Supplementary file 1 - SAS codes

*** The database "cariesEPIPAP" should be structured as follow:
*** 1 - One line for each statistical unit (woman);
*** 2 - "nbcaries" is the number of carious lesions (the random variable to be modelled);
*** 3 - age1824, age2529, nationality, ..., examiner10 are the covariates (see Table 1 in the *** paper);
*** 4 - Further information about the script on request.

*****************************************************************************
title "Poisson";
ods output ParameterEstimates=Poisson FitStatistics = PoissonFit;
proc nlmixed data = cariesEPIPAP;
	parms      beta0        -1.7757
	           beta1         0.3911
	           beta2         0.1921
	           beta3         0.3048
	           beta4         0.1609
	           beta5         0.3782
	           beta6         0.1693
	           beta7         0.1501
	           beta8        0.02355
	           beta9         0.2669
	           beta10        0.6546
	           beta11        0.2150
	           beta12        0.2015
	           beta13        0.3591
	           beta14        0.8410
	           beta15        1.1269
	           beta16        0.8761
	           beta17        1.0658
	           beta18        0.5198
	           beta19        1.9817
	           beta20        1.2570
	           beta21        1.4444
	           beta22        1.4140;  

/* beta are the parameters to be estimated. The starting values can be anything, but values close the final estimated values decrease the time of estimation */

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

model nbcaries ~ poisson(lambda);

run;

data tempo_;

set Poisson;

keep parameter estimate;

run;

*****************************************************************************
title "ZI-Poisson";

ods output ParameterEstimates=ZIPoisson FitStatistics = ZIPoissonFit;

proc nlmixed data = cariesEPIPAP;

*parms /data=tempo_;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

phi2 = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

phi = phi2/(1+phi2);

ll1 = Iz0*(log(phi + (1-phi)*exp(-lambda)));

ll2 = Iz9*(log(1-phi) - lambda + nbrtot*log(lambda) - log(fact(nbrtot)));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

data tempo_;

set ZIPoisson;

keep parameter estimate;

run;

*****************************************************************************
title "Hurdle-Poisson";

ods output ParameterEstimates=HPoisson FitStatistics = HPoissonFit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

phi = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

ll1 = Iz0*(-phi);

ll2 = Iz9*(log(1-exp(-phi))-log(1-exp(-lambda)) - lambda + nbrtot*log(lambda) - log(fact(nbrtot)));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

data tempo_;

set Poisson;

keep parameter estimate;

run;


*****************************************************************************
title "NB2";

ods output ParameterEstimates=NB2  FitStatistics = NB2Fit;

proc nlmixed data = cariesEPIPAP;

parms	/data=tempo_;

alpha2 = 1/alpha;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

ll1 = log(gamma(nbrtot + alpha2))  - log(gamma(nbrtot + 1)) - log(gamma(alpha2));

ll2 = alpha2 * (log(alpha2) - log(alpha2 + lambda));

ll3 = nbrtot * (log(lambda) - log(alpha2 + lambda));

ll = ll1 + ll2 + ll3;

dummy = 1;

model dummy ~ general(ll);

run;

*****************************************************************************
title "NB1";

ods output ParameterEstimates=NB1  FitStatistics = NB1Fit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

alpha2 = 1/alpha;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

ll1 = log(gamma(nbrtot + alpha2*lambda)) - log(gamma(nbrtot + 1)) - log(gamma(alpha2*lambda));

ll2 = -alpha2 * lambda * log(1 + alpha);

ll3 = -nbrtot * log(1 + alpha2);

ll = ll1 + ll2 + ll3;

dummy = 1; 

model dummy ~ general(ll);

run;

data tempo_;

set ZIPoisson;

keep parameter estimate;

run;

*****************************************************************************
title "ZI-NB2";

ods output ParameterEstimates=ZINB2 FitStatistics = ZINB2Fit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;
Iz9 = 1 - Iz0;

phi2 = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

phi = phi2/(1+phi2);
***;

alpha2 = 1/alpha;

lla = log(gamma(nbrtot + alpha2))  - log(gamma(nbrtot + 1)) - log(gamma(alpha2));

llb = alpha2 * (log(alpha2) - log(alpha2 + lambda));

llc = nbrtot * (log(lambda) - log(alpha2 + lambda));

proba = exp(lla + llb + llc);

ll1 = Iz0*(log(phi + (1-phi)*proba));

ll2 = Iz9*(log(1-phi) + log(proba));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

*****************************************************************************
title "ZI-NB1";

ods output ParameterEstimates=ZINB1 FitStatistics = ZINB1Fit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

phi2 = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

phi = phi2/(1+phi2);

***;

alpha2 = 1/alpha;

ll1 = log(gamma(nbrtot + alpha2*lambda)) - log(gamma(nbrtot + 1)) - log(gamma(alpha2*lambda));

ll2 = -alpha2 * lambda * log(1 + alpha);

ll3 = -nbrtot * log(1 + alpha2);

proba = exp(ll1 + ll2 + ll3);

ll1 = Iz0*(log(phi + (1-phi)*proba));

ll2 = Iz9*(log(1-phi) + log(proba));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

data tempo_;

set HPoisson;

keep parameter estimate;

run;

