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RISE Consortium Investigators 
 
University of Chicago Clinical Research Center 
and Jesse Brown VA Medical Center 
(Chicago, IL) 
David A. Ehrmann, MD* 
Karla A. Temple, PhD, RD** 
Abby Rue** 
Elena Barengolts, MD 
Babak Mokhlesi, MD, MSc 
Eve Van Cauter, PhD 
Susan Sam, MD, MSc 
M. Annette Miller, RN 

 
VA Puget Sound Health Care System and University 
of Washington 
(Seattle, WA) 
Steven E. Kahn, MB, ChB* 
Karen M. Atkinson, RN** 
Jerry P. Palmer, MD 
Kristina M. Utzschneider, MD 
Tsige Gebremedhin, BS 
Abigail Kernan-Schloss, BA 
Alexandra Kozedub, MSN, ARNP 
Brenda K. Montgomery, RN, BSN, CDE 
Emily J. Morse, BS 
 
Indiana University School of Medicine and Richard 
L. Roudebush VA Medical Center 
(Indianapolis, IN) 
Kieren J. Mather, MD* 
Tammy Garrett, RN** 
Tamara S. Hannon, MD 
Amale Lteif, MD 
Aniket Patel MD 
Robin Chisholm, RN 
Karen Moore, RN 
Vivian Pirics, RN 
Linda Pratt, RN 
 
University of Colorado Denver/Children’s Hospital 
Colorado 
(Denver, CO) 
Kristen J. Nadeau, MD, MS* 
Susan Gross, RD** 
Philip S. Zeitler, MD, PhD 
Jayne Williams, RN, MSN, CPNP 
Melanie Cree-Green, MD, PhD 
Yesenia Garcia Reyes, MS 
Krista Vissat, RN, MSN, CPNP 

Children’s Hospital of Pittsburgh of UPMC  
(Pittsburgh, PA) 
Silva A. Arslanian, MD* 
Kathleen Brown, RN, CDE** 
Nancy Guerra, CRNP  
Kristin Porter, RN, CDE 
 
Yale University 
(New Haven, CT) 
Sonia Caprio, MD* 
Mary Savoye, RD, CDE** 
Bridget Pierpont, MS** 
 
University of Southern California Keck School of 
Medicine/Kaiser Permanente Southern California 
(Los Angeles, CA) 
Thomas A. Buchanan, MD* 
Anny H. Xiang, PhD* 
Enrique Trigo, MD** 
Elizabeth Beale, MD 
Fadi N. Hendee, MD 
Namir Katkhouda, MD  
Krishan Nayak, PhD 
Mayra Martinez, MPH 
Cortney Montgomery, BS 
Xinhui Wang, PhD 
 
George Washington University Biostatistics Center  
(RISE Coordinating Center; Rockville, MD) 
Sharon L. Edelstein, ScM* 
John M. Lachin, ScD 
Ashley N. Hogan, MPH 
 
Northwest Lipid Research Laboratories 
(Central Biochemistry Laboratory; Seattle, WA) 
Santica Marcovina, PhD* 
Jessica Harting** 
John Albers, PhD 
 
Belmar Pharmacy  
(Drug Distribution Center; Lakewood, CO) 
Dave Hill 
 
NIH/NIDDK 
(Bethesda, MD) 
Peter J. Savage, MD  
Ellen W. Leschek, MD 
 
* denotes Principal Investigator        
** denotes Program Coordinator 
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Supplementary Appendix 2 

 

IDENTIFICATION OF HIGH RISK SUBJECTS FOR SCREENING 

(Taken from protocols of the three RISE Consortium studies) 

 

PEDIATRIC MEDICATION STUDY 

 

Description/Justification of the Target Study Population 

Preliminary screening will be done to enrich the yield of individuals who have prediabetes or type 2 

diabetes.  These individuals will be invited for initial field testing using clinical, HbA1c and/or OGTT 

criteria.  Youth who are highly predisposed to develop type 2 diabetes include, but are not limited to, 

those with: 

