************************************************************************************
**STATA code: Estimation of wpICC, bpICC and CAC using cluster-level prevalence data**
************************************************************************************


***Import fictious, cluster-level prevalence dataset csv file:

cd "......."
import delimited "CRT_survey_cluster_prevalence_data", case(preserve) clear

////Data description///

//Fictious Data from a cluster randomised trial:

**Survey_no: Cross-sectional survey number (2 repeated surveys)
**Cluster_no: unique cluster identifier
**Intervention_arm: Study arm identifier (0: Control arm, 1: Intervention arm)
**N_tested: Number tested per cluster 
**n_pos: Number positive for the outcome per cluster
**Cluster_prev: Cluster-level prevalence (n_pos/N_tested)

*expand cluster-level data to individual-level data: 
gen survey_cluster_no= string(Survey_no,"%02.0f") + string(Cluster_no,"%03.0f")
expandcl N_tested, gen(newcl) cluster(survey_cluster_no)
bysort survey_cluster_no: gen obs = _n
bysort survey_cluster_no: replace obs =. if obs>n_pos
drop n_pos
gen case=0
replace case=1 if !missing(obs)
drop obs newcl
sort Survey_no Cluster_no



///Estiamte wpICC, bpICC, CAC for surveys 1 and 2:


	  
*******************************************************
*  Integrated mixed-model + bootstrap (Stata 18)
*******************************************************

///Estimate wpICC, bpICC and CAC for surveys 1 and 2

* Create cluster-period identifier
egen ClusterSurvey_no = group(Cluster_no Survey_no)

* Bootstrap repetitions
local reps = 50

* Drop old result variables
capture drop wpICC bpICC CAC ///
    wpICC_lb wpICC_ub ///
    bpICC_lb bpICC_ub ///
    CAC_lb CAC_ub

* Create result variables
gen double wpICC = .
gen double bpICC = .
gen double CAC   = .

gen double wpICC_lb = .
gen double wpICC_ub = .

gen double bpICC_lb = .
gen double bpICC_ub = .

gen double CAC_lb = .
gen double CAC_ub = .

*******************************************************
* Point estimates
*******************************************************

mixed case ///
    i.Intervention_arm ///
    i.Survey_no ///
    || Cluster_no: ///
    || ClusterSurvey_no:, ///
    nolog reml

estat icc

scalar s_wpICC = r(icc2)
scalar s_bpICC = r(icc3)
scalar s_CAC   = s_bpICC / s_wpICC

display as result "wpICC = " %6.4f s_wpICC
display as result "bpICC = " %6.4f s_bpICC
display as result "CAC   = " %6.4f s_CAC

* Store point estimates
replace wpICC = s_wpICC
replace bpICC = s_bpICC
replace CAC   = s_CAC

*******************************************************
* Define bootstrap estimation program
*******************************************************

capture program drop myprog1

program define myprog1, rclass

    mixed case ///
        i.Intervention_arm ///
        i.Survey_no ///
        || Cluster_no: ///
        || ClusterSurvey_no:, ///
        nolog reml

    estat icc

    return scalar wpicc = r(icc2)
    return scalar bpicc = r(icc3)
    return scalar cac   = r(icc3) / r(icc2)

end

*******************************************************
* Run cluster bootstrap
*******************************************************

tempfile bootresults

bootstrap ///
    wpicc = r(wpicc) ///
    bpicc = r(bpicc) ///
    cac   = r(cac), ///
    reps(`reps') ///
    seed(12345) ///
    cluster(Cluster_no) ///
    saving(`bootresults', replace): ///
    myprog1

*******************************************************
* Extract confidence intervals
*******************************************************

matrix M = r(table)
matrix list M

scalar wpicc_lb = M[5,1]
scalar wpicc_ub = M[6,1]

scalar bpicc_lb = M[5,2]
scalar bpicc_ub = M[6,2]

scalar cac_lb = M[5,3]
scalar cac_ub = M[6,3]

* Store confidence intervals
replace wpICC_lb = wpicc_lb
replace wpICC_ub = wpicc_ub

replace bpICC_lb = bpicc_lb
replace bpICC_ub = bpicc_ub

replace CAC_lb = cac_lb
replace CAC_ub = cac_ub

*******************************************************
* Display final results
*******************************************************

display as result ///
    "wpICC = " %6.4f s_wpICC ///
    " [" %6.4f wpicc_lb ", " %6.4f wpicc_ub "]"

display as result ///
    "bpICC = " %6.4f s_bpICC ///
    " [" %6.4f bpicc_lb ", " %6.4f bpicc_ub "]"

display as result ///
    "CAC   = " %6.4f s_CAC ///
    " [" %6.4f cac_lb ", " %6.4f cac_ub "]"

