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Table 1S: Calibration in the large and calibration slope for varying degrees of ICC when the distribution of the cluster sizes differs between the training and validation datasets. (mean calibration over 100 simulated datasets).
	Method
	ICC
	Calibration intercept(se)
	Calibration 
slope (se)

	No clustering
	0.05
	0.017 (0.130)
	0.977  (0.076)

	RE-zero
	0.05
	0.032 (0.130)
	0.945  (0.074)

	RE-integ
	0.05
	0.010 (0.127)
	0.976  (0.075)

	RE-approx
	0.05
	0.014 (0.128)
	0.975  (0.075)

	GEE
	0.05
	0.012 (0.127)
	0.983  (0.076)

	No clustering
	0.15
	0.007 (0.176)
	0.970  (0.072)

	RE-zero
	0.15
	0.064 (0.192)
	0.887  (0.058)

	RE-integ
	0.15
	0.002 (0.177)
	0.969  (0.071)

	RE-approx
	0.15
	0.004 (0.178)
	0.965  (0.068)

	GEE
	0.15
	-0.005 (0.182)
	0.971  (0.071)

	No clustering
	0.30
	-0.020 (0.277)
	0.955  (0.093)

	RE-zero
	0.30
	0.121 (0.306)
	0.793  (0.066)

	RE-integ
	0.30
	-0.003(0.261)
	0.958  (0.089)

	RE-approx
	0.30
	0.009  (0.263)
	0.947  (0.083)

	GEE
	0.30
	-0.045 (0.267)
	0.984  (0.093)
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	Method
	ICC
	Calibration 
intercept (se)
	Calibration 
slope (se)
	C-statistic (se)

	RE(u)
	0.05
	0.008  (0.068)
	0.978  (0.065)
	0.793  (0.004)

	RE(u) - Int
	0.05
	0.002  (0.067)
	0.986  (0.065)
	0.793  (0.004)

	RE(u)
	0.10
	0.008  (0.069)
	0.977  (0.062)
	0.802  (0.004)

	RE(u) - Int
	0.10
	0.001  (0.068)
	0.987  (0.062)
	0.802  (0.004)

	RE(u)
	0.15
	0.012  (0.070)
	0.977  (0.066)
	0.811  (0.004)

	RE(u) - Int
	0.15
	0.003  (0.069)
	0.988  (0.066)
	0.811  (0.004)

	RE(u)
	0.30
	0.016  (0.068)
	0.984  (0.065)
	0.834  (0.004)

	RE(u) - Int
	0.30
	0.006  (0.067)
	0.997  (0.065)
	0.834  (0.004)
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where   and  are the vector of responses and matrix of predictors, respectively, for the ith cluster.


Table 3S: Overall performance measures for marginal predictions for new members in existing clusters. Mean calibration intercept (standard error), median calibration slope (standard error), mean C-statistic (standard error) over 100 simulations RE(0): Prediction is obtained by using only the fixed effects. RE-int: Prediction is obtained by integrating over the estimated distribution of the random effects.
	
Method
	ICC
	Calibration 
Intercept (se) 
	Calibration 
Slope (se)
	C-statistic (se)

	RE(u=0)
	0.05
	0.011  (0.070)
	0.959   (0.060)
	0.783  (0.004)

	RE-int
	0.05
	-0.011 (0.069)
	0.987   (0.060)
	0.783   (0.004)

	RE(u=0)
	0.10
	0.022   (0.071)
	0.932   (0.058)
	0.780   (0.004)

	RE-int
	0.10
	-0.023 (0.069)
	0.988    (0.060)
	0.780   (0.004)

	RE(u=0)
	0.15
	0.039   (0.073)
	0.907    (0.059)
	0.778   (0.004)

	RE-int
	0.15
	-0.029  (0.069)
	0.989    (0.063)
	0.778   (0.004)

	RE(u=0)
	0.30
	0.092   (0.070)
	0.823    (0.053)
	0.759   (0.004)

	RE-int
	0.30
	-0.054  (0.062)
	0.984    (0.063)
	0.759   (0.004)





R code for integrating over the distribution of random effects
# Inverse logit function
#rs is the risk score (or linear predictor or predicted log-odds)
expit<-function(rs) {1/(1+exp(-rs))}

# Integrate over the distribution of u for a given patient and 
#output population average predictions
papred<-function(x,beta,sigmau){
  #x is an Nxp design matrix 
  #beta is px1 vector of estimated regression coefficients  
  #sigmau the standard deviation of the random effects 
  #Sample from the prior distribution of the random effects
  u <- qnorm(seq(0.001, 0.999, 0.001))*sigmau
  predu<-function(x,beta,u) {mean(expit(x%*%beta+u)) }
  pa<-apply(x,1,predu,"beta"=beta,"u"=u)  
  return(pa)
}

