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GLUCOSE-LOWERING MEDICATION IN TYPE 2 DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUDING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)

T0 AVOID
CLINICAL INERTIA
REASSESS AND

IF HbA, ABOVE TARGET PROCEED AS BELOW MODIFY TREATMENT

REGULARLY
NO (3-6 MONTHS)
ESTABLISHED ASCVD OR CKD
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HF OR CKD PREDOMINATES HIIH nn Fm"[
{ N\ 4 3
PREFERABLY COMPELLING NEED TO M 5 A MAJOR ISSUE’-"®
SGLT2i with evidence of reducing
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If further intensification is required or
patient is now unable to tolerate
GLP-1 RA and/for SGLT2i, choose
agents demonstrating CV safety:

Consider adding the other class
(GLP-1 RA or S61T2i) with proven
CVD benefit

DPP-4i if not on GLP-1 RA
Basal insulin®
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. Proven CVD benefit means it has label indication of reducing CVD events. For GLP-1 RA strongest

evidence for liraglutide > semaglutide > exenatide extended release. For SGLT2i evidence modestly

stronger for empagliflozin > canagliflozin.

~

for initiation and continued use

w

progression in CV0Ts
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. Be aware that SGLT2i vary by region and individual agent with regard to indicated level of eGFR
. Bath empagliflozin and canagliflozin have shown reduction in HF and reduction in CKD

. Degludec or U100 glargine have demonstrated CVD safety
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Percentuale di soggetti obesi in relazione a presenza di diabete

MASCHI
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Consequences of Obesity in Diabetes
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* Increases the risk of cardiovascular comorbk@m‘i’e\s

— Hypertension d\e\.@‘\;@&\a
— Dyslipidemia 6\\962636\
. X2 “ O
— Atherosclerosis eoec\‘) d\eo“\‘
(‘,\/\O (e
e May limit abl|lt}é\<b8’ ﬁ@eage in physical activity and
reduces qb@a\ﬁi&\@? Cflfe
Q(GQ 6(6\6

\Q@aﬁ@cct‘s on the responsiveness to antidiabetic drugs
— Increases insulin resistance
— Impairs beta cell function

Handelsman YH, et al. Endocr Pract. 2015;21(suppl 1):1-87.
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Metformin monotherapy for type 2 diabetes mellitus (Review)

Saenz A, Fernandez-Esteban I, Mataix A, Ausejo Segura M, Roqué i Figuls M, Moher D

BMI

0
\éﬂ/]ean Difference

Study or subgroup Metformin Sulphonylurea Std. Mean Difference éﬁ\
N Mean(SD) N Mean(SD) IVRandom,95% Cl \\'6\\ @5\ [V,Random,95% Cl
Chiasson 20012 8l -0.79 (297) 82 069 (244) 606\6\ \6\\_‘a¥\ % -0.04 [ -0.34, 027 ]
S
Damsbo 1998 9 296 (3.3) 9 297 (45) 7\ (G 2 1.7 % -0.02 [-095,090]
\2 \\6
DefFronzo 1995b 143 -0.6 (3.58) 146 -l 24%’66\) d 275 % 0.16 [ -0.07, 039 ]
Del Prato 2003 284 295 (4.3) 144 \/\@ 44 ega 365 % -0027-022,0.18]
Dornan 1991 30 0 (14.24) ?\@ -+ 57 % 0.06 [ 044, 057 ]
Hallsten 2002a 13 868 (lOé)P‘%\ (\g\(\ 88.4 (9.35) B 26% 0.16 [-091, 0.60]
Lee 1998 gﬁ%é 4%6\0(\ 24 1088 (13.6) T 45 % -0257-0.82,032]
Mather 2001 GQ@( 3@2‘63 15 33 (8.29) - 3.8 % -0.12 [-0.75,050]
Uehara I9%&\\13Q 06*"6 29 (2.5) I 29.9 (2.6) —T 21% -0.34[-1.18,050 ]
o 0@6‘ 624 475 @ 100.0 %  0.01 [-0.11,0.13 ]
Heferogeneity: Tau? = 0.0; Chi* = 3.76, df = 8 (P = 0.88); I> =0.0%
Test for overall effect: Z = Q.11 (P = 091)

-4 2

Favours metformin

0 2 4

Favours placebo

Cochrane Database Syst Rev. 2005 Jul 20;(3):CD002966.



