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January 5, 2015
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 number of days observed for participants before censoring occurred was 1480 or 4.05 years.  Therefore it is valid to dichotomize the time of death to within 4 years of study enrollment or after 4 years.

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:  Descriptive statistics are presented for study participants by C-reactive protein [CRP] levels below 1 mg/L, 1-3 mg/L and above 3 mg/L in Table 1 below.  For the continuous variables of age, body mass index [BMI], and serum cholesterol, the mean, standard deviation and minimum and maximum values are presented.  Percentages are presented for the following binary descriptive variables: sex, smoking status, previous history of angina, myocardial infarction [MI], and transient ischemic attack [TIA], as well as the event of death within 4 years of study enrollment.

Results: Participants without a CRP measurement (n=67) were omitted from this analysis.   Sixty-seven percent of participants (n=3330) had a mean CRP level 1-3mg/l, while 24% had a level above 3mg/L and 9% had a level below 1mg/L.  There was a trend of increasing BMI, percentage of smokers, previous history of cardiovascular disease (angina, MI, TIA and stroke) and death, with increasing CRP level Mean age and serum cholesterol levels did not differ across CRP groups.  The percentage of men was lower in the highest CRP group.
	 
	C-reactive Protein [CRP] Level
	 

	 
	Below 1mg/L
	1-3mg/L
	Above 3 mg/L
	All CRP Levels

	 
	N=428
	N=3330
	N=1175
	N=4933

	*Age (years)
	73.5 (5.8, 65-94)
	72.7 (5.5, 65-100)
	72.7 (5.6, 65-93)
	72.8 (5.6, 65-100

	Male %
	45.6%
	43.3%
	37.0%
	42.0%

	*Body Mass Index
	23.4 (3.6, 15-38)
	25.9 (4.3, 14-53)
	28.0 (5.5, 15-58)
	26.2 (4.7, 14-58

	Smoker %
	9.6%
	11.0%
	16.4%
	12.2%

	*Cholesterol mg/dl
	206.0 (40.5, 109-407)
	212.8 (38.6, 73-363)
	210.5 (40.4, 97-430)
	211.7 (39.2, 73-430)

	Previous angina, MI, TIA, stroke %
	18.2%
	21.5%
	28.8%
	22.9%

	Death in 4 years %
	4.9%
	8.4%
	15.6%
	9.8%

	*Descriptive statistics include mean (SD, range)


