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1. Perform a statistical regression analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing the odds of death within 5 years across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL). In your regression model, use an indicator of death within 5 years as your response variable, and use an indicator of high LDL as your predictor. (Only give a formal report of the inference where asked to.)
Model: logodds (death in 5 years | high LDL) =  -1.69 – 0.307 I (high LDL)
Where I (high LDL) is an indicator function equal to 1 if the subject has high LDL and 0 if the subject has low LDL.
a. Is this a saturated regression model? Explain your answer.

Answer: Yes, this is a saturated model. Our regression model has two parameters (slope and intercept) and two groups (those with serum LDL greater than or equal to 160mg/dL and those with serum LDL less than 160mg/dL). The number of parameters and groups equal each other.
b. For subjects with low LDL, what is the estimated odds of dying within 5 years? What is the estimated probability of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 
Answer: The estimated odds of dying within 5 years among subjects with low LDL is equal to the exponentiation of the intercept in the above model (when the indicator for high LDL is 0). Therefore the odds of dying within 5 years is 0.205. The probability of death within 5 years is 0.170 (odds/(1+odds)). Out of the 618 subjects with low LDL, 105 were observed to die within 5 years. Therefore the observed proportion of subjects with low LDL dying within 5 years 0.170. This is the same as the probability of death within 5 years, however the odds ratio is different. The odds of death is approximately 20% higher relative to the probability of death.
c. For subjects with high LDL, what is the estimated odds of dying within 5 years? What is the estimated probability of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 

Answer: The estimated odds of dying within 5 years among subjects with high LD is equal to the exponentiation of the slope plus the intercept in the above model. Therefore the odds of dying within 5 years is 0.151. The probability of death is 0.131 (odds/(1+odds)). Of the 107 subjects that had LDL levels greater than or equal to 160mg/dL, 14 subjects were observed to die within 5 years. Therefore, the observed proportion of subjects with high LDL that died within 5 years is 0.131. The probability of death within 5 years for those with high LDL is the same as the observed proportion, however the odds ratio is different. The odds of death is approximately 15% higher relative to the probability of death.
d. Give full inference regarding the association between 5 year mortality and high LDL levels. How does this differ from the inference that was made on problems 5 and 6 of homework #1? What is the source of any differences?
Answer:

Methods:  A statistical analysis comparing the odds of death among those with low serum LDL (less than 160mg/dL) and those with high serum LDL (greater than or equal to 160mg/dL) was performed. A logistic regression using robust standard errors was used to model the data. The Z test based on the estimated slope and its robust standard error was used when reporting a p-value for significance. 
Inference: Of the 725 subjects with recorded LDL levels, 107 subjects had LDL levels greater than or equal to 160mg/dL The estimated odds of dying within 5 years among subjects with low LDL is 0.205. The estimated odds of dying within 5 years among subjects with high LD is 0.151. From logistic regression analysis, we estimate that the odds of dying within 5 years is 26.5% lower in those that have LDL levels greater than or equal to 160mg/dL (odds ratio=0.735). However, this estimate is not statistically significant at a 0.05 level (P=0.316). A 95% CI using robust standard errors suggests that this observation would not be unusual if a group with higher LDL levels have true odds of death within 5 years that is between 59.6% lower and 34.0% higher than those with lower LDL levels. Therefore, we cannot with high confidence reject the null hypothesis that vital status at 5 years is associated with serum LDL levels.
This analysis produced similar results to question 6 in Homework#1. The observed odds ratio in that analysis was 0.735 and the 95% CI was 0.404 to 1.34. The corresponding chi-squared p-value was 0.314. The point estimates for the odds of dying within 5 years for each group (parts b and c) is exactly the same as well as the odds ratio. There are some differences in confidence intervals and p-values. This is due to differences in standard error calculations. In the model I chose for this problem, I used robust standard errors, however in question 6 on the first homework I used Woolf’s method (although they are similar when reporting to 3 significant digits, the confidence intervals are different). Therefore, the p-values will also differ. However, both tests reached the same conclusion.
e. How would the answers to parts a-c change if I had instead asked you to fit a logistic regression model using the indicator of death within 5 years as your response variable, but using an indicator of low LDL as your predictor? What if we had used an indicator of survival for at least 5 years as the response variable?

