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We will talk about

Some physiology... Of GLP-1 axis

Drugs in the classes of GLP analogues and 
DPP4 inhibitors

 Will look into the similarities and differences 
between the medications and classes

Indications and side effects
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Possible Second Line Treatments

✤ Sulfonylureas (Not Glibenclamide)

✤ PPG’s (Postprandial Glucose Regulators)

✤ TZDs

✤ DPP- 4 Inhibitors

✤ GLP-1 Analogues

✤ ! glucosidaze inhibitors

✤ Insulin
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Treating Hyperglycaemia ± NICE

✤ First Line Treatment: Diet and Exercise

✤ First Line Medication: Metformin
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 Gut derived incretin hormone

  Augments glucose dependent insulin secretion

 Supports the synthesis of proinsulin

 In vitro/ rodents

 Reduces the rate of β cell apoptosis in a toxic environment

 Promotes β cell differentiation from the precursor cells

GLP-1 

Sunday, 2 December 12



GLP-1 

• Secretion is mainly postprandial

• There is, however, basal secretion...

• Basal secretion has some influence on fasting 
glucose levels

Diabetes Care 24:1416–1421, 2001
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40 patients: 5 groups of 8 for 1 week

Placebo + GLP-1 4ng/kg 16h + GLP-1 8ng/kg 16h + GLP-1 4ng/kg 24h 
+ GLP-1 8ng/kg 24h

Patients were “Sulfonylurea failures”

then centrifuged at 2,000–2,300 rpm for
20 min. Serum was transferred to trans-
port tubes and frozen immediately at
!20°C. A radioimmunoassay method
was used for the analyses of insulin.
Glucagon. Blood was collected into
tubes containing EDTA and aprotinin,
centrifuged at 2,000–2,300 rpm for 20
min, and then immediately frozen at
!20°C. Glucagon was analyzed using a
glucagon-chemiluminescent antibody-
PDC immulite technique. All analyses were
performed at Medlab, San Antonio, Texas.

Statistical analysis
The primary efficacy assessment was the
24-h plasma glucose profile measured on
days 1, 4, and 7. The secondary efficacy
assessments were the 24-h insulin and
glucagon profiles measured on day 7.
From the 24-h profiles, the average area
under the curve (AUC) was calculated.
The change in average glucose AUC from
baseline (day 0) to days 1, 4, and 7 was
subjected to an analysis of variance
(ANOVA), with treatment as the fixed ef-
fect. Contrasts addressed the difference
among the five treatment groups. A sepa-
rate ANOVA was applied for days 1, 4,
and 7. Similar methods were applied to
the change in average insulin and gluca-
gon AUCs from baseline to day 7. Fur-
thermore, FPG and nocturnal plasma
glucose (measured at 4:00 A.M.) on day 7
were analyzed as described above. For all
analyses, P " 0.05.

RESULTS

Plasma glucose
The highest mean changes in plasma glu-
cose occurred on day 7 for all groups. All

of the active treatment groups had a sta-
tistically significantly larger mean de-
crease in the AUC from baseline to day 7
compared with placebo (P ! 0.001). For
AUC in the GLP-1 8 ng ! kg–1 ! min–1 24-h
group, the average decrease from baseline
to day 7 was statistically significant com-
pared with the other three active treat-
ment groups (P # 0.05) (Table 2).

The 24-h glucose profiles on day 7
are shown in Fig. 1. Baseline profiles are
compared with day 7 profiles in the left
column of Fig. 2. When GLP-1 was ad-
ministered in the 16-h groups, FPG and
nocturnal plasma glucose (4:00 A.M.) were
statistically significantly higher compared
with the 24-h groups on day 7 (P # 0.05),
with the exception of FPG in the GLP-1 8
ng ! kg–1 ! min–1 24-h group compared
with the GLP-1 4 ng ! kg–1 ! min–1 16-h
groups (P # 0.1). Thus, during the night,
the glucose values increased between 11:00
P.M. and 4:00 A.M. in the 16-h groups,

whereas the plasma glucose values further
decreased during the night, reaching a na-
dir at 4:00 A.M., in the two 24-h groups.

Serum insulin
Analyses of the change from baseline to
day 7 in the mean plasma insulin values
(AUC) indicated that there was no statis-
tically significant treatment effect on
plasma insulin (Table 2). The plasma
insulin profiles on day 0 and day 7 are
displayed for all groups in the center col-
umn of Fig. 2. However, for the two 16-h
groups, the pattern of the profiles changed
from day 0 to day 7. In both groups, the
insulin concentrations were considerably
higher during the initial 3–4 h after the
restart of GLP-1 infusion on day 7,
whereas there was a tendency for insulin
levels to decrease during the afternoon
and evening. In the 24-h groups, there
were no changes in the pattern of insulin
profiles.

