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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.)
a. Is this a saturated regression model? Explain your answer.

In this model the binary predictor variable (high and low serum LDL) has two parameters and the regression model has two parameters (intercept and slope, B0 and B1) therefore the model is saturated.

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? 
MODEL: log odds death in 5 years|x=high serum LDL = -1.586 + (-0.307)(x)

1. For subjects with low LDL, estimated odds:

log odds death in 5 years|x=0 = -1.586 + (-0.307)(0)= -1.586

e^(-1.586)=0.2047

For subjects with low serum LDL, the estimated odds of dying within 5 years are 0.2047.

2. For subjects with low LDL, estimated probability of dying within 5 years:

Probability=Odds/1+Odds

Probability of dying within 5 years for subjects with low LDL =(0.2047)/(1+0.2047)=0.1669

Estimated probability of dying within 5 years among subjects with low LDL=0.1669.

3. Observed Proportion of subjects with low LDL dying within 5 years:


105/618=0.1699

The observed proportion of subjects with low serum LDL dying within 5 years is exactly the same as when using the logistic regression model to calculate estimated odds and corresponding probability.

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 high LDL dying within 5 years? 

MODEL: log odds death in 5 years|x=high serum LDL = -1.586 + (-0.307)(x)
1. For subjects with high LDL, estimated odds:

log odds death in 5 years|x=1 = -1.586 + (-0.307)(1)= -1.893
e^(-1.893)= 0.1505

The estimated odds of dying within 5 years for subjects with high LDL is 0.1505.
2. For subjects with high LDL, estimated probability of dying within 5 years:

Probability=Odds/1+Odds

Probability of dying within 5 years for subjects with low LDL =(0.1505)/(1+0.1505)= 0.1308

Estimated probability of dying within 5 years among subjects with high LDL=0.1308.
3. Observed Proportion of subjects with high LDL dying within 5 years:


14/107=0.1308

The observed proportion of subjects with high serum LDL dying within 5 years is exactly the same as when using the logistic regression model to calculate estimated odds and corresponding probability.

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?
Methods: We can use a logistic regression to assess the relationship between the predictor, serum LDL and the outcome, death within 5 years. Serum LDL is a binary variable comparing high and low serum LDL, the indicator is for high serum LDL. Death within 5 years is also a binary variable with death within 5 years as the indicator. To allow for the possibility of heteroscedasticity we will use the robust standard error.

Inference: From a logistic regression analysis using a robust standard error, we estimate that when comparing high serum LDL (>160 mg/dL) to low serum LDL levels (<160 mg/dL), the odds of death within 5 years is 26.451% lower in the high serum group though this estimate is not statistically significant (p=0.316). A 95% confidence interval suggests that this estimate would not be unusual if the odds of death within 5 years for those with high serum LDL was anywhere between 59.64% lower and 34.04% higher than the low serum LDL group. We fail to reject the null hypothesis that serum LDL is associated with risk of death within 5 years.
In homework #1 question 5 we examined the risk difference in within 5 year mortality between low and high serum LDL and we also failed to reject the null hypothesis. In question 6 we examined odds ratio to assess differences in risk of 5 year mortality between low and high serum LDL and also failed to reject the null hypothesis. These are consistent with the logistic regression model above.
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?

-Indicator of low LDL as predictor:

MODEL: log odds death in 5 years|x=low serum LDL = -1.8935+ (.3072)(x)

A. This is still a saturated model because we are using a binary predictor variable and the model has two parameters (B0 and B1).

B. Among lower serum LDL:

1. Estimated odds:



log odds death in 5 years|x=1 = -1.8935+ (.3072)(1)= -1.586


e^(-1.586)=0.2047

The estimated odds of death within 5 years among low serum LDL is 0.2047. This is exactly the same as in the previous problem.


2. Estimated probability:


Probability=Odds/1+Odds

Probability of dying within 5 years for subjects with low LDL =(0.2047)/(1+0.2047)=0.1669

Estimated probability of dying within 5 years among subjects with low LDL is 0.1669. This is also exactly the same as in the previous problem.
3. Observed proportion: 
Observed proportion of subjects with low LDL dying within 5 years: 105/618=0.1699. This is also exactly the same as in the previous problem.
Differences? When we reparameratize the exposure variable the estimated odds and probabilities are the same.
C. Among high serum LDL:

1. Estimated odds: 


log odds death in 5 years |x=0= -1.8935+ (-0.3072)(0)= -1.893

e^(-1.893)= 0.1505

The odds of dying within 5 years for subjects with high LDL is 0.1505. This is exactly the same as in the previous problem.

