Biost 518 / 515, Winter 2014
Homework #3
Code : 3840  Page 8 of 8

Biost 518: Applied Biostatistics II
Biost 515: Biostatistics II
Emerson, Winter 2014
Homework #3
January 20, 2014
Question 1 
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.)

	
	Death within 5 years
	Pr (Death=1|High LDL)
	Odds 

(Death=1| High LDL)

	
	0
	1
	
	

	High LDL (>=160mg/dl)
	0
	513
	105
	0.1699
	0.2047

	
	1
	93
	14
	0.1308
	0.1505

	Pr (High LDL=1|Death)
	0.1535
	0.1176
	RD

-0.0391

-0.0358
	RR

0.7701

0.7666
	

	Odds

(High LDL=1|Death)
	0.1813
	0.1333
	
	
	OR

0.7355

0.7355


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

Yes, this is a saturated model, because the predictor variable used in the analysis only had two values (0, 1) and the regression model has two parameters ([image: image2.emf], [image: image4.emf]).

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? 

The estimated probability of dying within 5 years is 0.1699 (P value = 0.2780) with SE=0.0149 and 95% confidence interval=(0.1402, 0.1996).
The odds of dying within 5 years= 0.1699/(1-0.1699)=0.2047

The observed proportion = 105/618=0.1699
The odds of dying within 5 years= 105/513=0.2047
They are exactly the same.
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? 

The estimated probability of dying within 5 years is 0.1308 (P value = 0.2780) with SE=0.0149 and 95% confidence interval=(0.6675, 0.1949). 
The odds of dying within 5 years= 0.1308/(1-0.1308)=0.1505
The observed proportion = 14/107=0.1308
The odds of dying within 5 years= 14/93=0.1505
They are exactly the same.
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?

Method : The odds of subjects died in 5 years were compared between subjects who had LDL greater than or equal to 160 mg/dl and the subjects who had LDL less 160mg/dl. An logistic regression model presume heteroscedasticity was used.  The odds of death within 5 year for subjects who had LDL less 160mg/dl and odds ratio between two groups were computed by maximum likelihood estimation. 95% confidence intervals of odds ratio is obtained by Wald statistics. 

Inference: 
The estimated odds of dying within 5 years for the group of LDL levels less than 160 mg/dl is 0.2047. Odds ratio is 0.7355. This observed difference is not statistically different from an odds ratio of 1 (P = 0.3158). 95% confidence interval suggests that the observed odds ratio is not unusual if the true odds ratio of dying within 5 years was anywhere between 0.4036 and 1.3404 .We do not have sufficient evidence to reject the null hypothesis of no association between 5 year mortality and LDL.
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?

The estimated odds of dying within 5 years for the group of LDL levels greater than or equal to 160 mg/dl is 0.1505 and the estimated odds ratio is 1.3596 (P value = 0.3158).
The estimated odds of survival for at least 5 years for the group of LDL levels less than mg/dl is 4.8857 and the estimated odds ratio is 1.3596 (P value = 0.3158).

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?

The logistic regression using High LDL as response variable and deadin5 as predictor.  
The model is still saturated. 
For subjects who surviving at least 5 years, the estimated probability of had high LDL is 0.1813/(1+0.1813)=0.1535.The odds of had high LDL= 0.1813 (P value = 0.3158). The observed proportion = 93/606=0.1535. The odds of had high LDL = 93/513= 0.1813. 
For subjects who died within 5 years, the estimated probability of had high LDL is 0.1333/(1+0.1333)=0.1176. The odds of had high LDL= 0.1813*0.7355=0.1333 (P value = 0.3158). The observed proportion = 14/119=0.1176. The odds of had high LDL = 14/105= 0.1333. 
Question 2
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.)

a. Is this a saturated regression model? Explain your answer.
Yes, this is a saturated model, because the predictor variable used in the analysis only had two values (0, 1) and the regression model has two parameters ([image: image6.emf], [image: image8.emf]).

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? 

The estimated probability of dying within 5 years is 0.1699. 
The odds of dying within 5 years= 0.1699/(1-0.1699)=0.2047

The observed proportion = 105/618=0.1699

The odds of dying within 5 years= 105/513=0.2047
They are exactly the same.
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? 

