Appendix to Identifying Risk for Type 2 Diabetes in Different Age Cohorts: Does One Size Fit All?

A-1.: Graphical comparisons of odd ratios across individual’s characteristics
Note: the vertical dotted line represents the weighted average of a coefficient across all datasets. The size of the square represents the sample size, and the horizontal lines crossing the squares represent the 95% confidence intervals.
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A-2: Diagnostic characteristics in the testing sample of quintiles predicting risk of diabetes
	Models and rules
	% >Threshold
	Sensitivity
	Specificity
	Positive predicted value
	Negative predicted value

	CARDIA Simple Model
	 
	 
	 
	 
	 

	Pr(DM)
	AUROC = 0.73 (0.68– 0.79)

	>=0.017
	80
	97 (92–100)
	21 (20–21)
	5 (4–6)
	99 (98–100)

	>=0.025
	60
	89 (82–96)
	41 (41–42)
	6 (5–8)
	99 (98–100)

	>=0.038
	40
	73 (61–84)
	61 (61–62)
	8 (6–10)
	98 (97–99)

	>=0.056
	20
	46 (34–60)
	81 (81–82)
	10 (7–13)
	97 (96–98)

	CARDIA Enhanced Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.76 (0.71– 0.82)

	>=0.013
	80
	97 (92–100)
	21 (20–21)
	5 (4–6)
	99 (98–100)

	>=0.022
	60
	90 (82–97)
	41 (41–42)
	6 (5–8)
	99 (98–100)

	>=0.035
	40
	76 (65–86)
	62 (61–62)
	8 (6–10)
	98 (97–99)

	>=0.058
	20
	53 (41–66)
	81 (81–82)
	11 (8–15)
	98 (97–98)

	CARDIA-10 Simple Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.80 (0.75 - 0.85)

	>=0.017
	80
	96 (91–100)
	21 (21–22)
	8 (6–10)
	99 (97–100)

	>=0.029
	60
	90 (83–96)
	42 (41–43)
	10 (8–12)
	98 (97–99)

	>=0.048
	40
	82 (73–90)
	63 (62–64)
	14 (11–17)
	98 (97–99)

	>=0.092
	20
	64 (53–75)
	83 (82–84)
	21 (16–27)
	97 (96–98)

	CARDIA-10 Enhanced Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.86 (0.81 - 0.90)

	>=0.009
	80
	98 (94–100)
	21 (21–22)
	8 (7–10)
	99 (98–100)

	>=0.018
	60
	95 (89–100)
	43 (42–43)
	11 (8–13)
	99 (98–100)

	>=0.035
	40
	87 (80–94)
	63 (63–64)
	15 (12–18)
	99 (98–99)

	>=0.084
	20
	72 (62–82)
	84 (83–85)
	24 (18–30)
	98 (97–99)

	ARIC Simple Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.75 (0.73 - 0.78)

	>=0.037
	80
	97 (95–99)
	22 (22–22)
	11 (10–13)
	99 (98–99)

	>=0.029
	60
	88 (85–91)
	43 (42–43)
	14 (12–15)
	97 (96–98)

	>=0.048
	40
	74 (69–79)
	64 (63–64)
	17 (16–19)
	96 (95–97)

	>=0.092
	20
	49 (44–54)
	83 (82–84)
	23 (20–26)
	94 (93–95)

	ARIC Enhanced Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.85 (0.83 - 0.87)

	>=0.012
	80
	99 (97–100)
	22 (22–22)
	12 (10–13)
	99 (99–100)

	>=0.018
	60
	96 (93–98)
	44 (43–44)
	15 (14–17)
	99 (98–99)

	>=0.035
	40
	88 (84–91)
	65 (64–66)
	21 (19–23)
	98 (97–99)

	>=0.084
	20
	68 (63–73)
	85 (84–86)
	32 (29–36)
	96 (96–97)

	CHS Simple Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.71 (0.65 - 0.77)

	>=0.019
	80
	95 (89–100)
	21 (20–21)
	6 (4–7)
	99 (97–100)

	>=0.029
	60
	86 (77–95)
	41 (41–42)
	7 (5–9)
	98 (97–99)

	>=0.048
	40
	70 (58–81)
	62 (61–62)
	8 (6–11)
	98 (96–99)

	>=0.092
	20
	44 (33–56)
	81 (81–82)
	11 (7–15)
	97 (95–98)

	CHS Enhanced Model
	
	
	
	
	

