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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?
Answer:

Methods: An indicator variable was created for death within 5 years of study enrollment. Subjects were dichotomized by their vital status within 5 years. Descriptive statistics including the mean and standard deviation of low density lipoprotein (LDL) were computed within the two groups and presented in Table 1a.
Inference: 
There are a total of 725 subjects that have serum LDL values; 10 subjects have missing values. Out of the 725 subjects with LDL values 119 died within 5 years of study enrollment and 606 were alive after 5 years of study enrollment. Mean serum LDL was 118.7 mg/dl in the subjects that died within 5 years and 127.2 mg/dl in subjects that were alive after 5 years. Those that died within 5 years tended to have lower LDL values compared to subjects that did not die within 5 years. On average, those that survived at least 5 years had LDL levels that were about 7% higher. The standard deviation of serum LDL was 36.16 mg/dl in subjects that died within 5 years and 32.93 mg/dl in subjects that did not. The standard deviations seem to be roughly similar between the two groups, with greater variability (higher standard deviation) of serum LDL in the subjects that died within 5 years. 
Table 1a. LDL by Vital Status at 5 Years After Study Enrollment
	Death within 5 years (N=119)
	Death after 5 years (N=606)

	118.7mg/dl ± 36.16mg/dl
	127.2mg/dl ± 32.93 mg/dl


Data presented as mean ± standard deviation

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.

Answer:

Methods: Mean serum LDL values and corresponding sample standard deviations and standard errors were compared between subjects by vital status at 5 years.

Inference
: 

The point estimate for the true mean LDL in a population of similar subjects who would survive at least 5 years is 127.2mg/dl. The standard error is 1.34mg/dl and corresponding 95% confidence interval is 124.6mg/dl to 129.8mg/dl. Thus our observation would not be unusual if the true population mean LDL level is between 124.6mg/dl to 129.8mg/dl.
The point estimate for the true mean LDL in a population of similar subjects who would die within 5 years is 118.7mg/dl. The standard error is 3.31md/dl and corresponding 95% confidence interval is 112.1mg/dl to 125.3mg/dl. Thus our observation would not be unusual if the true population mean LDL level is between 112.1mg/dl to 125.3mg/dl.
 The point estimates do not appear to be similar in magnitude. The point estimate for the true mean LDL is lower in subjects who would die within 5 years than those who would not die within 5 years. Additionally, the standard errors do not appear to be similar in magnitude. The standard error for the true mean LDL is lower in subjects who would survive at least 5 years. Note that the sample mean for each the groups is the same as our point estimate for the true mean LDL for each group; therefore, trends we see between the means of the groups will be the same trends for the point estimates for the true mean LDL. The standard error is equivalent to the standard deviation for the group divided by the square root of the sample size. Therefore, trends we see in the sample standard deviation won’t necessarily translate to the trends we see in the estimated standard errors as it is in this case. The reason why we see the reversed trend in this case is due to the larger number of subjects that did not die within 5 years.
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?
Answer:
Methods: 95% CI were calculated using standard methods for each group and the two intervals were compared.
Inference
: Yes, the CI for the mean LDL in a population surviving 5 years overlaps with the CI for the mean LDL in a population dying within 5 years. However, we cannot reach any conclusions about the statistical significance of an estimated difference in means at a 0.05 level of significance. Our only criteria for using confidence intervals for independent groups to determine statistical significance is whether the 95% confidence intervals do not overlap or if the 95% CI from one of the groups contains the point estimate of the other. Since neither of these is the case we cannot determine if there is a statistical significant difference in means between the two groups.
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?)

Answer
:

Our best estimate for the standard deviation of LDL measurements in each group when we assume equal variance is using pooled variance estimates. Thus our estimate for the standard deviation for each group is 33.5mg/dl using these methods. 
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?

Answer
:

Methods: Differences in mean LDL levels between those that died within 5 years and those that survived 5 years were tested using a two-sided t test that assumes equal variances. The 95% confidence interval was calculated assuming equal variance. The null hypothesis is that the distribution of LDL is the same in both groups and the alternative hypothesis is that the distribution of LDL is different.