Figure 1—24-h plasma glucose profiles for the five groups on day 7. - -"- -, placebo group;
—f—, GLP-1 4 ng ! kg–1 ! min–1 16-h group; —Œ—, GLP-1 8 ng ! kg–1 ! min–1 16-h group;
—}—, GLP-1 4 ng ! kg–1 ! min–1 24-h group; —$—, GLP-1 8 ng ! kg–1 ! min–1 24-h group.

Table 2—24-h mean values and changes from baseline for glucose, insulin, and glucagons

Placebo group
GLP-1 4 ng ! kg–1 !
min–1 16-h group

GLP-1 8 ng ! kg–1 !
min–1 16-h group

GLP-1 4 ng ! kg–1 !
min–1 24-h group

GLP-1 8 ng ! kg–1 !
min–1 24-h group

Glucose (mmol/l)
Baseline 15.3 15.2 14.8 17.2 18.3
Change (day 1) !0.2 !3.2* !4.4* !4.7* !6.6*†
Change (day 4) %1.1 !3.4* !3.7* !4.6* !10.9*†
Change (day 7) %1.3 !3.9* !4.7* !5.2* !7.7*†

Insulin (&U/ml)
Baseline 37 54 49 36 30
Change !3 %3 !5 !7 !7

Glucagon (pg/ml)
Baseline 84 107 118 115 114
Change %6 !7 !30‡ !24‡ !30‡

Compared with placebo, *P # 0.001; compared with other active treatments, †P # 0.05; compared with placebo, ‡P # 0.05.

GLP-1 in SU failure patients

1418 DIABETES CARE, VOLUME 24, NUMBER 8, AUGUST 2001

24 h infusion

Diabetes Care 24:1416–1421, 2001
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DPP-4

DPP-4

DPP-4

GLP 
1

GLP 
1

GLP 
1

Sitaliptin

Vildagliptin

Saxagliptin

Linagliptin

β 

© Nemanja Stojanović 2012

Prolonging t1/2 of GLP-1: Option 1- DPP-4 
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Indications: Sitagliptin 

 Monotherapy if Metformin is not tolerated and SU unsuitable

 Dual therapy with SU or Metformin or TZD

 Triple therapy with combination of Metformin + SU or 
Metformin + TZD

Dose 100mg OD

License for use with insulin

Renal failure: dose adjustment needed
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Sitagliptin vs Glipizide
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Vildagliptin 

As monotherapy

 In combination with Metformin 50 mg BD

 In combination with TZD 50 mg BD

 In combination with SU 50 mg OD

 Monitor LFT’s;  reduce if GFR<  50mL/minute/1.73m2
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Saxagliptin 
2.5 or 5 mg OD

In addition to Metformin

In addition to SU

In addition to TZD

In addition to Insulin

Can be used in CRF; dose adjustment needed
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Linagliptin

5mg OD

As monotherapy

As an addition to Metformin

As an addition to Metformin and SU

Renal failure: no dose adjustment needed
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DPP-4 inhibitors side effects

✤ Hypos are rare

✤ Increased risk of nasopharyngitis

✤ Increase the RR of UTI 1.5x

✤ 50,000 UTIs on 1,000, 000 patients treated

✤ Avoid in patients with recurrent UTI’s?
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saxagliptin treatment groups versus the
metformin plus placebo group (P !
0.0001) (Table 1). Differences in adjusted
mean change from baseline versus met-
formin plus placebo (95% CI) were
"5,599 mg ! min/dl ("7,894 to "3,305),

"6,294 mg ! min/dl ("8,606 to "3,983),
and "4,845 mg ! min/dl ("7,153 to
"2,537) for 2.5, 5, and 10 mg saxaglip-
tin, respectively. Maximal A1C, FPG, and
PPG reductions were observed at the 5 mg
saxagliptin dose, without evidence of a

dose-response relationship at greater than
5 mg.

There was an overall decrease from
baseline in glucose concentration at all
time points of the OGTT in the saxagliptin
treatment groups at week 24 (Fig. 1C). At
the 120-min time point of the OGTT,
mean changes from baseline were greater
for 2.5, 5, and 10 mg saxagliptin versus
metformin plus placebo ("63.9, "62.1,
and "40.7 mg/dl; all P ! 0.0001 versus
"21.0 mg/dl for placebo). The 95% CI for
the mean change from baseline excluded
zero in all treatment groups.