Medical Management of Hyperglycemia in

E{E E.E Fﬂ?ﬁ?ﬁ:‘ and Adjostmentaf 2009

A consensus statement of the American Diabetes Association and the
European Association for the Study of Diabetes
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Tier 1: Well-validated core therapies a2 6\:;\3\\6'\\
D )
' . S . g . .
At diagnosis: Lifestyle + Metformin qoo\ ‘\6\1\6\"&5‘) le ++Metf0rmm
_— - (3
" Basal ingulin ) A . e\ Intensive insulin
Lifestyle ) AV C’(\\\ :
Metformin Lifestyle + Mctformin 3
. + . (eg
Sulfon 5\ Q
STEP 1 ¢ P@QE&@& o STEP 3
Tier 2:  LesORel ‘\Qﬁ\?ated therapies
Qf“(é@\'o"e{%
‘e ) . stylc + v!\‘lclformin
Oé\,i\q'af{\oggﬁeestyle + Metformin -
<>\6Q ? 2 + Sulfonylurca®
g GLP-1 agonist® '
!n\f'rﬂ J?'}?Jﬂg!t}'ffﬂf I-ﬂ' style :-.\‘1:!!01’!!1&:1
I’thfghf fﬂﬂ'.’ﬁ_ Basal insulin
Nauseavomiting Diabetes Care 2009; 32:193-203




'Issue date: May 2009

Type 2 diabetes: newer agents 2009
Type 2 diabetes: newer agents for blood
glucose control in type 2 diabetes
\O
G\O\OQ
N . : 0‘\0\0 :
GLP-1 mimetic (exenatide) 2O \\@,\’\

1.1.14 Consider adding a GLP-1 mimetic as third-line therae\e’ié \@t\@i e metformin and a
second-line sulfonylurea when control of blood gluca %%g\@ﬁa\s or becomes inadequate
(HbAlc = 7.5%, or other higher level agreed wit}&u&j n&@h’&ﬁ‘&ual), and the person has
*a body mass index (BMI) > 35.0 ,én’f? ,'gﬁ\%hose of European descent (with
: : \ O - :
appropriate adjustment %\@(b\th%(\éﬁ‘mlc groups) and specific psychological or
medical problems aé\g@c?éta\d\ﬁ?th high body weight,
*a BMI < 35.0 kg/m2, @ﬁ&’j tR@r%%y with insulin would have significant occupational

or\l@%?é?ght loss would benefit other significant obesity-related
e



Second-line therapy in patients with type 2 diabetes
inadequately controlled with metformin monotherapy:
a systematic review and mixed-treatment comparison
meta-analysis

BRENDAN MCINTOSH, CHRIS CAMERON, SUMEET R. SINGH, CHANGHUA YU, TARUN AHUJA,
Nicky J. WELTON, MARSHALL DAHL

A Favours Favours
Treatment MTC estimate (95% Crl) € treatment placebo T
2\ hd

. )
Sulfonylureas -0.79 (-0.95, —0.63) —e— ' G\O
Meglitinides -0.64 (-0.93, -0.37) —— 0\2\0 W
Thiazolidinediones —0.82 (-1.00, —0.66) —— 66\ \:ﬁ\\a‘\
DPP-4 inhibitors ~0.80 (~0.95,-0.65) &ﬁ‘éﬁ(\ é\d\.

n
a-glucosidase inhibitors ~ —0.74 (—0.98, —0.50) \ @

GLP-1 analogues —0.82 (—1.05,-0.59)

Basal insulin -0.82 (-1.16,-0.47) : . . O
BiphalsicLijnlsulin ~0.97 (—1.3@&\%6 (Ne(e :
RN S e : .

S \,\O‘GQ(QQQ -20 J15 -10 -0.5 0 05

Difference in change from baseline in HbA1c (%, 95% Cl)

\
S
K (\ Favours Favours
@t@nent MTC estimate (95% Cl) ¢ treatment placebo
Y
Sulfonylureas 2.01(1.09, 2.94) P —e—
Meglitinides 1.80(0.35,3.29) P —
n
Thiazolidinediones 2.59(1.66,3.51) ' ——i
n
DPP-4 inhibitors 0.57 (-0.45 to 1.60) |—:—.—|
a-glucosidase inhibitors -0.92 (-2.35,0.51) |—.—:—|

GLP-1 analogues -1.79 (-3.43,-0.14)
1.56 (046, 3.63)

Biphasic insulin 2.96 (0.96, 5.00)

Basal insulin

-5.0 -25 0 2.5 5.0
Open Medicine 2011;5(1):e35
Difference in change from baseline in body weight kg (95% Cl)
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FIG. 1. The difference in ad libitum energy
intake (kJ) between the placebo day and
the day of GLP-1 infusion. Mean and 95%
Cl are shown for the original studies and
for the meta-analysis.

