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1. Suppose we are interested in measuring any association between estrogen use at any time prior to study enrollment (estrogen==1) and CVD death within 4 years using the risk difference (RD).

a) Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)
A GLM linear model with estrogen use as the predictor and CVD death within 4 years as the outcome yielded the following results:

-0.026 95%CI (-0.037, -0.013), p-value < 0.00
Women who used estrogen experienced 2.6 percentage points lower risk of death from CVD, within 4-years of the study enrollment, compared to women who did not use estrogen. This result is statistically significant different from zero (p-value < 0.00), with a 95% CI suggesting that such observed results would not be uncommon if the true difference in CVD deaths were between 1.3 and 3.8 percentage points. From these results we can conclude that estrogen use is associated with CVD death within four years of enrolling into the study. 
b) Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.
	No Previous  Disease
	
	 Previous  Disease

	
	CVD Deaths
	
	
	
	CVD Deaths
	

	Estrogen
	Deaths
	Alive
	Total
	
	Estrogen
	Deaths
	Alive
	Total

	User
	2
	308
	310
	
	User
	1
	29
	30

	Non-user
	37
	2,008
	2,045
	
	Non-user
	51
	463
	514

	Total
	39
	2,316
	2,355
	
	Total
	52
	492
	544

	Risk Diff
	-0.012
	
	
	
	Risk Diff 
	-0.066
	
	


From the tables above we can see that a previous history of CVD does not appear to modify the association between estrogen use and CVD deaths.  The risk difference between estrogen use and CVD death among those with and without a history CVD is very similar ( -0.01 vs.- 0.06). 
              


              Robust

    cvddeath4 
      Coef.   
Std. Err.      z       P>|z|        95% Conf. Interval

Iestrogen_1 
  -.0116413     .0054199    -2.15    0.032    -.022264     -.0010186

Iprevdis_1 
  
   .0811289      .0135143      6.00   0.000     .0546414    .1076163

IestXpre_1_1 
  -.0542472     .0357458    -1.52    0.129    -.1243077    .0158134

cons 

   .0180929     .0029479      6.14   0.000     .0123151    .0238708

Furthermore, the results from a regression analysis that tested the interaction term for estrogen use and previous disease yielded a p-value (0.129) that is not statistically significant.  This supports the conclusion that a previous history of CVD does not modify the effect of estrogen use on CVD death. 
c) Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.

If a history of CVD confounds the association between estrogen use and CVD death, then it would need to be associated with estrogen use and CVD deaths separately and it must not be in the causal pathway.
Is a history of CVD associated with estrogen use?  
	
	Previous CVD
	

	Estrogen
	Yes
	No
	Total

	User
	30
	310
	340

	Non-user
	514
	2,045
	2,559

	Total
	544
	2,355
	2,899

	Risk Diff
	-0.113
	
	


Is a history of CVD associated with CVD death?

	
	Previous CVD
	

	Death
	Yes
	No
	Total

	Yes
	52
	39
	91

	No
	492
	2,321
	2,813

	Total
	544
	2,360
	2,904

	Risk Diff
	0.39
	
	


Based on the information presented above we can see that a history of CVD is positively associated with CVD death and that it is also associated with estrogen use because in both cases the risk difference is not equal to 0. From previous knowledge we know that a history of CVD is not in the causal pathway to CVD death. 

The results of a regression analysis controlling for a history of CVD, yielded a risk difference of - 0.016 95%CI (-0.03, -0.01). This estimate is different from the unadjusted estimate of 0.026 95%CI ( 0.013, 0.04). Therefore we can conclude that a history of CVD is likely to confound the association between estrogen use and CVD death. 
d) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
A GLM linear model with estrogen use as the predictor and CVD death within 4 years as the outcome, while controlling for a previous history of CVD, yielded the following results:

-0.016 95%CI (-0.028, -0.005), p-value < 0.005
Women who used estrogen experienced 1.6 percentage points lower risk of death from CVD, within 4-years of the study enrollment, compared to women who did not use estrogen, while controlling for a previous history of CVD. This result is statistically significant different from zero (p-value < 0.005), with a 95% CI suggesting that such observed results would not be uncommon if the true difference in CVD deaths were between 2.8 and .0.5 percentage points. From these results we can conclude that estrogen use is associated with CVD death within four years of enrolling into the study, while adjusting for a previous history of CVD.
e) Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

