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Introduction for Tipping point analysis
a) Tipping Points for Continuous Data. 
Assume that smaller value corresponds to better effectiveness. We consider that the missing data has the same variance with the observed data of each group.  and  , where  is the variance of the missing data in the treatment group,  is the variance of the observed data in the treatment group,  is the variance of the missing data in the control group,  is the variance of the observed data in the control group.
We used 5 steps to calculate the tipping point. 
Step 1: Let k = 0.
Step 2: Let , and 
Step 3: Calculate , , ,  and Z, where Z is the test statistic according to either superiority or non-inferiority comparison.
Step 4: If , then  , where  is the upper  level of the standard normal distribution.
Step 5: Repeat steps (2) to (4) till  . The resulting difference of   and  is the tipping point.
, when .

b) Tipping Points for Binary Data. 
Assume that smaller value corresponds to better effectiveness. Let  and  be the number of
missing values in the treatment and control group, respectively. Starting at 0 and ending at , the failure rate in the treatment group is changed by adding 1 failure at a time; meanwhile, the failure rate in the control group is changed by adding 1 failure at a time starting at 0 and ending at . The Z test statistics can be produced. If it is greater than or equal to , the difference of the resulting failure events between the two arms in the missing patients is a tipping point. The algorithm is as follows.
Step 1: Let  = 0.
Step 2: Let  = 0.
Step 3: Let , and 
Step 4: Calculate , , ,  and Z, where Z is the test statistic according to either superiority or non-inferiority comparison.
Step 5: If , then  , where 
Step 6: Repeat steps (3) to (5) till  . The resulting difference in event numbers between treatment groups in the missing cohort is a tipping point.
Step 7:  , where  Continue steps (2) to (6).
, when .


Supplementary Methods. Search terms
PubMed 
(((coated[Title/Abstract] OR eluting[Title/Abstract]) AND (balloon[Title/Abstract] OR stent[Title/Abstract])) AND (superiority OR noninferiority) AND coronary[Title/Abstract] AND (Angiographic OR "late lumen loss" OR "late loss" OR "late luminal loss" OR "minimal lumen diameter" OR "minimal luminal diameter" OR "diameter stenosis") ) NOT protocol[Title/Abstract]

Clinical trial.gov 
 (coated OR eluting) AND (balloon OR stent) AND coronary AND Angiographic | Completed Studies | Studies With Results

Cochrane library
 (coated OR eluting) AND (balloon OR stent) AND coronary (Angiographic OR "late lumen loss" OR "late loss" OR "late luminal loss" OR "minimal lumen diameter" OR "minimal luminal diameter" OR "diameter stenosis") AND (superiority OR noninferiority)

Web of science 
[bookmark: _Hlk84713674](((coated OR eluting) AND (balloon OR stent)) AND (superiority OR noninferiority) AND coronary AND (Angiographic OR "late lumen loss" OR "late loss" OR "late luminal loss" OR "minimal lumen diameter" OR "minimal luminal diameter" OR "diameter stenosis")) NOT protocol

[image: ]Figure S1. Flow Diagram of the Search for Published Studies
Abbreviation: DCB, drug-coated balloons; DES, drug-eluting stents; QCA, quantitative coronary angiography; RCT, randomized controlled trial.


Table S1. Characteristics of included studies
	First author, year
	Study design
	Interventions
	N (Treatment)
	N (Control)
	Missing rate
	Primary outcome

