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METHODS: Subjects participating in the study were dichotomized based on whether they had survived at least 5 years or whether they had died before 5 years had passed from study enrollment (the date of the participant’s MRI). Mean serum LDL concentrations were compared between the two survival groups using a two-sample two sided t test assuming equal variances.  95% Confidence intervals were calculated using Wald methods and assuming equal variances.

a. Among
 subjects who survived at least 5 years, the sample size was 606 subjects, the sample mean was 127.2mg/dL, and the standard deviation was 32.93 mg/dL. Among subjects that survived less than 5 years, the sample size was 119 subjects, the sample mean LDL concentration was 118.7 mg/dL, and the standard deviation was 36.16 mg/dL. The sample means are fairly similar in magnitude, as are the sample standard deviations.

b. Sample
 mean serum LDL values were used as point estimates for estimating the true population mean serum LDL concentration. Among subjects that survived at least 5 years, the mean estimated LDL concentration was 127.20 mg/dL (95% CI: 124.6 – 129.9 mg/dL), and the standard error was 1.34 mg/dL. Among subjects that survived less than 5 years, the mean estimated LDL concentration was 118.7 mg/dL (95% CI: 112.1 - 125.3mg/dL), and the standard error was 3.31 mg/dL. The point estimates are similar in magnitude, however the standard errors are quite different from each other.  The standard errors are likely more different from each other than the standard deviations because standard error accounts for the sample size (se=sqrt(variance/n).  Therefore, while the standard deviation only takes into account the average distance that observations are from the sample mean value, the standard error changes much more since the longer survival group has such a higher sample size than the shorter survival group.
c. The
 CI for the mean LDL in the population surviving 5 years does overlap with the CI for mean LDL in the population dying with 5 years. While 95% confidence intervals that do not overlap must always represent statistical significance at the 0.05 level, the converse is not ne, IE just because the confidence intervals do overlap does not mean that the estimated difference in the means is not statistically significant at the 0.05 level. This occurs since the difference from the true mean is calculated differently for the confidence intervals than for the t-statistic (from which we draw our p-value). 
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, the best estimate for the standard deviation when we combine the two estimated standard deviations would be a weighted average of the standard deviations, whereby we would take the average of each groups standard deviations but weight those standard deviations based on the sample size that each group contributes to the total.
e. The
 difference in means is 8.50 mg/dL (95% CI: 15.1-1.9 mg/dL; p = 0.012). Given the low p-value associated with this difference in means, we can conclude that, at an alpha level of 0.05, it would be unusual to see this great of a difference in mean serum LDL concentrations between the population that survived at least 5 years and those that did not survive until 5 years under the null hypothesis. 
METHODS
: Two separate observation time variables were generated, one representing the observation time of individuals who did not survive until 5 years, and observation times for those that were still surviving at five years. Classical linear regression was performed using LDL concentration as the response variable and survival time as the predictor of interest.
f. Neither
 of these models is saturated.  A saturated model means that the number of parameters that you are modeling is equal to the number of data points that you have.
g. Using
 the regression parameters from model B, the mean serum LDL concentration for individuals surviving at least 5 years is 118.7mg/dL. This is the same estimate as was estimated for individuals surviving less than 5 years as determined by the t test assuming equal variances from problem 1.
h. Using
 the regression parameters from the model for individuals living greater that 5 years (model B), the 95% CI for the mean LDL concentration is 112.7 – 124.7 mg/dL.  This is the very similar to the confidence interval as was determined in problem 1 for individuals surviving less than 5 years, although slightly more narrow than the confidence interval determined by the t test assuming equal variances.
i. Using

