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1. Perform statistical analyses evaluating an association between serum LDL and 5 year all-cause mortality by comparing mean LDL values across groups defined by vital status at 5 years using a t test that presumes equal variances across groups. Depending upon the software you use, you may also need to generate descriptive statistics for the distribution of LDL within each group defined by 5 year mortality status. As this problem is directed toward illustrating correspondences between the t test and linear regression, you do not need to provide full statistical inference for this problem. Instead, just answer the following questions.
a. What are the sample size, sample mean and sample standard deviation of LDL values among subjects who survived at least 5 years? What are the sample size, sample mean and sample standard deviation of LDL values among subjects who died within 5 years? Are the sample means similar in magnitude? Are the sample standard deviations similar?

[image: image1.emf]Vital Status at 5 Years N Mean Std. Err. Std. Dev 95% Conf. Interval

Alive at 5 Years 606 127.20 1.34 32.93 124.57 129.83

Death within 5 Years 119 118.70 3.31 36.16 112.13 125.26

Total 725 125.80 1.25 33.60 123.35 128.25


 Of the 725 subjects with available measurements, 119 died within 5 years of study enrollment and 606 were still alive 5 years for study enrollment. The above table presents descriptive statistics (number of subjects, mean, standard deviation, standard error and 95% CI) within each group.  Subjects with dying within 5 years has 8.5 mg/dL lower serum LDL: mean serum LDL was 118.7 mg/dL with standard deviation of 36.16 mg/dL in those observed to die within 5 years compared to a mean serum LDL of 127.2 mg/dL with standard deviation of 32.93 mg/dL in those surviving at least 5 years. 
Differences in the mean were tested using a t-test with equal variance, the observed tendency of 8.50 mg/dl lower mean serum LDL among subjects dying earlier would not be judged unusual if the true difference population means were anywhere between a 1.91 mg/dl to 15.09 mg/dl lower mean LDL among subjects who die within 5 years. (two-sided P=0.0115).  We can with high confidence reject the null hypothesis that the mean serum LDL levels are not different by vital status at 5 years in favor of a hypothesis that death within 5 years is associated with lower mean serum LDL.  Thus the sample means are not similar in magnitude, as well as the sample standard deviations. 
b. What are the point estimate, the estimated standard error of that point estimate, and the 95% confidence interval for the true mean LDL in a population of similar subjects who would survive at least 5 years? What are the corresponding estimates and CI for the true mean LDL in a population of similar subjects who would die within 5 years? Are the point estimates similar in magnitude? Are the standard errors similar in magnitude? Explain any differences in your answer about the estimates and estimated SEs compared to your answer about the sample means and sample standard deviations.

Differences in the mean LDL in a population were tested using linear regression. The estimated mean LDL in a population of similar subjects who would survive at least 5 years is 127.198 mg/dl, with standard error of 1.359912. 95% CI is between 124.53 mg/dl to 129.87 mg/dl.  The estimated mean LDL in a population of similar subjects who would die within 5 years is 118.697 mg/dl, with 95% CI from 109.44 mg/dl to 127.96 mg/dl. The estimated difference in mean LDL between population alive at least 5 years and who would die within 5 years is 8.50 mg/dl (P value =0.012).  The standard errors are different in magnitude. The estimates and estimated SEs agree exactly with those in sample means computed in problem 1a. 
c. Does the CI for the mean LDL in a population surviving 5 years overlap with the CI for mean LDL in a population dying with 5 years? What conclusions can you reach from this observation about the statistical significance of an estimated difference in the estimated means at a 0.05 level of significance?
Yes, the CI for the mean LDL in a population surviving 5 years overlap with the CI for mean LDL in a population dying with 5 years. The mean LDL for population alive at least 5 years is estimated to be 127.198 mg/dl, with population who would die within 5 years estimated to have mean LDL level 8.50 mg/dl lower. This observed difference of 8.50 is highly unusual if population who die within or beyond 5 years toward the same mean LDL (P=0.012<0.05). A 95% CI confidence interval suggests that the observed results would not be unusual if the true average difference were such that population who died within 5 years had lower LDL levels than population who alive at least 5 years.  These results compared exactly with the results using the t test which presumes equal variance. 
d. If we presume that the variances are equal in the two populations, but we want to allow for the possibility that the means might be different, what is the best estimate for the standard deviation of LDL measurements in each group? (That is, how should we combine the two estimated sample standard deviations?)

