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Guide:
For performing an economic evaluation alongside a cluster randomized trial, the below Stata code can be used. The purpose of the comments in this online resource is to indicate where changes need to be made. Mind that before copying this code into a Stata do-file, the comments need to be removed. 
1. 

clear
set more off

cd "XXXX" 			/* fill in directory */	Comment by M. El Alili: Fill in directory where data set is saved.  

use "XXXX", clear   		/* fill in the file name */	Comment by M. El Alili: Fill in name of the data set. 

log using "XXXX", replace	/* name your log-file */	Comment by M. El Alili: In the log-file the estimates can be easily accessed after running the cost-effectiveness analysis. Give the log-file a name here. 


* Step 1. Bias-corrected and accelerated bootstrap to deal with skewed costs:  
bootstrap  _b, bca reps(XXXX) seed(XXXX) cluster(CCCC) nodots notable noheader nolegend: xtreg YYYY XXXX, i(CCCC) mle	Comment by M. El Alili: Fill in the number of replications here, according to numerous authors at least 1000 replications are necessary. (See manuscript)	Comment by M. El Alili: To be able to replicate the cost-effectiveness analysis with similar results, fill in a number here. 	Comment by M. El Alili: Fill in the variable name that specifies the clusters. Using this approach is similar as described by Ren et al. (See manuscript)	Comment by M. El Alili: Fill in cost variable.  	Comment by M. El Alili: Fill in treatment indicator. 	Comment by M. El Alili: Fill in the variable name that specifies the clusters. 

mat betaCE			= e(b)		    					/* extract the matrix of observed statistics */
mat bootcost_diff 	= e(b_bs) 							/* extract the matrix of bootstrap estimates */
mat se 				= e(se)			    				/* extract the matrix of standard error of bootstrap estimates */
mat limits 			= e(ci_bca)	    					/* extract the matrix of bias corrected and accelerated confidence interval limits */
mat vari 			= e(V)   		    				/* extract the bootstrap variance-covariance matrix */

gen cost_diff 		= betaCE[1,1]	     				/* generate variable for the mean differential costs (OBSERVED POINT ESTIMATE)*/
gen SE_costs		= se[1,1]            				/* generate variable for SE of the bootstrap estimates */ 
gen N 				= e(N)			      				/* generate variable for sample size */
gen LL_costs		= limits[1,1]        				/* generate variable for lower CI of the bootstrap estimates */
gen UL_costs		= limits[2,1]        				/* generate variable for upper CI of the bootstrap estimates */
gen cost_var		= vari[1,1]		  					/* generate variable for the variance of the mean differential costs from the variance-covariance matrix */

* Substep 1.1 We need the SE for costs and effects in each of the treatment arms to be able to estimate the covariance between costs and effects:
cor Costs QALY if trtArm 	== 0
mat cor 					= r(rho)
gen cor_control 			= cor[1,1]

cor Costs QALY if trtArm 	== 1
mat cor 					= r(rho)
gen cor_intervention 		= cor[1,1]

tabstat Costs, stats(sd) save by(trtArm)
mat sd 						= r(Stat1)
gen Costs_SD_control 		= sd[1,1]

tabstat Costs, stats(sd) save by(trtArm)
mat sd 						= r(Stat2)
gen Costs_SD_intervention 	= sd[1,1]

tabstat QALY, stats(sd) save by(trtArm)
mat sd 						= r(Stat1)
gen QALY_SD_control 		= sd[1,1]

tabstat QALY, stats(sd) save by(trtArm)
mat sd 						= r(Stat2)
gen QALY_SD_intervention 	= sd[1,1]

[bookmark: _GoBack]gen obs = _N

gen QALY_control_se 		= QALY_SD_control/sqrt(obs)
gen QALY_int_se 			= QALY_SD_intervention/sqrt(obs)

gen Costs_control_se 		= Costs_SD_control/sqrt(obs)
gen Costs_int_se 			= Costs_SD_intervention/sqrt(obs)

save "costs", replace

** Step 2. Estimate effect difference with normal-based confidence limits: 
clear
set more off

cd "XXXX"			/* fill in directory */	Comment by M. El Alili: Fill in directory where data set is saved. 

