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Written problems: To be submitted as a MS-Word compatible file to the class Catalyst dropbox by 9:30 am on Monday, January 12, 2015. See the instructions for peer grading of the homework that are posted on the web pages. 
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


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.
Answer 1. Methods: First I checked the minimum observation time for those who survived and then divided by 365.25. 
Inference: There were 3879 participants who did not die and the minimum follow up time was 4.05 years (1470 days), which means that there were not any censoring events prior to 4 years making it valid to dichotomize the variable death to those who died before 4 years and after.
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.
Answer 2. Methods: Descriptive statistics are presented as means and standard deviation for continuous variables or percentages for binary variables. Table 1 shows the descriptive statistics by groups defined by C-reactive protein (CRP) as well as in the entire sample. CRP was defined by low risk CRP (CRP below 1 mg/L), average risk CRP (CRP 1-3 mg/L), or high risk (CRP greater than 3 mg/L). Additionally, an indicator variable was created for death within 4 years of study enrollment (no participants were censored during the period of enrollment). 
Inference: For table 1, data was available for 5000 participants; however, 67 of those participants had CRP measurements that were missing (including 11 of those who died within 4 years) and were excluded for the analysis. Data was missing for subjects on smoking (N=5), estrogen (N=5), body mass index (N=13), systolic blood pressure (N=10), ankle-brachial index (N=117), cholesterol (N=3), and fibrinogen level (N=34).  Of the 4933 participants, 428 had CRP in low risk category, 2629 had average risk CRP and 1876 had high risk CRP levels. Table 1 shows the descriptive statistics within the CRP groups. Participants with the higher risk CRP were more likely to be female, black race, smokers, diabetics and have a history of atherosclerosis. The high risk CRP group had higher body mass index and higher fibrinogen levels. No consistent trends were seen in the other variables. Participants with the low risk CRP had a mortality of 7%, compared to those with a CRP in the average risk group (7.7%) and high risk CRP group (13.9%). 
Table 1. Baseline variables by C-reactive protein risk group.
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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.
Answer 3. Methods: A t test (assuming unequal variance) was performed to compare differences in means of CRP across groups defined by those who died within 4 years after enrollment and those who survived at least 4 years. 95% confidence intervals for the difference in population means were similarly based on the possibility of unequal variances (Satterthwaite approximation).
Inference: The mean CRP level was 2.50 mg/L among the 484 participants who died within 4 years and 2.27 mg/L among the 4449 participants who survived at least 4 years. Based on a 95% confidence interval the observed difference of 0.22 mg/L higher mean CRP in those who died within 4 years would not be unusual if the true difference was between 0.17 mg/L to 0.28 mg/L higher among participants who died within 4 years. Using a t test, this difference was statistically significant at p<0.001, so we can reject the null hypothesis that the mean CRP levels are not different between those who died within 4 years and those who survived at least 4 years after enrollment. 
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.)
Answer 4. Methods: A t test (assuming unequal variance) was performed to compare log-transformed CRP values across groups defined by those who died within 4 years after enrollment. 95% confidence intervals for the difference in population means of log CRP were similarly based on the possibility of unequal variances (Satterthwaite approximation). Estimates and confidence interval were then exponentiated in order to back-transform the logged data and obtain inference about the geometric mean.

Inference: The geometric mean CRP level was 1.17 mg/L among the 463 participants who died within 4 years and 0.85 mg/L among the 4042 participants who survived at least 4 years. Based on a 95% confidence interval the observed difference of 32% higher mean CRP would not be unusual if the true difference was between 23% to 41% higher among participants who died within 4 years. Using a t test, this difference was statistically significant at an alpha level of 0.05 (p value <0.001), so we can reject the null hypothesis that the mean CRP levels are not different between those who died within 4 years and those who survived at least 4 years after enrollment. 