From a regression analysis of estrogen use and CVD death controlling for a history of CVD and age, the risk difference is estimated to be -0.009 95%CI (- 0.021, 0.009). This estimate is different from the age unadjusted estimate of - 0.016 95%CI ( -0.028, -0.013). There appears to be evidence that age is likely to confound the association between estrogen use and CVD death while adjusting for a history of CVD. 
f) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

A GLM linear model with estrogen use as the predictor and CVD death within 4 years as the outcome, while controlling for a previous history of CVD and age, yielded the following results:

-0.009 95%CI (- 0.021, 0.009), p-value = 0.103
Women who used estrogen experienced 0.9 percentage points lower risk of death from CVD, within 4-years of the study enrollment, compared to women who did not use estrogen, while controlling for a previous history of CVD and age. This result is not statistically significant different from zero (p-value = 0.103), with a 95% CI suggesting that such observed results would not be uncommon if the true difference in CVD deaths were between 2.1 and .0.9 percentage points. From these results we cannot conclude that estrogen use is associated with CVD death within four years of enrolling into the study, while adjusting for a previous history of CVD and age.
2. Suppose we are interested in measuring any association between estrogen use at any time prior to study enrollment (estrogen==1) and CVD death within 4 years using the odds ratio (OR) as the measure of association. 
a) Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)

0.25 95%CI ( 0.08, 0.79), p-value < 0.02
From a regression analysis we can see that the odds of death from CVD, within 4-years of enrolling into the study, among women exposed to estrogen are 0.25 times the odds of women who were not exposed.  This result is statistically significant different from one (p-value < 0.02), with a 95% CI suggesting that such observed results would not be uncommon if the true odds ratio were between 0.08, and 0.79. 

b)  Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.

	No Previous  Disease
	
	 Previous  Disease

	
	CVD Deaths
	
	
	
	CVD Deaths
	

	Estrogen
	Deaths
	Alive
	Total
	
	Estrogen
	Deaths
	Alive
	Total

	User
	2
	308
	310
	
	User
	1
	29
	30

	Non-user
	37
	2,008
	2,045
	
	Non-user
	51
	463
	514

	Total
	39
	2,316
	2,355
	
	Total
	52
	492
	544

	OR
	0.35
	
	
	
	OR 
	0.31
	
	


From the tables above, it appears that a previous history of CVD does not modify the association between estrogen use and CVD deaths.  The odds ratio of the association between estrogen use and CVD death among those with and without a history CVD is very similar (0.35 vs. 0.31).


Robust

cvddeath4
Odds Ratio
Std. Err.
z
P>z
[95% Conf.
Interval]

Iestrogen 
0.3524044
.2567853
-1.43
0.152
.0844888
1.469885

Iprevdis
5.977935
1.327448
8.05
0.000
3.868433
9.237771

IestXpre
0.8883243
1.119278
-0.09
0.925
.075174
1
0.49724

cons
.0184263
.0030576
-24.07
0.000
.0133105
.0255084

Furthermore, the results from a regression analysis that tested the interaction term for estrogen use and previous disease yielded a p-value (0.93) that is not statistically significant.  This supports our conclusion that a history of previous CVD does not modify the effect of estrogen use on CVD death. 
c) Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.

Is a history of CVD associated with estrogen use?  
	
	Previous CVD
	

	Estrogen
	Yes
	No
	Total

	User
	30
	310
	340

	Non-user
	514
	2,045
	2,559

	Total
	544
	2,355
	2,899

	OR
	0.39
	
	


Is a history of CVD associated with CVD death?

	
	Previous CVD
	

	Death
	Yes
	No
	Total

	Yes
	52
	39
	91

	No
	492
	2,321
	2,813

	Total
	544
	2,360
	2,904

	OR
	6.29
	
	


Based on the information presented above we can see that a history of CVD is positively associated with CVD death and that it is also associated with estrogen use because in both cases the OR is not equal to 1. From previous knowledge we know that a history of CVD is not in the causal pathway to CVD death. 