 
1. Known impaired glucose tolerance (IGT) and/or impaired fasting glucose (IFG) 

2. Overweight or obesity (BMI ≥85th percentile) 

3. Age ≥10 years 

4. First degree relative with type 2 diabetes 

5. Sedentary lifestyle 

6. Those with low HDL cholesterol or high triglycerides, hypertension (i.e., “the metabolic syndrome”) 

7. Certain racial and ethnic groups (e.g., Non-Hispanic Blacks, Hispanic/Latino Americans, Asian 

Americans and Pacific Islanders, and American Indians and Alaska Natives) 

8. Teenage women who had gestational diabetes, or who have had a baby weighing 9 pounds or more at 

birth 

9. Offspring of mothers who had diabetes while pregnant, including gestational diabetes 

10. Adolescent girls with polycystic ovary syndrome (PCOS) 

 

The lifetime risk for type 2 diabetes among these groups is substantially higher than that seen in the 

general population.  Further, the presence of more than one of these factors enhances the likelihood of 

development of type 2 diabetes to an even greater degree than does the presence of any single factor 

noted above.  A recent evaluation of diabetes risk attempted to quantify the value of well-known 

diabetes associated risk factors (1). 

 

Patients who are in these high risk categories will be invited for a screening visit during which they will 

undergo a 75 gram glucose tolerance test and have HbA1c measured.  Of those who undergo a 75 gram 

OGTT and the lab-based HPLC HbA1c, we expect that approximately one-third of individuals will meet 

study enrollment criteria, i.e., will have a fasting plasma glucose ≥90 mg/dl plus a 2-hour glucose ≥140 

mg/dl plus a laboratory-based HbA1c ≤8.0% if treatment naïve [in those taking metformin, HbA1c must 

be ≤7.5% if on metformin for <3 months and ≤7.0% if on metformin for 3-6 months].  There is no upper 

limit for the 2-hour glucose on OGTT. 

 

Reference: 

 
1. Bang H, Edwards AM, Bomback AS, et al: Development and validation of a patient self-assessment score for 

diabetes risk.  Ann Intern Med 2009; 151: 775-783
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ADULT MEDICATION STUDY 

 

Description/Justification of the Target Study Population 

 

Preliminary screening will be done to enrich the yield of individuals who have prediabetes or type 2 

diabetes.  These individuals will be invited for initial field testing using HbA1c criteria.  This testing 

will be performed on individuals who are highly predisposed to develop type 2 diabetes including, but 

not limited to, those with one or more of the following features: 

 
1. Known impaired glucose tolerance (IGT) and/or impaired fasting glucose (IFG) 

2. Overweight or obesity (BMI ≥25 kg/m2 (≥23 kg/m2 in Asian Americans) but ≤50 kg/m
2
) 

3. Age >45 years 

4. First degree relative with type 2 diabetes 

5. Sedentary lifestyle 

6. Those with low HDL cholesterol or high triglycerides, hypertension (i.e., “the metabolic syndrome”) 

7. Certain racial and ethnic groups (e.g., Non-Hispanic Blacks, Hispanic/Latino Americans, Asian 

Americans and Pacific Islanders, and American Indians and Alaska Natives) 

8. Women who had gestational diabetes, or who have had a baby weighing 9 pounds or more at birth 

9. Women with polycystic ovary syndrome (PCOS) 

 

The lifetime risk for type 2 diabetes among these groups is substantially higher than that seen in the 

general population.  Further, the presence of more than one of these factors enhances the likelihood of 

development of type 2 diabetes to an even greater degree than does the presence of any single factor 

noted above.  A recent evaluation of diabetes risk attempted to quantify the value of well known 

diabetes-associated risk factors (1). 

 

The presence of risk factors/characteristics noted above will prompt screening these persons with a POC 

HbA1C; those who have a value of ≤7.2% will be asked to undergo a standard 75 gram OGTT along 

with a lab-based HPLC HbA1c.  In this way, the proportion of subjects who will undergo an OGTT will 

be at high likelihood of having IGT or newly diagnosed type 2 diabetes by virtue of their risk status and 

elevated POC HbA1C.  This approach is designed to increase the 

yield of detecting IGT and type 2 diabetes while simultaneously maximizing the use of resources (both 

in terms of effort of personnel and use of testing supplies). 