At all doses, saxagliptin demonstrated
increases in mean postprandial insulin
AUC and C-peptide AUC levels versus
metformin plus placebo (supplementary
Figure A2a and b, available in an online
appendix). The change from baseline in
postprandial glucagon AUC at week 24
revealed a greater decrease for all saxa-
gliptin doses versus metformin plus pla-
cebo without any apparent dose
dependency. The 95% CI for the placebo-
subtracted adjusted mean change from
baseline for postprandial insulin AUC,
glucagon AUC, and C-peptide AUC ex-
cluded zero for all saxagliptin treatment
groups (Table 1). #-Cell function, calcu-
lated using HOMA-2# (20), improved in
all saxagliptin treatment groups at week
24 (Table 1). Differences in adjusted
mean changes from baseline versus met-
formin plus placebo (95% CI) were
11.5% (5.4 –17.7), 12.7% (6.6 –18.8),
and 13.1% (7.0–19.3) for the 2.5, 5, and
10 mg saxagliptin groups, respectively.
Patients treated with saxagliptin had de-
creases in fasting glucagon measurements
of greater magnitude than those observed
for metformin plus placebo (data not
shown, NS). No discernible effects on
fasting C-peptide and insulin levels were
observed for saxagliptin versus met-
formin plus placebo.

The early insulin response based on
the insulinogenic index, calculated as
$I0–30 min/$G0–30 min, and insulin sensitivity,
calculated using the oral glucose insulin sen-
sitivity (OGIS) index, increased in all saxaglip-
tin treatment groups at week 24 (Table 1). No
significant treatment effect was observed in the
HOMA-2 insulin resistance index or the Mat-
suda index of insulin sensitivity at week 24.
Mean changes from baseline in body weight at
week 24 were "1.43, "0.87, and "0.53 kg
for 2.5, 5, and 10 mg saxagliptin versus "0.92
kg for metformin plus placebo. Effects of saxa-
gliptin on BMI, mean waist circumference, and
mean fasting lipid levels were similar to those
for metformin plus placebo.

Figure 1—Effect of saxagliptin added to metformin versus placebo added to metformin. A: A1C
mean change from baseline values (last observation carried forward [LOCF]) during the 24-week
treatment period. B: Mean fasting plasma glucose values (LOCF) during the 24-week treatment
period. C: Postprandial glucose 3-h AUC during the OGTT (LOCF): baseline versus week 24.

Saxagliptin added to metformin therapy

1652 DIABETES CARE, VOLUME 32, NUMBER 9, SEPTEMBER 2009

Sitagliptin:100 vs 200 mg

Saxagliptin: 2.5 vs 5 vs 10 

the sitagliptin 100-mg (21 [8.8%]) or
200-mg (12 [4.8%]) groups (P ! 0.001
for sitagliptin vs. placebo). Time to rescue
was significantly longer with sitagliptin
versus placebo.

At week 24, sitagliptin 100 and 200
mg significantly (P ! 0.001) reduced
A1C compared with placebo (between-
group differences "0.79% [95% CI
"0.96 to "0.62] and "0.94% ["1.11 to
"0.77], respectively) (Table 1) without
deterioration in the sitagliptin effect
throughout 24 weeks (Fig. 1A). The per-
centage of patients achieving A1C !7%
was 41% with 100 mg and 45% with 200
mg versus 17% for placebo (P ! 0.001 for
sitagliptin vs. placebo). The effect of sita-
gliptin on A1C was consistent across sub-
groups defined by demographic ,
anthropometric, and disease characteris-
tics. A significant interaction between
baseline A1C and treatment effect was ob-
served (P ! 0.001), which was consistent
with the finding of greater efficacy in pa-
tients with higher baseline A1C. In pa-
tients with baseline A1C !9%, placebo-
subtracted reductions of "1.52 and
"1.50% were observed for the 100- and
200-mg treatment groups, respectively
(Fig. 1B).

At week 24, sitagliptin treatment led
to significant (P ! 0.001) between-
treatment differences versus placebo in
FPG change from baseline of "1.0
mmol/l ("17.1 mg/dl) and "1.2 mmol/l
("21.3 mg/dl) for the 100- and 200-mg

Figure 1—A: A1C (means # SE) over time during the 24-week treatment period for patients
treated with sitagliptin 100 or 200 mg q.d. or with placebo. B: Placebo-subtracted least-squares
(LS) mean change in A1C from baseline (#SE) by baseline A1C at study end point.

