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Glucose-lowering medication in type 2 diabetes: overall approach. 

American Diabetes Association Dia Care 2019;42:S90-S102
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Il 29.4% dei soggetti utilizza insulina basale, il 22.3% insulina rapida e l’1.1% insulina premiscelata. 

Terapia per il diabete 
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Multifactorial approach improves outcomes

• Primary prevention methods only - platelet inhibition recommended as secondary prevention.

• *Physical activity of moderate to vigorous intensity, spread over at least 3 days/week. †ADA guidelines suggest 40 mg/dL for men, 50 mg/dL for 
women. American Diabetes Association. Diabetes Care 2019;42(Suppl. 1):S1–S3.

Management of diabetes and its complications

Glycaemic 
control

Lifestyle 
modification

(diet and 
exercise for weight 

management)

BP 
lowering
(ACE-I and 
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Dyslipidaemia 
control
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intensified 
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• THE ‘OMINOUS OCTET’ 

Various parameters impact T2D pathophysiology

Decreased 
insulin secretion 
from beta cells

Decreased incretin effect

Increased glucagon 
secretion by islet alpha 

cells

Increased lipolysis

Impaired appetite 
regulation

Increased glucose 
reabsorption

Decreased glucose uptake

Hyperglycaemia

Increased hepatic glucose 
production

T2D

Adapted from DeFronzo RA. Diabetes 2009;58:773–95 and DeFronzo RA et al. Nat Rev Dis Primers 2015;1:15019.
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• PHARMACOLOGICAL EFFECTS OF GLP-1RAs 

GLP-1RAs have multifactorial effects 

1. Campbell JE, DJ Drucker. Cell Metab 2013;17:819–37; 2. Baggio LL, Drucker DJ. J Clin Invest 2014;124:4223–6; 3. Bagger JI et al. J Clin Endocrinol Metab
2015;100:4541–52; 4. Flint A et al. J Clin Invest 1998;101:515–20; 5. Blundell J et al. Diabetes Obes Metab 2017;19:1242–51; 6. Tong J, D'Alessio D. Diabetes
2014;63:407–9; 7. Armstrong MJ et al. J Hepatol 2016;64:399–408; 8. Armstrong MJ et al. Lancet 2016;387:679–90.

Pancreas (beta cell)
↑ beta-cell function1

↑ Insulin biosynthesis1

↓ Glucose-dependent glucagon secretion1

GI tract
↓ Gastric emptying6

Pancreas (alpha cell)
↓ Glucagon secretion1

↓ Lipotoxicity7

Brain
↓ Body weight2

↓ Food intake3

↑ Satiety4,5

Kidneys
↑ Natriuresis1

Muscles
↑ Insulin sensitivity7

Hyperglycaemia

Liver
↓ Hepatic glucose production7

↑ Hepatic insulin sensitivity7

↓ De novo lipogenesis7

↓ Steatosis8

T2D
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GLP-1RAs vary in molecular structure and size

*Withdrawn from market. 

Liraglutide (3.75 kDa, 97% homology)

HisAla Thr ThrSerPheGluGly AspVal
Ser

SerTyrLeuGluGlyAlaAla GlnLys
Glu

Glu

PheIle AlaTrpLeu GlyVal GlyArgArg

Semaglutide (4.11 kDa, 94% homology)

HisAib Thr ThrSerPheGluGly AspVal
Ser

SerTyrLeuGluGlyAlaAla Gln

Phe

LysGlu

IleAlaTrpLeu GlyVal GlyArgArg

Lixisenatide (4.86 kDa, ~50% homology)

HisGly Thr ThrSerPheGluGly Asp
Leu

Ser

LysGlnMetGluGluAlaVal GluArg

Phe

Leu

IleGluTrpLeu ProLys GlyGlyAsp SerSerGlyAlaProProProSer

HisGly Thr ThrSerPheGluGly Asp
Leu

Ser
LysGlnMetGluGluAlaVal GluArg

IleGluTrpLeu ProLys GlyGlyAsp SerSerGlyAlaProProProSerLys
Lys
Lys

LysLysLys

Phe

Leu

Exenatide (4.19 kDa, 53% homology) Dulaglutide (~63 kDa, 90% homology)

HisGly Thr ThrSerPheGluGly AspVal
Ser

SerTyrLeuGluGluAlaAla GlnLys

Phe
Glu

IleAlaTrpLeu GlyVal GlyGlyLys

PheIleAlaTrpLeu GlyVal GlyGlyLys
Glu

SerTyrLeuGluGluAlaAla GlnLys
Ser

HisGly Thr ThrSerPheGluGly AspVal
Linker 
peptide

Modified 
IgG4 Fc 
domain

Exendin-based GLP-1RAs
Human GLP-1 analogues

Small Large

Albiglutide*
His Gly Thr Thr SerPheGlu Gly Asp Val SerSerTyrLeuGluGly Ala

Ala
Gln

Lys
Phe GluIleAlaTrpLeuGly ValGlyArg LysHisGlyThrThrSer Phe GluGly

Asp
ValSerSer Tyr Leu Glu Gly Ala AlaGln Lys PheGlu Ile Ala Trp

Leu

Asp

Val

Gly
Arg

Lys

ALBUMIN
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PK profiles of approved GLP-1RAs
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Agent t1/2 tmax
Exenatide BID1 2.4 h 0.6 h

