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Recommendations for risk of cardiovascular disease according to serum CRP levels are as follows (taken from the Mayo Clinic website):
	Below 1 mg/L
	Low risk of heart disease

	1 - 3 mg/L
	Average risk of heart disease

	Above 3 mg/L
	High risk of heart disease


The following results were computed in R.

1. The observations of time to death in this data are subject to (right) censoring. Nevertheless, problems 2 – 6 ask you to dichotomize the time to death according to death within 4 years of study enrolment or death after 4 years. Why is this valid? Provide descriptive statistics that support your answer.
The minimum time of observation in the censored patients is 1480 days>4 years, which means the data contain all the information of the patients within 1480 days before the first censoring happened. 
2. Provide a suitable descriptive statistical analysis for selected variables in this dataset as might be presented in Table 1 of a manuscript exploring the association between serum CRP and 4 year all-cause mortality in the medical literature. In addition to the two variables of primary interest, you may restrict attention to age, sex, BMI, smoking history, cholesterol, and prior history of cardiovascular disease.
Methods: 
I present the descriptive statistics by 3 groups of CPR levels divided by risk of cardiovascular disease (Below 1 mg/L; 1-3 mg/L; above 3 mg/L) and in total. The sample sizes in each group and total are provided. 

Besides death within 4 years, I also include the variable age, sex, BMI, smoking history, cholesterol, and prior history of cardiovascular disease. 
For binary variables (sex, smoking history, prior history of cardiovascular disease, and death within 4 years), I present percentages. For continuous variables (age, BMI, cholesterol), I present means, standard deviations, minimums and maximums. 
Results: 

· Missing data.
 5000 observations are available in our data. 89 of the 5000 observations contain missing value on the variables if interest for this analysis. In this analysis I omitted these observations with missing values (Although the impact of such omissions cannot be assessed). The total effective sample size is 4911.
· Descriptive statistics. 
 In 4911 observations, 426 of them had CRP below 1mg/L, 3313 had CRP between 1-3 mg/L, and 1172 had CRP above 3 mg/L. As presented in the table below, the mean age and mean cholesterol do not significantly vary across groups. (The differences in age between groups are 0.7, 0.7, and 0, which are small compared with the standard deviation. Similarly the differences in cholesterol between groups are 7, 2, and 5, which are small compared with the standard deviation.) Subjects with higher CRP tend to have higher BMI, and they are more likely to be male, to be smokers, and to have had prior cardiovascular disease. Subjects with lowest level of CRP seem to have a smaller mortality rate within 4 years (4.93%). Subjects with higher levels of CRP tend to have higher mortality rate, with 8.40% and 15.61% in medium level and highest level. Mean CRP was 5.39 mg/L in those who died within 4 years compared to a mean CRP of 3.42 mg/L in those alive for at least 4 years.
	                                                       Blood C reactive protein in mg/l (CPR)



	
	< 1 mg/L

(n=426)
	1-3 mg/L

(n=3313)
	> 3 mg/L

(n=1171)
	Total

(n=4911)

	Age (years)
	73.4
(5.79; 65-94)
	72.7
(5.53; 65-100)
	72.7
(5.58; 65-93)
	72.8
(5.57; 65-100)

	Male (%)
	45.5%
	43.4%
	37.0%
	42.0%

	BMI (kg/m^2)
	23.8
(3.64; 15.6-38.6)
	26.4
(4.30; 14.7-53.2)
	28.5
(5.47; 15.3-58.8)
	26.7
(4.71; 14.7-58.8)

	Smoking history w/o smoke (%)
	9.6%
	11.0%
	16.3%
	12.2%

	Cholesterol (mg/dl)
	206
(40.5; 109-407)
	213
(38.6; 73-363)
	211
(40.4; 97-430)
	212
(39.2; 73-430)

	Prior cardiovascular disease (%)
	18.3%
	21.5%
	28.8%
	22.9%

	Death w/in 4 years
	4.93%
	8.40%
	15.61%
	9.81%


3. Perform a statistical analysis evaluating an association between serum CRP and 4 year all-cause mortality by comparing mean CRP values across groups defined by vital status at 4 years.
Methods: The subjects are dichotomized into two groups and there is no scientific evidence that the variances in the two groups are the same. I used two sample t-test without assuming same variance to test the mean difference in CRP level of subjects who died within 4 years and those who survived at least 4 years. Also, the 95% of the confidence interval for the difference was provided based on the same variance processing strategy.