Differences in the mean were tested using a t-test with equal variance, the observed tendency of 8.50 mg/dl lower mean serum LDL among subjects dying earlier would not be judged unusual if the true difference population means were anywhere between a 1.91 mg/dl to 15.09 mg/dl lower mean LDL among subjects who die within 5 years. (two-sided P=0.0115).   The mean serum LDL was 118.7 mg/dL with standard deviation of 36.16 mg/dL in those observed to die within 5 years compared to a mean serum LDL of 127.2 mg/dL with standard deviation of 32.93 mg/dL in those surviving at least 5 years.
e. What are the point estimate, the estimated standard error of the point estimate, the 95% confidence interval for the true difference in means between a population that survives at least 5 years and a population that dies with 5 years? What is the P value testing the hypothesis that the two populations have the same mean LDL? What conclusions do you reach about a statistically significant association between serum LDL and 5 year all cause mortality?

The estimated difference in mean LDL between population alive at least 5 years and who would die within 5 years is 8.50 mg/dl (P value =0.012). The standard error of 1.36 with 95% CI is between 124.53 mg/dl to 129.87 mg/dl.  A 95% CI confidence interval suggests that the observed results would not be unusual if the true average difference were such that population who died within 5 years had lower LDL levels than population who alive at least 5 years.  There is a statistically significant association between serum LDL and 5 year all cause mortality. 
2. Perform statistical analyses evaluating an association between serum LDL and 5 year all-cause mortality by comparing mean LDL values across groups defined by vital status at 5 years using ordinary least squares regression that presumes homoscedasticity. As this problem is directed toward illustrating correspondences between the t test and linear regression, you do not need to provide full statistical inference for this problem. Instead, just answer the following questions.

a. Fit two separate regression analyses. In both cases, use serum LDL as the response variable. Then, in model A, use as your predictor an indicator that the subject died within 5 years. In model B, use as your predictor an indicator that the subject survived at least 5 years. For each of these models, tell whether the model you fit is saturated? Explain your answer.

Model A uses serum LDL as the response variable, and the indicator that the subject died within 5 years as the predictor: Y=127.198-8.50X
Model B also uses serum LDL as the response variable, the indicator that the subject survived at least 5 years as the predictor: Y=118.6975+8.50X

Both of these two models are unsaturated. 
b. Using the regression parameter estimates from one of your models (tell which one you use), what is the estimate of the true mean LDL among a population of subjects who survive at least 5 years? How does this compare to the corresponding estimate from problem 1?

Using the model A, the estimate of the true mean LDL among a population of subjects who survive at least 5 years is 127.198 mg/dl. This agrees with the estimation from problem 1. 
c. Using the regression parameter estimates from one of your models (tell which one you use), what is a confidence interval for the true mean LDL among a population of subjects who survive at least 5 years? How does this compare to the corresponding estimate from problem 1? Explain the source of any differences.
Using the model A, the 95% CI for the true mean LDL among a population of subjects who survive at least 5 years is between 124.52 mg/dl to 129.87 mg/dl. This confidence interval agrees with the corresponding estimate from problem 1.
d. Using the regression parameter estimates from one of your models (tell which one you use), what is the estimate of the true mean LDL among a population of subjects who die within 5 years? How does this compare to the corresponding estimate from problem 1?