2. Estimated probability:

Probability=Odds/1+Odds

Probability of dying within 5 years for subjects with high LDL =(0.1505)/(1+0.1505)=0.1308

Estimated probability of dying within 5 years among subjects with high LDL is 0.1308. This is exactly the same as in the previous problem.

3. Observed proportion:

Observed proportion of subjects with high LDL dying within 5 years: 14/107=0.1308. Again this is exactly the same as in the previous problem.
Differences? There are no differences in the estimates when we reparameratize the predictor variable.
-Indicator of survival for at least 5 years as the response variable:

MODEL: log odds death after 5 years|x=high serum LDL = 1.5863+ (.3072)(x)

A. This is still a saturated model because we are using a binary predictor variable and the model has two parameters (B0 and B1).

B. Among low serum LDL:

1. Estimated odds: 


log odds death after 5 years|x=0 = 1.5863+ (.3072)(0)= 1.5863

e^(1.5863)= 4.8857
The odds of dying after 5 years for subjects with low LDL is 4.8857.


2. Estimated probability:

Probability=Odds/1+Odds

Probability of dying after 5 years for subjects with low LDL =(4.8857)/(1+4.8857)=0.8300.

Estimated probability of dying after 5 years among subjects with low LDL is 0.8300.


3. Observed proportion:

Observed proportion of subjects with high LDL dying after 5 years: 513/618=0.8300.

Differences? As you can see all of these are different than in the previous question because we have reparameratized the outcome variable. We are no longer looking at the odds of death within 5 years but rather the odds of death after 5 years.  In 1b the estimated odds of death within 5 years for low serum LDL was 0.2047, but when we want to examine the odds of death after 5 years we can take the reciprocal (1/0.2047) which gives us the answer above, the odds of dying after 5 years for low serum LDL subjects (4.8857). In 1b the observed proportion and estimated probability of death within 5 years for low serum LDL subjects was 0.1669. In this problem we are examining the probability of death after 5 years which is 1-0.1669=0.8300.
C. Among high serum LDL:

1. Estimated odds:



log odds death after 5 years |x=0= 1.5863+ (.3072)(1)= 1.8935

e^(1.8935)= 6.6429

The odds of dying after 5 years for subjects with high LDL is 6.6429.


2. Estimated probability:

Probability=Odds/1+Odds

Probability of dying after 5 years for subjects with high LDL =(6.6429)/(1+6.6429)=0.8692

Estimated probability of dying after 5 years among subjects with high LDL is 0.8692.


3. Observed proportion:



Observed proportion of subjects with high LDL dying after 5 years: 93/107=0.8692

Differences? As you can see all of these are different than in the previous question because we have reparameratized the outcome variable. We are no longer looking at the odds of death within 5 years but rather the odds of death after 5 years.  In 1c the estimated odds of death within 5 years for high serum LDL was 0.1505, but when we want to examine the odds of death after 5 years we can take the reciprocal (1/0.1505) which gives us the answer above, the odds of dying after 5 years for high serum LDL subjects (6.6429). In 1c the observed proportion and estimated probability of death within 5 years for high serum LDL subjects was 0.1308. In this problem we are examining the probability of death after 5 years which is 1-0.1308=0.8692.
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? 
Methods: We can fit a logistic regression model, with robust standard error to allow for heteroskedasticity, with death within 5 years as the predictor and high serum LDL as the outcome variable.

old model: MODEL: log odds death in 5 years|x=high serum LDL = -1.586 + (-0.307)(x)

MODEL: log odds high serum LDL|x=death within 5 years= -1.7077 + (-0.3072)(X)
A. This would still be a saturated model because the predictor, 5- year vital status, has two parameters and the model is estimated two parameters, B0 and B1.

For questions B and C, we could use the model above to calculate the odds of high serum LDL given death within 5 years and then the odds of high serum LDL given death after 5 years. The odds ratio allows us to calculate both the odds of exposure given disease and the odds of disease given exposure, which we could use to calculate B and C, which would be the exact same. As we can see in both models the absolute value of B1 stays the same regardless of what we condition on.
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: Expected mean (probability death in 5 years)|serum LDL=0 .1699+ (-0.03906)(X)

a. Is this a saturated regression model? Explain your answer.