Results:
	
	Sample size
	Mean

	Death w/in 4 years
(dead group)
	482
	5.39 mg/L

	Survive at least 4 years
(surviving group)
	4429
	3.42 mg/L


As presented in the form above, the mean in the two mortality groups are 5.39 mg/L and 3.42mg/L. According to the 95% confidence interval, the 1.97mg/L lower in mean CRP in the surviving group would not be considered unusual if the true mean difference was between 1.23mg/L and 2.72mg/L, lower in the surviving group. The t-test adopted has no assumption of equal variance and the result is significant under the significance level of 0.05 (two-sided P-value<0.001), therefore we can reject the null hypothesis that the means are the same in the dead group and the surviving group. 
4. Perform 
a statistical analysis evaluating an association between serum CRP and 4 year all-cause mortality by comparing geometric mean CRP values across groups defined by vital status at 4 years. (Note that there are some measurements of CRP that are reported as zeroes. Make clear how you handle these measurements.)
Methods:
 I used two sample t-test without assuming same variance to test the log transformed mean difference
 in CRP level of subjects who died within 4 years and those who survived at least 4 years. Also, the 95% of the confidence interval for the difference was provided based on the same variance processing strategy. The estimates and confidence interval were exponentiated to allow inference in the original unit of CRP.
There are some measurements of CRP that are reported as zeroes, which are transformed in to negative infinite after the log transformation. I replaced these zeroes by half of the low limit of CRP that is greater than 0. 

Results: 

	
	Sample size
	Geometric Mean

	Death w/in 4 years

(dead group)
	482
	2.98 mg/L

	Survive at least 4 years

(surviving group)
	4429
	2.03 mg/L


As presented in the form above, the geometric mean in the two mortality groups were 2.98mg/L and 2.03mg/L. According to the 95% confidence interval, the 46.8% higher in geometric mean CRP in the dead group would not be considered unusual if the true ratio geometric means was between 33.5% and 61.4%, higher in the dead group. The t-test adopted has no assumption of equal variance and the result is significant under the significance level of 0.05 (two-sided P-value<0.001), therefore we can reject the null hypothesis that the geometric means are the same in the dead group and the surviving group
. 
5. Perform a statistical analysis evaluating an association between serum CRP and 4 year all-cause mortality by comparing the probability of death within 4 years across groups defined by whether the subjects have high serum CRP (“high” = CRP > 3 mg/L).
	
	CRP status

(“high” = CRP > 3 mg/L)