Table 1—Baseline and week 24 mean A1C, FPG, proinsulin-to-insulin ratio, and HOMA-! and least-squares mean change from baseline to
study end point with sitagliptin or placebo treatment

n
Week 0 (baseline)

mean # SD
Week 24

mean # SD
Least-squares mean change

from baseline (95% CI)

A1C (%)
Placebo 244 8.03 # 0.82 8.20 # 1.37 0.18 (0.06 to 0.30)
Sitagliptin 100 mg q.d. 229 8.01 # 0.88 7.39 # 1.15 "0.61 ("0.74 to "0.49)*
Sitagliptin 200 mg q.d. 238 8.08 # 0.94 7.31 # 1.14 "0.76 ("0.88 to "0.64)*

FPG (mmol/l)
Placebo 247 9.8 # 2.3 10.0 # 3.1 0.3 ("0.0 to 0.5)
Sitagliptin 100 mg q.d. 234 9.5 # 2.4 8.8 # 2.5 "0.7 ("1.0 to "0.4)*
Sitagliptin 200 mg q.d. 244 9.7 # 2.5 8.7 # 2.6 "0.9 ("1.2 to "0.7)*

Proinsulin-to-insulin ratio
Placebo 220 0.44 # 0.30 0.44 # 0.28 "0.01 ("0.04 to 0.02)
Sitagliptin 100 mg q.d. 210 0.47 # 0.82 0.37 # 0.25 "0.08 ("0.11 to "0.05)†
Sitagliptin 200 mg q.d. 217 0.44 # 0.48 0.34 # 0.22 "0.11 ("0.14 to "0.07)*

HOMA-$
Placebo 235 55.8 # 52.1 56.3 # 61.5 0.3 ("6.0 to 6.5)
Sitagliptin 100 mg q.d. 218 57.6 # 71.7 70.9 # 91.8 13.2 (6.7 to 19.7)†
Sitagliptin 200 mg q.d. 228 55.2 # 53.4 68.4 # 66.3 13.1 (6.8 to 19.5)†

*P " 0.001 for least-squares mean difference for sitagliptin 100 or 200 mg vs. placebo; †P " 0.01 for least-squares mean difference for sitagliptin 100 or 200 mg
vs. placebo. P % NS for sitagliptin at 200- vs. 100-mg comparisons. (To convert glucose values from mmol/l to mg/dl, divide by 0.05551.)

Sitagliptin monotherapy in type 2 diabetes

2634 DIABETES CARE, VOLUME 29, NUMBER 12, DECEMBER 2006
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DPP-4 inhibitors in Renal Failure

Stage Estimated
 GFR

Sitagliptin Saxagliptin Vildagliptin

I     > 90 ml/mi/
1.73m2

100 mg OD 5 mg OD 50 mg BD

II  60-89 ml/mi/
1.73m2

100 mg OD 5mg OD 50 mg BD

III 30-59 ml/mi/
1.73m2

50mg OD 2.5mg OD 50 mg OD*

IV 15- 29 ml/mi/
1.73m2

25mg OD 2.5mg OD 50 mg OD

V  < 15 ml/mi/
1.73m2

25mg OD not 
recommended

50 mg OD       
use with caution!

50 mg BD if Cr Cl>50 
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GLP-1 ANALOGUES 
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Exenatide

✤Exendin 4 analogue

✤53% sequence identity to 

native GLP-1

✤t 1/2 : 2.4h

✤Injection: 5-10 ug BD

✤Licensed with SU/ Metformin or in combination

✤HbA1c reduction ~ 1% & FPG reduction of 1.5 mmol/l
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Exenatide

✤Induces ~2kg weight loss

✤Greatest weight loss when added to Metformin: 
2.8kg* 

✤Reduction in postprandial hyperglycaemia

✤Rare hypos

✤Antibodies 61%; patients with higher titers: lesser 
reductions in HbA1c** * Diabetes Care 2005;28:1092–

**Diabetes Care 2011, 34: S279-84
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Liraglutide

✤97% sequence identity to native GLP-1

✤t1/2: 13h

✤Dose: 0.6mg week 1/ after that 1.2mg

✤1.8mg.... 