	Pr(DM)
	AUROC = 0.82 (0.76 - 0.88)

	>=0.007
	80
	96 (90–100)
	21 (20–21)
	6 (4–7)
	99 (97–100)

	>=0.018
	60
	90 (82–97)
	42 (41–42)
	7 (5–9)
	99 (98–100)

	>=0.035
	40
	84 (74–92)
	62 (62–63)
	10 (8–13)
	99 (98–99)

	>=0.084
	20
	70 (59–81)
	83 (82–83)
	17 (12–22)
	98 (97–99)


Pr(DM): probability of developing diabetes, derived from the prediction model, using the 20th, 40th, 60th and 80th percentiles of the distribution as cut off points.

A-3: Graphical representation of predicted probabilities across datasets over the entire support

Figures A-3a and A-3b expand the information presented in Table 4 of the paper by going beyond the mean and showing the entire range of predicted probabilities. We compared the predicted probability (first without [Figure A-3a] and then with calibration [Figure A-3b]) of each risk equation to the predicted probability in the target data (45 degree line). Perfect predictions are on the 45 degree line. By construction, the coefficients derived from the target sample generate predictive probabilities that perfectly match the predicted probability of the target sample. Predicted probabilities below the 45 degree line show under-predictions, and predicted probabilities above the 45 degree line show over-predictions from using risk equations in different age cohorts.
The annual risk from constrained simple coefficients shows a wider deviation from the 45-degree line (the predicted probability in the target data) than the annual risk from constrained enhanced coefficients. The higher the spread in predicted probability in the graph axis, the better the discriminating power of the model. 
Figure A-3a: Comparing 1-year predicted probabilities across datasets forcing all coefficients including the constant term to be the same as in the source equations
	Panel a. Simple model
	Panel b. Enhanced model
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Note: The straight line originating from the (0,0) point represents the 45% line and has a slope=1.
Figure A-3b: Comparing 1-year predicted probabilities across datasets after calibrating the constant of one cohort into others.
		Panel a. Simple model
	Panel b. Enhanced model
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Note: The straight line originating from the (0,0) point represents the 45% line and has a slope=1.

A-4: Literature Review of Diabetes-Type Two Risk Factor Analyses
	Author (year)
	Data Used
	Size
	Duration
(years)
	Max. variables used
(Simple or Enhanced Eq.)
	AUROC

	Studies measuring future risk

	Vassy et al. (2012) [1]
	CARDIA
	2,439 
	23.9 
	9 (enhanced)
	0.82*

	Kahn et al. (2009) [2]
	ARIC
	12,729 
	14.9 
	13 (enhanced)
	0.79

	Mozaffarian et al. (2009) [3]
	CHS
	4,883 
	7.1 
	6 (simple)
	N/A

	Schmidt et al. (2005)  [4]
	ARIC
	7,915 
	9 
	9 (simple and enhanced)
	0.80

	Chen et al. (2010) [5]
	Ausdiab
	6,060 
	5 
	13 (enhanced)
	0.78

	Hippisley-Cox et al. (2009) [6]
	QResearch
	2,540,753 
	6.5 
	9 (enhanced)
	0.85 for women, 
0.83 for men

	Lindstrom and Tuomilehto (2003) [7]
	FINRISK
	4,435 
	10 
	7 (simple)
	0.86

	Stern, Williams, and Haffner (2002) [8]
	San Antonio Heart Study
	2,803 
	7.5 
	13 (enhanced)
	0.84

	Rahman et al. (2008)  [9]
	EPIC-Norfolk
	25,639 
	5 
	7 (simple)
	0.75

	Wilson et al. (2007) [10]
	Framingham Offspring Study
	3,140 
	7 
	9 (enhanced)
	0.85

	Schulze et al. (2007) [11]
	EPIC-Potsdam
	25,167 
	7.0 
	11 (enhanced)
	0.84

	Studies measuring current prevalence

	Bang et al. (2009) [12]
	NHANES
	5,258 
	cross-sectional 
	6 (simple)
	0.79

	Cabrera de León et al. (2008) [13]
	Canary Islands Survey
	3,119 
	cross-sectional 
	5 (simple)
	0.84 for men, 
0.87 for women

	Bindraban et al. (2008) [14]
	SUNSET Study
	1,434 
	cross-sectional 
	8 (simple)
	0.77