Inference: The point estimate for the true difference is 8.50 mg/dl (95% CI: 1.91mg/dl, 15.1mg/dl) higher mean LDL in a population that survives at least 5 years than a population that dies within 5 years. The standard error of our estimate is 3.36mg/dl. Our result would not be unusual if the true difference in population mean LDL levels were between 1.91mg/dl and 15.1mg/dl higher among those that survive at least 5 years. The corresponding two-sided p-value for a t test that assumes equal variance is 0.0115. This is significant at a 0.05 significance level and therefore we reject the null hypothesis and can conclude that the distribution of serum LDL differs between those with higher risk of death within 5 years and those that do not. Since we used a t test that presumes equal variance we cannot conclude a direction of tendency, because the significant result we note could be because of different variances.
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.

Answer
:

Methods: Subjects were dichotomized into 2 groups based on vital status at 5 years. In model A, the predictor of interest was an indicator that the subject died within 5 years. 
Model A: E[Y|X] = 127.2mg/dl – 8.50mg/dl/year * X where X is an indicator function equal to 1 if the subject died within 5 years and 0 if the subject survived 5 years and Y is the LDL level.
In model B, the predictor of interest was an indicator that the subject died after 5 years.
Model B: E[Y|X] = 118.7mg/dl + 8.50mg/dl/year * X where X is an indicator function equal to 1 if the subject survived at least 5 years and 0 if the subject died within 5 years and Y is the serum LDL level.
Inference: Yes, in both cases the model is saturated. A saturated model is when the number of groups equals the number of parameters. In the case of binary predictors, we have two values: whether the subject died in 5 years of whether they survived the 5 years. Note that this is the case no matter how we defined model A and model B. The regression model has two parameters (intercept and slope). Therefore, it must be the case that both models are saturated.
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?

Answer
:

Methods: Model A was used to fit a linear regression. The predictor of interest is an indicator of death in 5 years.
Inference: The true mean LDL among a population of subjects who survive at least 5 years is equal to the intercept in model A, which is 127.2mg/dl. This is the same as the corresponding estimate in 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.
Answer
:

Methods: Model A was used to fit a linear regression. The predictor of interest is an indicator of death in 5 years.
Inference: The 95% confidence interval for the true mean LDL among a population of subjects who survive at least 5 years is represented by the 95% confidence interval for the intercept in model A, which is 124.5mg/dl to 129.9mg/dl. This wider than the CI we found in part 1 (part 1 95% CI: 124.6mg/dl,129.8mg/dl). This is due to the difference in standard deviation calculations between regression and the t-test. The one sample t-test uses the sample standard deviation of the LDL levels of those that survive 5 years, whereas the classical linear regression uses the root mean squared error, which is the pooled standard deviations of the two groups (those that survive at least 5 years and those that die within 5 years). Additionally, the critical t-value uses different degrees of freedom.
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?

Answer
:

Methods: Model B was used to fit a linear regression. The predictor of interest is an indicator of survival after 5 years.

Inference: The true mean LDL among a population of subjects who die within 5 years is equal to the intercept in model B, which is 118.7mg/dl. This is the same as the corresponding estimate in 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.
Answer
:

Methods: Model B was used to fit a linear regression. The predictor of interest is an indicator of survival after 5 years.

Inference: The 95% confidence interval for the true mean LDL among a population of subjects who die within 5 years is represented by the 95% confidence interval for the intercept in model B, which is 112.7mg/dl to 124.7mg/dl. This is narrower than the CI we found in part 1 (part 1 95% CI: 112.1mg/dl,125.3mg/dl). Again, this is due to the difference in standard deviation calculations between regression and the t-test. The one sample t-test uses the sample standard deviation of the LDL levels of those that die within 5 years, whereas the classical linear regression uses the root mean square error, which is the pooled standard deviations of the two groups (those that survive at least 5 years and those that die within 5 years). Additionally, the critical t-value uses different degrees of freedom.
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?
Answer
:

The root mean square error is our estimated within group standard deviation, which is 33.5mg/dl. This is the same standard deviation estimate we got in 1d. Both methods use pooled variances to calculate the within group standard deviations.
g. How do models A and B relate to each other?
Answer
:

The two convey the equivalent information. Model B is just a reparameterization of model A. The intercept in model A corresponds to the sample mean LDL for those that survive 5 years, which is the same as the intercept plus the slope in model B. The sample mean LDL for those that die within 5 years corresponds to the intercept in model B and the intercept plus slope in model A.
h. Provide an interpretation of the intercept from the regression model A.