Furthermore, a regression analysis controlling for a history of CVD, yielded an OR of 0.34 95%CI (0.11, 1.08). This estimate is different from the unadjusted estimate of 0.25 95%CI (0.08, 0.79); thus a history of CVD is likely to confound the association between estrogen use and CVD death. 
d) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 

Women who used estrogen were 0.34 times more likely to die from CVD, within 4-years of study enrollment, compared to women who did not use estrogen, while controlling for a previous history of CVD. However, this result is not statistically significant (p-value < 0.07), with a 95% CI suggesting that such observed results would not be uncommon if the true odds ratio were between 0.11, and 1.08. 
e) Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

From a regression analysis of estrogen use and CVD death controlling for a history of CVD and age, the OR is estimated to be 0.43 95%CI (0.13, 1.38). This estimate appears to be different from the age unadjusted estimate of 0.34 95%CI (0.11, 1.08). This provides evidence to conclude that age is likely to confound the association between estrogen use and CVD death adjusted for history of CVD. 
f) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

Women who used estrogen are 0.43 times more likely to die of death from CVD, within 4-years of study enrollment, compared to women who did not use estrogen, while controlling for a history of CVD and age.  However, this result is not statistically significant because it does not differ from 1 (p-value > 0.16). A 95%CI suggests that the estimate obtained is not uncommon if the true OR in CVD deaths among estrogen users and non-users is between 0.13 and 1.38.
3. Answer all parts of problem 1 using the risk ratio (RR) as the measure of association. (Note that the Stata glm command can be used to effect such analyses.)

a) Provide complete statistical inference regarding such an association. (Include point estimates, confidence intervals, and a p value, along with a full interpretation of those quantities.)

A regression analysis yielded the following results:

0.26 95%CI (0.08, 0.80), p-value < 0.02
Women who used estrogen are 0.26 times more likely to die of CVD within 4 years compared to women who did not use estrogen. This result is statistically significant different from one (p-value < 0.02), with a 95% CI suggesting that such observed results would not be uncommon if the true RR were between 0.08, and 0.81. 

b)  Is there evidence in the dataset that any such effect is modified by a history of prior CVD (as measured by variable prevdis)? Provide results of a statistical analysis in support of your answer.

	No Previous Disease
	
	 Previous Disease

	
	CVD Deaths
	
	
	
	CVD Deaths
	

	Estrogen
	Deaths
	Alive
	Total
	
	Estrogen
	Deaths
	Alive
	Total

	User
	2
	308
	310
	
	User
	1
	29
	30

	Non-user
	37
	2,008
	2,045
	
	Non-user
	51
	463
	514

	Total
	39
	2,316
	2,355
	
	Total
	52
	492
	544

	RR
	0.36
	
	
	
	RR 
	0.34
	
	


A previous history of CVD does not appear to modify the association between estrogen use and CVD deaths.  The RR of the association between estrogen use and CVD death among those with and without a history CVD is very similar (0.36 vs. 0.34).
                                  Robust

    cvddeath4  
Risk Ratio  
 Std. Err.      z          P>|z|     [95% Conf. Interval]

_Iestrogen_1
 .3565824   
.2579974    -1.43   0.154     .0863558    1.472408

  _Iprevdis_1
 5.484015   
1.153152     8.09   0.000     3.631719    8.281044

_IestXpre_1 
.9421321   
1.157006    -0.05   0.961      .084874      10.458

        _cons

.0180929   
.0029479   -24.63   0.000     .0131468    .0248999

Furthermore, the results from a regression analysis that tested the interaction term for estrogen use and previous disease yielded a p-value (0.96) that is not statistically significant.  This supports our conclusion that effect modification by previous disease does not appear to be present. 
c) Suppose we just want to ignore any such effect modification. Is there evidence in the dataset that any estrogen-CVD mortality association is confounded by a history of prior CVD? Provide results of a statistical analysis in support of your answer.
Is a history of CVD associated with estrogen use?  
	
	Previous CVD
	

	Estrogen
	Yes
	No
	Total

	User
	30
	310
	340

	Non-user
	514
	2,045
	2,559

	Total
	544
	2,355
	2,899

	RR
	0.43
	
	


Is a history of CVD associated with CVD death?

