SUPPLEMENTARY MATERIAL

Potential mechanisms for information bias are addressed in Sections A-B. In section C, methods used for multiple imputation are described. Thereafter, 9 supplementary tables are presented, all of which represent alternative approaches to analyzing the data reported in the main article. 
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A. Bias related to missing A1C observations (Tables S1-S2). 

A screening test result (e.g. glycated hemoglobin A1C) is more prone to being omitted if the reference test (e.g. the oral glucose tolerance test, OGTT) has already been found normal. In agreement, we observed that A1C was more often missing in younger subjects having lower 2-hour post-challenge plasma glucose (2h-PG; Table S6-S7). This could suggest that investigators left A1C unmeasured, or not reported, if a subject was young or had a normal to low 2h-PG. It is possible that this may have introduced information bias in our study, i.e. that the quality of the A1C data depended on the value of 2h-PG. Two approaches were explored to assess the extent to which this may have been the case. First, receiver operating characteristic (ROC) analyses for fasting plasma glucose (FPG) were re-calculated among subjects having complete data for FPG, 2h-PG and A1C (n=514; Table S1). This approach identified cutoffs that were similar to those reported. Second, ROC analyses for A1C were re-calculated after using multiple imputation (MI) (see below) to replace missing observations among the included patients (n=889; Table S2). Even by this approach, identified cutoffs were similar to those reported. Based on these analyses, it appears unlikely that the reported results were heavily biased due to missing A1C observations.

B. Verification bias (Tables S3-S5). ). 

The properties of a screening test may be biased if the screening test (e.g. A1C) influences whether or not the reference test (e.g. OGTT) is performed. A high A1C may create a strong incentive to perform the OGTT to verify that the suspected diabetes is present. In contrast, a very low A1C can make the reference test seem redundant. If, thereby, only high levels of A1C lead to an OGTT, this may distort the relationship between the A1C and diabetes mellitus (DM). In agreement, we found that A1C levels appeared to be lower in patients lacking 2h-PG (Table S3). This may have indicated the presence of a type of information bias that is also termed verification bias. In this case, verification bias would refer to the possibility that the quality of the 2h-PG data differed depending on the A1C result. To assess the presence of verification bias, ROC analyses were re-computed for FPG and A1C after multiply imputing missing observations in all 1034 patients without acknowledged pretransplant DM, i.e. in a combined population containing included patients as well as patients primarily excluded for missing the OGTT (Figure 1 in article, Supplementary Tables S4-S5). Results were near identical to those presented, and lead to the same conclusions. Based on these analyses, it appears unlikely that the reported results were heavily influenced by verification bias. 

C. Multiple imputation (Tables S6-S9). 

Patients with incomplete data were younger and had lower 2h-PG compared to complete cases (Table S6-S7). Apart from these differences, no clear reason could be found to explain why A1C or plasma glucose were missing in a large proportion of patients. Specifically, previously known DM was unlikely to explain the missing data, since we excluded subjects with diabetic nephropathy or other DM. Data were therefore analyzed using the missing-at-random (MAR) assumption, which states that missing observations (e.g. A1C) may depend on observed quantities (e.g. 2h-PG or age), but not on the missing values themselves. Multiple imputation was used to generate 10 different data set copies, each containing 889 (Section A), alternatively 1034 (Section B) complete cases. Complete and incomplete variables were used as predictors during imputation, while only missing observations were imputed. The fully conditional setting was applied, and clinically feasible boundaries set for continuous variables. Prior to imputation, log transformation was applied to skewed variables, and dummy variables were created to dichotomize nominal variables with more than two categories. Variables used for MI included: age, gender, ethnicity, BMI, referring center, current renal replacement therapy (HD, PD or none), renal diagnosis, total cholesterol, albumin, hemoglobin, A1C, FPG, 2h-PG, and missing ≥1 observation (yes). Statistical analyses were performed on each imputed data set, and finally pooled to achieve single parameter estimates. Subjects with zero vs. ≥1 missing observations are compared in Tables S6-S7. Numeric results of the multiple imputation procedure are presented in Tables S8-S9.