	With DES and DCB arm

	Unverdorben2009
	superiority
	DCB vs DES
	66
	65
	0.11
	6m
	LLL 

	Ali2011
	superiority
	DCB vs DES
	45
	39
	0.11
	9m
	LLL

	Latib2012
	noninferiority
	DCB vs DES
	94
	98
	0.15
	6m
	LLL 

	Byrne2013
	noninferiority
	DCB vs DES
	172
	168
	0.15
	6-8m
	%DS 

	Alfonso2014
	superiority
	DES vs DCB
	94
	95
	0.10
	9m
	MLD 

	Xu2014
	noninferiority
	DCB vs DES
	113
	108
	0.18
	9m
	LLL 

	Alfonso2015
	superiority
	DES vs DCB
	154
	155
	0.12
	6-9m
	MLD 

	Pleva2016
	noninferiority
	DCB vs DES
	74
	74
	0.07
	12m
	LLL 

	Baan2018
	noninferiority
	DCB vs DES
	137
	141
	0.21
	6m
	MLD 

	Jensen2018
	noninferiority
	DCB vs DES
	163
	80
	0.23
	6m
	LLL 

	Tang2018
	noninferiority
	DCB vs DES
	116
	114
	0.16
	9m
	%DS 

	Wong2018
	superiority
	DCB vs DES
	86
	86
	0.57
	9m
	LLL 

	Cortese2020
	noninferiority
	DCB vs DES
	118
	114
	0.10
	6m
	LLL 

	Yu2021
	noninferiority
	DCB vs DES
	84
	79
	0.07
	9m
	LLL

	Yu2022
	noninferiority
	DCB vs DES
	85
	85
	0.11
	9m
	LLL 

	
	
	
	
	
	
	
	

	Mínguez2014
	noninferiority
	DCB+BMS vs DES
	52
	56
	0.20
	9m
	LLL

	Poerner2014
	noninferiority
	DCB+BMS vs DES
	54
	51
	0.18
	6m
	Uncovered struts %

	ZURAKOWSKI2015
	noninferiority
	DCB+BMS vs DES
	102
	100
	0.54
	9m
	LLL

	Chae2017
	noninferiority
	DCB+BMS vs DES
	90
	90
	0.19
	9m
	LLL

	Mínguez2014
	noninferiority
	DCB+BMS vs DES
	52
	56
	0.20
	9m
	LLL

	
	
	
	
	
	
	
	

	With DES arm
	
	
	
	
	
	
	

	Morice2006
	superiority
	DES vs DES
	970
	941
	0.08
	8m
	Restenosis 

	Petronio2007
	superiority
	DES vs DES
	50
	50
	0.15
	9m
	Mean neointimal hyperplasia area