	
	Previous CVD
	

	Death
	Yes
	No
	Total

	Yes
	52
	39
	91

	No
	492
	2,321
	2,813

	Total
	544
	2,360
	2,904

	RR
	3.26
	
	


Based on the information presented above we can see that a history of CVD is positively associated with CVD death and that it is also associated with estrogen use because in both cases the RR is not equal to 1. From previous knowledge we know that a history of CVD is not in the causal pathway to CVD death. 

Furthermore, a regression analysis controlling for a history of CVD, yielded an RR of 0.34 95%CI (0.11, 1.09). This estimate is different from the unadjusted estimate of 0.26 95%CI (0.08, 0.80); thus a history of CVD is likely to confound the association between estrogen use and CVD death. 
d) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for a prior history of CVD. 
Women who used estrogen, while controlling for a history of previous CVD, are 0.34 times more likely to die of CVD, within 4 years of study enrollment, compare to women who did not use estrogen. This result is not statistically significant because it does not differ from 1 (p-value < 0.07). A 95%CI suggests that the estimate obtained is not uncommon if the true RR of CVD deaths among estrogen users and non-users is between 0.11, 1.09.  
e) Is there evidence in the dataset that the prior disease adjusted analysis of an association between estrogen-CVD mortality is further confounded by age? Provide results of a statistical analysis in support of your answer.

From a regression analysis of estrogen use and CVD death controlling for a history of CVD and age, the RR is estimated to be 0.43 95%CI (0.14, 1.34). This estimate appears to be different from the age unadjusted estimate of 0.34 95%CI (0.11, 1.09.)It appears that age further confounds the association between estrogen use and CVD death while controlling for history of CVD. 
f) Provide complete statistical inference regarding an association between estrogen and CVD mortality after adjustment for age and any prior history of CVD.

Women of the same age with a similar history of CVD who used estrogen are 0.43 times more likely to die of CVD within 4 years compared to women who did not use estrogen. This result is not statistically significant because it does not differ from 1 (p-value > 0.15). A 95%CI suggests that the estimate obtained is not uncommon if the true RR of CVD deaths among estrogen users and non-users are between 0.14 and 1.34. 
4. Of the three measures of association used above, how similar were the conclusions? What are the relative advantages and disadvantages of the three?

	
	Estimate, 95%CI, P-value

	
	RD
	OR
	RR

	Crude association
	-0.026, -0.037 - -0.013, 0.00
	0.25, 0.08 – 0.79, 0.02
	0.25, 0.08 – 0.81, 0.02

	Adjusted for:
	
	
	

	   Previous CVD 
	0.02, 0.00 - 0.03, 0.00
	0.34, 0.11 – 1.08, 0.07
	0.35, 0.11 – 1.10, 0.07

	   Previous CVD, age
	0.01, 0.00 – 0.02, 0.10
	0.42, 0.13 – 1.38, 0.17
	0.42, 0.14 – 1.34, 0.15


Risk difference

Advantages




1. Easy to compute

2. Easy to interpret the estimate and confidence interval

3. Reflects the underlying risk without exposure and the absolute risk with exposure

4. Applicable to clinical situations when an individual needs to make decision about a treatment

Disadvantages

1. RD has a boundary 0-1, there can be problems if data cannot converge, the range contours so there is not full coverage of the range Pr( D | E), Pr (D | Ec)
Relative Risk

Advantages

1. Easy to compute and interpret

Disadvantages
1. Risks can only be estimated in studies that follow people through time
2. RR has a boundary 0-1, some contours do not cover full range of Pr( D | E), Pr (D | Ec)
Odds Ratio

Advantages

1. Can be estimated from different study designs (case-control, cohort, or clinical trials) as long as disease is rare
2. Log odds is not limited by boundaries, all contours fully cover the range of Pr( D | E), Pr (D | E)
3. Often interpreted as a RR when the prevalence of disease is rare
Disadvantages

1. Difficult to comprehend

2. Does not give a good approximation of the RR when the disease is highly prevalent

3. Can also be misleading