*****************************************************************************
title "Hurdle-NB2";

ods output ParameterEstimates=HNB2 FitStatistics = HNB2Fit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

phi = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

alpha2 = 1/alpha;

ll1 = log(gamma(nbrtot + alpha2))  - log(gamma(nbrtot + 1)) - log(gamma(alpha2));

ll2 = alpha2 * (log(alpha2) - log(alpha2 + lambda));

ll3 = nbrtot * (log(lambda) - log(alpha2 + lambda));

proba = exp(ll1 + ll2 + ll3);

ll1 = Iz0*(-phi);

ll2 = Iz9*(log(1-exp(-phi))-log(1-exp(-lambda)) + log(proba));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

*****************************************************************************
title "Hurdle-NB1";

ods output ParameterEstimates=HNB1 FitStatistics = HNB1Fit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

phi = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

alpha2 = 1/alpha;

ll1 = log(gamma(nbrtot + alpha2*lambda))  - log(gamma(nbrtot + 1)) - log(gamma(alpha2*lambda));

ll2 = -alpha2 * lambda * log(1 + alpha);

ll3 = -nbrtot * log(1 + alpha2);

proba = exp(ll1 + ll2 + ll3);

ll1 = Iz0*(-phi);

ll2 = Iz9*(log(1-exp(-phi))-log(1-exp(-lambda)) + log(proba));

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

*****************************************************************************
title "Hurdle-NB1";

ods output ParameterEstimates=HNBk FitStatistics = HNBkFit;

proc nlmixed data = cariesEPIPAP;

parms /data=tempo_;

if nbrtot = 0 then Iz0 = 1;

else Iz0 = 0;

Iz9 = 1 - Iz0;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

phi = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

alpha2 = 1/alpha;

ll1 = log(gamma(nbrtot + alpha2*(lambda**(1-k)))) - log(gamma(nbrtot + 1)) - log(gamma(alpha2*(lambda**(1-k))));

ll2 = -alpha2 * (lambda**(1-k)) * log(alpha + lambda**(-k));

ll3 = -nbrtot * log(1 + (lambda**(-k))*alpha2);

ll4 = -k*(lambda**(1-k))*alpha2*log(lambda);

proba = exp(ll1 + ll2 + ll3 + ll4);

ll1 = Iz0*(-phi);

ll2 = Iz9*(log(1-exp(-phi))-log(1-exp(-lambda)) + log(proba));

ll = ll1 + ll2;
dummy = 1;

model dummy ~ general(ll);

run;

data tempo_;

set Poisson;

keep parameter estimate;

run;

*****************************************************************************
title2 "GNB";

ods output ParameterEstimates=GNB FitStatistics = GNBFit;

proc nlmixed data = cariesEPIPAP tech=nrridg;

parms /data=tempo_;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

gamma  = exp(gamma0);

gamma2  = exp(-(gamma0));

temp = lambda/(log(1+gamma));

ll1 = log(gamma(nbrtot + temp)) - log(gamma(nbrtot + 1)) - log(gamma(temp));

ll2 = -lambda - nbrtot*log(1+gamma2);

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;

data tempo_;

set GNB;

keep parameter estimate;

run;

*****************************************************************************
title2 "GNB";

[bookmark: _GoBack]ods output ParameterEstimates=GNB2 FitStatistics = GNB2Fit;

proc nlmixed data = cariesEPIPAP;

parms		
	gamma1    =   0
	gamma2    =   0
	gamma3    =   0
	gamma4    =   0 
	gamma5    =   0
	gamma6    =   0
	gamma7    =   0
	gamma8    =   0
	gamma9    =   0
	gamma10   =   0
	gamma11   =   0
	gamma12   =   0
	gamma13   =   0
	gamma14   =   0
	gamma15   =   0
	gamma16   =   0
	gamma17   =   0
	gamma18   =   0
	gamma19   =   0
	gamma20   =   0
	gamma21   =   0
	gamma22   =   0	/data=tempo_;

lambda = exp(beta0 + beta1*age1824 + beta2*age2529 + beta3*nationality + beta4*education1 + beta5*education2 + beta6*unemployment + beta7*smoking1 + beta8*smoking2 + beta9*prenatalcare + beta10*plaque + beta11*calculus + beta12*dentist + beta13*examiner1 + beta14*examiner2 + beta15*examiner3 + beta16*examiner4 + beta17*examiner5 + beta18*examiner6 + beta19*examiner7 + beta20*examiner8 + beta21*examiner9 + beta22*examiner10);

phi = exp(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10);

phi2 = exp(-(gamma0 + gamma1*age1824 + gamma2*age2529 + gamma3*nationality + gamma4*education1 + gamma5*education2 + gamma6*unemployment + gamma7*smoking1 + gamma8*smoking2 + gamma9*prenatalcare + gamma10*plaque + gamma11*calculus + gamma12*dentist + gamma13*examiner1 + gamma14*examiner2 + gamma15*examiner3 + gamma16*examiner4 + gamma17*examiner5 + gamma18*examiner6 + gamma19*examiner7 + gamma20*examiner8 + gamma21*examiner9 + gamma22*examiner10));

temp = lambda/(log(1+phi));

ll1 = lgamma(nbrtot + temp) - lgamma(nbrtot + 1) - lgamma(temp);

ll2 = -lambda - nbrtot*log(1+phi2);

ll = ll1 + ll2;

dummy = 1;

model dummy ~ general(ll);

run;