Using the model B, the estimate of the true mean LDL among a population of subjects who die within 5 years is 118.698 mg/dl. This is the same as to the estimate from problem 1. 
e. Using the regression parameter estimates from one of your models (tell which one you use), what is a confidence interval for the true mean LDL among a population of subjects who die within 5 years? How does this compare to the corresponding estimate from problem 1? Explain the source of any differences.
Using the model B, the 95% CI for the true mean LDL among a population of subjects who die within 5 years is between 112.67 mg/dl to 124.72 mg/dl. This confidence interval agrees with the corresponding estimate from problem 1.
f. If we presume the variances are equal in the two populations, what is the regression based estimate of the standard deviation within each group for each model? How does this compare to the corresponding estimate from problem 1?
The following table shows the standard errors for each model. Those are similar to the ones estimated from problem1. 
[image: image2.emf]Model A Y= 127.20-8.50X

LDL Coef. Std. Err t P>|t| [95% Conf. Interval]

β1 -8.50 3.56 -2.53 0.012 -15.0905 -1.91059

β0 127.20 1.36 93.53 0 124.5282 129.8679

Model B Y= 118.70+8.50X

LDL Coef. Std. Err. t P>|t| [95% Conf. Interval]

β1 8.5 3.36 2.53 0.01 1.910591 15.09049

β0 118.70 3.07 38.68 0.00 112.6726 124.7224


g. How do models A and B relate to each other?

In model A, when x=1(subject died within 5 years), the LDL level is equal to 118.7 mg/dl. In model B, when x=0(subject died within 5 years), the LDL level is equal to 118.7 mg/dl. Thus the indicator in model A is equal to 1- indicator in model B. 
h. Provide an interpretation of the intercept from the regression model A.

The estimated mean LDL for subject who alive at least 5 years. 
i. Provide an interpretation of the slope from the regression model A.

The estimated difference in mean LDL between population alive or died at 5 years. 
j. Using the regression parameter estimates, what are the point estimate, the estimated standard error of the point estimate, the 95% confidence interval for the true difference in means between a population that survives at least 5 years and a population that dies within 5 years? What is the P value testing the hypothesis that the two populations have the same mean LDL? What conclusions do you reach about a statistically significant association between serum LDL and 5 year all cause mortality? How does this compare to the corresponding inference from problem 1?
The estimated difference in mean LDL between population alive at least 5 years and who would die within 5 years is 8.50 mg/dl (P value =0.012). The standard error of 1.36 with 95% CI is between 124.52 mg/dl to 129.87 mg/dl.  A 95% CI confidence interval suggests that the observed results would not be unusual if the true average difference were such that population who died within 5 years had lower LDL levels than population who alive at least 5 years.  There is a statistically significant association between serum LDL and 5 year all cause mortality. The inference is the same as that from problem 1. 
3. Perform statistical analyses evaluating an association between serum LDL and 5 year all-cause mortality by comparing mean LDL values across groups defined by vital status at 5 years using a t test that allows for the possibility of unequal variances across groups. How do the results of this analysis differ from those in problem 1? (Again, we do not need a formal report of the inference.)
The following table shows the results from two-sample t-test with unequal variance. 
               [image: image3.emf]Vital Status at 5 Years N Mean Std. Err. Std. Dev 95% Conf. Interval

Alive at 5 Years

606 127.20 1.34 32.93 124.57 129.83

Death within 5 Years

119 118.70 3.31 36.16 112.13 125.26

Total

725 125.80 1.25 33.60 123.35 128.25

Mean difference

8.50 3.57 1.44 15.56

P value(two-side)=0.0186


 Differences in the mean were tested using a t-test with unequal variance, the observed tendency of 8.50 mg/dl lower mean serum LDL among subjects dying earlier would not be judged unusual if the true difference population means were anywhere between a 1.44 mg/dl to 15.56 mg/dl lower mean LDL among subjects who die within 5 years. (two-sided P=0.0186).  The confidence interval is little wider than that from problem 1. We can with high confidence reject the null hypothesis that the mean serum LDL levels are not different by vital status at 5 years in favor of a hypothesis that death within 5 years is associated with lower mean serum LDL.  Most of the result analysis is similar to those from problem1. 
4. Perform statistical analyses evaluating an association between serum LDL and 5 year all-cause mortality by comparing mean LDL values across groups defined by vital status at 5 years using a linear regression model that allows for the possibility of unequal variances across groups. How do the results of this analysis differ from those in problem 3? (Again, we do not need a formal report of the inference.) 