	
	low
	high

	Mortality in 4 years
	survived
	3440
	989

	
	dead
	299
	183


Methods: The group of subjects with CRP greater than 3mg/L is defined as the high CRP group, and the rest of the subjects fall in the low CRP group. Differences of the proportions of the death within 4 years in the high CRP group and the low CRP group were evaluated by Pearson’s Chi-square test with a significance level of 0.05. I will also provide a 95% confidence interval for the difference between proportions using the Wald statistics.
Results:  15.6% of the 1172 subjects in the high CRP group were observed to die within 4 years, while 8.0% of the 3739 subjects in the low CRP group were observed to die within 4 years. According to the 95% confidence interval, the higher 7.62% of survival proportion in the low CRP group would not be considered unusual if the true proportion difference in survival probability fell between 5.36% higher survival proportion in the low CRP group and 9.87% higher survival proportion in the low CRP group. The Chi-square test adopted has significant result under the significance level of 0.05 (two-sided P-value<0.001), therefore we can reject the null hypothesis that the survival proportions are the same in the high CRP group and the low CRP group. 
6. Perform a statistical analysis evaluating an association between serum CRP and 4 year all-cause mortality by comparing the odds of death within 4 years across groups defined by whether the subjects have high serum CRP (“high” = CRP > 3 mg/L).
Methods: The group of subjects with CRP greater than 3mg/L is defined as the high CRP group, and the rest of the subjects fall in the low CRP group. Odds ratio of the death within 4 years in the high CRP group and the low CRP group was evaluated by Pearson’s Chi-square test with a significance level of 0.05. I also provided a 95% confidence interval for the odds ratio using the Wald statistics.

Results: The odds of dying within 4 years of the 1172 subjects in the high CRP group was 0.185, while the odds of dying within 4 years of the 3739 subjects in the low CRP group was 0.0869.  According to the 95% confidence interval, the observed odds ratio of 2.13 for the comparison of high CRP group and low CRP group would not be considered unusual if the true odds ratio fell between 1.75 and 2.59. The Chi-square test adopted has significant result under the significance level of 0.05 (two-sided P-value<0.001), therefore we can reject the null hypothesis that the odds of 4 year mortality are not associated with CRP levels. 
7. Perform a statistical analysis evaluating an association between serum CRP and all-cause mortality over the entire period of observation of these subjects by comparing the instantaneous risk of death across groups defined by whether the subjects have high serum CRP (“high” = CRP > 3 mg/L).
Methods: I used Kaplan-Meier survival curve to depict the survival distribution. The strata is defined by the CRP level: with CRP level greater than 3mg/L was considered high CRP level, and otherwise was considered low CRP level. I used the logrank test to test the difference between the survival distributions in the two groups. I used Cox proportional hazards regression with the Huber-White sandwich estimator of the standard error to get the hazard ratio and 95% confidence interval.
Results: As presented in the KM curve below, there is a tendency that the survival rate in the high CRP group is greater than that in the low CRP group, for the estimated survival curve of the subjects in the low CRP group stays below the estimated survival curve of the subjects in the high CRP group. 

The instantaneous risk of death is estimated 68.6% higher for the high CRP group compared to the low CRP group. According to the 95% confidence interval, the hazard ratio observed (1.69) would not be considered unusual if the true hazard ratio fell between 1.49 and 1.92.
The results of the logrank test is significant with a significance level of 0.05 (P-value<0.001), therefore we can reject the null hypothesis that the survival distribution in the high CRP group and the low CRP group are the same.
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	Survival Probability (Kaplan-Meier estimates )

	
	CRP<=3mg/L
	CRP>3mg/L

	1 year
	0.966
	0.987

	2 years
	0.926
	0.971

	3 years 
	0.881
	0.948

	4 years
	0.844
	0.920


8. Supposing I had not been so redundant (in a scientifically inappropriate manner) and so prescriptive about methods of detecting an association, what analysis would you have preferred a priori in order to answer the question about an association between mortality and serum CRP? Why?
I would prefer the two sample t-test performed in question 3. Because it does not dichotomize CRP level, for the CRP level is a continuous variable. Dichotomizing a continuous variable may lead to major information and precision loss in the variable. Although it makes more sense to condition on CRP for it was measured before any death, condition on mortality is acceptable.  The reason I do not choose the geometric mean is that I find geometric mean hard to interpret. Also this analysis is straight forward without strong assumption. Therefore it is a good choice. 
�Score 9/10


�-1pt You actually did a difference between the mean (logCRP) in the two groups defined by vital status.


�  What is the conclusion about the ASSOCIATION between  CRP and vital status?  Make inference to the population.  Accepting or failing to accept the null is not  yet enough information to tell me about the association.






