
Effect of Glucagon Receptor Antagonism on Ketogenesis in SGLT2-Treated Subjects 

with Type I Diabetes

Introduction

• Type I Diabetes (T1DM) is an autoimmune disease 

which leads to destruction of β cells of pancreas, 

causing patients to be dependent on exogenous 

insulin1

• There is a paucity of drug classes to treat T1DM

• Only ~20% of patients achieve A1c goal set by ADA 

of <7% to avoid micro- and macro- vascular 

complications

• Sodium-glucose cotransporter-2 inhibitors (SGLT2) 

have revolutionized management of Type II Diabetes 

(T2D)

– Improve glycemia, blood pressure

– Promote weight loss

– Renal and cardiovascular protection

• SGLT2 increase risk of DKA in T1D1,2

– Increased RR of 5-7 fold

• DKA occurs when balance of insulin to glucagon 

upset

– Glucagon secretion from alpha cells normally 

restrained by insulin by paracrine signaling

– Glucagon hypersecretion contributes to 

increased risk of DKA in T1D; drives both 

hyperglycemia and ketosis

– In theory, glucagon receptor antagonists (GRA) 

could improve glycemia and risk of DKA

• The purpose of our study was to evaluate the ability 

of GRA to reduce the risk of DKA seen with SGLT2 

therapy in T1D
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Methods

Results

• Insulin Withdrawal Studies

• insulin pumps was discontinued for 8 h 

• BHB and glucose were measured every 30 

minutes

• The study was stopped if BHB levels rose above 

3.0 mmol/L , glucose levels rose above 400, or if 

subjects were unable to tolerate the study due to 

side effects

• Average and peak BHB concentrations reached 

were calculated.

• Ketogenesis index was calculated by dividing the 

peak (final) ketone concentration by the time (in 

minutes) at which the study ended

• Ketogenesis index = ([Peak BHB mmol/L] / 

Tmin)*104). 

Baseline Patient 

Characteristics
Age (years)

Mean +/-SD 41 +/- 13 
Range 25-65 

Sex
Male 5 (41.6%)
Female 7 (58.3%)

BMI
Mean +/-SD 25.7 +/- 2.8
Range 22.6-28.8

Length of T1DM 

Diagnosis (years)
Mean 27.7 +/-10.3
Range 17-52

Baseline A1c
Mean 6.6 +/- 0.8
Range 5.5-8

Table 1: Baseline patient characteristics for cross-over study. N=12

• This was a double blind, randomized,  cross- over design 

with 12 subjects with T1D, all of whom used insulin 

pumps and continuous glucose monitors  (CGM) 

• Subjects were randomized 1:1 to Group A or Group B

• SGLT-2 =dapagliflozin 10mg daily

• GRA = Human Monoclonal REMD-477 70mg 

weekly

• Baseline visits included collecting insulin usage and CGM 

data. Insulin withdrawal studies were performed

• During treatment periods at dosing visits insulin usage 

and continuous glucose monitor data were obtained

Baseline SGLT2 SGLT2+ GRA p-Value 

Avg CGM Glucose 

(mg/dL)

150.4 +/-

24.6

139.1 +/-

19.4

130.0 +/-16.6 p=0.064

Time in Target 

Range (%)**

70 +/- 16.7 77.0 +/-

13.9

84.3 +/- 9.9 p=0.052

Table 3:  Continuous glucose monitor (CGM) average glucose level 

and time in target range stratified by treatment group. The SGLT2 

and SGLT2 + GRA group had lower average glucose levels than the 

baseline group but did not reach statistical significance on ANOVA 

(p=0.06). The time in target range was higher in the SGLT2 and SGLT2 

+ GRA groups than the baseline group but did not reach statistical 

significance on ANOVA (F(2, 33) = 3.24, p = 0.052). 

**The target range is 70-180 mg/DL , and recommended goal set by the ADA is 70% 

time in target range. 

Baseline SGLT2 SGLT2 + GRA p-Value 

Total Daily Insulin 

Use (Units)

41.3 +/- 9.2 37.6 +/-

9.1

30.7 +/- 7.3** 0.016*

Table 4: Average total daily insulin units by treatment group. 

Average total daily insulin use was lower in the SGLT2 and SGLT2 + 

GRA groups than the baseline group. ANOVA revealed that there was a 

statistically significant difference in test scores between the groups ( p = 

0.016). Post-hoc analysis found that total daily insulin use was 

significantly different between the baseline and SGLT2 + GRA groups (p 

= .013, 95% C.I. = [2.0, 19.2]). There was no statistically significant 

difference between the baseline and SGLT2 alone groups (p=.551) or 

between SGLT2 alone and SLGT2 + GRA groups (p = .136).

Conclusions

Figure 3: Graph of mean ketone (BHB) level over time during insulin 

withdrawal challenge by group

Figure 5: Graph of CGM time in target range by group

Figure 6: Graph of average total daily insulin usage by group
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Baseline SGLT2 SGLT2 + GRA p-Value 

Maximum 

ketone level 

(mmol/L)

2.14 +/- 0.21 2.44 +/- 0.72 1.94 +/- 0.69 0.004*

Duration of 

insulin 

withdrawal 

challenge (mins)

397.5 +/-

83.0

364.6 +/- 88.1 442.8 +/- 69.9 0.026*

Ketogenesis 

Index

58.3 +/- 28.7 73.1 +/- 36.1 44.5 +/- 16.2 0.002*

Table 2: Maximum ketone level, duration of insulin withdrawal 

challenge and ketogenesis index stratified by treatment group. 

Paired two-sided T tests were performed to see if the maximum ketone 

level reached during the insulin withdrawal challenge, duration of the 

insulin withdrawal challenge, or ketogenesis index differed between the 

SGLT2 and SGLT2 + GRA groups.  There was significantly higher 

maximum ketone levels in the SGLT2 group (M= 2.44, SD = 0.72) 

compared to the SGLT2 + GRA (M= 1.94, SD= 0.69) group; t(11)= 3.576, 

p=0.004.  There was a significant difference in duration of withdrawal 

challenge between the SGLT2 (M= 364.6, SD= 88.1) and SGLT2 + GRA 

(M=442.8, SD =69.9); t(11)= -2.568, p= 0.026. There was a significant 

difference in the ketogenesis index between SGLT2 (M = 73.1, SD = 36.1) 

and SGLT2 + GRA (M = 44.5, SD = 16.2); t(11) = 3.904, p = .002
Figure 4: Graph of ketogenesis index by group
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• The combinations of a GRA + SGLT-2i resulted in:

• Reduced ketogenesis

• Lower exogenous insulin dose by ~25% from baseline

• Increased time in target glucose range by ~14 % from 

baseline

• These data suggest that the combination of a GRA and 

SGLT-2i may be a way to improve clinical outcomes in 
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Figure 2: Study design


