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1.

There are very few deaths before 4 years (1461 days) so it is easy to compare descriptive statistics amongst most of the study participants. It is possible to determine what the risk factors are for death within the first 4 years of study participation. 
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2.

Methods: Descriptive statistics are provided for the Cardiovascular Health Study data set for patients who died within the first 4 years of the study, those who were alive at the 4 year mark, and for all study participants. The following binary variables are evaluated as percentages: sex, smoking history, and prevalent atherosclerotic disease at time of study.  Continuous variables are represented by mean +/- standard deviation, followed by the range of values in parentheses. The number of missing values, if applicable, is included. No values were imputed for missing or 0 values. 

Results:

Table 1: Descriptive Statistics for the Cardiovascular Health Study

	
	Death within 4 Years (n= 495)
	Alive After 4 Years (n=4505)
	All Study Participants (n=5000)

	Age (years)*
	76.3 +/- 6.71 (65-100)
	72.5 +/- 5.33 

(65-98)
	72.8 +/- 5.6 

(65-100)

	Sex (Male)
	60.4%
	39.9%
	41.9%

	Smoking History
	14.3%
	11.8%
	12.1%

	Prevalent Atherosclerotic Disease
	41.4%
	21.0%
	23.0%

	BMI (kg/m2)*
	26.3 +/- 4.97 (14.8-48.1)

2 missing
	26.7 +/- 4.71 (14.7-58.8)

11 missing
	26.7 +/- 4.74 

(15-58.8) 

13 missing

	Serum Cholesterol (mg/dL)*
	204 +/- 41.4 (73-396)

9 missing
	213 +/- 39.0 

(78-430)

38 missing
	212 +/- 39.3 

(73-430) 

47 missing

	CRP (mg/L)*
	5.38 +/- 8.10 (0-55)

11 missing
	3.42 +/- 5.87 (0-108)

56 missing
	3.61 +/- 6.15 (0-108)

67 missing

	Time to Death (Days)*
	809 +/- 407 

(5-1459)
	2540 +/- 440 (1463-2942)
	2368 +/- 677 

(5-2942)


*Data are presented as mean +/- standard deviation. The numbers in parentheses indicate the range, and the number of missing values is stated. 

Descriptive statistics are presented for the Cardiovascular Health Study, which is an observational study to evaluate risk factors for mortality in the elderly. In this analysis our predictor of interest is serum c-reactive protein (CRP reported in mg/L), an indicator of inflammation, and our outcome of interest is all cause mortality. The average age of study participants is 72.8 years, with a minimum of 65 and maximum of 100 years. Forty two percent of participants are male, 12% have a history of smoking, and 23% have prevalent atherosclerotic disease at the time of the study. The mean body mass index (BMI, kg/m2) is 26.7, and mean serum cholesterol is 212 mg/dL. At least 75% of participants have a CRP level of 3mg/dL or lower (data not shown), which according to the Mayo Clinic, indicates a low or average risk of heart disease. The maximum CRP is 108, and the standard deviation is 6.15mg/dL; CRP levels are strongly skewed to the right. 

Mean CRP values for patients surviving at least 4 years is 3.42mg/dL, compared to 5.38mg/dL for the group where death occurred before 4 years into the study. Serum cholesterol levels and BMI are comparable between groups. Approximately 60% of patients not surviving 4 years are male, whereas 40% of patients surviving 4 or more years are male. The other significant difference between groups is the indicator of whether participants have prevalent atherosclerotic disease at the time of the study. Forty one percent of patients who died within 4 years had prevalent atherosclerotic disease, whereas this value is only 21% in the group surviving more than 4 years. 

Because our outcome of interest in this analysis of observational data is all cause mortality there are no easily identifiable confounders. We are looking to see which variables have an association with the outcome of interest. 

3. 

Methods: Difference in mean CRP values are evaluated for patients dichotomized by vital status at 4 years using a two-sample t test which allows for unequal variances. 95% confidence intervals for differences in population means are also reported. Missing values are ignored. 

Results: Mean CRP for patients surviving at least 4 years is 3.42mg/dL (95% confidence interval 3.25-3.59mg/dL), and mean CRP for patients not surviving at least 4 years is 5.38mg/dL (95% confidence interval 4.65-6.10mg/dL). The difference in means for the two groups is 1.95mg/dL. With a one-sided p value of <0.0001, our data would not be unusual if the true mean CRP level in the population of patients with a survival rate of less than 4 years is between 1.21 and 2.70mg/dL higher than the mean CRP level in the population of patients surviving longer than 4 years. 

4. 

