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SUPPLEMENTARY MATERIAL 

Table S1. Detailed search strategy for each database. 
 
Database Search string 

PubMed 
(“smart ring"[tiab] OR oura OR ("ring"[tiab] AND "wearable"[tiab])) AND ((heart OR card*) OR 
sleep) 

Scopus 

(TITLE-ABS-KEY("smart ring") OR TITLE-ABS-KEY("oura") OR (TITLE-ABS-KEY("ring") 
AND TITLE-ABS-KEY("wearable"))) AND (TITLE-ABS-KEY("heart") OR TITLE-ABS-
KEY("card*") OR TITLE-ABS-KEY("sleep")) 
 

ProQuest 
(“smart ring" OR oura OR (ring AND wearable)) AND (heart OR sleep) 
 

  

S2. R script for Total Sleep Time, Rapid Eyes Movements and Heart Rate Meta-analysis. 

R script for Total Sleep Time 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))sum(wt_RE^2(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
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 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                                -18.1,                         -47.3,                              1.5) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                     23.4/52,                      24.6/52,                           40.9/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(      log(23.4) + 1/(52-1),               log(24.6) + 1/(52-1),                 log(40.9) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                      2/(52-1),                     2/(52-1),                             2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
 
 
R script for REM Meta-analysis 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))*sum(wt_RE^2*(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
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 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                                -21.1,                         -12.8,                              -20.7) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                        37.6/52,                      28.9/52,                           35.3/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(        log(37.6) + 1/(52-1),               log(28.9) + 1/(52-1),                 log(35.3) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                        2/(52-1),                     2/(52-1),                             2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA+ 
 
R script for HR Meta-analysis 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
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 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))sum(wt_RE^2(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(-0.44, -0.63, 0.1 ) 
 
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c( 0.48/35, 0.75/49, 4.5/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c( log(0.48) + 1/(35-1), log(0.75) + 1/(49-1), log(4.5) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(2/(35-1), 2/(49-1), 2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
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SENSITIVITY ANALYSES: TST without Chee et al.; TST without Ghorbani et al.; TST without Miller et al.; REM without Chee et al.; 
REM without Ghorbani et al.; REM without Miller et al. 

TST without Miller et al.  
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))sum(wt_RE^2(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
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#bias = vector of study specific bias estimates 
bias <- c(                                -18.1,                         -47.3) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                     23.4/52,                      24.6/52) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(      log(23.4) + 1/(52-1),               log(24.6) + 1/(52-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                      2/(52-1),                     2/(52-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
 
 
TST without Chee et al.  
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))sum(wt_RE^2(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
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 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                                -18.1,                      1.5) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                     23.4/52,                      40.9/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(      log(23.4) + 1/(52-1),               log(40.9) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                      2/(52-1),                     2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
 
 
 
TST without Ghorbani et al. 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))sum(wt_RE^2(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
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 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                       -47.3,                              1.5) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                    24.6/52,                           40.9/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(              log(24.6) + 1/(52-1),                 log(40.9) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(              2/(52-1),                             2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
 
 
 
 
REM without Ghorbani et al. 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
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 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))*sum(wt_RE^2*(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                        -12.8,                              -20.7) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                      28.9/52,                           35.3/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(               log(28.9) + 1/(52-1),                 log(35.3) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                     2/(52-1),                             2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
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REM without Chee et al. 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))*sum(wt_RE^2*(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                                -21.1,                              -20.7) 
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#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                        37.6/52,                           35.3/53) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(        log(37.6) + 1/(52-1),               log(35.3) + 1/(53-1)) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                        2/(52-1),                            2/(53-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
 
 
REM without Miller et al. 
 
#-------------------------------------------------------- 
#Functions for calculating and comparing Bland-altman Meta-analyses 
#-------------------------------------------------------- 
 
meta <- function(Te,V_T) { 
 #Te #vector of estimates (either logS2 or bias) 
 #V_T #vector of conditional variances 
 #method #RE or RVE 
  
 m <- length(Te) 
 wt_FE <- 1/V_T 
 T_FE <- sum(Te*wt_FE)/sum(wt_FE) 
 Q <- sum(wt_FE*(Te - T_FE)^2) 
 S1 <- sum(wt_FE) 
 S2 <- sum(wt_FE^2) 
 o2 <- (Q - (m - 1))/(S1 - S2/S1) 
  
 wt_RE <- 1/(V_T + o2) 
 T_RE <- sum(Te*wt_RE)/sum(wt_RE) 
 V_T_RE_mod <- 1/sum(wt_RE) 
 V_T_RE_rve <- (m/(m-1))*sum(wt_RE^2*(Te - T_RE)^2)/(sum(wt_RE))^2 
  
 c(m,T_RE,o2,V_T_RE_mod, V_T_RE_rve) 
  