The estimated probability of dying within 5 years is 0.1308 
The odds of dying within 5 years= 0.1308/(1-0.1308)=0.1505

The observed proportion = 14/107=0.1308

The odds of dying within 5 years= 14/93=0.1505
They are exactly the same.
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?

Method: The difference in probability of subjects died within 5 years were compared between subjects who had LDL greater than or equal to 160 mg/dl and the subjects who had LDL less 160mg/dl. An linear regression model presume heteroscedasticity was used. The risk difference of death within 5 year between subjects who had greater than or equal to 160 mg/dl and subjects who had LDL less 160mg/dl were computed. 95% confidence intervals of risk difference is obtained by Wald statistics
Inference:

The estimated probability of dying within 5 years for the group of LDL levels less than 160 mg/dl is 0.1699. This risk difference is -0.0391 is not statistically significant from 0 (P=0.278). 95% confidence interval suggests that it is not unusual if the true risk difference is somewhere from 0.1097 lower to 0.0316 higher comparing to the group of LDL levels less than 160 mg/dl. 
Compare to problem5 and 6, the risk difference is exactly the same, and 95% confidence interval is slightly different. This is due to regression model used Root MSE to obtain confidence interval .
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?

The estimated probability of dying within 5 years for the group of LDL levels greater than or equal to 160 mg/dl is 0.1308. This risk difference is 0.0391 is not statistically significant from 0 (P=0.278). 95% confidence interval suggests that it is not unusual if the true risk difference is somewhere from 0.0316 lower to 0.1097 higher comparing to the group of LDL levels greater than or equal to 160 mg/dl.
The estimated odds of survival for at least 5 years for the group of LDL levels less than mg/dl is 0.8301 and the estimated risk difference is 0.0391 (P value = 0.278).

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?

The linear regression using High LDL as response variable and deadin5 as predictor.  

The model is still saturated. 

For subjects who surviving at least 5 years, the estimated probability of had high LDL is 0.1535 (P value = 0.2780) .The odds of had high LDL= 0.1534/(1-0.1534)=0.1813. The observed proportion = 93/606=0.1535. The odds of had high LDL = 93/513= 0.1813. 

For subjects who died within 5 years, the estimated probability of had high LDL is 0.1176 (P value = 0.2780). The odds of had high LDL= 0.1176/(1-0.1176)=0.1333. The observed proportion = 14/119=0.1176. The odds of had high LDL = 14/105= 0.1333. 

Question 3
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.)

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

Yes, this is a saturated model, because the predictor variable used in the analysis only had two values (0, 1) and the regression model has two parameters ([image: image10.emf], [image: image12.emf]).

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? 

The estimated probability of dying within 5 years is 0.1699 (P value = 0.2780) with SE=0.0149 and 95% confidence interval=(0.1402, 0.1996).
The odds of dying within 5 years= 0.1699/(1-0.1699)=0.2047

The observed proportion = 105/618=0.1699
The odds of dying within 5 years= 105/513=0.2047
They are exactly the same.
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? 

The estimated probability of dying within 5 years is 0.1308 (P value = 0.2780) with SE=0.0149 and 95% confidence interval=(0.6675, 0.1949). 
The odds of dying within 5 years= 0.1308/(1-0.1308)=0.1505
The observed proportion = 14/107=0.1308
The odds of dying within 5 years= 14/93=0.1505

They are exactly the same.
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?

Method : The relative risk of subjects died in 5 years were compared between subjects who had LDL greater than or equal to 160 mg/dl and the subjects who had LDL less 160mg/dl. An Poisson regression model presumes heteroscedasticity was used.  The relative risk of death within 5 year between subjects who had greater than or equal to 160 mg/dl and subjects who had LDL less 160mg/dl was computed. 95% confidence intervals based on Wald statistics is obtained. 
Inference:

The estimated probability of dying within 5 years for the group of LDL levels less than 160 mg/dl is 0.1699. Ratio of probability is 0.7701. This observed relative risk is not statistically different from 1(P value =0.3237). 95% confidence interval suggests that it is not unusual if the true relative risk is somewhere between 0.4584 and 1.2939. We do not have sufficient evidence to reject the null hypothesis of no association between 5 year mortality and LDL level.  
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?

