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Supplementary Table 1. Additional clinical characteristics, amount of glucose infused, and incretin levels. Mean ±SD.  *p<.05 vs. LEAN, 
†p<.05 vs. OB-NGT, ‡p<.05 vs. OB-DM 0, §p<.05 vs. OB-DM 1M, ||p<.05 vs. OB-DM 1Y;  All glucose and  incretin measurements are 
from the OGTT.  AUC, Area under the curve; GLP-1, glucagon-like peptide-1; GIP, Gastric inhibitory peptide 
 

 LEAN OB-NGT OB-DM 0 OB-DM 1M OB-DM 1Y OB-DM 2Y OB-DM 3Y 

        

Glucose AUC (mmol/L/min) 5.75±0.88 6.21±0.49 11.26±3.04*† 7.83±1.53*†‡ 6.61±1.39‡§ 6.46±1.33‡§ 7.04±1.49‡ 

Glucose peak (mmol/L) 8.08±2.00 7.81±1.18 13.84±3.33*† 11.21±2.01*†‡ 10.51±2.24*†‡ 11.08±2.14*†‡ 11.89±2.18*† 

Insulin AUC (pmol/L/min) 186.0±101
.0 

460.3±232.
5* 

394.2±172.7 345.5±145.0 309.2±173.0 289.9±110.0† 348.2±173.8* 

Glucose infused-IVGC (g) 18.6±9.4 23.1±9.1 43.5±13.3*† 35.2±18.9*† 30.1±13.2‡ 31.4±10.3‡* 37.7±15.8*† 

Incretin effect-insulin 
(pmol/L/min) 

93.4±51.4 163.8±123.
0 

79.3±86.0 174.8±106.5† 172.3±138.3† 180.3±115.8† 189.5±138.3† 

GLP-1AUC (pmol/L/min) 6.65±2.59 5.24±1.48 8.34±7.83 26.45±9.45*†‡ 47.41±38.69*†
‡ 

33.89±36.16*†
‡ 

27.96±13.23*†‡ 

Fasting GLP-1 (pmol/L) 5.65±2.61 5.86±3.53 8.33±8.63 6.94±4.31 16.21±19.12 13.32±23.91 10.62±8.33 

Peak GLP-1(pmol/L) 14.89±6.1
8 

8.96±3.29 14.67±9.22 77.89±48.34*†‡ 149.00±95.10*
†‡§ 

103.58±96.18*
†‡ 

75.99±33.70*†‡|| 

GIP AUC (pmol/L/min) 18.57±4.0
3 

23.05±10.3
5 

20.24±7.27 23.39±7.95 21.93±7.71 24.01±10.57 24.91±8.49 

Fasting GIP (pmol/L) 10.48±13.
01 

7.17±4.20 7.25±4.83 7.24±3.07 7.42±2.88 8.84±2.52 9.87±4.92 

Peak GIP (pmol/L) 29.94±8.9
4 

34.75±14.9
5 

36.93±13.76 50.76±16.02*†‡ 51.52±23.54*†
‡ 

55.38±22.63*†
‡ 

57.43±23.94*†‡ 

LEAN=Lean; OB-NGT=Obese, normal glucose tolerant controls; OB-DM0=Obese group with diabetes prior to RYGBP surgery; OB-
DM1M, OB-DM1Y, OB-DM2Y, OB-DM3Y=Obese group with diabetes at 1 month, 1 year, 2 years and 3 years after RYGBP surgery.  
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Supplementary Table 2.  Predictors of post-surgery β-cell function and glucose control. All mixed 
model regression (MMR) analyses included time relative to surgery (TRS), to control for it; predictor 
analyses are presented after controlling for TRS. Predictors found to be significant based on univariate 
results were entered into a multivariate model.  In the multivariate analysis for post-surgery 
postprandial glucose, only weight loss and pre-surgery O-DI, along with TRS, were tested due to 
multicollinearity. R2 values could not be calculated for non-significant predictors. In the multivariate 
model, R2 values for post-surgery O-BCGS, O-DI, fasting glucose and postprandial glucose were 0.159, 
0.350, 0.282, 0.246, respectively. 

O-BCGS, β-cell glucose sensitivity from the oral glucose tolerance test; O-DI, Disposition index from 
the oral glucose tolerance test; AUC, Area under the curve 
a R2 and p-values for all predictors aside from time relative to surgery (TRS) were calculated after 
controlling for TRS.   
bN/A; Not appropriate. 
c N/T; Variables not put into model. 
 