 

This strategy will yield individuals who will be identified as being at high risk for ß-cell dysfunction 

(risk group plus POC HbA1C ≤7.2%).  Of those who undergo a 75 gram OGTT and the lab-based HPLC 

HbA1c, we project that approximately one-third of individuals will meet study enrollment criteria, i.e., 

will have a fasting plasma glucose 95-125 mg/dl plus a 2-hour glucose ≥140 mg/dl plus a laboratory-

based HbA1c ≤7.0%.  There is no upper limit for the 2-hour glucose on OGTT. 

 

Reference: 

 
1. Bang H, Edwards AM, Bomback AS, et al: Development and validation of a patient self-assessment score for 

diabetes risk.  Ann Intern Med 2009; 151: 775-783 



SUPPLEMENTARY DATA 
 

©2018 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc18-0244/-/DC1 

 

ADULT SURGERY STUDY 

 

Prescreening  
 

Prescreening for potential eligibility is done using clinical databases at Kaiser Permanente Southern 

California and the Ambulatory Care Network of Los Angeles County.  Participants are eligible to 

continue screening procedures if they have an HbA1c within six months that was 5.8-7.0% and are 20-

65 years old with BMI 30-40 kg/m
2
.  For Kaiser, letters are sent to potential participants describing the 

purpose of the study and providing individuals the opportunity to opt in to be contacted.  For the 

Ambulatory Care Network, potential participants are contacted directly.  In both cases, a study recruiter 

interviews potential subjects by phone to determine potential eligibility and interest in the study. 

 

STEP TEST / PROCEDURE COMMENTS 

Prescreening Screening HbA1c, BMI (EHR), age Contact if A1c 5.8-7.0%, age 

20-65, BMI 30-40 kg/m
2
  

Phone Screening questionnaire Initial review of eligibility  
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Supplementary Table S1. Select baseline physical and demographic characteristics, insulin sensitivity 

and β-cell responses from the hyperglycemic clamp for participants with IGT and type 2 diabetes 
 

 IGT 

(n=304) 

Type 2 Diabetes 

(n=117) 

p-value 

Demographic Characteristics 

Age (y) 45.7±16.9 49.0±15.1 0.069 

Youth (n; %) 53 (17.4%) 13 (11.1%) 0.110 

Female (n; %) 164 (53.9%) 66 (56.4%) 0.730 

Race/Ethnicity (n) 

White 

Black 

Hispanic 

Asian 

American Indian 

Mixed 

Other 

 

140 (46.1%) 

83 (27.3%) 

62 (20.4%) 

10 (3.3%) 

1 (0.3%) 

7 (2.3%) 

1 (0.3%) 

 

45 (38.5%) 

28 (23.9%) 

31 (26.5%) 

10 (8.5%) 

0 (0%) 

3 (2.6%) 

0 (0%) 

0.197 

Weight (kg) 101.1±18.9 98.9±19.1 0.281 

Body mass index (kg/m
2
) 35.6±5.3 34.8±5.2 0.148 

Triponderal index (kg/m
3
) 21.2±3.4 20.7±3.3 0.166 

Waist circumference (cm) 110.8±13.1 108.3±11.8 0.080 

Glycemic Characteristics 

HbA1c (mol/mmol) 38.42±4.11 42.17±4.99 <0.001 

Hyperglycemic Clamp Parameters 

Fasting glucose (mmol/L) 5.93±0.56 6.53±0.83 <0.001 

Fasting C-peptide (nmol/L) 1.285±0.504 1.316±0.441 0.548 

Fasting insulin (pmol/L) 119 

(35.6, 396.9) 

116.2 

(37.3, 361.5) 

0.718 

Acute (first-phase) C-peptide response 

(ACPRg; nmol/L) 

0.82 

(0.17, 3.91) 

0.28 

(0.03, 2.29) 

<0.001 

Acute (first-phase) insulin response 

(AIRg; pmol/L) 

273.4 

(43.8, 1705.8) 

77.6 

(6.9, 872.3) 

