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1. .
	   variable              N        mean          sd     

	survive 5 years ldl(mg/dl)       606     127.198    32.92893       

	Die in 5 years  ldl(mg/dl)       119    118.6975    36.15704       


For the subjects who survived for at least 5 years, the sample size  is 607, the mean ldl value  is 127.198 mg/dl, the standard deviation is 32.929. And for the subjects who died within 5 years, the sample size is 119 and the mean ldl level is 118,698mg/dl, the standard deviation for the ldl level is 36.157.
The mean ldl value in subjects who died in 5 years is 8.501 mg/dl lower than the people who survived at least 5 years. The difference is 7.16% of the mean ldl in  people who died in 5 years. This difference is small. The sample means are similar in magnitude.

The standard deviation in subjects who died in 5 years is 3.228mg/dl higher than the people who survived at least 5 years. The difference is 8.93% of the standard deviation in people who died in 5 years. The difference is small. The sample deviations are similar in magnitude. 
The point estimate for the true mean LDL in a population of similar subjects who would survive at least 5 years is the mean of the sample subjects who have survived at least 5 years, the mean value is 127.198 mg/dl, the standard error of this point estimate is 1.338, and the 95% confidence interval is  (124.571,129.825).And the corresponding values for the people who died within 5 years is mean value 118.700 mg/dl, with the standard error 3.3145, and 95% confidence interval (112.1338, 125.2611) .
The point estimates are similar in magnitude, while the standard error has huge difference. The standard error in the group who died within 5 years is almost 2.5 times of the standard error in the group who survived for at least 5 years. 
The point estimate just use the sample mean. So the values are the same with problem a. and they are similar in magnitude. 

The standard deviation in problem a shows the variance of the sample ldl value. When this value is similar in both groups, the sample size determines the standard error difference. Since standard error is the standard deviation of the estimator mean distribution, we can get the value by estimated standard deviation of the sample divided by the square root of sample size. So for smaller sample size, the standard error is large. That’s why when we talk about the distribution of the estimator mean, the standard error has huge difference in two groups. Because the sample size in people who died within 5 years is much smaller than the other group. 
There is a overlap. The lower threshold of surviving group overlaps with the upper threshold of the dead group. 

I’d say we find no statistical significance of and estimated difference in the estimated means at a 0.05 level of significance.
If we presume equal variances among 2 groups, we can combine the standard deviation of the two groups by: Sc^2=(n1-1)S1^2+(n2-1)S2^2/(n1+n2-2), SE=Sc((1/n1+1/n2)^1/2)
The point estimate for the difference in means is 8.501 mg/dl, the estimated standard error of the point estimate is 3.357, the 95% confidence interval is (1.911, 15.090),  the P value is 0.0115. we can have high confidence to reject the null hypothesis that the mean difference in means between a population that survives at least 5 years and a population that dies with 5 years is the same.
For both model A and model B, the two models are saturated. Because for each case, we have 2 values in the grouping variable, and we have 2 parameters in the regression function. The number of groups equals the number of parameters.
By using meodel A(use the indicator that the subject died within 5 years as the predictor), the  intercept is the estimate of the true mean LDL among a population of subjects who survived for at least 5 years, the value is 127.198mg/dl. It’s the same estimate as we use the equal variance t test. 

By using model A, we can estimate the 95% confidence interval by using the confidence interval for the intercept value. Which is (124.5282,129.8679). By comparing it with the equal variance t test, the 95% confidence interval is not the same. The difference comes from the standard error we use in 2 methods. When we calculate the confidence interval, we use different critical value(we have different freedom of the t distribution), and for the regression model, we use the pooled standard diviation.
By using medel B, the intercept is the estimate of the mean ldl among a population of subject who died within 5 years, which is 118.698mg/dl. This is the same with problem 1. 
The 95% confidence  interval is (112.6726, 124.7224). This difference from the equal variance t test comes from the standard error they use in 2 methods. (as is stated in problem d)

In the regression model, the standard error they use is Sr^2=(n1-1)S1^2+(n2-1)S2^2/(n1+n2-2), SE=Sc/(n2^1/2)

Note: 2 indicate the intercept group.

So the difference is different from the t test.