Lixisenatide OD2 3 h 1–3.5 h

Liraglutide OD3 13 h 8–12 h

Dulaglutide OW4 ~4 days 24–48 h

Exenatide OW5 7–14 days 6–7 weeks

Semaglutide OW6 ~7 days 1–3 days

Short 
acting

Long 
acting
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SUSTAIN 33

Baseline 
BW (kg): 94.493.8 96.2

SUSTAIN 74

93.4 95.5

Dulaglutide 0.75 mgSemaglutide 0.5 mg
Dulaglutide 1.5 mg

Exenatide ER 2.0 mg 
Semaglutide 1.0 mgLiraglutide 1.8 mg

1.9

2.9

95.6 96.4

2.3

3.0

4.6

6.5

95.4

5.6

3.6

p<0.0001

p<0.0001

HARMONY 75 LIRA-LIXI6

91.7

p<0.0001

p=0.23

101.9100.6

Albiglutide 50 mg
Lixisenatide 20 μg

0.6

2.2

3.7
4.3

• RESULTS FROM COMPARATIVE TRIALS

GLP-1RAs reduce Body Weight

• 1. Buse JB et al. Lancet 2013;381:117–24; 2. Dungan KM et al. Lancet 2014;384:1349–57; 3. Ahmann AJ et al. Diabetes Care 2018;41:258–66; 4. Pratley RE et al. 
Lancet Diabetes Endocrinol 2018;6:275–86;  5. Pratley RE et al. Lancet Diabetes Endocrinol 2014;2:289–97; 6. Nauck M et al. Diabetes Care 2016;39:1501–9.

2.68

3.57

p<0.0001

Diapositiva preparata da LUCIA FRITTITTA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Diapositiva preparata da LUCIA FRITTITTA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Mean weight loss at 1 year
Phase 2 dose-ranging study

-3,1

-5,3

-6,8
-7,6

-9,2

-10
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-6

-4

-2

0

Placebo 1.2 mg 1.8 mg 2.4 mg 3.0 mg

FDA APPROVAL BENCHMARK1

At 1 year mean weight loss:
• At least 5% more than placebo
• Statistically significant*

*

M
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n 
w
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s (
%

)

Liraglutide dose

*p<0.05 vs. placebo
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Weight loss across SCALE trials

Run-in weight loss:
6.0%

2.0%

6.0%

1.6%

5.7%

2.6%

8.0%

SCALE Obesity and Prediabetes1,2 SCALE Diabetes3

56 weeks
n=623

SCALE Sleep Apnoea4

32 weeks
n=353

Liraglutide 3.0 mg Placebo
Weight loss at end of trial
% subjects achieving ≥5% weight loss

SCALE Maintenance5

12-week run-in*; 56-weeks; n=382

0.2%

6.2%

1.9%

6.1%

160 weeks
n=2254

56 weeks
n=3652

Data are observed means; last observation carried forward at end of trial; N, number of individuals contributing to the analysis 
*Low calorie diet (total energy intake 1200–1400 kcal/day)

1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux et al. Lancet 2017;389:1399–409; 3. Davies et al. JAMA 2015;314:687–99; 
4. Blackman et al. Diabetologia 2014;57(Suppl. 1):Abstract 184-OR; 5. Wadden et al. Int J Obes (Lond) 2013;37:1443–51
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-6.0%
change in body weight

after 56 weeks

SCALE Efficacy 
Key efficacy outcomes with liraglutide 3.0 mg

1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux et al. Lancet 2017;389:1399–409; 3. Davies et al. JAMA 2015;314:687–99; 
4. Wadden et al. Int J Obes (Lond) 2013;37:1443–51; 5. Blackman et al. Int J Obes (Lond) 2016;40:1310–19

SCALE Obesity and 
Prediabetes1,2

SCALE 
Diabetes3 SCALE Maintenance4 SCALE Sleep Apnoea5

-8.0%
change in body weight 

after 1 year

-1.3%
change in HbA1c
from baseline

81%
maintained ≥5% weight loss 

after 1 year

-12.2
events p/h

vs. 6.1 with placebo

80%
reduction in the risk of

T2D over 3 years

6.2%
additional weight loss

with liraglutide 3.0 mg*

-5.7%
change in body weight

after 32 weeks

*Following lifestyle intervention induced weight loss of ≥5% over a 12 week run in period
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Change from baseline in body weight (%)
SCALE Obesity and Prediabetes and SCALE Diabetes

