Introduction to Bayesian Statistics
PRACTICUM 5
USING WINBUGS TO COMPARE MEANS AND PROPORTIONS

Proportions
In a study by Hamdanio et al (J Affective Dis 2012), it was found, in a case-control study of people with bipolar disorder (n=110) and healthy controls (n=106), that 80 and 41 of the cases and controls, respectively, were seropositive to toxoplasmosis. 

1. Use a Bayesian approach to assess if toxoplasmosis seropositivity is associated with bipolar disorder.  Use uniformative priors for the proportion of exposure to toxoplasmosis in each group.  To do so, estimate the odds ratio of the association between seropositivity to toxoplasmosis and bipolar disorders and its 95%BCI. You will have to compare the toxoplasmosis exposure odds of bipolar disorders to the odds in the control. Recall that odds = probability/(1-probability), so you can code this in Winbugs such as
odds.cases<-p.exp.cases/(1-p.exp.cases)
odds.control<-p.exp.ctr/(1-p.exp.ctr)
odds.ratio<-odds.exp.cases/odds.exp.ctr


model
    {
    bipolar.toxo~ dbin(prop.bipolar.toxo, n.bipolar)   #  Likelihood for Toxo pos
    prop.bipolar.toxo ~ dbeta(alpha.bip,beta.bip)         #  Prior for Toxo pos
    control.toxo~ dbin(prop.control.toxo, n.control)   #  Likelihood for Toxo pos
    prop.control.toxo ~ dbeta(alpha.control,beta.control)         #  Prior for Toxo pos
    odds.toxo.bipolar<-prop.bipolar.toxo/(1-prop.bipolar.toxo) # odds of toxo among bipolar
    odds.toxo.control<-prop.control.toxo/(1-prop.control.toxo) # odds of toxo among controls
    or.toxo <- odds.toxo.bipolar/odds.toxo.control    #  Calculate OR
    or.more.1<-step(or.toxo-1) # assesses what prop of the posterior OR is above 1
			
    }

DATA
list(bipolar.toxo=80,control.toxo=41,n.bipolar=110,n.control=106)
list(alpha.bip=1,beta.bip=1,alpha.control=1,beta.control=1)

INITS
Chain #1
list(prop.bipolar.toxo=.5,prop.control.toxo=.5)

Chain #2
list(prop.bipolar.toxo=.2,prop.control.toxo=.1)



RESULTS
 node	 mean	 sd	 MC error	2.5%	median	97.5%	start	sample
odds.toxo.bipolar	2.701	0.5908	0.004151	1.766	2.627	4.056	1001	20000
odds.toxo.control	0.6456	0.1287	9.089E-4	0.4276	0.6336	0.9291	1001	20000
or.more.1	1.0	0.0	5.0E-13	1.0	1.0	1.0	1001	20000
or.toxo	4.35	1.301	0.008965	2.376	4.165	7.42	1001	20000


2. Compute a Bayesian p-value to test the research hypothesis that the odds of toxoplasmosis among those with bipolar disorder is > 1 compared to controls.   Report the p-value for this test along with a 95% credible interval for the OR and interpret the results.

100% of the distribution of the OR is above 1.


3. Assess the convergence of your model 

Convergence reached



4. A group of experts is convinced that the association between toxoplasmosis and bipolar disorder is about 2. He is also convinced that the proportion of exposure among controls is about 40% with a standard deviation of 0.05 (i.e. odds of exposure among controls of about 0.67 – this corresponds to a beta (38,57). How could you include such prior information in the analysis?

Yes, we could put priors on the proportion of controls and cases who have toxoplasmosis which would result in an odds ratio centered on about 2. In this example, we could use a beta on the cases with 55.,42 which corresponds to a mean of 57% and SD=0.05. This results in an estimated OR of 2. I ran this (in the solution odc file). 
	or.more.1	1.0	0.0	5.0E-13	1.0	1.0	1.0	1001	20000
	or.toxo	2.984	0.627	0.004654	1.955	2.922	4.385	1001	20000
 


Means
Recall from practicum 4 we used a data set containing fecal coliform contamination on the hands of children and educators in day care centers in Québec, Canada.  Previously, you obtained estimates and 95% Bayesian credible intervals of the log10 fecal coliforms on the hands of both children and educators.  The next question to ask is if the number of fecal coliforms on the hands of children and educators differ. 


5. Write a model in WinBugs to estimate the mean difference between the number of fecal coliforms on the hands of children and educators and its 95% BCI. Note that the unit of analysis is the classroom here, so we have as many observations as there are classrooms.  You may use the same priors as before in practicum 4 and the uniform distribution on the SD.

See odc file
model
{
#Likelihood
for (i in 1:103)
	{
	fc.kid[i]~dnorm(mu.fc.kid,tau.fc.kid)
	fc.ed[i]~dnorm(mu.fc.ed,tau.fc.ed)
	}
	diff.fc<-mu.fc.kid-mu.fc.ed
	diff.more.0<-step(diff.fc-0)
	 ratio.var<-var.fc.kid/var.fc.ed
#Priors
mu.fc.kid~dnorm(0,0.1)
tau.fc.kid<-1/(sd.fc.kid*sd.fc.kid)
sd.fc.kid~dunif(0,10)
var.fc.kid<-sd.fc.kid*sd.fc.kid
mu.fc.ed~dnorm(0,0.1)
tau.fc.ed<-1/(sd.fc.ed*sd.fc.ed)
sd.fc.ed~dunif(0,10)
var.fc.ed<-sd.fc.ed*sd.fc.ed
}



6. Compute a Bayesian p-value to test the research hypothesis that the log10 fecal coliform counts on the hands of children are greater than those on the hands of educators.  Report the p-value for this test along with a 95% credible interval and interpret the results. 

Again, I don’t think that you can get a 95%BCI on that
RESULTS WITH UNIFORM PRIORS
	 node	 mean	 sd	 MC error	2.5%	median	97.5%	start	sample
	diff.fc	0.106	0.03761	2.874E-4	0.03133	0.1063	0.1803	1001	20000
	diff.more.0	0.998	0.04523	3.503E-4	1.0	1.0	1.0	1001	20000
	ratio.var	1.122	0.2283	0.001675	0.7411	1.099	1.631	1001	20000





7. Assess the convergence of the model
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