Yes this is a saturated model because we have a binary predictor and two parameters.

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? 

1. Estimated probability:

expected probability death within 5 years|serum LDL=0

=0.1699+ (-0.03906)(0)=0.1699
Among low serum LDL participants, the estimated probability of dying within 5 years is 0.1699.

2. Estimated odds:
odds=p/(1-p)

odds=0.1699/(1-0.1699)=0 .20468

Among low serum LDL participants, the estimated odds of dying within 5 years is 0.20468.

3. Observed proportion:
Observed proportion of subjects with low LDL dying within 5 years=105/618=0.1699. The estimated probability is exactly the same as the observed proportion.

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 high LDL dying within 5 years? 

1. Estimated probability:

expected probability death within 5 years|serum LDL=1

=0.1699+ (-0.03906)(1)=0.1308
Among high serum LDL participants, the estimated probability of dying within 5 years is 0.1308.

2. Estimated odds:
odds=p/(1-p)

odds=0.1308/(1-0.1308)= 0.1505
Among high serum LDL participants, the estimated odds of dying within 5 years is 0.1505.

3. Observed proportion:
Observed proportion of subjects with high LDL dying within 5 years=14/107=0.1308. The estimated probability is exactly the same as the observed proportion.
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?

Methods: We can use linear regression to assess the relationship between dichotomous serum LDL (high and low) and death within 5 years, also a binary variable. To allow for the possibility of heteroscedasticity we will use the robust standard error.

Inference: From a linear  regression analysis using a robust standard error, we estimate that when comparing high serum LDL (>160 mg/dL) to low serum LDL levels (<160 mg/dL), the absolute difference in the probability of death within 5 years is 3.9062%  lower in the high serum group though this estimate is not statistically significant (p=0.278). A 95% confidence interval suggest that this estimate would not be unusual if the absolute difference in probability of death within 5 years for those with high serum LDL was anywhere between 10.97 % lower and 3.158 % higher than the low serum LDL group. We fail to reject the null hypothesis that serum LDL is associated with risk of death within 5 years.
In homework #1 question 5 we examined the risk difference in within 5 year mortality between low and high serum LDL and we also failed to reject the null hypothesis. In question 6 we examined odds ratio to assess differences in risk of 5 year mortality between low and high serum LDL and also failed to reject the null hypothesis. These are consistent with the linear regression model above.

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?

-Indicator of low serum LDL as predictor:
MODEL: expected probability death within 5 yrs|serum LDL=1=0.1308+ (.03906)(x)
A. This is still a saturated model because we have a binary predictor and are estimating two parameters from the model (intercept and slope).

B. Among low serum LDL:


1. Estimated probability:

expected probability death within 5 years |serum LDL=1=0.1308+ (.03906)(1)= 0.1699 

The expected probability of death within 5 years among low serum LDL is 0.1699. This is exactly the same as above.


2. Estimated odds:



odds=p/(1-p)

odds=0.1699 /(1-0.1699)= 0.2047


3. Observed probability:

Observed proportion of subjects with low LDL dying within 5 years=105/618=0.1699

C. Among high serum LDL:

1. Estimated probability:

expected probability death within 5 years |serum LDL=0=0.1308+ (.03906)(0)= 0.1308
The expected probability of death within 5 years among high serum LDL is 0.1308. This is exactly the same as above.


2. Estimated odds:



odds=p/(1-p)

odds=0.1308/(1-0.1308)= 0.1505. This is exactly the same as above.


3. Observed probability:

Observed proportion of subjects with high LDL dying within 5 years=14/107=0.1308. This is also exactly the same as above.

Differences: When we reparameratize the exposure variable the estimated probabilities, odds and observed probabilities are all the same.

-Indicator of survival for at least 5 years as response variable:
MODEL: probability death after 5 years|x=high serum LDL=0.8301+ (.03906)(x)
A. This is still a saturated model because we have a binary predictor and are estimating two parameters from the model (intercept and slope).

B. Among low serum LDL:


1. Estimated probability:

expected probability death after 5 years |low serum LDL=0

=0.8301+ (.03906)(0)= 0.8301
The expected probability of death after 5 years among low serum LDL is 0.8301.