The estimated probability of dying within 5 years for the group of LDL levels greater than or equal to 160 mg/dl is 0.1308.
Ratio of probability is 1.299 (P value =0.3237) with robust SE = 0.3438 and 95% CI =(0.773, 2.182)
The estimated probability of surviving at least 5 years for the group of LDL levels less than 160 mg/dl is 0.8301.
Ratio of probability is 1.047(P value =0.2701) with robust SE = 0.0437 and 95% CI =(0.965, 1.136)
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?
The Poisson regression using High LDL as response variable and deadin5 as predictor.  

The model is still saturated. 

For subjects who surviving at least 5 years, the estimated probability of had high LDL is 0.1535 (P value = 0.2780) .The odds of had high LDL= 0.1534/(1-0.1534)=0.1813. The observed proportion = 93/606=0.1535. The odds of had high LDL = 93/513= 0.1813. 

For subjects who died within 5 years, the estimated probability of had high LDL is 0.1535*0.7666=0.1176 (P value = 0.3227). The odds of had high LDL= 0.1176/(1-0.1176)=0.1333. The observed proportion = 14/119=0.1176. The odds of had high LDL = 14/105= 0.1333. 

Question 4
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).

Method: A linear regression model of an indicator of death within 5 years as response variable, and use LDL level continuous variable as predictor. I choose linear regression with robust standard error estimates model to take care heteroscedasticity issue. The risk difference between two groups were computed by maximum likelihood estimation. 95% confidence intervals of risk difference is obtained by Wald statistics.
Inference: From linear regression analysis, we estimate that for each 10 mg/dl increase in LDL level, the probability of dying within 5 years is 0.0103 lower for subjects with higher LDL, This observed difference of probabilities is statistically significant observation (P = 0.0171). 95% confidence interval suggests that the observed risk difference is not unusual if subjects have a 10 mg/dl higher on LDL level might have probability of dying within 5 years that was 0.0018 to 0.0188 lower compared to the subjects with lower LDL levels. We thus reject the null hypothesis of no association between 5 year mortality and LDL in favor of a trend toward lower probability of dying within 5 years among subjects with higher LDL.
b. Evaluate associations between 5 year mortality and LDL using risk ratio (RR: ratios of probabilities).
Method: A Poisson regression model of an indicator of death within 5 years as response variable, and use LDL level continuous variable as predictor. I choose Poisson regression with robust standard error estimates model to take care heteroscedasticity issue. The risk ratio between two groups were computed by maximum likelihood estimation. 95% confidence intervals of risk ratio is obtained by Wald statistics.
Inference: From Poisson regression analysis, we estimate that for each 10 fold increase in LDL level, the probability of dying within 5 years decrease 1.5%, This observed ratios of probabilities is statistically significant observation(P = 0.0199). 95% confidence interval suggests that the observed risk ratio is not unusual if subjects have a 10 fold higher LDL level might have probability of dying within 5 years that was decreased anywhere from 0.2% to 2.7% compared to lower LDL. We thus reject the null hypothesis of no association between 5 year mortality and LDL.
c. Evaluate associations between 5 year mortality and LDL using odds ratio (OR: ratios of odds)
Method: A logistic regression model of an indicator of death within 5 years as response variable, and use LDL level continuous variable as predictor. I choose logistic regression robust model to take care heteroscedasticity issue. The odds ratio between two groups were computed by maximum likelihood estimation. 95% confidence intervals of odds ratio is obtained by Wald statistics. 

Inference: When comparing two groups with different LDL, the odds of dying within 5 years is estimated to be 7.48 % lower (odds ratio 0.9923) for each 10 mg/dl difference in LDL, with the group having higher LDL level toward a group with lower LDL. This observed difference is not statistically different from an odds ratio of 1 (P = 0.0194). 95% confidence interval suggests that the observed odds ratio is not unusual if the true odds of dying within 5 years was anywhere between 1.25% and 13.32% lower for each 10 mg/dl higher LDL. We thus reject the null hypothesis of no association between 5 year mortality and LDL.
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.?
I would prefer an logistic regression model of an indicator of death within 5 years as response variable, and use LDL level continuous variable as predictor. The statistical analysis of  detecting association between 5 years mortality and LDL levels will lose precision if we dichotomize LDL levels  into a binary variable.
