 4/5


Correct analysis, but make sure you know that this t-test “allows” for unequal variances, not “assumes” it.


�Reporting: 4/5


Similar as before, significant digits and “reject the null hypothesis” rather than concluding the alternative.


�Points: 9/10


T-statistic will be slightly different, and no mention of standard errors.


�Points: 3.5/5 


The t-test for equal variances is more extreme, but correct approach.


Points: �5/5


�Points: 4/5


Not specific about which population has higher CRP.


�Points: 8/10


�Methods/Analysis: 4/5


Important to note that this is linear regression, rather than Poisson or logistic.


�Reporting: 4/5


3 significant digits would be 5.26 here. Also, no ned for the second interpretation.


�Points: 4.5/5


Significant digits.


�Parts a and b: 0/10


�Methods/Analysis: 4.5/5


No mention of type of p-value.


�Reporting: 2.5/5


No mention of p value, CI, or conclusion.


�Points: 5/5


�Part a and b: 0/10


�Methods: 0/5


Reporting: 2.5/5


No p value, CI, or conclusion.


�Points: 4.5/5


Summary measure should be Geometric Mean (as you listed in Table 1 below), and a few numbers are wrong at the end of your decimals


��Part a and b: 0/10





��Methods: 0/5


Reporting: 2.5/5


No p value, CI, or conclusion.


��Points: 4/5


Summary measure should be Geometric Mean, and a few numbers are wrong at the end of your decimals





�Points: 9.5/10


Few decimal places are wrong in Problems 5 & 6


�Points: 4.5/5


Analysis 3 not specified


��Points: 4.5/5


Analysis 5 not specified





��Points: 4.5/5


Analysis 4 not specified





��Points: 4.5/5


Analysis 6 not specified





�Points: 4/5


Here, multiplicative changes in CRP occur, rather than additive.