-7 -6 -5 -4 -3 -2 -1 0 1

p=0.26

p=0.95

Without T2D, all patients

Without T2D, baseline BMI 27–<35 kg/m2

With T2D, all patients

With T2D, baseline BMI 27–<35 kg/m2

Without T2D, baseline BMI ≥35 kg/m2

With T2D, baseline BMI ≥35 kg/m2

Interaction 
p-value

Full analysis set. Analysis of covariance, with last observation carried forward. P-values are based on test of interaction between treatment effect and 
baseline BMI subgroup and reflect the evidence of a difference in treatment effect between BMI subgroups 
CI, confidence interval; ETD, estimated treatment difference

Le Roux et al. Obes Facts 2017;10:531–44

ETD (Liraglutide 3.0 mg – placebo) 95% CI
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Efficac of Liraglutide 3.0 mg in Individuals with BMI above and below 35 
kg/m2 

Diapositiva preparata da LUCIA FRITTITTA e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Lys

• 94% homology to human GLP-11

• t1/2 of approximately 1 week2

Semaglutide is a human GLP-1 analogue

• DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; t1/2, half-life.
1. Lau J et al. J Med Chem 2015;58:7370–80; 2. Kapitza C et al. J Clin Pharmacol 2015;55:497–504; 3. Lund A et al. Eur J Intern Med 2014;25:407–14.

Amino acid substitution at position 34
(lysine to arginine) prevents C-18 fatty 
diacid binding at the wrong site1,3

Arg
34

AlaHis Thr

Ala Ala

Ala Arg

AspGlu

Glu
Glu

Gly

Gly

GlyGly

ThrPhe

Phe

Ser

Ser
Ser

Val

Val

Lys Gln Leu Tyr

LeuIle Trp

Amino acid substitution at position 8
(alanine to alpha-aminoisobutyric acid) 
protects against DPP-4 degradation1,3

Aib
8

spacer

C
O

O
H

26Spacer and C-18 fatty diacid chain to lysine in position 26 
provide strong binding to albumin1,3

Lys
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Semaglutide accesses and activates regions of the brain 
involved in reward behaviour and food intake

• *p≤0.0001. 

0
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15

20

CeA BST PBI AP NTS

Neuronal activation following 
s.c. semaglutide in DIO mice1 

De
te

ct
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n 
vs

 v
eh

ic
le

Semaglutide750 signal following intravenous injection 
in C57BL/6 mice1

7.0x*

3.2x* 3.5x*

11.2x* 11.4x*

2. Rui L. Rev Endocr Metab Disord 2013;14:387–407.
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Semaglutide reduces fat mass

Blundell J et al. Diabetes Obes Metab 2017;19:1242–51.

Semaglutide 1.0 mg Placebo
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Time since first dosing (weeks)

–5.0 kg

1.0 kg

Body weight Body composition

–3.5

–1.1

0.50.3

Primary mechanism of weight loss
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Energy intake ETD [95% CI]
Relative 

difference

Ad libitum lunch meal (kJ) –1,255 [–1,707;–804] –35%

Ad libitum evening meal (kJ) –753 [–1,469;–37] –18%

Ad libitum snack box (kJ) –1,028 [–1,684;–372] –22%

Total intake during 
ad libitum meals (kJ) –3,036 [–4,209;–1,864] –24%

Energy expenditure
Resting metabolic rate (kJ/24 h) –602 [–959;–245]

Semaglutide treatment for 12 weeks in obese subjects

Semaglutide reduces energy intake and expenditure

Relative difference: ETD / estimated mean for placebo x 100%. Data for 24-h resting metabolic rate 
are from a post hoc statistical analysis

-5.000 -3.000 -1.000
ETD (semaglutide 1.0 mg – placebo)

Blundell J et al. Diabetes Obes Metab 2017;19:1242–51.
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SUSTAIN 1: 
Semaglutide vs 

placebo

30 weeks

SUSTAIN 2: 
Semaglutide vs 

sitagliptin 100 mg

56 weeks

SUSTAIN 3: 
Semaglutide vs 

exenatide ER  2.0 mg

56 weeks

SUSTAIN 4: 
Semaglutide vs IGlar

30 weeks

SUSTAIN 5: 
Semaglutide add-on to 

insulin vs placebo

30 weeks

Baseline characteristics, mean (SD)†

Age, years 53.7 (11.3) 55.1 (10.0) 56.6 (10.7) 56.5 (10.4) 58.8 (10.1)

Males, % 54.3 50.6 55.3 53.0 56.1

Diabetes duration, years 4.2 (5.5) 6.6 (5.1) 9.2 (6.3) 8.6 (6.3) 13.3 (7.8)

