Methods II

Exam 1
Due March 9, 2009 at 9am
A.  A clinical investigator is interested in answering questions relating to the total hospital costs of patients with Ischemic Heart Disease.  Specifically, she wants to know the answers to the following questions:

1) are age, gender and comorbidities related to total costs?  Is so, what is the relationship?

2) do the number of ER visits, complications and the number of drugs patients receive relate to the total costs?  If so, how much of the total costs are attributable to these?

3) It has been hypothesized that the contribution of ER visits to total costs is larger for males compared to females.  Is there evidence of this in this dataset?  [Provide justification for your answer.]
4) It has also been hypothesized that the contribution of comorbidities to total costs differs for males and females.  Is there evidence of this in this dataset?  ?  [Provide justification for your answer.]
5) Is it possible to accurately predict total costs based on the variables described thus far (age, gender, complications, ER visits, complications, and number of drugs)?  How much of the total costs is explained by other factors?
6) I am most interested in complications and how they relate to total costs.  Are any of the variables above confounders for the relationship between complications and total costs?

7) After adjusting for confounders (assuming that some exist), what fraction of the variability in total costs is explained by complications?

The data for this question can be found on the class website (IschemicHeartDisease.csv) and the codebook can be found in the textbook in Appendix C.  

Note that this is not a homework assignment and the audience for your answers is a clinician who knows very little about statistics.  Treat this investigator as a colleague and provide for her analyses with answers to all of these questions, including graphical displays where helpful.  Your answers should be in ‘lay’ terms that she can understand and not in “stats speak.”   You can assume that she can adequately interpret a p-value and a 95% confidence interval.  You should presume that she will be using your “memo” in a ‘clinical’ paper:  your responses to her will be used for the methods section of the paper and the results section.  Above are the questions she has asked, but if you have any findings that you come across along the way, be sure to include them if they seem of interest.
A. Interpretation of results
An basic science researcher is looking at the the effect of a drug on rat behavior.  The behavior under consideration was the rate at which a rat deprived of water presses a lever to obtain water.  The experiment was carried out in two parts of the study.  In each part of the study, 24 male albino rats of the same strain of approximately the same weight were used.  Prior to the experiment, each rat was trained to press a lever for water until a stable rate of pressing was reached.  Each of the 24 rats in each part of the study was categorized into an initial lever press rate categories (1, 2, 3) , where 1=slow, 2=moderate, and 3=fast such that equal numbers of mice were in each category (8 in each).  Each mouse received one of four doses of treatment which were balanced across initial press weight.  One hour after drug was administered, an experimental session began during which the rat received each time after the second lever press.  The response variable was definted as the total number of level presses divided by the elapsed time in seconds during the session for the mouse.  

In the second part of the study (part 2), another 24 rats were studied using the same doses and the same approach for categorizing rats into initial lever press rate categories.  The only difference between part 1 and part 2 is that in part 2 each rat received water each time after the fifth lever press (versus the second press in part 1).
The question of interest is:  how do dose, initial press rate and schedule (after two versus five presses) affect lever press rate?

Outcome:  end.pressrate 
Covariates:


studypart2 = 1 if study part 2, 0 if study part = 1


dose.leve = 1, 2, 3, 4


initial.pressrate = 1 if slow, 2 if moderate, 3 if fast


In the pages that follow, there are 4 different models investigating this question (models 0 through model 3).

1. Assume that the linear regression assumptions are met.  Based on the regression and anova information provided, which is the most appropriate model for describing the association between dose, initial press rate and schedule with the outcome of lever press rate?  Why did you choose that model?

2. Write out your chosen model using linear regression notation.  

3. Using your chosen model, estimate:

a. the mean lever press rate for a rat with initial press rate category of 1, on dose 1 and in study part 2

b. the mean lever press rate for a rat with initial press rate category of 3, on dose 3 and in study part 1.

c. the mean lever press rate for a rat with initial press rate category of 3, on dose 3 and in study part 2.

4. Describe the association between dose level and outcome using your chosen model. 

Summarize your findings in a way that your basic science research colleague can understand.