A Meta-Analysis of the Effect of Glucagon-Like Peptide-1
(7-36) Amide on Ad Libitum Energy Intake in Humans

C. VERDICH, A. FLINT, J.-P. GUTZWILLER, E. NASLUND, C. BEGLINGER, P. M. HELLSTROM,
S. J. LONG, L. M. MORGAN, J. J. HOLST, anp A. ASTRUP
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Azioni extra-pancreatiche del GLP-1

p
‘.‘Cardiac output
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Insulin biosynthesis
B cell proliferation

A Insulin sensitivity 3 il

&1% ‘Insulin secretion
> ,.,Glucagon secretion

Drucker et al., 2006



Azioni extra-pancreatiche del GLP-1
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Lipotalamo come centro della regolazione
del bilancio energetico

Second-order
and downstream Neuron
neurons
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Central Administration of Glucagon-Like Peptide-1
Activates Hypothalamic Neuroendocrine Neurons in the

Rat*

PHILIP J. LARSEN, MADS TANG-CHRISTENSEN, anp DAVID S. JESSOP

FIG. 5. GLP-1 induced c-fos expression in the arcuate n| ? i e ‘
and  circumventricular — areas. The photomlcrélés (\
emonstrate c-fos-immunoreactive nuclei in ate O

nucleus from a rat given an icv injectio a -1 alon e‘
Numerous c-fos-immunoreactive cell re s ?lge

en.n
area postrema and the surroundl streme rex?if the
nucleus of the solltary trac bars (A-C)
and 200 mm (D)

FIG. 4. Photomicrographs demonstrating c-fos-immunoreactive
nuclei in the hypothalamic paraventricular (90 min after icv
injection of GLP-1 alone (A and C) or GLP-1 preceded by a dose
of exendin-(9-39) given 10 min earlier (B and D)

Endocrinology 138: 4445-4455, 1997



Postprandial glucagon-like peptide-1 (GLP-1) response is
positively associated with changes in neuronal activity of brain
areas implicated in satiety and food intake regulation in humans

Nicola Pannacciulli®:", Duc Son N.T. Le?, Arline D. Salbe?, Kewei ChenP, Eric M. Reiman®:C,
Pietro A. Tataranni?, and Jonathan Krakoff@

Positron emission

- to/og'raphv (‘PEQ

Left middle
frontal gyrus

Post-meal GLP-
1 response is
associated with
activation of
areas of the
human brain
that are
implicated  in
the regulation
of eating
behaviour

Left inferior
frontal gyrus

Neuroimage 2007;35:511-517



A role for glucagon-like
peptide-1 in the central

regulation of feeding
M. D. Turton, D. O’Shea, |. Gunn, S. A. Beak,
C. M. B. Edwards, K. Meeran, S. J. Choi, G. M. Taylor,

M. M. Heath, P. D. Lambert, J. P. H. Wilding,
D. M. Smith, M. A. Ghatei, J. Herbert* & S. R. Bloom{
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Nature. 1996 Jan 4;379(6560):69-72.
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Peripheral Versus Central Effects of Glucago @ tlde-
on Satiety and Body Weight Loq& ck

Fernando Rodriquez de Fonseca, Mlguel a% ira Al Honcero Julie A. Chowen,
M g, and Enrique Blazquez
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eceptor Agonists
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Effects of peripheral (SC) administration of (A) GLP-1 (7-36) amide (0, 50, 100, or 500 ng/100 g BW)
or (B) exendin-4 (0, 5, 50, or 250 ng/100 g BW) on food intake in food-deprived Wistar rats. Values are
the mean + SEM percentage of cumulative food intake during 4 consecutive intervals for 10-12
determinations per group after acute administration of the peptide. *P < .05, Newman-Keuls, v control
group. Absolute

Metabolism, Vol 49, No 6 (June), 2000: pp 709-717




C fos reactivity

The inhibitory effects of peripheral administration of peptide
YY; 3¢ and glucagon-like peptide-1 on food intake are attenuated by
ablation of the vagal-brainstem—hypothalamic pathway

Caroline R. Abbott!, Mariana Monteiro', Caroline J. Small, Arshia Sajedi, Kirsty L. Smith,

James R.C. Parkinson, Mohammad A. Ghatei, Stephen R. Bloom™
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Fig. 3. Expression of fos-like immunoreactivity in the hypothalamic arcuate nucleus of satiated
sham-vagotomised and vagotomised rats (n = 3-4/ group) in response to ip administration of
saline (black bars), 10 nmol/kg PYY3-36 (grey bars) or 100 nmol/kg GLP-1 (hatched bars).
Expressed as mean F SEM % saline, ***P b 0.001 vs. saline.