	Table S1. Performance of FPG among subjects with available A1C dataa

	FPGb
	DM identified (n=41)
	OGTTs required (%)
	
	Sensitivity (95% CI)
	
	Specificity (95% CI)

	
	
	

	≥92c  
	(5.1)c
	36
	271 (54)
	
	0.88
	(0.74-0.95)
	
	0.49
	(0.44-0.54)

	≥94 
	(5.2)
	32
	231 (46)
	
	0.78
	(0.63-0.88)
	
	0.57
	(0.53-0.62)

	≥95d  
	(5.3)d
	29
	196 (39)
	
	0.71
	(0.55-0.82)
	
	0.64
	(0.60-0.68)

	≥97  
	(5.4)
	26
	166 (33)
	
	0.63
	(0.48-0.76)
	
	0.70
	(0.65-0.74)

	≥99 
	(5.5)
	22
	136 (27)
	
	0.54
	(0.39-0.68)
	
	0.75
	(0.71-0.79)

	≥100 
	(5.6)
	18
	115 (23)
	
	0.44
	(0.30-0.59)
	
	0.79
	(0.75-0.82)

	≥103
	(5.7)
	15
	99 (20)
	
	0.37
	(0.24-0.52)
	
	0.82
	(0.78-0.85)

	≥105
	(5.8)
	13
	78 (16)
	
	0.32
	(0.20-0.47)
	
	0.86
	(0.82-0.89)

	≥106
	(5.9)
	10
	61 (12)
	
	0.24
	(0.14-0.39)
	
	0.89
	(0.86-0.91)

	≥108
	(6.0)
	8
	47 (9)
	
	0.20
	(0.10-0.34)
	
	0.92
	(0.89-0.94)

	≥110
	(6.1)
	7
	34 (7)
	
	0.17
	(0.09-0.31)
	
	0.94
	(0.92-0.96)

	

	an=514. ROC analyses in subjects with FPG <126 mg/dL (n=502 of 514 subjects with A1C data available). ROC AUC 0.720 (95%CI 0.648-0.792). bGlucose in mg/dL (mmol/L). cYouden index; the FPG value with the largest vertical distance between the ROC curve and the reference line. dFPG value for which the ROC curve is closest to the upper left hand corner of the ROC curve. A1C, glycated hemoglobin A1C; AUC, area under the curve; CI, confidence interval; DM, diabetes mellitus; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; ROC, receiver operating characteristic.


	Table S2. Performance of A1C after imputation of missing observations among included subjectsa

	A1C %
	DM identified (n=56)
	OGTTs required (%)
	
	Sensitivity (95% CI)
	
	Specificity (95% CI)

	
	
	

	≥5.0
	
	53
	748 (86)
	
	0.95
	(0.85-0.98)
	
	0.15
	(0.13-0.17)

	≥5.1
	
	46
	703 (81)
	
	0.82
	(0.70-0.90)
	
	0.19
	(0.17-0.22)

	≥5.2
	
	45
	656 (75)
	
	0.80
	(0.68-0.89)
	
	0.25
	(0.22-0.28)

	≥5.3
	
	41
	603 (69)
	
	0.73
	(0.60-0.83)
	
	0.31
	(0.28-0.35)

	≥5.4
	
	40
	546 (63)
	
	0.71
	(0.59-0.82)
	
	0.38
	(0.35-0.41)

	≥5.5
	
	37
	489 (56)
	
	0.66
	(0.53-0.77)
	
	0.45
	(0.41-0.48)

	≥5.6
	
	30
	410 (47)
	
	0.54
	(0.41-0.66)
	
	0.53
	(0.50-0.56)

	

	an=889. ROC analyses in subjects with FPG <126 mg/dL (n=873 of 889 subjects). ROC AUC 0.567 (95% CI 0.487-0.646).

A1C, glycated hemoglobin A1C; AUC, area under the curve; CI, confidence interval; DM, diabetes mellitus; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; ROC, receiver operating characteristic.