	Heikes et al. (2008) [15]
	NHANES
	6,009 
	cross-sectional 
	8 (simple)
	0.85

	Al-Lawati and Tuomilehto (2007) [16]
	Oman National Diabetes Survey
	4,881 
	cross-sectional 
	5 (simple)
	0.83

	Ramachandran et al. (2005) [17]
	National Urban Diabetes Survey
	4,993 
	cross-sectional 
	7 (simple)
	0.80

	Glümer et al. (2004) [18]
	Inter99
	3,250 
	cross-sectional 
	6 (simple)
	0.80

	Griffin et al. (2000) [19]
	Ely and Wessex Studies
	1,274 
	cross-sectional 
	7 (simple)
	0.80


* C-statistic





A-5a: Log odds for type two diabetes over T years—Simple model
	Self-report + FPG
	CARDIA (10 yrs)
	CARDIA-10 (10 yrs)
	ARIC (9 yrs)
	CHS (7 yrs)

	Age groupƗ
	0.295*
	0.217
	0.076
	-0.164

	Black (=1)
	-0.055
	0.342*
	0.280***
	0.235

	Male (=1)
	-0.958***
	0.322*
	0.454***
	0.414**

	BMI 
	0.083***
	0.134***
	0.130***
	0.135***

	Parental history (=1)
	0.507***
	0.857***
	0.626***
	0.281

	Smoker 
	-0.130
	-0.013
	0.305***
	0.181

	High SBP (>140 mm Hg=1)
	1.347**
	0.090
	0.386***
	0.635***

	High cholesterol
	0.431
	0.328*
	0.002
	-0.054

	Constant
	-5.171***
	-7.516***
	-6.662***
	-7.405***

	Observations
	4,039
	2,813
	8,875
	3,094


Ɨ For CARDIA Age (25-30) ==1, For CARDIA-10 Age (35-40) ==1, for ARIC Age (55-64) ==1, for CHS Age (75+) ==1
PPV = p*Sensitivity/(p*Sensitivity+(1-p)(1-Specificity)) where p is the prevalence
NPV=Specificity*(1-p)/(p*(1-Sensitivity)+(1-p)*Specificity)
BMI= Body Mass Index=(weight in kg)/ (height in meters)2
*** p<0.01, ** p<0.05, * p<0.1


A.5b: Log odds for type two diabetes over T years—Enhanced model
	Self-report + FPG
	CARDIA (10 yrs)
	CARDIA-10 (10 yrs)
	ARIC (9 yrs)
	CHS (7 yrs)

	Age groupƗ
	0.278
	-0.019
	0.108***
	-0.093

	Black (=1)
	0.160
	0.441**
	0.641***
	0.572**

	Male (=1)
	-1.232***
	-0.431**
	-0.229***
	0.099

	Parental history (=1)
	0.551***
	0.797***
	0.513***
	0.265

	SBP (mm Hg)
	-0.005
	0.020***
	0.006***
	0.005

	Smoker (=1)
	-0.086
	-0.059
	0.207
	0.157

	BMI 
	0.057***
	0.076***
	0.087***
	0.054***

	FPG (mg/dL)
	0.033***
	0.077***
	1.978***
	0.108***

	HDL (mg/dL)
	-0.010
	-0.021**
	-0.026***
	-0.014

	Triglycerides  (mg/dL)
	0.005***
	0.002*
	0.002***
	0.004***

	Constant
	-6.571***
	-13.579***
	-15.997***
	-16.396***

	Observations
	4,039
	2,813
	8,875
	3,094


Ɨ For CARDIA Age (25-30) ==1, For CARDIA-10 Age (35-40) ==1, for ARIC Age (55-64) ==1, for CHS Age (75+) ==1
PPV = p*Sensitivity/(p*Sensitivity+(1-p)(1-Specificity)) where p is the prevalence
NPV=Specificity*(1-p)/(p*(1-Sensitivity)+(1-p)*Specificity)
BMI= Body Mass Index=(weight in kg)/ (height in meters)2

*** p<0.01, ** p<0.05, * p<0.1


A-6: Producing annual probabilities from Logit models
Using logistic regression models:

The cumulative probability of diabetes is:


For each individual we estimate the predicted probability of developing diabetes by year t:

using the baseline values of X for individuals without diabetes, we assume a constant hazard to obtain the annual incidence of diabetes for each one of the age/risk cohorts:




For each one of the models we compute the annual incidence rate as follows:

[bookmark: _GoBack]From this, we calculate an average of  across all individuals  [20].
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