 
 
 
 
 
 
 
 
 
 
 

Outcome variable Predictors Univariate Multivariate 
R2 a p-value a R2 a p- value a 

Post-surgery O-BCGS 

TRS  0.041 0.100 N/A b 0.512 

Pre-surgery O-BCGS 0.041 0.030 0.024 0.056 
GLP-1 response (AUC) 0.021 0.030 0.016 0.030 

Weight loss 0.092 0.002 0.062 0.008 

Pre-surgery HbA1c 0.008 0.030 N/A  b 0.200 

Post-surgery O-DI 

TRS  0.173 0.004 N/A  b 0.862 

Pre-surgery O-DI 0.090 0.020 0.066 0.001 

GLP-1 response (AUC) 0.017 0.030 0.011 0.042 

Weight loss 0.088 0.002 0.051 0.010 

Post-surgery fasting glucose 

TRS  0.174 0.010 N/A b   0.711 

Post-surgery O-BCGS 0.060 0.004 0.055 0.019 

Weight loss 0.089 0.002 0.020 0.048 

Post-surgery postprandial  120’ 
glucose 

TRS  0.061 0.004 N/A b 0.191 

Weight loss 0.093 0.004 0.078 0.001 

Pre-surgery O-BCGS 0.023 0.032 N/T c N/T c 

Post-surgery O-BCGS 0.134 <0.001 N/T c N/T c 

Pre-surgery O-DI 0.106 <0.001 0.091 <0.001 

Post-surgery O-DI 0.114 <0.001 N/T c N/T c 
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Supplementary Figure 1.  Matching of Plasma Glucose Levels during the OGTT and Iso-IVGC. (A-G) 
A significant time x test interaction was observed in the OB-DM 1M (p=.04) and OB-DM 2Y (p=0.01) 
groups, with a trend for higher glucose values during the iso-IVGC.  No significant difference was 
observed in the LEAN, OB-NGT, OB-DM0, OB-DM 1Y, or OB-DM 3Y groups. None of the individual 
group contrasts were significant for any group/condition individually after correcting for the number of 
comparisons. (H) Overall, glucose values were well matched between the OGTT and iso-IVGC.  
However, a significant time x test (OGTT vs. Iso-IVGC) interaction (p=0.02) was observed, with a trend 
for slightly higher glucose values during the iso-IVGC from 45 minutes onwards.  None of the 
individual group contrasts were significant at any time point overall, after correcting for the number of 
comparisons.   
 

 



SUPPLEMENTARY DATA 
 

©2013 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db13-1176/-/DC1 

Closed circle=OGTT; Open circle=Iso-IVGC.  LEAN=Lean; OB-NGT=Obese, normal glucose tolerant 
controls; OB-DM0=Obese group with diabetes prior to RYGBP surgery; OB-DM1M, OB-DM1Y, OB-
DM2Y, OB-DM3Y=Obese group with diabetes at 1 month, 1 year, 2 years and 3 years after RYGBP 
surgery. Values are Mean±SEM.   
 
 
Supplementary Figure 2.  Insulin Levels during the OGTT and Iso-IVGC and the Incretin Effect of 
Insulin.  (A-G)  Insulin AUC (pmol/L/min) was significantly greater during the OGTT compared to the 
iso-IVGC under all groups and conditions (p<.05). (H)  The incretin effect of insulin was blunted in 
subjects with diabetes prior to surgery (D0), but normalized from 1 month onwards after surgery.   
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Closed circle=OGTT; Open circle=Iso-IVGC.  LEAN/L=Lean; OB-NGT/OB=Obese normal glucose 
tolerant controls; OB-DM0/D0=Obese group with diabetes prior to RYGBP surgery; OB-DM1M/D1M, 
OB-DM1Y/D1Y, OB-DM2Y/D2Y, OB-DM3Y/D3Y=Obese group with diabetes at 1 month, 1 year, 2 
years and 3 years after RYGBP surgery  
Values are Mean±SEM; *p<.05 vs. LEAN, †p<.05 vs. OB-NGT, ‡p<.05 vs. OB-DM0 
 
 
Supplementary Figure 3. C-peptide levels during the OGTT and iso-IVGC and the Incretin Effect of 
C-peptide.  (A-G)  C-peptide AUC (pmol/L/min) was significantly greater during the OGTT compared 
to the iso-IVGC under all groups and conditions (p<.05). (H) The incretin effect of C-peptide was 
blunted in subjects with diabetes prior to surgery (D0), but normalized from 1 month onwards after 
surgery.   
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Closed circle=OGTT; Open circle=iso-IVGC.  LEAN/L=Lean; OB-NGT/OB=Obese normal glucose 
tolerant controls; OB-DM0/D0=Obese group with diabetes prior to RYGBP surgery; OB-DM1M/D1M, 
OB-DM1Y/D1Y, OB-DM2Y/D2Y, OB-DM3Y/D3Y=Obese group with diabetes at 1 month, 1 year, 2 
years and 3 years after RYGBP surgery  
Values are Mean±SEM; *p<.05 vs. LEAN, †p<.05 vs. OB-NGT, ‡p<.05 vs. OB-DM0 
 
 
Supplementary Figure 4. Effect of RYGBP on the Disposition Index using ISI for Insulin Sensitivity.   
In the OB-DM group pre-surgery, DI (ISI) during the OGTT and iso-IVGC was significantly impaired 
compared to both control groups.  After surgery, O-DI normalized to the levels of the OB-NGT group 
by 1 month and LEAN by 1 year, although only normalization to the OB-NGT persisted up to 3 years 
post-surgery.  In contrast, IV-DI remained significantly lower compared to the OB-NGT controls at 1 
month and 3 years post-surgery, and LEAN controls up to 3 years post-surgery.  DI was significantly 
greater during the OGTT vs. the iso-IVGC in the OB-NGT group and OB-DM group at all conditions 
post-surgery (p<.05), but not in the LEAN or OB-DM group prior to surgery. 
 