	Chevalier2008
	noninferiority
	DES vs DES
	199
	197
	0.13
	9m
	LLL 

	Mehilli2008
	noninferiority
	DES vs DES
	239
	242
	0.18
	6-8m
	LLL 

	Mehilli2008
	noninferiority
	DES vs DES
	231
	242
	0.20
	6-8m
	LLL 

	Stone2008
	noninferiority
	DES vs DES
	376
	188
	0.23
	8m
	LLL 

	Chevalier2009
	noninferiority
	DES vs DES
	174
	98
	0.19
	9m
	LLL 

	Herdeg2009
	noninferiority
	DES vs DES
	67
	67
	0.19
	6m
	LLL

	Juwana2009
	superiority
	DES vs DES
	196
	201
	0.31
	9m
	LLL 

	Maeng2009
	superiority
	DES vs DES
	76
	77
	0.15
	8m
	LLL 

	Verheye2009
	noninferiority
	DES vs DES
	97
	49
	0.06
	6m
	LLL 

	Ormiston2010
	noninferiority
	DES vs DES
	202
	192
	0.11
	6m
	LLL 

	Desch2011
	noninferiority
	DES vs DES
	120
	116
	0.21
	9m
	LLL 

	Kim2011
	noninferiority
	DES vs DES
	149
	151
	0.28
	8m
	LLL 

	Lee2011
	noninferiority
	DES vs DES
	55
	56
	0.03
	8m
	LLL 

	Park2011
	noninferiority
	DES vs DES
	224
	226
	0.19
	9m
	LLL 

	Pilgrim2011
	noninferiority
	DES vs DES
	229
	222
	0.21
	6-8m
	LLL 

	Xu2011
	superiority
	DES vs DES
	216
	186
	0.25
	8m
	LLL

	Park2011'
	noninferiority
	DES vs DES
	1079
	364
	0.36
	9m
	LLL 

	Ahn2012
	noninferiority
	DES vs DES
	250
	250
	0.32
	9m
	LLL 

	Carrié2012
	noninferiority
	DES vs DES
	181
	184
	0.13
	6m
	LLL 

	Chung2012
	superiority
	DES vs DES
	61
	61
	0.21
	9m
	LLL 

	Grube2012
	noninferiority
	DES vs DES
	298
	140
	0.18
	9m
	LLL 

	Meredith2012
	noninferiority
	DES vs DES
	92
	98
	0.04
	6m
	LLL 

	Meredith2012
	noninferiority
	DES vs DES
	99
	98
	0.07
	6m
	LLL 

	Song2012
	superiority
	DES vs DES
	34
	32
	0.38
	9m
	LLL

	Xu2012
	noninferiority
	DES vs DES
	200
	192
	0.16
	9m
	LLL 

	Gao2013
	noninferiority
	DES vs DES
	227
	231
	0.12
	9m
	LLL 

	Lee2014
	noninferiority
	DES vs DES
	245
	255
	0.34
	9m
	LLL 

	Remkes2014
	superiority
	DES vs DES
	198
	201
	0.25
	9m
	MLD

	Remkes2014
	superiority
	DES vs DES
	198
	201
	0.26
	9m
	MLD

	Yuan2014
	noninferiority
	DES vs DES
	210
	197
	0.14
	9m
	LLL

	Lemos2015
	noninferiority
	DES vs DES
	132
	62
	0.03
	9m
	LLL 

	Windecker2015
	noninferiority
	DES vs DES
	332
	173
	0.15
	9m
	LLL 

	Verheye2016
	noninferiority
	DES vs DES
	108
	51
	0.19
	6m
	LLL 

	Zhang2016
	noninferiority
	DES vs DES
	202
	200
	0.26
	9m
	LLL 

	Han2017
	noninferiority
	DES vs DES
	217
	226
	0.10
	9m
	LLL 

	Kang2017
	noninferiority
	DES vs DES
	250
	122
	0.31
	9m
	LLL 

	Teeuwen2017
	noninferiority
	DES vs DES
	165
	165
	0.15
	9m
	LLL 

	Yang2017
	noninferiority
	DES vs DES
	38
	39
	0.06
	9m
	LLL

	Abizaid2018
	noninferiority
	DES vs DES
	182
	95
	0.19
	9m
	LLL 

	Birgelen2018
	noninferiority
	DES vs DES
	95
	101
	0.08
	9m
	LLL 

	Xu2018
	noninferiority
	DES vs DES
	235
	245
	0.13
	9m
	LLL 

	Li2020
	noninferiority
	DES vs DES
	254
	251
	0.12
	9m
	LLL 

	Lim2021
	noninferiority
	DES vs DES
	57
	55
	0.07
	9m
	LLL 

	Sabate2021 
	noninferiority
	DES vs DES
	129
	140
	0.22
	9m
	LLL 

	Tao2021
	noninferiority
	DES vs DES
	245
	249
	0.13
	9m
	LLL 

	Yoon2022
	noninferiority
	DES vs DES
	59
	62
	0.07
	9m
	LLL 

	
	
	
	
	
	
	
	

	Gao2015
	noninferiority
	BRS vs DES
	241
	239
	0.18
	12m
	LLL 

	Kimura2015
	noninferiority
	BRS vs DES
	275
	137
	0.06
	13m
	LLL

	Puricel2015
	superiority
	DES vs BRS
	229
	96
	0.13
	9m
	LLL

	Sabate2016
	noninferiority
	BRS vs DES
	95
	96
	0.10
	6m
	HS

	Serruys2016
	noninferiority
	BRS vs DES
	364
	182
	0.18
	36m
	LLL

	Han2018
	noninferiority
	BRS vs DES
	278
	283
	0.12
	12m
	LLL

	Byrne2019
	noninferiority
	BRS vs DES
	173
	89
	0.19
	6-8m
	%DS

	Wu2019
	noninferiority
	BRS vs DES
	200
	195
	0.21
	12m
	LLL

	Sabate2019
	superiority
	BRS vs DES
	74
	76
	0.13
	12m
	the rate of increase (≥3%)

	
	
	
	
	
	
	
	