2. Estimated odds:



odds=p/(1-p)

odds=0.8301/(1-0.8301)= 4.88
The estimated odds of death after 5 years among low serum LDL is 4.88.


3. Observed probability:

Observed proportion of subjects with low LDL dying after 5 years=513/618=0.8301
C. Among high serum LDL:
1. Estimated probability:

expected probability death after 5 years |high serum LDL=1

=0.8301+ (.03906)(1)= 0.869

The expected probability of death after 5 years among high serum LDL is 0.869.


2. Estimated odds:



odds=p/(1-p)

odds=0.869/(1-0.869)= 6.6.

The estimated odds of death after 5 years among high serum LDL is 6.6.


3. Observed probability:

Observed proportion of subjects with high LDL dying after 5 years=93/107=0.869.

Differences: When we reparameratize the outcome variable we see that there are differences in examining low and high serum LDL because similar to above, we are now examining the proportion of subjects dying after 5 years, not before 5 years. In 2b the estimated proportion of low serum LDL dying within 5 years was 0.1699. In this example the estimated proportion of low serum LDL dying after 5 years was 0.8301 which is simply 1-0.1699, or the probability that a low serum LDL participant does not die withing 5 years. Similarly, the odds are also the reciprocals. This is consistent with both high and low serum LDL analyses.
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?

MODEL: expected probability of high serum LDL|5 year vital status=0.1535+ (-0.03582)(x)
A. This is still a saturated model because we have a binary predictor and two model parameters are being estimated.
The model would give us expected probability of high serum LDL given death before and after 5 year vital status. We would not be able to answer B and C directly with this model, but the overall results would be the same. As we can see in both models the absolute value of B1 stays the same regardless of what we condition on.
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: log rate death within 5 years|high serum LDL(x) = -1.773 + (-0.26124)(X)

a. Is this a saturated regression model? Explain your answer.

This is a saturated model because we have a binary predictor and two model parameters are being estimated.
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? 

1. estimated probability:

log rate death within 5 years|serum LDL(x=0) = -1.773 + (-0.26124)(0)= -1.773

e^(-1.773)= 0.1699

Among participants with low serum LDL, the estimated probability of dying within 5 years is 0.1669.

2. estimated odds:

Among participants with low serum LDL , the estimated odds of dying within 5 years= (0.1669)/(1-0.1669)=0.2047.

3. observed proportion:

Among participants with low serum LDL, the observed proportion of dying within 5 years is 105/618=0.1699. This is exactly the same as the estimated probability.

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 high LDL dying within 5 years? 

1. estimated probability:

log rate death within 5 years|serum LDL(x=1) = -1.773 + (-0.26124)(1)= -2.03377

e^(-2.03377)= 0.1308

Among participants with high serum LDL, the estimated probability of dying within 5 years is 0.1308.

2. estimated odds:

Among participants with high serum LDL , the estimated odds of dying within 5 years= (0.1308)/(1-0.1308)=0.1505.

3. observed proportion:

Among participants with high serum LDL, the observed proportion of dying within 5 years is 14/107=0.1308. This is exactly the same as the estimated probability.

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?

Methods: We can use poisson regression to assess the relationship between dichotomous serum LDL (high and low) and death within 5 years, also a binary variable. To allow for the possibility of heteroscedasticity we will use the robust standard error.

Inference: From a poisson regression analysis using a robust standard error, we estimate that when comparing high serum LDL (>160 mg/dL) to low serum LDL levels (<160 mg/dL), the probability of death within 5 years is 22.99%  lower in the high serum group though this estimate is not statistically significant (p=0.324). A 95% confidence interval suggest that this estimate would not be unusual if the probability of death within 5 years for those with high serum LDL was anywhere between 54.16 % lower and 29.39 % higher than the low serum LDL group. We fail to reject the null hypothesis that serum LDL is associated with risk of death within 5 years.
In homework #1 question 5 we examined the risk difference in within 5 year mortality between low and high serum LDL and we also failed to reject the null hypothesis. In question 6 we examined odds ratio to assess differences in risk of 5 year mortality between low and high serum LDL and also failed to reject the null hypothesis. These are consistent with the poisson regression model above.

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?