Answer
:

The intercept in model A is the mean serum LDL level of those that survived at least 5 years. That is, the mean serum LDL level of those that survived at least 5 years is 127.2mg/dl.
i. Provide an interpretation of the slope from the regression model A.

Answer
:

The slope in model A is the difference in mean serum LDL levels between those that died with 5 years and those that survived at least 5 years. That is, mean serum LDL levels were 8.50mg/dl lower in those that died within 5 years compared to those that survived at least 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?
Answer
:

Methods: Model B was used to fit a classic linear regression. The predictor of interest is an indicator of survival after 5 years. The classic linear regression assumes equal variances and the 95% confidence intervals are calculated as such.  Since we are using classic linear regression estimates, the null hypothesis is that the distribution of LDL is the same in those that die within 5 years and those that survive at least 5 years (the slope is equal to 0) and the alternative hypothesis is that the distribution of LDL is not the same in both groups (the slope is not equal to 0).
Inference: The point estimate for the true difference is 8.50 mg/dl (95% CI: 1.91mg/dl, 15.1mg/dl) higher mean LDL in a population that survives at least 5 years than a population that dies within 5 years. The corresponding standard error is 3.36mg/dl. Our result would not be unusual if the true difference in population mean LDL levels were between 1.91mg/dl and 15.1mg/dl higher among those that survive at least 5 years. The corresponding two-sided p-value is 0.012, which is significant at the 0.05 level. Thus we reject the null hypothesis that the distribution of LDL is the same in both groups. We have sufficient evidence that the distribution of LDL levels are different between those that die within 5 years and those that survive at least 5 years. Since classic linear regression uses a strong null based inference we are not able to determine a direction for our results since the significant p-value could be due to different mean LDL values or different variances between the two groups. This is exactly the same result as I got for problem 1e.
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.)
Answer:

Methods: Using the same dichotomization scheme as part 1, differences in mean LDL levels between those that died within 5 years and those that survived 5 years were tested using a two-sided t test that allows for unequal variances. The 95% confidence interval was calculated allowing for unequal variance. The null hypothesis is that mean serum LDL is the same in both groups and the alternative hypothesis is that mean serum LDL is different.

Inference
: The sample means, sample standard deviations, point estimate, and standard errors for both groups remain the same as part 1a,b. The point estimate for the mean LDL levels for those that survive at least 5 years is 127.2mg/dl (95%CI: 124.6mg/dl,129.8mg/dl) with standard error 1.34mg/dl. The point estimate for the mean LDL levels for those that die within 5 years is 118.7mg/dl (95% CI: 112.1mg/dl,125.3mg/dl) with standard error 3.31mg/dl. The point estimate for the true difference is 8.50 mg/dl (95% CI: 1.44mg/dl, 15.56mg/dl) higher mean LDL in a population that survives at least 5 years than a population that dies within 5 years. The standard error of our estimate is 3.57mg/dl. Note that the point estimate for the difference is the same as part 1e, however the standard error is different. This is due to differences in calculation. Importantly, the standard error calculation for allowing unequal variances is larger than when we assumed equal variances. Therefore, the estimates in 1e were anticonservative (the confidence interval was too narrow and p-value too small). Our result would not be unusual if the true difference in population mean LDL levels were between 1.44mg/dl and 15.56mg/dl higher among those that survive at least 5 years. The corresponding two-sided p-value for a t test that allows for unequal variance is 0.0186. This is significant at a 0.05 significance level and therefore we reject the null hypothesis and can conclude that mean serum LDL is higher in those with lower risk of death within 5 years. Here we are able to determine a direction for the difference in mean, because we allowed for unequal variances. Although both p-values were significant, we know the significant p-value in this problem is not due to different variances between the two groups. This is a different conclusion than the one we reached in part 1.
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.) 