	Schampaert2004
	superiority
	DES vs BMS
	50
	50
	0.12
	8m
	MLD

	Sabaté2005
	superiority
	DES vs BMS
	111
	110
	0.08
	9m
	LLL

	Kelbæk2006
	superiority
	DES vs BMS
	163
	159
	0.09
	6m
	MLD

	Ortolani2007
	superiority
	DES vs BMS
	52
	52
	0.06
	9m
	LLL

	Chan2008
	superiority
	DES vs BMS
	81
	47
	0.06
	6m
	LLL

	Kelbæk2008
	superiority
	DES vs BMS
	313
	313
	0.16
	8m
	LLL

	Herdeg2009
	superiority
	DES vs BMS
	67
	68
	0.19
	6m
	LLL

	Lemos2009
	superiority
	DES vs BMS
	111
	57
	0.03
	9m
	LLL 

	Lemos2009
	superiority
	DES vs BMS
	106
	57
	0.05
	9m
	LLL 

	
	
	
	
	
	
	
	

	HAUSLEITER2004
	superiority
	DES vs POBA
	253
	249
	0.18
	12m
	Restenosis 

	Kastrati2005
	superiority
	DES vs POBA
	100
	100
	0.08
	6m
	Restenosis 

	Kastrati2005
	superiority
	DES vs POBA
	100
	100
	0.09
	6m
	Restenosis 

	Alfonso2006
	superiority
	DES vs POBA
	76
	74
	0.06
	9m
	Restenosis 

	
	
	
	
	
	
	
	

	Park2008
	superiority
	DES vs Beta-radiation-filled balloon
	65
	64
	0.20
	6m
	LLL

	Song2012
	superiority
	DES vs Cutting Balloon Angioplasty
	48
	48
	0.36
	9m
	LLL

	With DCB arm
	
	
	
	
	
	
	

	Chen2018
	noninferiority
	DCB vs DCB
	120
	120
	0.13
	9m
	LLL

	Hamm2020
	noninferiority
	DCB vs DCB
	65
	60
	0.20
	6m
	LLL

	Zhu2021
	noninferiority
	DCB vs DCB
	110
	106
	0.16
	9m
	LLL

	Hu2021
	noninferiority
	DCB vs DCB
	105
	1B6
	0.20
	9m
	LLL

	Jun2022
	noninferiority
	DCB vs DCB
	39
	39
	0.23
	6m
	LLL 

	Kufner2022
	noninferiority
	DCB vs DCB
	151
	172
	0.17
	6-8m
	%DS

	Liu2023
	noninferiority
	DCB vs DCB
	128
	132
	0.18
	9m
	LLL 

	
	
	
	
	
	
	
	

	Scheller2006
	superiority
	DCB vs POBA
	26
	26
	0.13
	6m
	LLL

	Rittger2012
	superiority
	DCB vs POBA
	72
	38
	0.14
	6m
	LLL 

	Byrne2013
	superiority
	DCB vs POBA
	172
	160
	0.17
	6-8m
	%DS

	Kleber2016
	superiority
	DCB vs POBA
	32
	32
	0.25
	9m
	LLL 

	Scheller2016
	superiority
	DCB vs POBA
	33
	30
	0.14
	6m
	LLL 

	Jing2020
	superiority
	DCB vs POBA
	113
	109
	0.22
	9m
	Target lesion stenosis

	Qian2022
	superiority
	DCB vs POBA
	188
	88
	0.17
	9m
	LLL 

	
	
	
	
	
	
	
	

	García-Touchard2017
	superiority
	DCB vs BMS
	110
	112
	0.23
	9m
	LLL

	Wohrle2011
	superiority
	DCB+BMS vs BMS
	62
	58
	0.04
	6m
	LLL

	Belkacemi2012
	superiority
	DCB+BMS vs BMS
	50
	51
	0.17
	6m
	LLL

	Kufner2017
	superiority
	DCB+Scoring balloon vs DCB
	125
	127
	0.19
	6-8m
	%DS


Abbreviation: BMS, bare mental stent; BRS, bioresorbable scaffold; DCB, drug-coated balloons; DES, drug-eluting stents; %DS, percentage diameter stenosis; HS, healing score; LLL, late lumen loss; MLD, minimal lumen diameter; POBA, plain old balloon angioplasty.1-102

 







[bookmark: _Hlk132360736][image: ]Figure S2. Correlation analysis of missing rate with inconsistency rate, tipping-point SES and tipping-point ratio of the H0 rejected comparisons.
(A) Correlation analysis between the natural logarithm of missing rate and the natural logarithm of inconsistency rate. (B) Correlation analysis between the natural logarithm of missing rate and tipping-point SES. (C) Correlation analysis between the natural logarithm of missing rate and tipping-point ratio. 
Abbreviation: CI, confidence interval; SES, standardized effect size.