The estimated difference in mean LDL between population alive at least 5 years and who would die within 5 years is 8.50 mg/dl (P value =0.012). The standard error of 1.36 with 95% CI is between 124.52 mg/dl to 129.87 mg/dl. The result is similar to those in problem 3. 
5. Perform a regression analysis evaluating an association between serum LDL and age by comparing the distribution of LDL across groups defined by age as a continuous variable. (Provide formal inference where asked to.)
a. Provide descriptive statistics appropriate to the question of an association between LDL and age. Include descriptive statistics that would help evaluate whether any such association might be confounded or modified by sex. (But we do not consider sex in the later parts of this problem.)
Descriptive statistics are presented within groups defined by sex (male or female). For continuous variables, age and serum LDL, I included the number of subjects, mean, standard deviation, interquartile range, minimum, and maximum. Data is available on 735 subjects; however 10 of those subjects are missing data on serum LDL. Those subjects are omitted from all analysis, but it should be remembered that we cannot assess the impact that such omissions might have on the generalizability of our results. None of the 725 subjects were missing data on any other variable of interest for this analysis. 
This following table and graph present the serum LDL levels by age and sex. We see kind of equal mean serum LDL levels with increasing age in both female and male groups between 70 to 90 years old, except for the age group of 90-94 years old (female) or 95-99 years old (male), at which there are10 mg/dL higher increase of serum LDL.  Females tend to have slightly higher serum LDL for each age group. (In the graph, red color corresponds to female, while blue one indicates male.)
To evaluate whether the association between serum LDL and age is confounded by sex, I chose the analysis based on a t test which allows unequal variances. On average, the mean serum LDL levels in females is estimated to be 10.3 mg/dL higher than in males (95% CI 5.5 mg/dL lower to 15.2 higher), a result that is unexpected when there is no true difference between the sexes with respect to mean serum LDL levels(P= 0.00). 
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Table: Descriptive statistics for serum LDL by sex and within age strata for each sex. (Unit of LDL: mg/dL)
[image: image5.emf]N Mean SD Min 25%ile Median 75%ile Max

Female 365 130.9 34.3 11 110 131 151 247

65-69 yrs 60 127.0 34.0 51 102 128.5 147 217

70-74 yrs 153 130.9 32.8 46 111 130 150 247

75-79 yrs 92 133.5 37.5 11 113 134 154.5 225

80-84 yrs 42 130.2 30.4 81 108 127 152 201

85-89 yrs 16 131.9 43.2 68 98 132 161 216

90-94 yrs 2 141.5 0.7 141 141 141.5 142 142

Male 360 120.6 32.1 37 98 117 142 227

65-69 yrs 54 128.5 30.8 68 105 133.5 151 206

70-74 yrs 150 119.6 31.3 37 95 120 141 188

75-79 yrs 92 120.2 32.1 39 100 115 141.5 218

80-84 yrs 38 114.6 35.3 52 95 112 130 227

85-89 yrs 18 118.8 35.2 72 95 108.5 138 216

90-94 yrs 6 119.2 40.5 57 95 124 140 175

95-99 yrs 2 132.0 1.4 131 131 132 133 133

Total 725 125.8 33.6 11 102 125 147 247

65-69 yrs 114 127.7 32.4 51 104 130.5 150 217

70-74 yrs 303 125.3 32.5 37 102 126 146 247

75-79 yrs 184 126.9 35.5 11 102 125 150.5 225

80-84 yrs 80 122.8 33.5 52 99 119.5 145 227

85-89 yrs 34 125.0 39.1 68 97 123.5 142 216

90-94 yrs 8 124.8 35.8 57 105 136.5 141.5 175

95-99 yrs 2 132.0 1.4 131 131 132 133 133


b. Provide a description of the statistical methods for the model you fit to address the question of an association between LDL and age.