-Indicator of low LDL as predictor:
MODEL: log rate death within 5 years|low serum LDL(x) =-2.034  + (0.26124)(X)

A. This is still a saturated model.

B. Low serum LDL:


1. Estimated probability:



log rate death within 5 years|low serum LDL(x=1) =-2.034  + (0.26124)(1)=-1.77


e^(-1.77)=0.1699
The estimated probability of death within 5 years among low serum LDL participants is 0.1699.


2. Estimated odds:



=0.1699/(1-0.1699)=0.2047

The estimated odds of death within 5 years among lower serum LDL participants is 0.2047.


3.  observed probability:



=105/618=0.1699. This is exactly the same as the estimated probability.

C. High serum LDL: 

1. Estimated probability:



log rate death within 5 years|high serum LDL(x=0) =-2.034  + (0.26124)(0) =-2.034  


e^(-2.034  )=0.1308

The estimated probability of death within 5 years among high serum LDL participants is 0.1308.


2. Estimated odds:



=0.1308/(1-0.1308)=0.1505

The estimated odds of death within 5 years among high serum LDL participants is 0.1505.


3.  observed probability:



=14/107=0.1308. This is exactly the same as the estimated probability.

Differences? There are no differences in these estimates when we reparameratize the exposure variable. The overall model changes which gives us the same estimates.
-Indicator of survival for at least 5 years as the response variable:
MODEL: log rate death after 5 years|high serum LDL(x) =-0.186  + (0.4598)(X)

A. This is still a saturated model.

B. Low serum LDL:


1. Estimated probability:



log rate death after 5 years|high serum LDL(x=0) =-0.186  + (0.04598)(0)= -0.186



e^(-0.186)=0.8301
The estimated probability of death after 5 years among low serum LDL participants is 0.8301.


2. Estimated odds:



odds=0.8301/(1-0.8301)=4.88

The estimated odds of death after 5 years among low serum LDL participants if 4.88.


3.  observed probability:

Observed probability of death after 5 years among low serum LDL participants= 513/618=0.8301. This is the exact same as the estimated probability.

C. High serum LDL: 

1. Estimated probability: 



log rate death after 5 years|high serum LDL(x=1) =-0.186  + (0.04598)(1)= -0.1400



e^(-0.1400)=0.869
The estimated probability of death after 5 years among high serum LDL participants is 0.869.


2. Estimated odds:



odds=0.869/(1-0.869)=6.6
The estimated odds of death after 5 years among high serum LDL participants if 6.6.


3.  observed probability:

Observed probability of death after 5 years among low serum LDL participants= 93/107=0.869. This is the exact same as the estimated probability.

Differences? Because we are estimating the rates and odds of high and low serum LDL after 5 years of death, these are all different than what we calculated in earlier problems. Like previous times where we reparameratized the outcome variable, these estimated probabilities of death after 5 years are 1- probabilities of death within 5 years. Also, the odds are the reciprocals when comparing death before and after 5 years.
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?

MODEL: log rate high serum LDL|death within 5 years(x) =-1.874  + (-0.2658)(X)
A. This is still a saturated model.

The model above would give us rate of high serum LDL given death within and death after 5 years. We would not be able to calculate B and C directly, but after some calculations the results would be exactly the same as above.
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).