[bookmark: _Hlk120710191]Table S2. Multivariable Generalized Linear Regression analysis of study characteristics in all included studies
	Variables
	Inconsistency rate
	Tipping-point SES
	Tipping-point ratio

	
	β (95%CI)
	P value
	β (95%CI)
	P value
	β (95%CI)
	P value

	Study design
	
	
	
	
	
	

	Superiority
	ref.
	
	ref.
	
	ref.
	

	Noninferiority
	0.002 (-0.050, 0.053)
	0.955
	-0.187 (-0.587, 0.212)
	0.357
	0.197 (-0.325, 0.720)
	0.459

	Primary endpoint
	
	
	
	
	
	

	    Other
	ref.
	
	ref.
	
	ref.
	

	    LLL
	-0.001 (-0.061, 0.059)
	0.975
	0.004 (-0.468, 0.477)
	0.986
	0.171 (-0.446, 0.789)
	0.586

	Time to primary endpoint analysis
	
	
	
	
	
	

	≤6m
	ref.
	
	ref.
	
	ref.
	

	8m-9m
	0.032 (-0.024, 0.087)
	0.263
	-0.527 (-1.388, 0.334)
	0.230
	0.309 (-0.763, 1.381)
	0.572

	≥12m
	0.017 (-0.080, 0.114)
	0.733
	-0.619 (-2.097, 0.858)
	0.412
	0.966 (-1.008, 2.939)
	0.337

	Sample size (per 100)
	0.010 (-0.000, 0.020)
	0.059
	-0.151 (-0.307, 0.005)
	0.059
	-0.176 (-0.448, 0.097)
	0.206

	Power
	-0.002 (-0.007, 0.002)
	0.254
	-0.045 (-0.112, 0.021)
	0.180
	-0.012 (-0.101, 0.078)
	0.794

	1-side alpha
	
	
	
	
	
	

	    0.050
	ref.
	
	ref.
	
	ref.
	

	    0.025
	-0.040 (-0.093, 0.014)
	0.147
	-0.197 (-0.609, 0.216)
	0.350
	0.218 (-0.340, 0.776)
	0.443

	Missing rate
	
	
	
	
	
	

	<10%
	ref.
	
	ref.
	
	ref.
	

	10%-19%
	0.206 (0.145, 0.267)
	<0.001
	-4.568 (-5.547, -3.589)
	<0.001
	6.291 (4.954, 7.627)
	<0.001

	≥20% 
	0.308 (0.240, 0.376)
	<0.001
	-5.044 (-6.131, -3.957)
	<0.001
	7.747 (6.284, 9.211)
	<0.001

	Observed-target SES
	0.210 (0.133, 0.287)
	<0.001
	-4.304 (-5.510, -3.099)
	<0.001
	2.007 (0.430, 3.584)
	0.013


Abbreviation: CI, confidence interval; SES, standardized effect size. Tipping distance= observed SES - Tipping-point SES

[image: ]
[bookmark: _Hlk142822479]Figure S3. Correlation analysis of inconsistency rate, tipping-point SES, tipping distance and tipping ratio of the H0 rejected comparisons.
(A) Correlation analysis between inconsistency rate and tipping-point SES. (B) Correlation analysis between inconsistency rate and tipping-point ratio. (C) Correlation analysis between the tipping-point SES and the tipping-point ratio. 
Abbreviation: CI, confidence interval; SES, standardized effect size.


[bookmark: _Hlk172037611]R code for inconsistency rate
#For continuous outcomes
tp_Pri<-function(data){
  N<-as.numeric(data[,6])    #the number of patients in the treatment group and control group
  Nt<-as.numeric(data[,7])   #the number of patients in the treatment group
  Nc<-as.numeric(data[,8])  #the number of patients in the control group
  Ntf<-as.numeric(data[,9]) #the number of observed values in the treatment group
  Ncf<-as.numeric(data[,10])  #the number of observed values in the control group
  mar<-as.numeric(data[,16]) #margin
  ENDPOINTtm1<-data[,17]  #the mean of primary endpoint in the treatment group
  ENDPOINTtsd<-as.numeric(data[,18]) #the SD of primary endpoint in the treatment group
  ENDPOINTcm1<-data[,19]  #the mean of primary endpoint in the control group
  ENDPOINTcsd<-as.numeric(data[,20]) #the SD of primary endpoint in the control group
  