<0.001 

Steady-state (second-phase) C-peptide 

response (nmol/L) 

4.37 

(2.15, 8.91) 

3.26 

(1.58, 6.74) 

<0.001 

Steady-state (second-phase) insulin 

response (I; pmol/L) 

813.3 

(183.7, 3600.1) 

457.7 

(112.6, 1859.9) 

<0.001 

ACPRmax (nmol/L) 5.69 

(2.23, 14.53) 

4.19 

(1.68, 10.46) 

<0.001 

AIRmax (pmol/L) 3843.2 

(1326.5, 11134.3) 

2490.1 

(855.6, 7246.8) 

<0.001 

Glucose disposal rate (GDR; M; 

mmol/kg/min) 

0.024±0.01 0.017±0.009 <0.001 

Insulin sensitivity (M/I; x10
-5

 

mol/kg/min per pmol/L) 

2.70 

(0.61, 11.88) 

3.25 

(0.73, 14.57) 

0.026 

Fasting C-peptide / fasting insulin  

(x10
-2

 nmol/pmol) 

1.01 

(0.49, 2.06) 

1.07 

(0.58, 1.97) 

0.109 
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Supplementary Table S2. Slopes and intercepts for regression models of log-transformed measures of 

clamp-derived insulin sensitivity (M/I) and acute (first-phase), steady-state (second-phase) and maximal 

C-peptide and insulin responses in youth and adults (main effects). 
 

 Estimate SE p-value 

Log ACPRg    

     Age Group (Youth vs. Adults) 0.2652 0.0405 <0.001 

     Diabetes Status (Diabetes vs. IGT) -0.3247 0.0316 <0.001 

     Log M/I -0.1270 0.0194 <0.001 

Log Steady-State C-peptide    

     Age Group (Youth vs. Adults) 0.0715 0.0359 0.047 

     Diabetes Status (Diabetes vs. IGT) -0.2270 0.0280 <0.001 

     Log M/I -0.3330 0.0172 <0.001 

Log ACPRmax    

     Age Group (Youth vs. Adults) 0.3335 0.0592 <0.001 

     Diabetes Status (Diabetes vs. IGT) -0.2483 0.0460 <0.001 

     Log M/I -0.2081 0.0283 <0.001 

Log AIRg    

     Age Group (Youth vs. Adults) 0.5547 0.1114 <0.001 

     Diabetes Status (Diabetes vs. IGT) -0.9967 0.0870 <0.001 

     Log M/I -0.4956 0.0533 <0.001 

Log AIRmax    

     Age Group (Youth vs. Adults) 0.3340 0.0654 <0.001 

     Diabetes Status (Diabetes vs. IGT) -0.3587 0.0510 <0.001 

     Log M/I -0.2993 0.0313 <0.001 
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Supplementary Figure S1. Hyperglycemic clamp protocol used in the RISE Study in youth and adults.  

The vertical lines in the upper half indicate the timing of blood sampling for bedside glucose 

measurement and subsequent adjustment of the glucose infusion rate based on the bedside glucose.  The 

timing of the glucose and arginine boluses is also indicated.  In the bottom half, the vertical lines 

indicate the timing of blood sampling for glucose, C-peptide and insulin measurements in the central 

biochemistry laboratory and urine sampling for volume and glucose measurement.  Note that the timings 

are not to scale. 
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Supplementary Figure S2. Relationship of insulin sensitivity (M/I) and ACPRg (A), steady-state C-

peptide (B), ACPRmax (C), AIRg (D) and AIRmax (E) in youth (n=66, in red) and adults in the two 

protocols (adult medication n=267, in blue and adult surgery n=88, in green).  Lines were fit by linear 

regression of the log-transformed variables and then transformed back to the original scale for plotting. 
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Supplementary Figure S3. Relationship of insulin sensitivity (M/I) and ACPRg (A), steady-state C-

peptide (B), ACPRmax (C), AIRg (D) and AIRmax (E) in participants with IGT (n=304, in green) and 

diabetes (n=117, in purple).  Lines were fit by linear regression of the log-transformed variables and then 

transformed back to the original scale for plotting. 
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