Answer:

Methods: I used a linear regression analysis using robust standard errors to compare mean LDL levels across groups defined by vital status. Standard errors and 95% confidence intervals were calculated accordingly. The null hypothesis for testing the difference in mean LDL values between those that died within 5 years and those that survived at least 5 years is that the difference is equal to 0. The alternative hypothesis is that the difference is not equal to 0.
Inference
: The point estimate and standard errors for both groups remains the same as part 3. The point estimate for the mean LDL levels for those that survive at least 5 years is 127.2mg/dl (95%CI: 124.6mg/dl,129.8mg/dl) with standard error 1.34mg/dl. The point estimate for the mean LDL levels for those that die within 5 years is 118.7mg/dl (95% CI: 112.2mg/dl,125.2mg/dl) with standard error 3.31mg/dl. The point estimate for the true difference is 8.50 mg/dl (95% CI: 1.50mg/dl, 15.5mg/dl) higher mean LDL in a population that survives at least 5 years than a population that dies within 5 years. The standard error of our estimate is 3.57mg/dl. Note that the point estimate for the difference is the same as part 3, however the standard error is different if we look at more significant digits. The standard error in part 3, using a t-test that allows for unequal variances that standard error was 3.574mg/dl and the standard error using robust standard error estimates is 3.566mg/dl. Thus we can deduce that robust standard error estimates and a t-test that allows for unequal variances use different methods when calculating standard error. The different standard errors explain why the confidence intervals and p-values are different. Our result would not be unusual if the true difference in population mean LDL levels were between 1.50mg/dl and 15.5mg/dl higher among those that survive at least 5 years. The corresponding two-sided p-value for the slope being different from 0 is 0.017. This is significant at a 0.05 significance level and therefore we reject the null hypothesis and can conclude that mean serum LDL is higher in those with lower risk of death within 5 years.
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.)
Answer
:

Methods: Subjects’ serum LDL values were computed for each 5-year age group.  Additionally, the percentage of male subjects was computed for each age group. Within each age group, we included the mean, standard deviation, minimum, and maximum of the serum LDL levels.
Inference: Table 5a displays the corresponding descriptive statistics, stratified by 5-year age groups. There were a total of 725 subjects with LDL values; 10 subjects had missing values and thus they were not used for this or subsequent analyses. There is no clear trend in LDL levels, judging from the table in either sexes or overall. However, there are some extremely low LDL levels (11mg/dl and 37mg/dl), which may be errors. The sample standard deviations of each group remain relatively similar between groups, however as the number of subjects in each group decreases, the standard deviation becomes more volatile. 

In order to identify if sex is a confounder, sex needs to be causally associated with serum LDL levels outside the pathway of interest and associated with the predictor of interest (age) in our sample. In this case we are looking at the effect of age on serum LDL levels, and any casual effect from sex would be outside this pathway. If we know from previous scientific studies that males tend to have higher (or lower) LDL values than women, this might lend to the theory that sex is a confounder. Additionally, we note that sex appears to be related to age in our sample. As age increases, the percentage of male subjects also tends to increase. This is generally not the case, as women tend to live longer then men on average.
	Age Group (N)
	Percentage Male
	LDL Levels (mg/dl) Male
	LDL Levels (mg/dl) Female
	LDL Levels (mg/dl) Total

	
	
	Mean  (SD)
	Min-Max
	Mean  (SD)
	Min-Max
	Mean  (SD)
	Min-Max

	65-69 (114)
	47.4%
	128.5 (30.8)
	68-206
	127.0 (34.0)
	51-217
	127.7 (32.4)
	51-217

	70-74 (303)
	49.5%
	119.6 (31.3)
	37-188
	130.9 (32.8)
	46-247
	125.3 (32.5)
	37-247

	75-79 (184)
	50%
	120.2 (32.1)
	39-218
	133.5 (37.5)
	11-225
	126.9 (35.5)
	11-225

	80-84 (80)
	47.5%
	114.6 (35.3)
	52-227
	130.2 (30.4)
	81-201
	122.8 (33.5)
	52-227

	85-89 (34)
	52.9%
	118.8 (35.2)
	72-216
	131.9 (43.2)
	68-216
	125.0 (39.1)
	68-216

	90-954   (8)
	75%
	119.2 (40.5)
	57-175
	141.5 (0.71)
	141-142
	124.8 (35.8)
	57-175

	95-99    (2)
	100%
	132   (1.41)
	131-133
	-
	-
	132 (1.4)
	131-133

	All     (725)
	49.7%
	120.6 (32.1)
	37-227
	130.9 (34.3)
	11-247
	125.8 (33.6)
	11-247


In order to identify if sex is an effect modifier we would need to see similar trends in LDL levels across age groups, but shifted. In this sample, men tend to have lower levels of LDL than females in the same age groups. 
Table 5a. Sex distribution and serum LDL values by age group.