	Table S3. Comparison of subjects with complete vs. incomplete glucose data (FPG and 2h-PG)a

	
	Complete (n=889)
	Incomplete (n=145)b
	pc

	
	
	#
	
	#
	

	Age (years)
	53.9 (14.6)
	0
	52.2 (15.6)
	0
	0.219

	Female gender (%)
	298 (34%)
	0
	47 (32%)
	0
	0.793

	Non-Caucasian (%)
	50 (6%)
	0
	11 (8%)
	0
	0.353

	BMI (kg/m2)
	25.4 (3.9)
	20
	24.9 (4.0)
	31
	0.108

	Mode of dialysis (% HD / % PD)
	33 / 7
	8
	37 / 12
	18
	0.087

	Hemoglobin (g/dL)
	12.0 (1.5)
	76
	11.9 (1.8)
	51
	0.778

	Total cholesterol (mg/dL)
	187 (47)
	86
	187 (55)
	58
	0.727

	Albumin (g/dL)
	3.9 (0.5)
	78
	4.0 (0.5)
	52
	0.211

	A1C (%)
	5.5 (1.4)
	375
	5.3 (1.0)
	100
	0.004

	FPG (mg/dL)
	94 (13)
	0
	94 (16)
	69
	0.870

	2h-PG (mg/dL)
	128 (45)
	0
	124 (74)
	143
	0.770

	
	
	
	
	
	

	aMean (SD) or frequencies (%), with comparisons by independent samples t-test or χ2 test as appropriate. bPooled results for all 145 subjects, i.e. after imputation of missing observations whenever present. cComparison by independent samples t-test or  χ2 as appropriate, with pooled p-values across imputed datasets. #, number of missing observations, i.e. number of observations imputed prior to significance testing.

2hPG, 2-hour post-challenge plasma glucose; A1C, glycated hemoglobin A1C; BMI, body-mass-index; FPG, fasting plasma glucose; HD, hemodialysis; PD, peritoneal dialysis.


	Table S4. Performance of FPG after imputation of missing observations among all subjects without known diabetesa

	FPGb
	DM identified (n=66)
	OGTTs required (%)
	
	Sensitivity (95% CI)
	
	Specificity (95% CI)

	
	
	

	≥92c  
	(5.1)c
	57
	540 (53)
	
	0.86
	(0.76-0.93)
	
	0.49
	(0.46-0.52)

	≥94 
	(5.2)
	51
	469 (46)
	
	0.77
	(0.66-0.86)
	
	0.56
	(0.53-0.59)

	≥95d  
	(5.3)d
	47
	400 (39)
	
	0.71
	(0.59-0.81)
	
	0.63
	(0.60-0.66)

	≥97  
	(5.4)
	43
	343 (34)
	
	0.65
	(0.53-0.76)
	
	0.68
	(0.65-0.71)

	≥99 
	(5.5)
	37
	285 (28)
	
	0.56
	(0.44-0.67)
	
	0.74
	(0.71-0.77)

	≥100 
	(5.6)
	31
	241 (24)
	
	0.47
	(0.35-0.59)
	
	0.78
	(0.75-0.80)

	≥103
	(5.7)
	27
	196 (19)
	
	0.41
	(0.30-0.53)
	
	0.82
	(0.80-0.84)

	≥105
	(5.8)
	25
	157 (15)
	
	0.38
	(0.27-0.50)
	
	0.86
	(0.84-0.88)

	≥106
	(5.9)
	19
	119 (12)
	
	0.29
	(0.19-0.41)
	
	0.89
	(0.87-0.91)

	≥108
	(6.0)
	15
	93 (9)
	
	0.23
	(0.14-0.34)
	
	0.92
	(0.90-0.93)

	≥110
	(6.1)
	13
	72 (7)
	
	0.20
	(0.12-0.31)
	
	0.94
	(0.92-0.95)

	

	an=1034. ROC analyses in subjects with FPG <126 mg/dL (n=1015 of 1034 subjects). ROC AUC 0.728 (95%CI 0.671-0.785). bGlucose in mg/dL (mmol/L). cYouden index; the FPG value with the largest vertical distance between the ROC curve and the reference line. dFPG value for which the ROC curve is closest to the upper left hand corner of the ROC curve. AUC, area under the curve; CI, confidence interval; DM, diabetes mellitus; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; ROC, receiver operating characteristic.