use "XXXX", clear   		/* fill in the file name */	Comment by M. El Alili: Fill in name of the data set. 

xtreg YYYY XXXX, i(CCCC) mle 	Comment by M. El Alili: Fill in effect variable. 	Comment by M. El Alili: Fill in treatment indicator. 	Comment by M. El Alili: Fill in variable that specifies the clusters. 
	gen effect_diff        		 = _b[XXXX]
	gen SE_effect          		 = _se[XXXX]
	gen Za                       = 1.95996
	mat vari                     = e(V)
	gen effect_var          = vari[1,1]
	gen UL_effect         = effect_diff + Za*SE_effect
	gen LL_effect         = effect_diff - Za*SE_effect

save "effects", replace

*** Step 3. Estimate covariance between costs and effects
clear
set more off

cd "XXXX"										/* Fill in directory where both costs and effects are saved */	Comment by M. El Alili: Fill in directory where the previously generated datasets “costs” and “effects” are generated. 

use "costs", clear   								/* Fill in the file name */
merge using "effects"
drop _merge

gen se_QALY = sqrt(QALY_int_se^2+QALY_control_se^2) 
gen se_Costs = sqrt(Costs_int_se^2+Costs_control_se^2) 
gen cor_cost_effect_diffs = ((cor_intervention*QALY_int_se*Costs_int_se)+(cor_control*QALY_control_se*Costs_control_se))/(se_QALY*se_Costs)
gen cov = cor_cost_effect_diffs*SE_effect*SE_costs			

save "costs_and_effects", replace

**** Step 4. Only keep important variables necessary for doing the cost-effectiveness analysis: 
keep cost_diff LL_costs UL_costs cost_var effect_diff LL_effect UL_effect effect_var cov SE_costs SE_effect 

***** Step 5. Calculate NBs and uncertainty around NBs:
gen WTP = XXXX													/* Fill in your willingness-to-pay here */	Comment by M. El Alili: Fill in the desired willingness-to-pay to estimate the Net-Benefit. 

gen NB =(WTP*effect_diff)-cost_diff                      		 /* NBs are generated for each value of i */

gen varNB =WTP^2 * effect_var + cost_var - 2*WTP*cov      		  /* variance of NB is generated */
gen varNB_halfsqrd = (varNB)^(1/2)
gen seNB=sqrt(varNB) 

gen LL_NB= NB - 1.96 * varNB_halfsqrd
gen UL_NB = NB + 1.96 * varNB_halfsqrd


****** Step 6. Generate ICER and display all cost-effectiveness estimates including surrounding statistical uncertainty: 
gen ICER = cost_diff/effect_diff

display ICER

display cost_diff
display LL_cost
display UL_cost
display SE_costs 

display effect_diff
display LL_effect
display UL_effect
display SE_effect

display NB
display LL_NB
display UL_NB

capture log close 

save "cost_effectiveness_estimates", replace

******* Step 7. Estimating the cost-effectiveness acceptability curve: 
forvalues i=0(1000)80000 {                                    /* local macro i counts from 0 to 80000 in steps of 1000 */	Comment by M. El Alili: This can be changed according to other willingness-to-pay thresholds, depending on the setting. 
local x = `i'/1000                                            /* x is created just for variable names */

gen NB`x'=(`i'*effect_diff)-cost_diff                         /* NBs are generated for each value of i */
gen varNB`x'=`i'^2 * effect_var + cost_var - 2*`i'*cov        /* variance of NB is generated */
gen seNB`x'=sqrt(varNB`x')                                    /* standard error of NB is generated */
local z = NB`x'/seNB`x'
local prob = normal(`z')
matrix row = (`i',`prob')
matrix ceac = (nullmat(ceac)\row)    /* Matrix containing probability that intervention is cost-effective for each value of i */
}

svmat ceac                            /* The matrix is converted into variables */
matrix drop ceac                    /* The unneeded matrix is now dropped */

twoway (line ceac2 ceac1), ytitle(Probability intervention cost-effective) yscale(range(0 1)) ylabel(0(0.2)1) xtitle(Ceiling ratio: euro/QALY gained) xscale(range(0 80000)) xlabel(0(10000)80000)
graph save "CEAC.gph", replace

keep ceac1 ceac2

save "CEAC_probabilities", replace