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: To evaluate the associating between serum CRP and 4 year all-cause mortality, we performed a 2 sample t-test, assuming unequal variance, comparing the mean CRP level among those participants who died within 4 years to those who survived after 4 years.
Results: Among those participants who died within 4 years (n=484) the mean CRP level was 5.38, with 95% confidence interval 4.65-6.10.  Among participants who lived beyond 4 years (n= 4449) the mean CRP level was 3.42, with 95% confidence interval 3.25-3.59.  The mean difference was 1.95 higher among those who died within 4 years, with 95% confidence interval 1.21-2.70.  With high statistical significance (two-sided p< 0.001) we reject the null hypothesis that the distribution of CRP levels are not different for the population that dies within 4 years and the population that lives beyond 4 years.
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: 
To evaluate the associating between serum CRP and 4 year all-cause mortality, we performed a 2 sample t-test, assuming unequal variance
, comparing the log transformed mean CRP level among those participants who died within 4 years to those who survived after 4 years
. We back transform the results of this test to present the results for the geometric mean.  For participants (n=428) with a CRP value of 0 we converted this value to half of the lowest value reported, or 0.5, for the purpose of log transforming the CRP data and still including these participants in the analysis. 
Results: 
Among those participants who died within 4 years (n=484) the geometric mean CRP level was 2.03 compared to 2.97 among participants who lived beyond 4 years (n= 4449).   The difference in geometric means was 0.68 higher 
among those who died within 4 years, with 95% confidence interval 0.62- 0.75
.  With high statistical significance (two-sided p< 0.001) we reject the null hypothesis that the distribution of log transformed CRP l
evel are not different for the population that dies within 4 years and the population that lives beyond 4 years.   
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).
Methods: To evaluate the associating between serum CRP and 4 year all-cause mortality, we performed a chi-squared for independence test to compare the proportion of participants who died within 4 years to those that survived across groups defined by high CRP levels, defined as > 3 mg/L. The Cornfield confidence interval is presented for the odds ratio.
Results: Among those with a high CRP level compared to those with a lower value the odds ratio was 2.12 with a 95% confidence interval 1.74-2.58.  The chi-squared test was highly statistically significant (p< 0.001) allowing us to reject the null hypothesis that the odds of deaths in the high CRP group is equal to the lower 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: To evaluate the associating between serum CRP and 4 year all-cause mortality, we performed a chi-squared for independence test to compare the odds of death among participants defined by high CRP levels, defined as > 3 mg/L, compared to those with lower levels. 
Results: Among those participants who died within 4 years (n=484), 183 (37.8%) had a high CRP level compared to 992 (22.2%) of the 4449 who survived.   Among those with a high CRP level 15.6% were observed to die versus 8.0% in the low-average CRP group.  This risk difference was 7.6% between groups with a 95% confidence interval 5.3%-9.8%.  The chi-squared test for independence was highly statistically significant (p< 0.001) allowing us to reject the null hypothesis that the proportion of deaths in the high CRP group is equal to the lower CRP group.    
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: To evaluate the associating between serum CRP and all-cause mortality over the entire period of observation, we performed a Kaplan-Meier survival analysis comparing the survival among participants defined by high CRP levels, defined as > 3 mg/L, compared to those with lower levels. We performed a log-rank test for equality of survivor functions between CRP groups, and a Cox proportional hazard regression for robust standard errors.
Results: The survival curve below shows that survival is greater at all time-points for the group of participants with CRP levels less than or equal to 3mg/l.  The log-rank test confirms what the survival curve shows with high statistical significance (p<.001).   The hazard ratio is 1.68 with 95% confidence interval 1.49 to 1.91, allowing us to reject the null hypothesis that the hazard of death is equal between CRP groups.  
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	Kaplan-Meier Survival Probablilites

	 
	CRP>3 mg/l
	CRP≤3 mg/l

	1 Year
	0.9660
	0.9875

	2 Year
	0.9260
	0.9707

	3 Year
	0.8809
	0.9481

	4 Year
	0.8443
	0.9199

	5 Year
	0.7998
	0.8841


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?
A priori, I would have preferred to do two-sample t-test, assuming unequal variance, comparing the mean CRP levels among those that die within 4 years and those who survive.  I would have preferred this method so I could use all the CRP data without having to categorize participants into CRP level groupings; as it was particularly difficult to know what to do with all the participants who scored a 0 on this test.  I also would have chosen this test because I do not yet know how to do linear regression, which would also allow me to control for potential confounding variables like age, sex, BMI, smoking status, cholesterol levels and prior history of cardiac events.  A priori, I do not think I would have considered Kaplan Meier tests because of my limited familiarity with Cox Proportional Hazard regression tests, but I like Kaplan Meier survival methods because they allow us to use more of the data we have about survival rather than making an arbitrary decision about a time point to consider survival, which in this analysis was 4 years.  
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IMPORTANT POINT: �We do not assume unequal variances, we merely allow for the possibility that the variances are unequal.


�-0.5: No mention of how CIs were calculated.


�3/5


�-1: differences in geometric means are reported on the multiplicative scale. Also, you should check how dichotomized death in four years variable is coded. You may have the codes switched. Also, what are your units?


�-1: wrong CI. Report units!!!


�IMPORTANT POINT: this is not what you are testing with a t-test. The t-test examines whether the means of two distributions are the same. A distributional test, such as the log-rank test, is based on what Professor Emerson called the “strong null hypothesis”, and addresses a different (though related) scientific question.