Answer:

The results would not change. Both of these changes would be reparameterizations of the same model and therefore the models remain saturated. The slope and intercepts vary depending on each model, however the actual numbers reported will be the same.
f. In parts a-d of this problem, we described the distribution of death within 5 years across groups defined by LDL level. What if we fit a logistic regression model mimicking the approach used in problems 1 – 4 of homework #2, where we described the distribution of LDL across groups defined by vital status? How would our answers to parts a-c change? 
Answer: 

In this case, the response variable is LDL and the predictor of interest is vital status.  My answer to part a would not change: the model is still saturated. There are two groups those that die in 5 years and those that survive 5 years and two parameters (the slope and intercept). None of the answers to b or c would change either, however, the information to answer the questions cannot be as readily gleaned from the model. This model estimates the odds of high or low LDL given survival.
2. Perform a statistical regression analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing the differences in the probability of death within 5 years across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL). In your regression model, use an indicator of death within 5 years as your response variable, and use an indicator of high LDL as your predictor. (Only give a formal report of the inference where asked to.)

Model: Pr (death in 5 years | high LDL) =  0.170 – 0.0391 I (high LDL)

Where I (high LDL) is an indicator function equal to 1 if the subject has high LDL and 0 if the subject has low LDL.
a. Is this a saturated regression model? Explain your answer.

Answer: Yes, this is a saturated model. Our regression model has two parameters (slope and intercept) and two groups (those with serum LDL greater than or equal to 160mg/dL and those with serum LDL less than 160mg/dL). The number of parameters and groups equal each other.
b. For subjects with low LDL, what is the estimated probability of dying within 5 years? What is the estimated odds of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 

Answer: The estimated probability of death within 5 years among subjects with low LDL is 0.170, which is equal to the intercept in our model (when the indicator for high LDL is 0).  The odds of death in 5 years among those with low LDL is 0.205 (prop/(1-prop)). Out of the 618 subjects with low LDL, 105 were observed to die within 5 years. Therefore the observed proportion of subjects with low LDL dying within 5 years 0.170. This is the same as the probability of death within 5 years, however the odds ratio is different. The odds of death is approximately 20% higher relative to the probability of death.
c. For subjects with high LDL, what is the estimated probability of dying within 5 years? What is the estimated odds of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 

Answer: The estimated probability of death within 5 years among subjects with high LDL is 0.131, which is equal to the intercept plus the slope in our model (the slope is negative). The odds of death in 5 years for those with high LDL is 0.151 (prop/(1-prop)). Out of the 618 subjects with low LDL, 105 were observed to die within 5 years. Therefore, the observed proportion of subjects with high LDL that died within 5 years is 0.131. The probability of death within 5 years for those with high LDL is the same as the observed proportion, however the odds ratio is different. The odds of death is approximately 15% higher relative to the probability of death.
d. Give full inference regarding the association between 5 year mortality and high LDL levels. How does this differ from the inference that was made on problems 5 and 6 of homework #1? What is the source of any differences?

Answer: 

Methods:  A statistical analysis comparing the probability of death among those with low serum LDL (less than 160mg/dL) and those with high serum LDL (greater than or equal to 160mg/dL) was performed. A linear regression using robust standard errors was used to the model the data. The p-value and 95% CI were computed accordingly. 