N
o

Vagotomised

Sham-vagotomised

Fig. 1. The effect of a single ip injection of saline (black bars) or 10 nmol/ kg
PYY3-36 (grey bars) on 0-1 h food intake when administered during the early
light phase to 24 h fasted (a) sham-vagotomised or vagotomised or (b) sham-
transectioned or transectioned rats (n = 12-15/group). Expressed as mean F
SEM % saline control, *P b 0.05 vs. saline.

Brain Research 1044 (2005) 127- 131



Azioni centrali e gastrointestinali del GLP-1
sul controllo alimentare

(69 (S . < 4
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assunzione calorica



Glucagon-like peptide-1: a potent regulator of
food intake in humans

J-P Gutzwiller, B Goke, | Drewe, P © =
D Conen, C Beglinger

S Ketterer, D Handschin, R Winterhalder,

8 ® Placebo
© GLP-1 0.375 pmol/kg/min
i 4 GLP-1 0.75 pmol/kg/min
61— v GLP-1 1.5 pmol/kg/min

Hunger score
-
I

Satiety score

60 20 40 60 80 100 120
Time (minutes)

Figure 2 Subjective sensations of hunger (A) and fullness (B) experienced by healthy male subjects before and
after food intake during intravenous  infusion of 5% glucose (placebo) or one dose (0.375, 0.75, or 1.5
pmollkg/min) of human glucagon-like peptide-1. Results are expressed as mean and SEM (n = 16). *p<0.05,
*1p<0.01 v control.

Gut 1999;44:81-86
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C. VERDICH, A. FLINT, J.-P. GUTZW[LM LU 6\&INGER P. M. HELLSTROM,
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< g@ J Clin Endocrinol Metab 86: 4382-4389, 2001




Effetti sul peso corporeo in funzione della

comparsa di nausea
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= 6 ‘ = Exenatide QW, N = 148
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.| -7 - *at least one episode

Drucker DJ, et al. The Lancet. 2008; 372:1240-1250



Second-line therapy in patients with type 2 diabetes
inadequately controlled with metformin monotherapy:
a systematic review and mixed-treatment comparison
meta-analysis

BRENDAN MCINTOSH, CHRIS CAMERON, SUMEET R. SINGH, CHANGHUA YU, TARUN AHUJA,
Nicky J. WELTON, MARSHALL DAHL

A Favours Favours
Treatment MTC estimate (95% Crl) € treatment placebo T
2\ hd

. )
Sulfonylureas -0.79 (-0.95, —0.63) —e— ' G\O
Meglitinides -0.64 (-0.93, -0.37) —— 0\2\0 W
Thiazolidinediones —0.82 (-1.00, —0.66) —— 66\ \:ﬁ\\a‘\
DPP-4 inhibitors ~0.80 (~0.95,-0.65) &ﬁ‘éﬁ(\ é\d\.

n
a-glucosidase inhibitors ~ —0.74 (—0.98, —0.50) \ @

GLP-1 analogues —0.82 (—1.05,-0.59)

Basal insulin -0.82 (-1.16,-0.47) : . . O
BiphalsicLijnlsulin ~0.97 (—1.3@&\%6 (Ne(e :
RN S e : .

S \,\O‘GQ(QQQ -20 J15 -10 -0.5 0 05

Difference in change from baseline in HbA1c (%, 95% Cl)

\
S
K (\ Favours Favours
@t@nent MTC estimate (95% Cl) ¢ treatment placebo
Y
Sulfonylureas 2.01(1.09, 2.94) P —e—
Meglitinides 1.80(0.35,3.29) P —
n
Thiazolidinediones 2.59(1.66,3.51) ' ——i
n
DPP-4 inhibitors 0.57 (-0.45 to 1.60) |—:—.—|
a-glucosidase inhibitors -0.92 (-2.35,0.51) |—.—:—|

GLP-1 analogues -1.79 (-3.43,-0.14)
1.56 (046, 3.63)

Biphasic insulin 2.96 (0.96, 5.00)

Basal insulin

-5.0 -25 0 2.5 5.0
Open Medicine 2011;5(1):e35
Difference in change from baseline in body weight kg (95% Cl)



GLP-1 receptor agonists: a review of head-
to-head clinical studies

Jennifer M. Trujillo, Wesley Nuffer and Samuel L. Ellis
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| Exenatide QW

@ Liraglutide

@ Lixisenatide

B Albiglutide

B Dulaglutide 1.5 mg
® Dulaglutide 0.75 mg
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Figure 2. Changes in weight with gl -like peptide 1 recep gonists (GLP-1 RAs) in head-to-head clinical studies. p-values are for
statistical superiority (unless noted for noninferiority); *p = not significant, p = 0.0005, £p-value not reported for weight difference of 1.02 kg
(95% confidence interval 0.456-1.581), §p < 0.0001, 1 p < 0.001 versus dulaglutide 0.75 mg, **p = not significant between dulaglutide 1.5 mg
versus exenatide bid, ¥fp = 0.011.