	Table S5. Performance of A1C after imputation of missing observations among all subjects without known diabetesa

	A1C %
	DM identified (n=66)
	OGTTs required (%)
	
	Sensitivity (95% CI)
	
	Specificity (95% CI)

	
	
	

	≥5.0
	
	59
	831 (82)
	
	0.89
	(0.80-0.95)
	
	0.19
	(0.16-0.21)

	≥5.1
	
	52
	777 (77)
	
	0.79
	(0.67-0.87)
	
	0.24
	(0.21-0.26)

	≥5.2
	
	50
	718 (71)
	
	0.76
	(0.64-0.84)
	
	0.30
	(0.27-0.33)

	≥5.3
	
	45
	666 (65)
	
	0.68
	(0.56-0.78)
	
	0.36
	(0.33-0.39)

	≥5.4
	
	44
	587 (58)
	
	0.67
	(0.55-0.77)
	
	0.43
	(0.40-0.46)

	≥5.5
	
	41
	517 (51)
	
	0.62
	(0.50-0.73)
	
	0.50
	(0.47-0.53)

	≥5.6
	
	33
	426 (42)
	
	0.50
	(0.38-0.62)
	
	0.59
	(0.55-0.62)

	

	an=1034. ROC analyses in subjects with FPG <126 mg/dL (n=1015 of 1034 subjects). ROC AUC 0.566 (95% CI 0.493-0.639). A1C, glycated hemoglobin A1C; AUC, area under the curve; CI, confidence interval; DM, diabetes mellitus; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; ROC, receiver operating characteristic.


	Table S6. Comparison of subjects with zero vs. ≥1 missing observation among included patientsa

	
	Zero missing (n=491)
	≥1 missing (n=398)b
	pc

	
	
	#
	
	#
	

	Age (years)
	55.1 (14.5)
	0
	52.3 (14.6)
	0
	0.005

	Female gender (%)
	33%
	0
	35%
	0
	0.512

	Non-Caucasian (%)
	6%
	0
	5%
	0
	0.485

	BMI (kg/m2)
	25.5 (3.8)
	0
	25.4 (4.2)
	20
	0.541

	Mode of dialysis (% HD / % PD)
	30 / 8
	0
	33 / 7
	8
	0.685

	Hemoglobin (g/dL)
	12.0 (1.4)
	0
	12.0 (1.5)
	76
	0.835

	Total cholesterol (mg/dL)
	183 (47)
	0
	187 (55)
	86
	0.193

	Albumin (g/dL)
	3.9 (0.5)
	0
	3.9 (0.5)
	78
	0.161

	A1C (%)
	5.5 (0.5)
	0
	5.6 (2.5)
	375
	0.639

	FPG (mg/dL)
	94 (13)
	0
	94 (13)
	0
	0.973

	2h-PG (mg/dL)
	131 (47)
	0
	124 (41)
	0
	0.016

	
	
	
	
	
	

	an=889. Mean (SD) or frequencies (%), with comparisons by independent samples t-test or χ2 test as appropriate. bPooled results for all 398 subjects, i.e. after imputation of missing observations whenever present. cComparison by independent samples t-test or  χ2 as appropriate, with pooled p-values across imputed datasets. #, number of missing observations imputed prior to pooling. 2hPG, 2-hour post-challenge plasma glucose; A1C, glycated hemoglobin A1C; BMI, body-mass-index; FPG, fasting plasma glucose; HD, hemodialysis; PD, peritoneal dialysis.


	Table S7. Comparison of subjects with zero vs. ≥1 missing observation among all without known diabetesa

	
	Zero missing (n=491)
	≥1 missing (n=543)b
	pc

	
	
	#
	
	#
	

	Age (years)
	55.1 (14.5)
	0
	52.3 (14.8)
	0
	0.002

	Female gender (%)
	33%
	0
	34%
	0
	0.613

	Non-Caucasian (%)
	6%
	0
	6%
	0
	0.785

	BMI (kg/m2)
	25.5 (3.8)
	0
	25.2 (4.1)
	51
	0.245

	Mode of dialysis (% HD / % PD)
	30 / 8
	0
	34 / 8
	26
	0.310

	Hemoglobin (g/dL)
	12.0 (1.4)
	0
	12.0 (1.8)
	127
	0.755

	Total cholesterol (mg/dL)
	183 (47)
	0
	187 (55)
	144
	0.210

	Albumin (g/dL)
	3.9 (0.5)
	0
	3.9 (0.6)
	130
	0.546

	A1C (%)
	5.5 (0.5)
	0
	5.4 (2.1)
	475
	0.399

	FPG (mg/dL)
	94 (13)
	0
	94 (14)
	69
	0.916

	2h-PG (mg/dL)
	131 (47)
	0
	124 (52)
	143
	0.018

	
	