Methods:  Difference in geometric mean CRP values are evaluated for patients dichotomized by vital status at 4 years by log-transforming CRP values and using a two-sample t test which allows for unequal variances. Means for the two groups, the difference in means for the two groups, and 95% confidence intervals for differences in population means are exponentiated. Missing values are ignored. Zero values were not changed. 

Results: Mean log-transformed CRP values for patients surviving at least 4 years is 0.849 (95% confidence interval 0.823-0.875), and 1.17 (95% confidence interval 1.08-1.23) for patients not surviving at least 4 years. The difference in log-transformed CRP means for the two patient populations is 0.321 with a 95% confidence interval of 0.229-0.321. With a one-sided p value of 0.0001 we can confidently reject the null hypothesis that there is no difference in the means of log-transformed CRP between the two patient populations. (Note - the values that I have for the log-transformed CRP and exponentiated values do not appear to accurately represent the data because of all of the 0 values, and values close to 0 that were not changed. By substituting zero values with half of the lowest non-zero value I obtained geometric means for the 4 year surviving and non surviving groups to be 2.03mg/dL and 2.97mg/dL respectively, but a t test cannot be performed on these values alone.)

5.

Methods: To evaluate the probability of death within 4 years across groups defined by CRP levels I performed Pearson’s chi squared test for independence on a 2x2 table (patient vital status at 4 years vs low or high CRP levels). For this and the subsequent analyses CRP levels were dichotomized to low (less than or equal to 3mg/dL) and high (greater than 3mg/dL). Missing values are ignored. 

Results: Out of 1175 patients with high CRP levels, there were 183 deaths within 4 years, 15.6%, and out of 3758 patients with low CRP levels, there were 301 deaths within 4 years, 8.01%. The difference in proportions between the two populations is 0.0756 with a 95% confidence interval of 0.0532-0.0981. With a p value of <0.0001, our data would not be unusual if the true proportion of patients with high CRP that do not survive 4 years is between 0.0532 and 0.0981 higher than the proportion of patients with low CRP that do not survive 4 years. 

6. 

Methods: The odds of death within 4 years between groups defined as having high or low CRP was determined using Fisher’s exact test to determine the odds ratio. Vital status and CRP groups are as defined previously. 

Results: The odds ratio for the odds of death within the first 4 years of the study for populations with low and high CRP is 2.12 with a confidence interval of 1.73 to 2.59. One- and two-sided p values for this analysis are <0.0001. The confidence interval for the odds ratio between the two populations does not include 1, and we can reject the null hypothesis that the odds of dying within 4 years is the same for populations with low and high CRP levels. 

7. 

Methods: Kaplan-Meier curves were generated by dichotomizing CRP values and evaluating time to death. The red line (crpDI=0) is the trend for patients with a CRP level of 3mg/dL or less (n=3758). The blue line (crpDI=1) is for patients having a CRP level greater than 3mg/dL (n=1175). The logrank test was also performed on these data.

Results: 

Figure 1: Kaplan-Meier curves for dichotomized CRP

 [image: image2.jpg]Frequency

800

400

Histogram of Time To Death

|-

T T T T T
500 1000 1500 2000 2500

Time to Death (Days)

1
3000




Table 2: Kaplan-Meier Survival Estimates

	Kaplan-Meier Estimates: Probability of Survival
	CRP 3mg/dL or less
	CRP > 3mg/dL

	1 year
	0.988 (0.983, 0.991)
	0.967 (0.955, 0.976)

	2 years
	0.971 (0.965, 0.976)
	0.926 (0.909, 0.940)

	3 years
	0.948 (0.941, 0.955)
	0.881 (0.861, 0.898)

	4 years
	0.910 (0.911, 0.928)
	0.844 (0.775, 0.822)


Kaplan-Meier survival curves in Figure 1 show that at all time points, the probability of survival is higher in the group with low CRP levels. The 1-4 year survival probabilities for high and low CRP groups have 95% confidence intervals that do not overlap. The log-rank test shows an expected value of 872 deaths, compared to 760 observed deaths for the low CRP group, and 237 expected, versus 349 observed deaths for the high CRP group. We can confidently reject the null hypothesis that there is no difference in probability of death between patient populations with low and high CRP values. 

8. I would have chosen a priori to look at Kaplan-Meier survival curves and perform the log-rank test stratifying across categories of CRP levels, dichotomizing above and below 3mg/dL. According to the Mayo Clinic website, it has been suggested that 3mg/dL is the threshold for high risk of cardiovascular disease. Although the analysis of the observational data does not adjust for possible confounders, dichotomizing at this level may provide evidence for the hypothesis that people with serum CRP levels higher than 3mg/dL are at higher risk of death compared to people whose levels are 3mg/dL or lower. 