} 
 
loa_maker <- function(bias,V_bias,logs2,V_logs2) { 
  
 bias_row <- meta(bias,V_bias) 
 logs2_row <- meta(logs2,V_logs2) 
  
 bias_mean <- bias_row[2] 
 sd2_est <- exp(logs2_row[2]) 
 tau_est <- bias_row[3] 
  
 LOA_L <- bias_mean - 2*sqrt(sd2_est + tau_est) 
 LOA_U <- bias_mean + 2*sqrt(sd2_est + tau_est) 
  
 m <- bias_row[1] 
 tcrit <- qt(1-.05/2,m-1) 
 B1 <- sd2_est^2/(sd2_est + tau_est) 
 B2 <- tau_est^2/(sd2_est + tau_est) 
  
 wt <- 1/V_bias 
# S1 <- sum(wt) 
# S2 <- sum(wt^2) 
# S3 <- sum(wt^3) 
# A0 <- 2*(m-1)/(S1-S2/S1)^2 
# A1 <- 4/(S1 - S2/S1) 
# A2 <- 2*(S2-2*S3/S1+S2^2/S1^2)/(S1-S2/S1)^2 
# V_logT2 <- A0/tau_est^2 + A1/tau_est + A2 
  
 V_logT2 <- 2/sum((V_bias + tau_est)^(-2)) 
  
 V_LOA_mod <- bias_row[4] + B1*logs2_row[4] + B2*V_logT2 
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 V_LOA_rve <- bias_row[5] + B1*logs2_row[5] + B2*V_logT2 
 
 CI_L_mod <- LOA_L - tcrit*sqrt(V_LOA_mod) 
 CI_U_mod <- LOA_U + tcrit*sqrt(V_LOA_mod) 
  
 CI_L_rve <- LOA_L - tcrit*sqrt(V_LOA_rve) 
 CI_U_rve <- LOA_U + tcrit*sqrt(V_LOA_rve) 
  
 c(m, bias_mean,sqrt(sd2_est), tau_est, LOA_L, LOA_U, CI_L_mod, CI_U_mod, CI_L_rve, CI_U_rve) 
  
}  
 
#-------------------------------------------------------- 
#Doing Bland-Altman Meta-analyses 
#-------------------------------------------------------- 
 
#bias = vector of study specific bias estimates 
bias <- c(                                -21.1,                         -12.8) 
           
#V_bias = vector of variances of study specific bias estimates (i.e., s2*/n) 
V_bias <- c(                        37.6/52,                      28.9/52) 
   
#logs2 = vector of study specific estimates, where logs2 = log(s2*) + 1/(n-1) and s2* is bias adjusted 
logs2 <- c(        log(37.6) + 1/(52-1),               log(28.9) + 1/(52-1) 
 
#V_logs2 = vector of variances (i.e., 2/(n-1)) 
V_logs2 <- c(                        2/(52-1),                     2/(52-1)) 
 
out <- loa_maker(bias,V_bias,logs2,V_logs2) 
names(out) <- c("studies","bias","sd","tau2","LOA_L","LOA_U","CI_Lm","CI_Um","CI_Lr","CI_Ur") 
options(scipen = 999) 
out 
 
#LOA_L, LOA_U = LOA lower and upper bounds 
#CI_Lm, CI_Um = model-based random-effects meta-analysis estimate of CI for LOA 
#CI_Lr, CI_Ur = robust variance estimation meta-analysis estimate of CI for LOA 
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Table S3. Sensitivity analyses for TST and REM time. 

Sensitivity analyses 
Mean bias 

(min) 
SD (min) LoA (min) CI_Lm (min) CI_Um (min) 

TST without Chee -8.3 5.6 -38.2, 21.5 -31,328.8 31,312.2 

TST without Ghorbani -22.9 5.7 -92.8, 47.0 -51,5072.7 51,5026.9 

TST without Miller -32.7 4.9 -75.1, 9.7 -108,781.2 108,715.8 

REM without Chee -20.8 6.1 -32.9, -8.8 -36.3 -5.4 

REM without Ghorbani -16.7 5.7 -32.6, -0.8 -1559.0 1525.6 

REM without Miller -16.9 6.1 -33.8, -0.1 -1791.1 1757.2 
 

SD: Standard deviation; CI: Confidence interval; LoA: Limits of Agreement; TST: Total Sleep Time; REM: Rapid Eyes 
Movement. 