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).
Answer 5. Methods: A Pearson’s chi-squared test for independence was performed to compare the differences in proportion of subjects dying within 4 years of enrollment by CRP level higher than 3 mg/L compared to the CRP level less than or equal to 3 mg/L (those with missing CRP values were excluded). A 95% confidence intervals for the difference in population 4 year mortality probabilities were based on Wald statistics. 

Inference: There were 1875 participants whose CRP level was >3mg/L and 14% died within 4 years of enrollment; whereas, there were 3057 participants whose CRP level was < or =3mg/L and 7.3% died within 4 years of enrollment. Based on a 95% confidence interval, the 6.6% lower absolute difference in probability of survival in subjects with higher CRP levels would not be unusual if the true difference in survival probabilities was between 4.8% and 8.4% higher in those with higher CRP compared to those with lower CRP. Using the chi-squared test, this is statistically significant at an alpha level of 0.05 (two-sided p value of <0.001), which means we can reject the null hypothesis that there is no difference between the survival probabilities in those with higher CRP levels compared to those with lower CRP levels. 
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).
Answer 6. Methods: A chi-squared test was performed to compare the proportion of subjects dying within 4 years of enrollment by CRP level higher than 3 mg/L compared to the CRP level less than or equal to 3 mg/L (those with missing CRP values were excluded). 95% confidence intervals were based on Fisher’s exact test. 

Inference: Of the 1876 participants whose CRP level was >3mg/L, the odds of dying within 4 years of enrollment was 0.54; whereas, of the 3057 participants whose CRP level was < or =3mg/L the odds of dying within 4 years of enrollment was 0.36. Based on a 95% confidence interval, the observed odds ratio was 2.05 higher in subjects with higher CRP levels would not be unusual if the true odds ratio for survival was between 1.69 and 2.49 higher in those with higher CRP compared to those with lower CRP. Using the Fisher’s exact test, this is statistically significant at an alpha level of 0.05 (two-sided p value of <0.001), which means we can reject the null hypothesis that there is no difference between the survival probabilities in those with higher CRP levels compared to those with lower 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).
Answer 7. Methods: The distribution of survival was estimated using the Kaplan-Meier estimates with groups based on CRP levels of >3mg/L and less than or equal to 3mg/L. The difference in survival distributions was calculated using the logrank statistic and the hazard ratio and 95% confidence intervals were determined using the Cox proportional hazard regression with the Huber-White sandwich estimator of the standard errors. 

Inference: The figure 1 shows the Kaplan-Meier survival estimate based on 1823 participants whose CRP level was >3 mg/L and 3025 participants whose CRP level was less than or equal to 3mg/L. The tendency for the group with higher CRP level to have a lower survival is evident in the graph. The 4 year survival is estimated to be 0.86 for the higher CRP group compared to 0.93 for the lower CRP group. Based on a 95% confidence interval, the observed difference in survival was 1.60 (hazard ratio) between the groups would not be unusual if the true hazard ratio was between 1.43 and 1.81. A logrank test with a two-sided p value of <0.001 so we can reject the null hypothesis that there is no difference between survival in the higher and lower groups based on CRP. 
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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?
Answer 8. The correct analysis should be determined prior to conducting a study and analyzing the data. Using a dichotomous variable for CRP is statistically easier than either the continuous or trichotomous variable for CRP for the analysis. For the descriptive statistics, and scientifically, it is more meaningful to have a trichotomous variable in order to assess risk groups. We assume that the Mayo Clinic cutoffs were appropriate for this study population. The dichotomous CRP variable is unlikely to perform as precisely as the trichotomous variable since the survival rates in this study are high. It is important to conduct tests which are valid and that the statistician is comfortable using which is why I prefer using the Kaplan-Meier survival estimates using the logrank test because I have used it before and understand this and I am not as familiar with the Cox proportional hazard regression. With more training, using CRP on a log scale would be the most ideal given that it is highly skewed toward zero. Alternatively, a more precise way to determine the association between survival would be to use the continuous CRP variable and determine instantaneous survival, which we will learn how to do in the future. 