  ENDPOINTtm1<-as.numeric(ENDPOINTtm1)
  ENDPOINTcm1<-as.numeric(ENDPOINTcm1)
  ENDPOINTtm=ENDPOINTtm1
  ENDPOINTcm=ENDPOINTcm1
  ENDPOINTtsd<-as.numeric(ENDPOINTtsd)
  ENDPOINTcsd<-as.numeric(ENDPOINTcsd)
  
  S=3
  n.grid = 150
  X_t_mis = seq.int(ENDPOINTtm - S*ENDPOINTtsd,ENDPOINTtm + S*ENDPOINTtsd, length.out = n.grid)
  X_c_mis = seq.int(ENDPOINTcm - S*ENDPOINTcsd,ENDPOINTcm + S*ENDPOINTcsd, length.out = n.grid)
  
  # t-test
  Welch.t.test <- function(meanYt_mis,meanYc_mis){
    Nt = Nt
    Nc = Nc
    N = N
    mar = mar
    L = length(meanYt_mis)
    Ntmis = Nt-Ntf
    Ntobs = Ntf
    meanYobsT = ENDPOINTtm 
    Ncmis = Nc-Ncf
    Ncobs = Ncf
    meanYobsC =  ENDPOINTcm 
    #p.val = vector(mode = "numeric", length =L)
    p.val = array(NA, L)
    
    for (i in 1:L){
      d = ((meanYobsT*Ntobs + meanYt_mis[i]*Ntmis)/Nt - (meanYobsC*Ncobs + meanYc_mis[i]*Ncmis)/Nc)-mar
      Vart = ((ENDPOINTtsd^2)*(Ntobs-1) + Ntobs*Ntmis/Nt*(meanYobsT - meanYt_mis[i])^2 )/(Ntobs)
      Varc = ((ENDPOINTcsd^2)*(Ncobs-1) + Ncobs*Ncmis/Nc*(meanYobsC - meanYc_mis[i])^2 )/(Ncobs)
      #CHECK THE DEGREES OF FREEDOM!!!
      Welch.DF = (Vart/Nt + Varc/Nc)^2/((Vart/Nt)^2/(Ntobs)+(Varc/Nc)^2/(Ncobs))
      t.stat = d/sqrt(Vart/Nt + Varc/Nc)
      p.val[i] = 2*pt(-abs(t.stat), df=Welch.DF)
    }
    p.val
  }
  
  effect.size.mean = function(meanYt_mis,meanYc_mis){
    ((meanYt_mis*(Nt-Ntf) + ENDPOINTtm*Ntf )/Nt - (meanYc_mis*(Nc-Ncf) + ENDPOINTcm*Ncf )/Nc)-mar}
  
  p.values <- outer(X_t_mis, X_c_mis, FUN = Welch.t.test)
  
  theta <- outer(X_t_mis, X_c_mis, FUN = effect.size.mean)
  
  colnames(theta) = X_c_mis
  rownames(theta) = X_t_mis
  df <- melt(theta)
  names(df) <- c("MisYt", "MisYc", "value")
  df = data.frame(df)
  df$p.value = melt(p.values)[,3]
  summary.type = c("density", "credible.region", "convex.hull")
  alpha = 0.95
  HistMeanT = NULL
  HistMeanC = NULL
  ind.values = FALSE
  impValuesT  = NA
  impValuesC = NA
  impValuesColor=NA
  show.points = TRUE
  point.size=1 
  point.shape=19
  #### Basic plot
  p <- ggplot(df, aes(x=MisYt, y=MisYc))
  if (!is.null(HistMeanT)) p<-p+ geom_vline(xintercept = HistMeanT, colour = "purple",  lwd = 1.01, alpha = 0.7, lty = 1)
  if (!is.null(HistMeanC)) p<-p+geom_hline(yintercept = HistMeanC,  colour = "purple", lwd = 1.01, alpha = 0.7, lty = 1)
  
  p <- p + geom_tile(aes(fill = value)) + labs(title = "Treatment effect and significant p-value in red grid if any")
  