Methods: We will use a linear regression model using a robust standard error to allow for the possibility of heteroscedasticity, to evaluate the association between 5 year mortality and serum LDL to calculate risk differences and compare the differences in probabilities. We can also look at a difference of 10 mg/dL by multiplying the point estimate and estimates in the confidence interval by 10.
Inference: From a linear  regression analysis using a robust standard error, we estimate that for each 1 mg/dL of difference in serum LDL, the absolute difference in the probability of death within 5 years is 0.103%  lower in the high serum LDL group and this estimate is not statistically significant (p=0.017). A 95% confidence interval suggest that this estimate would not be unusual if the absolute difference in probability of death within 5 years for those with high serum LDL was anywhere between 0.188% lower and 0.0185 % lower than the low serum LDL group. We will reject the null hypothesis and conclude increases in serum LDL is associated with decreased death within 5 years. A more clinically relevant difference in serum LDL might be to examine differences in 10 mg/dL which would give us the same overall conclusions. The absolute difference in the probability of death within 5 years is 1.03% lower in the high serum LDL group, which is not unusual if the absolute difference in the probability of death within 5 years for high serum LDL was anywhere between 1.8% and 0.185 % lower.
b. Evaluate associations between 5 year mortality and LDL using risk ratio (RR: ratios of probabilities).
Methods: We will use a linear regression model using a robust standard error to allow for the possibility of heteroscedasticity, to evaluate the association between 5 year mortality and serum LDL to calculate risk ratios. We can also look at a difference of 10 mg/dL by exponentiating the estimates by 10.
Inference: From a poisson regression analysis using a robust standard error, we estimate for each 1 mg/dL of difference in serum LDL, the probability of death within 5 years is 0.644%  lower in the high serum group and this estimate is not statistically significant (p=0.018). A 95% confidence interval suggest that this estimate would not be unusual if the probability of death within 5 years for those with high serum LDL was anywhere between 1.17 % lower and 1.12 % lower than the low serum LDL group. We will reject the null hypothesis and conclude increases in serum LDL is associated with decreased death within 5 years. A more clinically relevant difference in serum LDL might be to examine differences in 10 mg/dL which would give us the same overall conclusions. For every 10 mg/dL difference in serum LDL, the probability of death within 5 years is 6.26% lower in the high serum LDL group, which is not unusual if the difference in the probability of death within 5 years for high serum LDL was anywhere between 11.1% and 1.11 % lower.
c. Evaluate associations between 5 year mortality and LDL using odds ratio (OR: ratios of odds)

Methods: We will use a logistic regression model using a robust standard error to allow for the possibility of heteroscedasticity, to evaluate the association between 5 year mortality and serum LDL to compare the ratios of odds (odds ratio). We can also look at a difference of 10 mg/dL by exponentiating the estimates by 10.
 Inference: From a logistic regression analysis using a robust standard error, we estimate that for each 1mg/dL of difference in serum LDL, the odds of death within 5 years is 0.77% lower in the high serum group and this estimate is statistically significant (p=0.019). A 95% confidence interval suggests that this estimate would not be unusual if the odds of death within 5 years for those with high serum LDL was anywhere between 1.4% lower and 0.13% lower than the low serum LDL group. We will reject the null hypothesis and conclude increases in serum LDL is associated with decreased death within 5 years. A more clinically relevant difference in serum LDL might be to examine differences in 10 mg/dL which would give us the same overall conclusions. For every 10 mg/dL difference in serum LDL, the odds of death within 5 years is 7.48% lower in the high serum LDL group, which is not unusual if the ratio of the odds of death within 5 years for high serum LDL was anywhere between 133% and 1.2 % lower.
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.?
The conclusions reached from all of the models above reject the null hypothesis and indicate that higher levels of serum LDL is associated with a decreased risk of death withing 5 years. However, in problems 1-3 there were no significant associations between high serum LDL (>160 mg/dL) and death within 5 years. These analyses are asking different questions. In homework 2 questions 2 and 4 we were looking at how the distribution of serum LDL differed among groups defined by 5-year vital status using both linear regression with robust standard errors and classical linear regression. In both of these situations death with 5 years was statistically significantly associated with decreased serum LDL which is similar to these models, but still asks a different question. If we are trying to answer the question about how serum LDL affects survival, the analyses I would prefer a priori would be those examining the risk of survival dependent on categories of serum LDL, presumably because of the temporality between when serum LDL is measured and follow-up time to death. This leaves us with the analyses conducted on this homework, with serum LDL as the predictor and 5 year survivor status as the outcome. Within this homework assignment we examined serum LDL as both a binary and continuous measure. While the binary measure might be useful in a clinical setting, by dichotomizing the variable we lose important information and it would be best to examine this as a continuous measure (assuming the relationship is linear between LDL and risk of death). The choice of risk difference, risk ratio and odds ratio as the estimate comes from the various scientific issues. Risk difference would be a good choice if we wanted to explore the public health impact of higher serum LDL on risk of death. A risk ratio would be good if we needed to accentuate differences between rare events, though death within and after 5 years is not uncommon and therefore we wouldn’t necessarily need these. Odds ratios are good to use when we want to avoid potential effect modification, in this case such as by sex (though we have disproven this in homework 2), this might be the best case. However, odds ratios can be harder to interpret, so depending on the research question I would choose risk ratio as a best estimate of the difference in risk. I would use robust standard errors in all of these analyses.