Inference: Of the 725 subjects with recorded LDL levels, 107 subjects had LDL levels greater than or equal to 160mg/dL. The estimated probability of death within 5 years among subjects with low LDL is 0.170. The estimated probability of death within 5 years among subjects with high LDL is 0.131. From linear regression analysis, we estimate that those with higher LDL levels have 3.91% lower absolute risk of death within 5 years than subjects with lower serum LDL. However, this estimate is not statistically significant at a 0.05 level (P=0.278). A 95% CI using robust standard errors suggests that this observation would not be unusual if a group with higher LDL levels have true absolute probability of death within 5 years that that is between 11.0% lower and 3.16% higher than those with lower LDL levels. Therefore, we cannot with high confidence reject the null hypothesis that vital status at 5 years is associated with serum LDL levels.

This analysis produced similar results to question 5 in Homework#1. The observed difference was 3.91% lower absolute risk of death in those with higher LDL and the 95% CI was 10.9% lower to 3.14% higher. The corresponding chi-squared p-value was 0.314. The probability of death within 5 years for each group (parts b and c) is exactly the same as well as the risk difference. There are some differences in confidence intervals and p-values. This is due to differences in standard error calculations. In the model I chose for this problem I used robust standard errors, however in question 5 on the first homework I used Wald statistics and a chi-squared test. Therefore, the 95% CI and p-values will differ. However, both tests reached the same conclusion.
e. How would the answers to parts a-c change if I had instead asked you to fit a regression model using the indicator of death within 5 years as your response variable, but using an indicator of low LDL as your predictor? What if we had used an indicator of survival for at least 5 years as the response variable?

Answer:

The results would not change.  Both of these changes would be reparameterizations of the same model and therefore the models remain saturated. The slope and intercepts could be different in each model, however the actual numbers reported will be the same. 
f. In parts a-d of this problem, we described the distribution of death within 5 years across groups defined by LDL level. What if we fit a regression model mimicking the approach used in problems 1 – 4 of homework #2, where we described the distribution of LDL across groups defined by vital status? How would our answers to parts a-c change?

Answer: 

In this case, the response variable is LDL and the predictor of interest is vital status.  My answer to part a would not change: the model is still saturated. There are two groups those that die in 5 years and those that survive 5 years and two parameters (the slope and intercept). None of the answers to b or c would change either, however, the information to answer the questions cannot be as readily gleaned from the model. This model estimates the probability of high or low LDL given survival and the above questions ask for the probability of death given high or low LDL.
3. Perform a statistical regression analysis evaluating an association between serum LDL and 5 year all-cause mortality by comparing the ratios of the probability of death within 5 years across groups defined by whether the subjects have high serum LDL (“high” = LDL > 160 mg/dL). In your regression model, use an indicator of death within 5 years as your response variable, and use an indicator of high LDL as your predictor. (Only give a formal report of the inference where asked to.)
Model: logprobability (death in 5 years | high LDL) =  -1.77 – 0.261 I (high LDL)

Where I (high LDL) is an indicator function equal to 1 if the subject has high LDL and 0 if the subject has low LDL.
a. Is this a saturated regression model? Explain your answer.

Answer:

Yes, this is a saturated model. Our regression model has two parameters (slope and intercept) and two groups (those with serum LDL greater than or equal to 160mg/dL and those with serum LDL less than 160mg/dL). The number of parameters and groups equal each other.
b. For subjects with low LDL, what is the estimated probability of dying within 5 years? What is the estimated odds of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 

Answer: For subjects with low LDL, the estimated probability of dying within 5 years is 0.170, which is equal to the exponentiation of the intercept in the above model. The odds of death in 5 years among those with low LDL is 0.205 (prop/(1-prop)). Out of the 618 subjects with low LDL, 105 were observed to die within 5 years. Therefore the observed proportion of subjects with low LDL dying within 5 years 0.170. This is the same as the probability of death within 5 years, however the odds ratio is different. The odds of death is approximately 20% higher relative to the probability of death.
c. For subjects with high LDL, what is the estimated probability of dying within 5 years? What is the estimated odds of dying within 5 years? How do these estimates compare to the observed proportion of subjects with low LDL dying within 5 years? 

