Supplemental Information

Supplemental Methods
Tuning Parameters for Height. The tuning parameters τ = 9.49 for height was set using the heuristic formula, corresponding to 90% dependency on observations 1-year (12-month) away. The variance of height was estimated as the residual variance from a random effect mode. In the model, the outcome is the height measurements, the covariate is age in years, and the random effect is Subject. The model was performed among subjects who have 10 to 100 measurements. The lmer R package was used to estimate the model.
Tuning Parameters for Weight. The tuning parameters τ and Var(yi) for weight were optimized using our validation data on the false discovery rate and power. The two parameters were searched simultaneously in the parameter space of 0.4 to 0.8 with incremental step of 0.05 for τ and 100 to 300 with incremental step of 10 for Var(yi). The value of τ = 0.5 and Var(yi) =210 were selected because they had the most reasonable performance with respect to both the FDR (28%) and power (75%).  The figure below plots the FDR against the power for all searched values of parameters τ and Var(yi). 
[image: ]
Population Mean Estimates. Population means used in the computation of Qs scores were estimated from a subset of the subjects from our MVP cohort. These subjects were required to have more than 5 measurements over time, and the QR scores were calculated for all observations. The reference dataset then included the records with a QR < 0.1 to ensure the quality of the reference data. We then computed among the reference dataset the population median and median absolute deviance (MAD) stratified by sex, ethnicity group, and age group (< 60, 60 – 70, 70 – 80, 80 – 90, >=95). These medians and MAD are used as yu and SE(Yi)



Supplemental Figure 1. Illustrations of the QA algorithms using individual patient data. Each patient is analyzed using both the thresholding QA score QS and the longitudinal QA score QR. Black dots represent the observed values; blue crosses represent the moving averages  computed from the EWMA; black triangles represent observations flagged by the thresholding QA; and red dots represent observations flagged by the longitudinal QA. The x-axis is time in years, and the y-axis is inches for height and pounds for weight. The labels of x and y axes were removed for protection of patient health information. 
(a) Height observations from a short patient. All observations except for the first one was flagged by the thresholding QA, yet the longitudinal QA only flagged the first observation. This is a typical example that thresholding QA flags observations that deviate from population mean as erroneous, but these observations are actually correct when assessed longitudinally.
(b) Height observations from a patient where thresholding QA and longitudinal QA is completely aligned with each other.
(c) Height observations from a patient where the longitudinal QA may have flagged an observation incorrectly (red circle) due to a large shift in data.
(d) Weight observations in a patient who was over-weight for a period, and many observations in this period were flagged as erroneous by the thresholding QA.
(e) Weight observations in a patient where the thresholding QA and the longitudinal QA are completely aligned with each other. 
(f) Weight observations in a patient where the longitudinal QA may have falsely flagged an observation due to frequent fluctuations in data.
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Supplemental Table 1: Demographics for the MVP patient cohort (N = 496,311).
	Variable
	Statistics

	
	

	Sex, N (%)
	

	Male
	453,718 (91.4%)

	Female
	42,593 (8.6%)

	
	

	Race, N (%)
	

	White
	355,289 (71.6%)

	Black or African American                
	93,807 (18.9%)

	Other
	14,560 (2.9%)

	Unknown
	32,645 (6.6%)

	Total
	49,6311 (100%)

	
	

	Ethnicity, N (%)
	

	HISPANIC OR LATINO    
	31,336 (6.3%)

	NOT HISPANIC OR Latino
	443,193 (89.3%)

	Unknown 
	21,782, (4.4%)

	
	

	Age at enrollment
	

	N
	496,294

	Mean (SD)
	62.3 (13.8)

	Median
	64.4

	1st Q, 3rd Q
	54.5, 70.2

	Min, Max
	19.3, 106.1


Supplemental Table 2 Proportion of subjects who have more than 20% or 50% of measurements with p < 0.05.
	
	
	Height
(N=485,406)
	Weight
(N=493,086)

	P cutoff = 0.05
	Prop = 0
	63.09%
	73.06%

	
	Prop > 20%
	8.94%
	0.47%

	
	Prop > 50%
	2.36%
	0.07%

	
	Prop = 100%
	0.71%
	0.02%

	
	
	
	

	
	Mean (SD)
	5.97% (13.87%)
	0.85% (3.23%)

	
	Median
	0.0%
	0.0%

	
	1stQ, 3rdQ
	0.0%, 6.25%
	0.0%, 0.93%

	
	Min, Max
	0.0%, 100%
	0.0%, 100%

	
	
	
	




Supplemental Table 3: Validation Results for QR and QS with p-value cutoff of 0.01.
	
	Longitudinal QA (QR)
	
	Thresholding QA (QS)

	
	Height
	Weight
	
	Height
	Weight

	False positive rate
	0.4%
	0.09%
	
	0.08%
	4.9%

	Power 
	57.7%
	58.9%
	
	12.5%
	18.3%

	Positive predictive value 
(1-FDR)
	88.0%
	87.3%
	
	89.6%
	3.8%

	Negative predictive value
	97.7%
	99.6%
	
	95.4%
	99.1%


QR and Qs cutoff = 0.01


EWMA Codes in R
EWMA2ABS.new <- function(outcome, time, tau){
  y <- outcome[!is.na(outcome) & !is.na(time)]
  t <- time[!is.na(outcome) & !is.na(time)]
  m <- length(y)

  if(m > 1){
    dtm <- sapply(t, function(ti){abs(ti - t)})  # m x m matrix, column i is t[i] - t
    wtm <- exp(-dtm/tau) 
    wt.sum <- colSums(wtm)
    wt.sum <- as.numeric(wt.sum)
    ym <- matrix(y, nrow=1, ncol=m)
    ywtm <- ym %*% wtm
    ywtm <- as.numeric(ywtm)
    ewma <- ywtm / wt.sum
    c1 <- colSums(wtm^2) / (wt.sum)^2
    c2 <- 2 * diag(wtm) / wt.sum
    var.coef <- c1 - c2 + 1
  }else{ 
    ewma <- var.coef <- wt.sum <- NA 
  }
  return(data.frame(outcome=y, time=t, ewma=ewma, var.coef=var.coef, wt.sum=wt.sum))
}

##########################################################################################################################################################
###                                                                       ### 
###                run.ewma: run EWMA2ABS for multiple subjects           ###    
###					  ###
### input:                                                                ###    
###     data: a data frame with columns SUBJID, AVAL, and AVISIT          ###    
###           data can not have missing values                            ###    
###     tau:  EWMA weight                                                 ###    
###                                                                       ###    
### output:                                                               ###    
###     re:   A data frame that combines input data and EWMA              ###    
###                                                                       ###    
#############################################################################
run.ewma <- function(data, tau){
EWMA <- EWMA.var.coef <- EWMA.wt.sum <- rep(NA, nrow(data))
uid <- unique(data$SUBJID)
for(i in 1:length(uid)){ 
  idx <- which(data$SUBJID == uid[i])
  datai <- data[idx,]; 
  r <- EWMA2ABS.new(outcome=datai$AVAL, time=datai$AVISIT, tau=tau)   
  EWMA[idx] <- r$ewma
  EWMA.var.coef[idx] <- r$var.coef
  EWMA.wt.sum[idx] <- r$wt.sum  
}
re <- data.frame(data, EWMA, EWMA.var.coef, EWMA.wt.sum) 
return(re)
}	
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