Body weight, kg 91.9 (23.8) 89.5 (20.3) 95.8 (21.5) 93.5 (21.8) 91.7 (21.0)

HbA1c, % 

HbA1c, mmol/mol

8.1 (0.9)

64.5 (9.3)

8.1 (0.9)

64.8 (10.1)

8.3 (1.0)

67.7 (10.4)

8.2 (0.9)

65.8 (9.7)

8.4 (0.8)

67.9 (9.2)

FPG, mg/dL 175.5 (48.2) 169.4 (40.7) 189.0 (48.7) 175.3 (51.2) 155.9 (53.7)

BMI, kg/m2 32.9 (7.7) 32.5 (6.2) 33.8 (6.7) 33.0 (6.5) 32.2 (6.2)

Baseline characteristics 

Adapted from Table 1. †Values are mean (SD) unless otherwise indicated. 
BMI, body mass index; exenatide ER, exenatide extended release; FPG, fasting plasma glucose; IGlar, insulin glargine; SD, standard deviation.
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Proportion of subjects achieving ≥5% weight loss by 
baseline BMI
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Sitagliptin

Placebo

Semaglutide 0.5 mg

Semaglutide 1.0 mg Exenatide ER

IGlar

All subjects <25
kg/m2

25 to <30
kg/m2

30 to <35
kg/m2

≥35
kg/m2All subjects <25

kg/m2
25 to <30

kg/m2
30 to <35

kg/m2
≥35

kg/m2

n= 362 360 360 26 28 29 104 103 105 113 109 105 118 119 119

n= 132 131 133 10 16 15 38 36 40 41 43 41 43 36 37

n= 128 130 129 18 13 18 33 32 30 37 38 45 40 47 36

n= 409 409 407 45 36 40 110 127 101 120 126 140 134 120 126

n= 404 405 23 17 108 109 124 140 148 139

* * * * * *
*

*
*

*

*
*
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*
* *

*
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Change in body weight by nausea or vomiting
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Proportion of subjects achieving an HbA1c reduction of 
≥1.0% (SUSTAIN 1–5 and 7) 

1. Rodbard HW et al. Endocr Practice, 2019  
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• SUSTAIN 1–5 AND 71,2

Change in HbA1c and body weight 

1. Rodbard HW et al. Endocr Practice, . 2019  

Overall, a greater proportion of 
subjects achieved reductions 

both in HbA1c and body weight 
with semaglutide 0.5 mg (74.3–
84.4%) and semaglutide 1.0 mg 

(78.5–93.1%) vs active 
comparators (25.8–73.9%)

Bo
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t

HbA1c

Vs.         Pbo Sita        Ex LAR     Glar +glar /pbo Dula
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Kaplan LM 
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• SUBJECTS WITH OBESITY AT FAT-RICH BREAKFAST

Semaglutide improves postprandial lipid profile

Hjerpsted JB et al. Diabetes Obes Metab 2018;20:610–9.
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Semaglutide 1.0 mg (n=25) Placebo (n=27)
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ETD: –4.51 mmol*h/L
p<0.0001

ETD: 0.052 mmol*h/L
p=0.35

ETD: –1.17 mmol*h/L
p=0.0093

ETD: –0.046 mmol*h/L
p=0.0003
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Semaglutide increases insulin secretion and beta-cell 
responsiveness, and suppresses hepatic glucose output in a 
glucose-dependent manner

Summary of  semaglutide mechanism of action

Kapitza C et al. Diabetologia 2017;60:1390–9; 2. Korsatko S et al. Diabetes Obes Metab 2018;20:2565–73; 3. Blundell J et al. Diabetes Obes Metab 2017;19:1242–51. 4. Hjerpsted JB et al. 
Diabetes Obes Metab 2018;20:610–9; 5. Rakipovski G et al. JACC Basic Transl Sci 2018;3:844–57.

Energy intake, food consumption and body weight are reduced 
with semaglutide vs placebo

AE

Semaglutide lowers postprandial lipids and attenuates plaque 
lesion progression in atherosclerotic mouse models

The GI AE rate was higher with semaglutide than comparators
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Semaglutide induce weight loss in a dose 
dependent manner

O’Neil PA, Lancet 2018
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Adverse Events
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Conclusioni
It is possible the reorientation of the anti diabetic treatment regimen to
promote secondary weight loss could have a major impact on the natural
history of early type 2 diabetes with respect to the progression of
retinopathy, nephropathy, and neuropathy, as well as the overall
cumulative burden of type 2 diabetes treatments, including the need for
insulin.
Prophylactic use of GLP1 receptor agonists in conjunction with diet and
lifestyle changes in overweight adults with the goal of reducing adiposity
and reducing incident type 2 diabetes might be one of the largest
opportunities to influence public health in the future.

Aaron Y Kluger, Peter A McCullough, Lancet 2018
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