5. MODEL 0:

> reg.maineffects <- lm(end.pressrate ~ studypart2 + factor(initial.pressrate) + 

+ factor(doseleve), data=data)

> summary(reg.maineffects)

Call:

lm(formula = end.pressrate ~ studypart2 + factor(initial.pressrate) + 

    factor(doseleve), data = data)

Residuals:

    Min      1Q  Median      3Q     Max 

-0.4767 -0.2127 -0.0075  0.2162  0.4817 

Coefficients:

                            Estimate Std. Error t value Pr(>|t|)    

(Intercept)                 0.948958   0.108517   8.745 6.45e-11 ***

studypart2                  1.146250   0.082031  13.973  < 2e-16 ***

factor(initial.pressrate)2  0.290625   0.100467   2.893  0.00609 ** 

factor(initial.pressrate)3  0.523125   0.100467   5.207 5.75e-06 ***

factor(doseleve)2          -0.008333   0.116009  -0.072  0.94308    

factor(doseleve)3          -0.193333   0.116009  -1.667  0.10323    

factor(doseleve)4          -0.879167   0.116009  -7.578 2.54e-09 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.2842 on 41 degrees of freedom

Multiple R-squared: 0.8796,     Adjusted R-squared: 0.862 

F-statistic: 49.92 on 6 and 41 DF,  p-value: < 2.2e-16 

> anova(reg.maineffects)

Analysis of Variance Table

Response: end.pressrate

                          Df  Sum Sq Mean Sq F value    Pr(>F)    

studypart2                 1 15.7667 15.7667 195.256 < 2.2e-16 ***

factor(initial.pressrate)  2  2.1983  1.0991  13.612 2.927e-05 ***

factor(doseleve)           3  6.2200  2.0733  25.676 1.641e-09 ***

Residuals                 41  3.3107  0.0807                      

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> 

MODEL 1:

> reg.interactions1 <- lm(end.pressrate ~ studypart2 + factor(initial.pressrate)*factor(doseleve), data=data)

> summary(reg.interactions1)

Call:

lm(formula = end.pressrate ~ studypart2 + factor(initial.pressrate) * 

    factor(doseleve), data = data)

Residuals:

      Min        1Q    Median        3Q       Max 

-0.448125 -0.190000  0.000625  0.218750  0.488125 

Coefficients:

                                             Estimate Std. Error t value Pr(>|t|)    

(Intercept)                                   0.87188    0.15787   5.523 3.29e-06 ***

studypart2                                    1.14625    0.08757  13.089 4.80e-15 ***

factor(initial.pressrate)2                    0.35750    0.21451   1.667  0.10452    

factor(initial.pressrate)3                    0.68750    0.21451   3.205  0.00288 ** 

factor(doseleve)2                             0.11000    0.21451   0.513  0.61131    

factor(doseleve)3                            -0.12500    0.21451  -0.583  0.56381    

factor(doseleve)4                            -0.75750    0.21451  -3.531  0.00118 ** 

factor(initial.pressrate)2:factor(doseleve)2 -0.10250    0.30336  -0.338  0.73747    

factor(initial.pressrate)3:factor(doseleve)2 -0.25250    0.30336  -0.832  0.41086    

factor(initial.pressrate)2:factor(doseleve)3 -0.02500    0.30336  -0.082  0.93479    

factor(initial.pressrate)3:factor(doseleve)3 -0.18000    0.30336  -0.593  0.55676    

factor(initial.pressrate)2:factor(doseleve)4 -0.14000    0.30336  -0.461  0.64730    

factor(initial.pressrate)3:factor(doseleve)4 -0.22500    0.30336  -0.742  0.46323    

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.3034 on 35 degrees of freedom

Multiple R-squared: 0.8829,     Adjusted R-squared: 0.8427 

F-statistic: 21.98 on 12 and 35 DF,  p-value: 8.362e-13 

> anova(reg.interactions1)

Analysis of Variance Table

Response: end.pressrate

                                           Df  Sum Sq Mean Sq  F value    Pr(>F)    

studypart2                                  1 15.7667 15.7667 171.3233 4.802e-15 ***

factor(initial.pressrate)                   2  2.1983  1.0991  11.9435 0.0001111 ***

factor(doseleve)                            3  6.2200  2.0733  22.5291 2.664e-08 ***

factor(initial.pressrate):factor(doseleve)  6  0.0897  0.0149   0.1624 0.9850318    

Residuals                                  35  3.2210  0.0920                       

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> 

MODEL 2:

> reg.interactions2 <- lm(end.pressrate ~ studypart2*factor(initial.pressrate) + factor(doseleve), data=data)

> summary(reg.interactions2)

Call:

lm(formula = end.pressrate ~ studypart2 * factor(initial.pressrate) + 

    factor(doseleve), data = data)

Residuals:

      Min        1Q    Median        3Q       Max 

-0.501042 -0.204375 -0.004375  0.191875  0.483958 

Coefficients:

                                       Estimate Std. Error t value Pr(>|t|)    

(Intercept)                            0.992708   0.125280   7.924 1.20e-09 ***

studypart2                             1.058750   0.144661   7.319 7.85e-09 ***

factor(initial.pressrate)2             0.222500   0.144661   1.538  0.13210    

factor(initial.pressrate)3             0.460000   0.144661   3.180  0.00289 ** 

factor(doseleve)2                     -0.008333   0.118115  -0.071  0.94411    

factor(doseleve)3                     -0.193333   0.118115  -1.637  0.10971    

factor(doseleve)4                     -0.879167   0.118115  -7.443 5.32e-09 ***

studypart2:factor(initial.pressrate)2  0.136250   0.204581   0.666  0.50933    

studypart2:factor(initial.pressrate)3  0.126250   0.204581   0.617  0.54075    

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.2893 on 39 degrees of freedom

Multiple R-squared: 0.8813,     Adjusted R-squared: 0.8569 

F-statistic: 36.18 on 8 and 39 DF,  p-value: 1.038e-15 

> anova(reg.interactions2)

Analysis of Variance Table

Response: end.pressrate

                                     Df  Sum Sq Mean Sq  F value    Pr(>F)    

studypart2                            1 15.7667 15.7667 188.3559 < 2.2e-16 ***

factor(initial.pressrate)             2  2.1983  1.0991  13.1309 4.364e-05 ***

factor(doseleve)                      3  6.2200  2.0733  24.7689 3.866e-09 ***

studypart2:factor(initial.pressrate)  2  0.0461  0.0231   0.2756    0.7606    

Residuals                            39  3.2646  0.0837                       

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> 

MODEL 3:

> reg.interactions3 <- lm(end.pressrate ~ factor(initial.pressrate) + studypart2*factor(doseleve), data=data)

> summary(reg.interactions3)

Call:

lm(formula = end.pressrate ~ factor(initial.pressrate) + studypart2 * 

    factor(doseleve), data = data)

Residuals:

      Min        1Q    Median        3Q       Max 

-0.292083 -0.043958  0.008125  0.039167  0.264792 

Coefficients:

                             Estimate Std. Error t value Pr(>|t|)    

(Intercept)                   0.73208    0.04687  15.621  < 2e-16 ***

factor(initial.pressrate)2    0.29063    0.03630   8.006 1.12e-09 ***

factor(initial.pressrate)3    0.52313    0.03630  14.410  < 2e-16 ***

studypart2                    1.58000    0.05928  26.653  < 2e-16 ***

factor(doseleve)2             0.01500    0.05928   0.253    0.802    

factor(doseleve)3             0.03667    0.05928   0.619    0.540    

factor(doseleve)4            -0.26500    0.05928  -4.470 6.84e-05 ***

studypart2:factor(doseleve)2 -0.04667    0.08384  -0.557    0.581    

studypart2:factor(doseleve)3 -0.46000    0.08384  -5.487 2.88e-06 ***

studypart2:factor(doseleve)4 -1.22833    0.08384 -14.652  < 2e-16 ***

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.1027 on 38 degrees of freedom

Multiple R-squared: 0.9854,     Adjusted R-squared: 0.982 

F-statistic: 285.6 on 9 and 38 DF,  p-value: < 2.2e-16 

> anova(reg.interactions3)

Analysis of Variance Table

Response: end.pressrate

                            Df  Sum Sq Mean Sq  F value    Pr(>F)    

factor(initial.pressrate)    2  2.1983  1.0991  104.255 3.724e-16 ***

studypart2                   1 15.7667 15.7667 1495.481 < 2.2e-16 ***

factor(doseleve)             3  6.2200  2.0733  196.656 < 2.2e-16 ***

studypart2:factor(doseleve)  3  2.9101  0.9700   92.008 < 2.2e-16 ***

Residuals                   38  0.4006  0.0105                       

---

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> 

>