The intercept of  A =intercept of  B + slope.
The mean LDL estimate of the population who survive at least 5 years is 127.198mg/dl, From the 95% confidence interval, it will not be surprising if the true mean LDL in this population is anywhere between 124.5282 mg/dl and 129.8679 mg/dl.  
The mean LDL in population who died within 5 years is 8.500541mg/dl lower than the population who survived for at least 5 years. It will not be unusual if the mean LDL of people who died within 5 years is from  15.09049mg/dl to 1.910591mg/dl lower than the population who survived for at least 5 years. 

The point estimate is -8.500541mg/dl, the estimated standard error for the poit estimate is 3.356652, the 95% confidence interval for the true difference in means between 2 groups is (-15.09049 ,  -1.910591). The P value is 0.0115. The slope of the linear regression model is just the estimated difference by the t test method. And the 95% confidence interval and P value is exactly the same as the t test method.
2. The t test with equal variance and unequal variance gives same point estimate 8.501, but they are different in the following :
(1) The standard error of the difference of means in two groups
(2) The 95% confidence interval for the difference of means
(3) The p value of the difference.
Since in different method, we use different method to calculate the standard error, we can see the unequal variance method gives larger p value and wider confidence interval. 

The linear regression model gives the slope value -8.501 and the  95% confidence interval (-15.50114 ,  -1.499941), P value 0.0174. 

Compared with the classical linear regression, the regression model that allows for the possibility of unequal variances across groups gives the same point estimate but different confidence interval and P value. 

	age
	variable
	N
	mean
	sd
	min
	p25
	med
	p75
	max

	65
	ldl
	114
	127.7018
	32.39658
	51
	104
	130.5
	150
	217

	
	male
	117
	0.4786
	-
	-
	-
	-
	-
	-

	70
	ldl
	303
	125.3201
	32.50338
	37
	102
	126
	146
	247

	
	male
	305
	0.4851
	-
	-
	-
	-
	-
	-

	75
	ldl
	184
	126.8533
	35.46468
	11
	102
	125
	150.5
	225

	
	male
	187
	0.5027
	-
	-
	-
	-
	-
	-

	80
	ldl
	80
	122.8125
	33.49366
	52
	99
	119.5
	145
	227

	
	male
	81
	0.4691
	-
	-
	-
	-
	-
	-

	85
	ldl
	34
	124.9706
	39.13882
	68
	97
	123.5
	142
	216

	
	male
	35
	0.5429
	-
	-
	-
	-
	-
	-

	90
	ldl
	8
	124.75
	35.7721
	57
	105
	136.5
	141.5
	175

	
	male
	8
	0.75
	-
	-
	-
	-
	-
	-

	95
	ldl
	2
	132
	1.414214
	131
	131
	132
	133
	133

	
	male
	2
	1
	-
	-
	-
	-
	-
	-


To assess the association between ldl level and age, we use the linear regression model which allows heteroscedasticity.

It is not a saturated model. We have two parameters in the regression model, but we have infinite age values. So the model is not saturated. 
a. Based on the linear regression, the estimated mean LDL level among a pupulatin of 70 years old is 126.21mg/dl.

The mean LDL level among a populatin of 71 years old subject is 126.12mg/dl. The difference between mean(71) and mean (70) is the value of the slope of my regression model.
The mean LDL level among a populatin of 75 years old subject is 125.76mg/dl. The difference between mean(75) and mean (70) is 5 times the value of the slope of my regression model
b. The root mean squared error in this model is 33.622, it’s the sample standard deviation of the residuals.

The intercept is the ldl level of a population who are 0 year old. It does not have scientific meanings.
c. The slope is the difference in ldl level when the age differ by 1 year.
From the linear regression analysis, we estimate that for each year difference in age, the difference in mean LDL level is 0.0901904mg/dl. A 95% CI suggests that this observation is not unusual if the true difference in mean ldl per year difference in age were between -0.5469688 and 0.366588mg/dl. Because the P value is 0.6984, we fail to reject the null hypothesis that there is no linear trend in average ldl across age groups.
d. I would report the point estimate 5* current slope and confidence interval 5*(current CI), but the P value the same. Which mean we fail to reject the null hypothesis.
The R square in the linear regreesion(0.0002) is the squared correlation((-0.0146)^2)