  if(min(df$value)>0)
    p <- p + scale_fill_gradient("estimate",low="white", high="orange", space="Lab")
  if(max(df$value)<0)
    p <- p + scale_fill_gradient("estimate",low="steelblue", high="white", space="Lab")
  
  if(max(df$value)>0 & min(df$value)<0)
    p <- p +  scale_fill_gradient2("estimate",low="steelblue", high="orange", space="Lab")
  
  if (sum(df$p.value <= 0.05) > 0) {
    p <- p  + geom_tile(data = subset(df, p.value <= 0.05), fill = "darkred", alpha = 0.1) + #color = "white", size = 0.1,
      stat_contour(aes(z = p.value), breaks = c(0.05), color = "darkred")
  }
  p <- p + labs(x = "Average outcome for nonrespondents in treatment group", y = "Average outcome for nonrespondents in control group")
  # Observed averages
  p <- p + geom_hline(yintercept = ENDPOINTcm, colour = "darkblue", lty = 2, alpha = 0.7) +
    geom_vline(xintercept = ENDPOINTtm, colour = "darkblue", lty = 2, alpha = 0.7)
 # p
  
  a1<-subset(df, value < 0)
  b1<-subset(a1, p.value < 0.05)
  pout1<-sprintf("%0.3f", nrow(b1)/nrow(df))
  
  a2<-subset(df, value > 0)
  b2<-subset(a2, p.value < 0.05)
  pout2<-sprintf("%0.3f", nrow(b2)/nrow(df))
  
  
  b3<-subset(df, p.value >= 0.05)
  pout3<-sprintf("%0.3f", nrow(b3)/nrow(df))
  
  pout<-cbind(pout1,pout2,pout3)
  pout
}




#For binary outcomes 
  tp_Prig<-function(data){
    N<-as.numeric(data[,6])      #the number of patients in the treatment group and control group
    Nt<-as.numeric(data[,7])    #the number of patients in the treatment group
    Nc<-as.numeric(data[,8])    #the number of patients in the control group
    Ntf<-as.numeric(data[,9])   #the number of observed values in the treatment group 
    Ncf<-as.numeric(data[,10]) #the number of observed values in the control group
    mar<-as.numeric(data[,16]) #margin
    ENDPOINTtn1<-data[,17]  #the observed event number in the treatment group
    ENDPOINTcn1<-data[,19]  #the observed event number in the control group
    
  X_t_mis = seq(0,Nt-Ntf,1)
  X_c_mis = seq(0,Nc-Ncf,1)
  
  proportion.test = function(sumYt_mis,sumYc_mis, treat, Yobs){
    L = length(sumYt_mis)
    p.val = array(NA,L)
    for (i in 1:L)
      p.val[i] = prop.test(c(sumYt_mis[i] + ENDPOINTtn1,sumYc_mis[i] +ENDPOINTcn1),
                           c(Nt,Nc))$p.value
    p.val
  }

  effect.size.sum = function(sumYt_mis,sumYc_mis,treat,Yobs){
    (sumYt_mis + ENDPOINTtn1)/Nt -
      (sumYc_mis + ENDPOINTcn1)/Nc}
  
  p.values <- outer(X_t_mis, X_c_mis, FUN = proportion.test, treat, Yobs)
  theta <- outer(X_t_mis, X_c_mis, FUN = effect.size.sum, treat, Yobs)
  
  colnames(theta) = X_c_mis
  rownames(theta) = X_t_mis
  
  df <- melt(theta)
  names(df) <- c("MisYt", "MisYc", "value")
  df = data.frame(df)
  
  df$p.value = melt(p.values)[,3]
    
  a1<-subset(df, value < 0)
  b1<-subset(a1, p.value < 0.05)
  pout1<-sprintf("%0.3f", nrow(b1)/nrow(df))
  
  a2<-subset(df, value > 0)
  b2<-subset(a2, p.value < 0.05)
  pout2<-sprintf("%0.3f", nrow(b2)/nrow(df))
  
  
  b3<-subset(df, p.value >= 0.05)
  pout3<-sprintf("%0.3f", nrow(b3)/nrow(df))
  
  pout<-cbind(pout1,pout2,pout3)
  pout
     } 
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