Answer: The estimated probability of death within 5 years among subjects with high LDL is 0.131, which is equal to the exponentiation of the intercept plus the slope in our model. The odds of death in 5 years for those with high LDL is 0.151 (prop/(1-prop)). Out of the 618 subjects with low LDL, 105 were observed to die within 5 years. Therefore, the observed proportion of subjects with high LDL that died within 5 years is 0.131. The probability of death within 5 years for those with high LDL is the same as the observed proportion, however the odds ratio is different. The odds of death is approximately 15% higher relative to the probability of death.
d. Give full inference regarding the association between 5 year mortality and high LDL levels. How does this differ from the inference that was made on problems 5 and 6 of homework #1? What is the source of any differences?
Answer:

Methods:  A statistical analysis comparing the relative risk of death among those with low serum LDL (less than 160mg/dL) and those with high serum LDL (greater than or equal to 160mg/dL) was performed. A Poisson regression using robust standard errors was used to the model the data. The p-value and 95% CI were computed accordingly. 

Inference: Of the 725 subjects with recorded LDL levels, 107 subjects had LDL levels greater than or equal to 160mg/dL. The estimated probability of death within 5 years among subjects with low LDL is 0.170. The estimated probability of death within 5 years among subjects with high LDL is 0.131. From Poisson regression analysis, we estimate that the relative risk of death within 5 years is 23% lower in those with high LDL levels than those with lower LDL levels (risk ratio=0.770). However, this estimate is not statistically significant at a 0.05 level (P=0.324). A 95% CI using robust standard errors suggests that this observation would not be unusual if a group with higher LDL levels have a true relative risk of death within 5 years that that is between 54.2% lower and 29.4% higher compared to those with lower LDL levels. Therefore, we cannot with high confidence reject the null hypothesis that vital status at 5 years is associated with serum LDL levels.

The point estimates for parts b and c of this problem are consistent with the results from problems 5 and 6 of homework 1. Note that we never actually analyzed the relative risk in problems 5 and 6 of homework 1, however we could obtain some estimates from the results we do have. We could calculate the relative risk of death by dividing the probability of death within 5 years of those with low LDL (13.1%) by those with high LDL (17.0%), which equals 0.77 and is consistent with out point estimate for the risk ratio. However, the 95% CI for this estimate would be different because we used Wald statistics in the first homework and here we are using robust standard error estimates. The corresponding chi-squared value would be 0.314, which is again different than the p-value we obtained. However, the overall conclusion would be the same.
e. How would the answers to parts a-c change if I had instead asked you to fit a regression model using the indicator of death within 5 years as your response variable, but using an indicator of low LDL as your predictor? What if we had used an indicator of survival for at least 5 years as the response variable?

Answer:

The results would not change.  Both of these changes would be reparameterizations of the same model and therefore the models remain saturated. The slope and intercepts could be different in each model, however the actual numbers reported will be the same. 
f. In parts a-d of this problem, we described the distribution of death within 5 years across groups defined by LDL level. What if we fit a regression model mimicking the approach used in problems 1 – 4 of homework #2, where we described the distribution of LDL across groups defined by vital status? How would our answers to parts a-c change?

Answer: 

In this case, the response variable is LDL and the predictor of interest is vital status.  My answer to part a would not change: the model is still saturated. There are two groups those that die in 5 years and those that survive 5 years and two parameters (the slope and intercept). None of the answers to b or c would change either, however, the information to answer the questions cannot be as readily gleaned from the model. This model estimates the probability of high or low LDL given survival and the above questions ask for the probability of death given high or low LDL.
4. Perform a regression analysis of the distribution of death within 5 years across groups defined by the continuous measure of LDL. (In all cases we want formal inference.) 
a. Evaluate associations between 5 year mortality and LDL using risk difference (RD: difference in probabilities). 
Answer:

Methods: A linear regression allowing for robust standard errors was used to model the data. The predictor of interest is serum LDL level and response is an indicator of death within 5 years.
Inference: From linear regression analysis, we estimate that for each 10 mg/dL difference in LDL level, the probability of death within 5 years is 1.03% lower in those with higher LDL. This observation would not be uncommon if a group with 10 mg/dL higher LDL has between 1.88% and 0.18% lower probability of death within the next 5 years. This result is statistically significant at a 0.05 level of significance (P=0.017). Thus we reject the null hypothesis that LDL is not associated with 5-year survival and conclude that higher LDL levels are associated with lower probability of death within the next 5 years.
b. Evaluate associations between 5 year mortality and LDL using risk ratio (RR: ratios of probabilities).
Answer:
Methods: A Poisson regression allowing for robust standard errors was used to model the data. The predictor of interest is serum LDL level and response is an indicator of death within 5 years.

Inference: From Poisson regression analysis, we estimate that for a 1 mg/dL difference in LDL level the relative risk of death within 5 years is 0.645% lower in those with higher LDL. This observation would not be uncommon if a group with 1 mg/dL higher LDL has between 1.17% and 0.112% lower relative risk of death within 5 years. This result is statistically significant at a 0.05 level (P=0.018). Thus we reject the null hypothesis that LDL is not associated with 5-year survival and conclude that higher LDL levels are associated with lower probability of death within the next 5 years.
c. Evaluate associations between 5 year mortality and LDL using odds ratio (OR: ratios of odds)

Answer: 

Methods: A logistic regression allowing for robust standard errors was used to model the data. The predictor of interest is serum LDL level and response is and indicator of death within 5 years. 

Inference: From logistic regression analysis, we estimate that for each mg/dL difference in LDL level, the odds of death within 5 years is 0.774% lower in those with higher LDL. This observation would not be uncommon if a group with 1 mg/dL higher LDL has between 1.42% and 0.125% lower odds of death in the next 5 years than those with lower LDL. This result is statistically significant at a 0.05 level of significance (P=0.019). Thus we reject the null hypothesis that LDL is not associated with 5-year survival and conclude that higher LDL levels are associated with lower odds of death within the next 5 years.
d. How do your conclusions about such an association from this model compare to your conclusions reached in problems 1-3 of this homework and problems 2 and 4 of homework #2? Which analyses would you prefer a priori.?
Answer:
The conclusions from these analyses all had significant results, and the results from problems 1 through 3 did not. In the first problems on this assignment we dichotomized our data into those who died within 5 years and those that did not and also those with serum LDL levels greater than and equal to 160mg/dL and those with LDL levels less than 160mg/dL. However, in problem 4, we did not dichotomize LDL. These results compare similarly to problems 2 and 4 on homework 2. Those results also resulted in significant p-values. Additionally, those questions used linear regression to compare LDL levels and probability of death within 5 years by using LDL as the response and vital status as predictor of interest. In this problem, we used other methods (risk difference, risk ratio, and odds ratio) to compare LDL levels and probability of death by using vital status as the response and LDL levels as the predictor of interest. Either way, these are analyzing the same question: is there an association between LDL and vital status at 5 years? Since I used robust standard errors in this problem, this should align with problem 4 of the last homework.
Dichotomizing variables results in a reduction of information, so I would therefore choose one of the analyses we pursued in problem 4. The odds ratio can be difficult to understand, because odds of an event can be frequently misinterpreted. Since probabilities are more readily understand I would not have opted to use the odds ratio in this case. However, it is important to note that due to constraints on the probability (e.g. between 0 and 1), the strength of the association between death in 5 years and LDL must be constrained or the association between the two is nonlinear. In this case, I feel comfortable in making the assumption that the association must be constrained, since LDL levels are unlikely to vary drastically from person to person. Additionally, because we are not looking at rare events, I would also not likely use a risk ratio. Since we are mostly concerned about the public health impact, I would analyze the difference in proportions. Therefore, I would select the risk difference analysis.