I chose the linear regression with robust SE to address the question of an association between LDL and age. On average, the means LDL level is estimated to be 0.0902 mg/dl lower for every year difference in age, with the older subjects having lower levels (95% CI 0.547 mg/dl lower to 0.367 mg/dl higher). This result is not typical when there is no true difference with respect to mean LDL levels across age groups (P=0.698). 
c. Is this a saturated model? Explain your answer.

This is a unsaturated model. The following graph shows the scatterplot of ldl levels versus age. There is no marked heteroscedasticity, nor marked curvilinearity. So it is appropriate to use linear regression for detecting association between mean ldl level and age.  
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d. Based on your regression model, what is the estimated mean LDL level among a population of 70 year old subjects?

Answer = 132.5281+ 70*(-0.0901904) = 126.21477 mg/dL
e. Based on your regression model, what is the estimated mean LDL level among a population of 71 year old subjects? How does the difference between your answer to this problem and your answer to part c relate to the slope?

              Answer = 132.5281+ 71*(-0.0901904) = 126.124582 mg/dL
f. Based on your regression model, what is the estimated mean LDL level among a population of 75 year old subjects? How does the difference between your answer to this problem and your answer to part c relate to the slope?
Anwser = 132.5281+ 75*(-0.0901904) = 125.76382 mg/dL. 
g. What is the interpretation of the “root mean squared error” in your regression model?
Root MSE is 33.622.  The mean squared error is to quantify the difference between ldl levels implied by the age and the true ldl level being estimated. The root mean squared error is the square root of variance, also known as the standard deviation of ldl. 
h. What is the interpretation of the intercept? Does it have a relevant scientific interpretation?
The regression model estimates that the average ldl level for persons with 0 year old would be 132.5281 mg/dl. The 95% confidence interval suggests that this sort of data might reasonably be obtained when the true average ldl was between 98.48 and 166.58 mg/dl.  We are highly confident that the true mean is different from 0 (P<0.0005). 
i. What is the interpretation of the slope? 

The regression model estimates that the difference in average LDL is around 0.0902 mg/dl between two people differing by 1 in their ages. Such a result is not typical of what we might expect when the true difference is 0 (P=0.698). The 95% confidence interval suggests that this sort of data might reasonably be obtained when the true difference in average LDL was between -0.5469688 and 0.366588. Thus I would conclude that I do not have evidence to state with high confidence that there is an association between ldl level and the age.
j. Provide full statistical inference about an association between serum LDL and age based on your regression model.
The regression model estimates that the difference in average LDL is around 0.0902 mg/dl between two people differing by 1 in their ages. Such a result is not typical of what we might expect when the true difference is 0 (P=0.698). The 95% confidence interval suggests that this sort of data might reasonably be obtained when the true difference in average LDL was between -0.5469688 and 0.366588. Thus I would conclude that I do not have evidence to state with high confidence that there is an association between ldl level and the age.
k. Suppose we wanted an estimate and CI for the difference in mean LDL across groups that differ by 5 years in age. What would you report?

The point estimate is 5*(0.0901904) = 0.450952. We obtain the confidence interval by multiplying the confidence interval for the slope by 5: (-2.734844, 1.83294). 
l. Perform a test for a nonzero correlation between LDL and age. How does your regression-based conclusion about an association between LDL and age compare to inference about correlation?
The test for a statistically significant correlation slope is different to the test for a significant linear regression. The slope of correlation test is -0.0146, compared to the slope of linear regression of -0.0902. Thus, I would reject the null hypothesis that the true correlation is 0. 
Discussion Sections: January 13 – 17, 2014
We will discuss the dataset regarding FEV and smoking in children. Come do discussion section prepared to describe the approach to the scientific question posed in the documentation file fev.doc.