 
OGTT=White bar; Iso-IVGC=Black bar.  DI, Disposition Index.  LEAN=Lean; OB-NGT=Obese, 
normal glucose tolerant controls; OB-DM0=Obese group with diabetes prior to RYGBP surgery; OB-
DM1M, OB-DM1Y, OB-DM2Y, OB-DM3Y=Obese, group with diabetes at 1 month, 1 year, 2 years 
and 3 years after RYGBP surgery  
Values are Mean±SEM; *p<.05 vs. LEAN, †p<.05 vs. OB-NGT, ‡p<.05 vs. OB-DM0, §p<.05 vs. OB-
DM1M, || vs. OB-DM2Y 
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Supplementary Figure 5.  Effect of RYGBP on ISR and β-cell Function (Without Adjustment for Body 
Weight). (A) ISR during the OGTT and iso-IVGC over the entire experiment (180 minutes) was 
significantly greater in the OB-DM0 group compared to lean controls.  ISR during the OGTT and iso-
IVGC were significantly reduced by 1 year and 1 month post-surgery, respectively, so that this was no 
longer greater the lean controls.  In all groups and conditions, ISR AUC 0-180 min was significantly 
greater during the OGTT vs. the iso-IVGC (p<.05).  (B) ISX was significantly impaired during the 
OGTT in the OB-DM group pre-surgery, and was unchanged after surgery.  No increase in ISX was 
observed during the iso-IVGC.  In all groups and conditions, ISX was significantly greater during the 
OGTT vs. the iso-IVGC (p<.05).  (C)  ISR during the first 60 minutes of the OGTT was significantly 
increased immediately after surgery and this increase was maintained up to 3 years post-surgery.  No 
increase in ISR during the iso-IVGC was observed.  In all groups and conditions, ISR AUC 0-60 min 
was significantly greater during the OGTT vs. the iso-IVGC (p<.05).  (D)  In the OB-DM group pre-
surgery, BCGS during the OGTT and iso-IVGC was significantly lower than both control groups.  After 
surgery, O-BCGS normalized to the levels of both control groups by 1 month, and this was maintained 
up to 3 years post-surgery.  In contrast, IV-BCGS did not significantly change over time and remained 
significantly lower compared to both control groups up to 3 years post-surgery.  BCGS was significantly 
greater during the OGTT vs. the iso-IVGC in the OB-NGT group and in the OB-DM group at all 
conditions post-surgery (p<.05), but not in the LEAN or OB-DM group prior to surgery. (E) In the OB-
DM group pre-surgery, DI (HOMA-IR) during the OGTT and iso-IVGC was significantly impaired 
compared to both control groups.  After surgery, O-DI normalized to the levels of the OB-NGT group 
by 1 month and LEAN by 1 year.  In contrast, IV-DI remained significantly lower compared to the 
LEAN controls up to 3 years post-surgery. DI was significantly greater during the OGTT vs. the iso-
IVGC in the OB-NGT group and in the OB-DM group at all conditions post-surgery (p<.05), but not in 
the LEAN or OB-DM group prior to surgery.  (F)  In the OB-DM group pre-surgery, DI (ISI) during the 
OGTT and iso-IVGC was significantly impaired compared to both control groups.  After surgery O-DI 
normalized to the levels of the OB-NGT group by 1 month and LEAN by 1 year.  In contrast, IV-DI 
remained significantly lower compared to the LEAN controls up to 3 years post-surgery.  DI was 
significantly greater during the OGTT vs. the iso-IVGC in the OB-DM group at all conditions post-
surgery (p<.05), but not in the LEAN, OB-NGT or OB-DM group prior to surgery.   
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OGTT=White bar; Iso-IVGC=Black bar.  ISR, Insulin Secretion Rate; ISX, Insulin Secretion Index; 
BCGS, β-cell Glucose Sensitivity; DI, Disposition Index.  LEAN=Lean; OB-NGT=Obese, normal 
glucose tolerant controls; OB-DM0=Obese group with diabetes prior to RYGBP surgery; OB-DM1M, 
OB-DM1Y, OB-DM2Y, OB-DM3Y=Obese, group with diabetes at 1 month, 1 year, 2 years and 3 years 
after RYGBP surgery  
Values are Mean±SEM; *p<.05 vs. LEAN, †p<.05 vs. OB-NGT, ‡p<.05 vs. OB-DM0, §p<.05 vs. OB-
DM1M 
 

 
 
 
 
 