 the parameter estimates from model A (which models the true mean LDL scores for individuals surviving less than 5 years), the estimate of the true mean for individuals surviving less than 5 years is 127.2 mg/dL. This is the same parameter estimate for the mean LDL concentration as was determined by the t test assuming equal variances in problem 1 for individuals surviving greater than 5 years.
j. The
 95% confidence intervals for the true mean LDL concentration from model A (which models the true mean LDL scores for individuals surviving less than 5 years) is 124.5 – 129.9 mg/dL. This confidence interval is slightly tighter than that observed in problem 1, however it is very similar otherwise. I think that the confidence intervals from the regression models are slightly tighter around the mean estimate because of the increased precision in using the ‘borrowed data’ of the linear model. 
k. The
 regression based estimate of the standard deviation within each group for each model is the root mean squared error.  It should be equal in value to the weighted average of the standard deviations discussed in problem 1 part d.
l. Model
 A attempts to fit a linear trend to the LDL values for individuals who have observation times less than 5 years. Model B attempts to fit a linear trend to the LDL values for individuals who have observation times greater than 5 years. The two models are related in that each model describes the trend on either side of what would generally be a binary variable (subjects either survive past 5 years or they do not).
m. The
 intercept from model A represents the estimated mean LDL concentration for an individual that has not survived any time since they’re MRI (an individual with an observation time of 0).
n. The
 slope from the regression model A indicates the difference in the mean LDL concentrations for individuals whose observation times differ by one day (if observation times are kept in units of days and not transformed to years). 
o. Using
 the regression parameter estimates from a regression model of LDL and five year survival, the difference in the mean LDL’s between individuals who survived five years or longer and those that died before five years was 8.5 mg/dL (95% CI: 1.91 – 15.09 mg/dL ; p = 0.012). Given that the p-value is below an alpha level of 0.05, we find that our analysis has sufficient statistical precision to demonstrate that the higher LDL concentration in the group that survived longer than five years would be unusual under the null hypothesis, and thus we can reject the null hypothesis that there is no difference in LDL concentration between the two groups.  This inference agrees with the inference from problem 1, and the values for the difference in means, the 95% confidence intervals, and the p-value are all the same as was found inferred in problem 1.
2. METHODS
: Subjects were dichotomized into two groups: those surviving less than 5 years, and those surviving at 5 years of time and longer post study enrollment.  Differences in mean serum LDL concentrations between these two groups were analyzed using a t test that did not assume equal variances.  95% confidence intervals were calculated using the Wald method and also did not assume equal variances.

Individuals surviving less than 5 years had a mean serum LDL concentration of 118.7 mg/dL and individuals surviving at 5 years had a mean serum LDL concentration of 127.2 mg/dL, for a difference in the means of 8.5 mg/dL (95%CI 1.44 – 15.6 mg/dL ; p=0.019).  The mean values are same as those that were calculated using the t test that assumes equal variances, however using the t test that does not assume equal variances we see that the p value is very slightly larger (0.019 versus 0.012), and the 95% CI in this t test is very slightly wider than the one observed from the t test assuming equal variances.
4. METHODS
: Using serum LDL concentration as the response variable, and observation time as the predictor of interest, two robust linear models were run. The first fit a model for serum LDL concentrations for observation times smaller than 1826 days, referred to as robust model A. The second model fit serum LDL concentrations for observation times greater than 1826 days, referred to as robust model B.  Neither model assumed the equal variances. 95% confidence intervals were calculated using robust methods.
Using the parameter estimates from the robust linear models, individuals surviving at 5 years had a mean LDL concentration of 126.1 mg/dL, and individuals who did not survive past 5 years had a mean LDL concentration of 118.3mg/dL. The difference in the mean LDL concentrations between the two survival groups was 8.5 mg/dL (95% CI: 1.50 – 15.5 mg/dL ; p= 0.017). The mean LDL values for each group is slightly different in the robust model than in the non-robust model, however the difference in the mean values between the two groups is the same as when reported by the non-robust model.  The robust 95% confidence interval is very slightly narrower, and the p value is also very slightly lower when the robust model is used than when a classical linear model is used
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	N
	mean
	sd