Ther Adv Endocrinol Metab 2015, Vol. 6(1) 19-28



Long-term management of type 2 diabetes with
glucagon-like peptide-| receptor agonists

Hamish Courtney'

Rahul Nayar?
Chinnadorai Rajeswaran?
Ravi Jandhyala*

A\
Table | Currently approved GLP-1RAs and corresponding summary of currently available publlshed,g 5\\@:ospectlve studies
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combination treatment for the management of type 2
diabetes: a systematic review and meta-analysis
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Figure 3: Meta-analyses of glucagon-like peptide-1 (GLP-1) agonist and basal insulin combination treatment versus other anti-diabetic

treatments, comparing hypoglycaemia and change in weight Outcomes assessed are change in weight (kg) at the end of intervention in
studies that compared combination treatment with basal-bolus insulin treatment. For each estimate, the grey shaded area is the weight of
the estimate in proportion to the overall eff ect. Lancet 2014; 384: 2228-34



Efficacy and safety of a fixed-ratio combination of insulin
degludec and liraglutide (IDegLira) compared with its
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Lancet Diabetes Endocrinol 2014; 2: 885-93
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Liraglutide Reduces Visceral and Intrahepatic Fat Without
Significant Loss of Muscle Mass in Obese Patients With
Type 2 Diabetes: A Prospective Case Series
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Figure 1. Changes of fat index and skeletal muscle index during the treatment with liraglutide (0.9
mg/day) in obese Japanese patients with type 2 diabetes. *P < 0.05 versus 0 week. J Clin Med Res. 2019;11(3):219-224
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Figure 2. Changes of visceral fat volume, subcutaneous fat volume, and intrahepatic lipid content during
the treatment with liraglutide (0.9 mg/day) in obese Japanese patients with type 2 diabetes. *P < 0.05,
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liraglutide is associated with peripheral tissue-
specific modulation of lipid metabolic regulators
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GLP-1 receptor agonists: a review of head-
to-head clinical studies

Jennifer M. Trujillo, Wesley Nuffer and Samuel L. Ellis
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Figure 2. Changes in weight with gl -like peptide 1 recep gonists (GLP-1 RAs) in head-to-head clinical studies. p-values are for
statistical superiority (unless noted for noninferiority); *p = not significant, p = 0.0005, £p-value not reported for weight difference of 1.02 kg
(95% confidence interval 0.456-1.581), §p < 0.0001, 1 p < 0.001 versus dulaglutide 0.75 mg, **p = not significant between dulaglutide 1.5 mg
versus exenatide bid, ¥fp = 0.011.
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Figure 2: Change in bodyweight Data are mean (95% Cl) (ANCOVA estimate) for the intention-to-treat
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Efficacy and safety of semaglutide compared with liraglutide
and placebo for weight loss in patients with obesity:
arandomised, double-blind, placebo and active controlled,
dose-ranging, phase 2 trial
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Figure 2: Estimated mean changes (A) and observed
mean changes (B) in bodyweight from baseline to week
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Intensive lifestyle modifications with or without liraglutide 3 mg
vs. sleeve gastrectomy: A three-arm non-randomised, controlled,
pilot study™
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Effectiveness and Tolerability of Liraglutide in
Patients with Type 2 Diabetes Mellitus and Obesity
after Bariatric Surgery

Juan José Gorgojo-Martinez MD, Gara Feo-Ortega
MD, Clara Serrano-Moreno MD
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Figure 1. Changes in glycated hemoglobin after therapy with liraglutide in completers. Data are mean (95% confidence
interval, Cl). p value: repeated measures analysis of variance. Alc: glycated hemoglobin. BS: previous bariatric surgery.
NBS: non previous bariatric surgery. Figure 2. Changes in body mass index (BMI) after therapy with liraglutide in
completers. Data are mean (95% confidence interval, Cl). p value: repeated measures analysis of variance. BS: previous
bariatric surgery. NBS: non previous bariatric surgery.

Surgery for Obesity and Related Diseases; 12: 10, 1856-1863; 2016
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Nel paziente diabetico, se sovrapp.
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