*Age groups are reported in years. All units for mean, standard deviation (SD), minimum, and maximum are mg/dl
b. Provide a description of the statistical methods for the model you fit to address the question of an association between LDL and age.

Answer
:

Methods: I fit a linear regression with robust standard error estimates, which allows for heteroscedasticity in the data. The predictor of interest is age (years) and the response variable is serum LDL levels (mg/dl).
c. Is this a saturated model? Explain your answer.

Answer
:

This is not a saturated model. The predictor variable used in this analysis has theoretically infinitely many values. However, the regression model has two parameters (the slope and intercept). In this case, we are borrowing information from other age groups to determine the mean LDL levels for a particular age group. The number of groups does not equal the number of regression parameters so this is not a saturated model.
d. Based on your regression model, what is the estimated mean LDL level among a population of 70 year old subjects?

Answer
:
The estimated mean LDL level among 70 year olds is 126.2 mg/dl (132.5281 – 0.0901904*70).
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
:

The estimated mean LDL level among 71 year olds is 126.1 mg/dl (132.5281 – 0.0901904*71). This is equal to the answer in part d plus the slope (note that the slope is negative).
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?
Answer
:

The estimated mean LDL level among 75 year olds is 125.8 mg/dl (132.5281 – 0.0901904*75). This is equal to the answer in part d plus 5 times the slope (note that the slope is negative).
g. What is the interpretation of the “root mean squared error” in your regression model?
Answer
:

The root mean squared error is the average within group variance (using pooled standard deviation). That is, the average within group standard deviation is 33.6mg/dl. Since the model I selected allows for heteroscedasticity the root mean squared error plays no role in calculating standard errors or 95% confidence intervals for the slope or intercepts.
h. What is the interpretation of the intercept? Does it have a relevant scientific interpretation?

Answer
:
The estimated mean LDL level for newborns (age 0) in our model is the intercept, which is 132.5mg/dl. This has no relevant scientific interpretation because we never sampled anyone less than 65. 
i. What is the interpretation of the slope? 

Answer
:

Assuming the straight-line relationship is true, the estimated difference in mean serum LDL for two groups differing by one year in age is -0.091 mg/dl, with the older group averaging lower LDL.
j. Provide full statistical inference about an association between serum LDL and age based on your regression model.

Answer:

Methods: A linear regression allowing for heteroscedasticity was fit to the data. The standard errors and 95% CI were calculated accordingly. The predictor is age (years) and the response is serum LDL levels (mg/dl). The null hypothesis is that there is no linear trend between serum LDL and age (the slope is equal to 0) and the alternative hypothesis is that there is a linear trend (the slope is not equal to 0).

Inference
: From linear regression analysis using robust standard errors, the estimated trend in mean serum LDL by age is an average difference of -0.0902 mg/dl per one-year difference in age, with the older group averaging lower LDL. A 95% confidence interval suggests that this observation is not unusual if the true difference in mean LDL per one-year difference in age were between 0.547mg/dl lower and 0.367mg/dl higher in the older group. The corresponding two-sided p-value is 0.698, which is greater than a significance level of 0.05. Thus, we fail to reject the null hypothesis that there is no linear trend between LDL and 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?

Answer:

Methods: The estimate and CI for the difference in mean LDL across groups that differ by 5 years in age can be found by multiplying the estimates for a one year difference in age by 5.

Inference
: The estimated average difference in mean LDL levels is -0.451 mg/dl per 5 year difference, with a 95% CI of -2.73mg/dl to 1.83mg/dl, with the older group having on average lower LDL levels.
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?
Answer
: 

Methods: A test for nonzero correlation between serum LDL levels and age was performed.

Inference: The estimated correlation between serum LDL levels and age is -0.0146. The corresponding p-value is 0.694, which is not significant at a 0.05 level. Thus we fail to reject the null hypothesis that there is no association between LDL levels and age. This is the same conclusion reached in part 5J, with approximately the same p-value. The test for correlation is exactly the same test for slope in classic linear regression. Thus the slight difference in p-value can be attributed to the robust standard errors used in part 5J. However, both tests concluded the same result that there is not sufficient evidence that there is a linear trend between LDL levels and age.
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