	
	
	
	

	an=1034. Mean (SD) or frequencies (%), with comparisons by independent samples t-test χ2 test as appropriate. bPooled results for all 543 subjects, i.e. after imputation of missing observations whenever present. cComparison by independent samples t-test or χ2 as appropriate, with pooled p-values across imputed datasets. #, number of missing observations imputed prior to pooling. 2hPG, 2-hour post-challenge plasma glucose; A1C, glycated hemoglobin A1C; BMI, body-mass-index; FPG, fasting plasma glucose; HD, hemodialysis; PD, peritoneal dialysis.


	Table S8. Multiply imputed observations among included subjectsa

	
	Complete results
	Multiply imputed results
	pb

	
	
	#
	
	#
	

	BMI (kg/m2)
	25.4 (3.9)
	869
	24.8 (5.9)
	20
	0.875

	Mode of dialysis (% HD / % PD)
	31 / 7
	881
	29 / 37
	8
	0.249

	Hemoglobin (g/dL)
	12.0 (1.4)
	813
	11.9 (1.8)
	76
	0.745

	Total cholesterol (mg/dL)
	183 (47)
	803
	191 (78)
	86
	0.456

	Albumin (g/dL)
	3.9 (0.5)
	811
	3.9 (0.6)
	78
	0.360

	A1C (%)
	5.5 (0.5)
	514
	5.6 (2.6)
	375
	0.739

	FPG (mg/dL)
	94 (13)
	889
	-
	0
	-

	2h-PG (mg/dL)
	128 (45)
	889
	-
	0
	-

	
	
	
	
	
	

	an=889. Multiple imputation performed to replace missing observations among included subjects (n=889). Mean (SD) or proportions (%) are given. bComparison by independent samples t-test or  χ2 as appropriate, with pooled p-values across imputed datasets. 

#, number of cases in the category; 2hPG, 2-hour post-challenge plasma glucose; A1C, glycated hemoglobin A1C; BMI, body-mass-index; FPG, fasting plasma glucose; HD, hemodialysis; PD, peritoneal dialysis.


	Table S9. Multiply imputed observations among all subjects without known diabetesa

	
	Complete results
	Multiply imputed results
	pb

	
	
	#
	
	#
	

	BMI (kg/m2)
	25.4 (3.9)
	983
	25.6 (5.1)
	51
	0.774

	Mode of dialysis (% HD / % PD)
	32 / 8
	1008
	40 / 15
	26
	0.294

	Hemoglobin (g/dL)
	12.0 (1.4)
	907
	12.0 (2.6)
	127
	0.895

	Total cholesterol (mg/dL)
	183 (47)
	890
	187 (74)
	144
	0.570

	Albumin (g/dL)
	3.9 (0.5)
	904
	3.9 (0.7)
	130
	0.506

	A1C (%)
	5.5 (0.6)
	559
	5.6 (2.2)
	475
	0.520

	FPG (mg/dL)
	94 (13)
	965
	94 (20)
	69
	0.901

	2h-PG (mg/dL)
	128 (45)
	891
	124 (74)
	143
	0.422

	
	
	
	
	
	

	an=1034. Multiple imputation performed to replace missing observations among all subjects without known diabetes (n=1034). Mean (SD) or proportions (%) are given. bComparison by independent samples t-test or χ2 as appropriate, with pooled p-values across imputed datasets. 

#, number of cases in the category; 2hPG, 2-hour post-challenge plasma glucose; A1C, glycated hemoglobin A1C; BMI, body-mass-index; FPG, fasting plasma glucose; HD, hemodialysis; PD, peritoneal dialysis.