✤Antibodies 8.6%- these have not affected the 
efficacy*

*DIABETES CARE 2011, 34: S279-84
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BYDUREON

Exenatide- incorporated in Medisorb 
Microspheres

Dose: 2 mg once weekly

Expected weight loss <4kg

License same as Exenatide
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GLP-1 Agonists Side Effects

Nausea, vomiting

GI side effects

Injection site reactions

Hypos are rare

?? Pancreatitis
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Pancreatitis

Diabetes Care 33:2349–54, 2010

Database Study: n= 786,656                 Diabetic 38,615Database Study: n= 786,656                 Diabetic 38,615Database Study: n= 786,656                 Diabetic 38,615Database Study: n= 786,656                 Diabetic 38,615Database Study: n= 786,656                 Diabetic 38,615

Control DM Control Sitagliptin Exenatide

n 748,041 16,244 15,826 6,545

Pancreatitis/1000 
patient years 1.9 5.6 5.6 5.7
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Pancreatitis

HR Diabetic Group 2.1 (95% CI 1.7-2.5)

 No difference among the DM treatment groups

Diabetes Care 33:2349–54, 2010
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BYDURON vs Liraglutide: DURATION-6

26 weeks: BYDUREON n= 461; Liraglutide n= 450

BMI 32.3; HbA1c 8.5± 1%

Patients were on Metformin, Sulfonilurea ± 
Pioglitazone

Non inferiority study

Condition of non inferiority was difference in 
HbA1c of <0.25% between Liraglutide and  EQW

Diabetologia 2011;54: s75
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 DURATION-6: Results

BYDUREON Liraglutide p

%HbA1c < 7% 53.8 60.2 <0.01
%HbA1c 1.28 1.46
Weight 2.68 3.58

There was no major hypoglycaemia 
Minor hypoglycaemia ~ 9-10% p=NS

Diabetologia 2011;54: s75
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DURATION-6: Side Effects
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Diabetologia 2011;54: s75
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DURATION3: EQW vs Insulin Glargine

26 weeks

EQW: 233 patients; 
Glargine: 223 patients

Patients were on 
Metformin ± SU 

Starting HbA1c 
8.3±0.7%

-3.00

-2.25

-1.50

-0.75

0

0.75

1.50

Hba1c % Weight (kg) FPG mmol/l

EQW Glargine
Lancet 2010; 375: 2234 

Sunday, 2 December 12



DURATION3: EQW vs Insulin Glargine

79% of patients taking EQW had reduction in 
HbA1c and lost weight

63% of patients in the  Glargine group had a 
reduction in HbA1c paired with weight gain

Minor hypoglycaemia occurred more frequently 
in the Glargine group

Lancet 2010; 375: 2234 
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DURATION-4: Monotherapy

In medication naive patients sub-optimally 
controlled on diet and exercise

EQW 2mg weekly; n= 248

Metformin 2000mg daily; n=246

Sitagliptin 100mg OD; n= 163

Pioglitazone 45mg OD; n= 163

Diabetes Care 35:252–258, 2012
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GLP-1 Analogues: Comparison

Exenetide Liraglutide Bydureon
Metformin and/or SU ✓ ✓ ✓

TZD - ✓ -
Insulin Long acting Levemir only -

Frequency of Use BD OD Weekly

Renal Failure ✓ - -
Head to Head Studies ✓ ✓ ✓
% HbA1c Reduction 0.9-1 -1.1 to -1.6 up to -1.9

Weight Loss (kg) up to -2.8 up to -3.2 up to -3.7
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Action GLP 1 analogues DPP4 inhibitors

Glucose dependent insulin secretion yes yes

Glucose dependent glucagonostatic effect yes yes

FPG reduction 1.4- 3.4 mmol/l 1.0- 1.4 mmol/l

Postprandial glucose reduction yes yes (weaker)

A1c reduction 0.8- 1.8% 0.5-1.1%

Effect on proinsulin synthesis yes yes ( ? weaker)

Improved in vivo β cell function- humans ?? ??

Beneficial CVD effects not proven possible

GLP-1 analogues and DPP-4 inhibitors: similarities
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GLP-1 analogues and DPP-4 inhibitors: Differences

Action GLP 1 analogues DPP4 inhibitors

Route of use Injection (SC) Oral

Receptor stimulation Direct Indirect

GLP-1 levels attained 6-10 x > normal 2-3 x > normal

Other mediators No Yes (GIP etc)

Effects on Gastric Emptying Yes Hardly

Appetite Reduction Yes Less than GPL-1

Body Weight Reduction Neutral

Side Effects Nausea,Vomiting,                                        
? Pancreatitis

Nasopharyngitis, UTI’s, 
Deranged LFTs (Vilda), 

Skin Reactions (Sita)
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In Conclusion
GLP-1 analogues and DPP-4 inhibitors are new 
classes of drugs for treatment of T2DM

These medications will improve glycaemic 
control and HbA1c by 0.7- 1.2%

Indications and tolerability vary among the 
drugs in the same class

Long term use...
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