	LDL (mg/dL)
	Females
	365
	130.9
	34.3

	
	Males
	360
	120.6
	32.1

	Age (yrs)
	Females
	369
	74.4
	5.3

	
	Males
	366
	74.7
	5.6




The
 mean age between males and females was very similar (males on average were only 0.3 years older than females); both females and males represented similar proportions of the sample sizes for both measurements of age and for measurements of LDL. Mean LDL concentration differed between males and females by 10.3 mg/dL, although statistical testing is required to determine whether this large of a difference would be unusual under the null hypothesis.  Given that sex does not appear to greatly modify age, but that sex does seem to modify LDL concentration, I think that age and LDL concentration are likely not associated.
a. Serum
 LDL concentration and age were both kept as continuous variables. Robust linear regression was used to evaluate an association between the two variables, with age as the predictor of interest and serum LDL concentration as the response variable. 95% confidence intervals were created using robust methods from the linear model.
b. No
 the model is not saturated. The number of parameters in our linear model is not equal to the number of data points used by our model.
c. Based
 on my regression model, the estimated mean LDL level among a population of 70 year olds would be 126.2 mg/dL.
d. Based
 on my regression model, the estimated mean LDL level among a population of 71 year old subjects is 126.1 mg/dL. This relates to the previous answer in part d because we have gone up one year in age, which means that the estimate should be different by one ‘unit’ of the slope.  Indeed, we see that 126.1-126.2 is -0.1, which is roughly -0.0901, which is the slope of the regression line.  The difference between -0.1 and -0.0901 is due to rounding of the mean estimates. 
e. Based
 on my regression model, the estimated mean LDL level among a population of 75 year old subjects is 125.7 mg/dL.  We can see that this estimate is -0.5 mg/dL less than the mean estimate for 70 year olds.  This difference is the same as five multiplied by the slope of the regression line, which makes sense because the slope represents the change in LDL associated with a one year change in age, and here we have a five year change in age, which would result in a change of 5 ‘units’ of the slope.
f. The
 root mean squared error in my model is 33.3 mg/dL. This value represents the within group standard deviation of the residuals.
g. The
 intercept represents the mean serum concentration of LDL for individuals that are 0 years of age.  This is not a scientifically relevant value as it is unlikely that we could truly make an inference about LDL in newborns based on values observed for a group of elderly individuals.  Rather, the intercept allows us to fit the regression line in our model.
h. The
 slope represents the change in serum LDL concentration that would be observed with a change in age of one year.
i. Using
 robust linear regression for age as a predictor of LDL concentration, the mean concentration of LDL decreases by 0.0902 mg/dL for every year increase in age (95% CI: 0.547 – 0.367 mg/dL, p= 0.698). Given the large p-value, we can infer that our data would not be unusual under the null hypothesis, therefore we fail to reject the null hypothesis that there is no change in LDL concentration as age changes.
j. In
 order to calculate the point estimate and the CI for intervals of five years, we would multiply the point estimate and CI that is stated in the regression model by five, thus resulting in a change of  -0.451 mg/dL for every five years of age (95% CI: -2.73 – 1.83 mg/dL).
k. The
 R-squared value from the robust regression model of age as a predictor of LDL is 0.0002, which is evidence of an exceedingly low correlation, if we can say that there is any correlation at all. 
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�Comparisons of the mean and standard dev between the two groups is required: the sample mean was 8.5mg/dL higher in survived group, sd 9.8% in those who died. Minus one point


3 of 3 points�


�3 of 3 points


�2 of 3 points. 


A pooled variance is what is used. The answer is not precise enough, the weighting mechanism is vague.


�1 of 3 points.


Should not that p-value is two-sided, and which direction the test suggests (which group has higher mean).


Also make sure to make your conclusion based on the original question: is there an association between LDL and survivial?


�5 of 20 points


There was confusion in the first 4 parts, but I think you understood it. However, check the key for interpretation of the model, since we do not have time of survival as a continuous variable.


�0 of 2 points


Both models are saturated. See key for details/explanations


�0 of 2 points


118.7 is the estimate for those who died, as you point out later.


�0 of 2 points 


Again, this is for the wrong estimate


�0 of 2 points


Same issue. I suggest perhaps talking to the TA or the Professor to see if you can re-write this part. 
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�0 of 2 points


Again same issue, but also it was not compared to the last problem.


�2 of 2 points


�1 of 2 points


I think the word and concept of “reparametrization” was important and missing from this answer


�0 of 2 points


Since our predictor is an indicator function of dying, it is zero for patients who survived, so the intercept is the estimated LDL for those who survive.


�0 of 2 points


Survival is dichotomized, so the slope is the difference between surviving and dying, not changes by one day. 


�2 of 2 points


Remember to state that p-value is two-sided


�8 of 10 points


Good response, but reason for CI difference is not explained, see key for details regarding p-value and critical values/degrees of freedom.


�2 of 10 points


Only one model should have been run, and the CI is wrong. Check the key for more details.
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�1 of 5 points


This table cannot be used to judge effect modification, See key.


�28 points for question 5


�3 of 3 points
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�3 of 3 points


�3 of 3 points


�3 of 3 points


�3 of 3 points.


I would double check your interpretation to make sure it’s precise.


�3 of 3 points


�2 of 3 points


You should always mention a change in which direction, so it is clear if LDL increases or decreases with age.


�2 of 3 points 


Mention that p-value is two sided, and sample size and age range for which the model was fit. See key for a complete inference


�2 of 3 points


No mention of which direction change goes (increase in one year leads to…)


�0 of 3 points


No test was performed. See key for details.





