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Introducing a Case
 A 68-year-old woman with 12-year history of type 2 diabetes is referred to 

you. She takes Atorvastatin 40 mg, metformin 2000 mg and gliclazide MR 

60 mg daily. She respects the diet recommended by the nutritionist. 

 She has peripheral neuropathy.

 She has a history of acute MI during a couple of months ago and also a 

hospitalization due to  decompensated HF  

 She claims that in the past, with increasing gliclazide dose, several 

hypoglycemic episodes had occurred. She fears hypoglycemia because 

she lives alone.

 BMI: 35.5 kg/m²



Case presentation continued
 Laboratory tests:

 FBS: 180 mg/dl

 HbA1c: 9.2%

 Cr: 1.2 mg/dl (eGFR ~ 50 ml/min)

 LDL: 120 mg/dl

 TG: 250 mg/dl

 Which therapeutic approach would you recommend to her?

 A) Add Basal insulin+ Atorvastatin 80

 B) Add Liraglutide+ Rosuvastatin 40

 C) Add Pioglitazone 15 + Rosuvastatin 40

 D) Add Sitagliptin 100 mg + Fenofibrate 100 mg + Atorvastatin 40 mg 

 E) Add Empagliflozin 10 mg + Rosuvastatin 40 mg + Semaglutide SC



54%

†External insulin pump or ≥3 daily insulin injections vs  ‡1–2 daily insulin injections. 

Abbreviations: CGM, continuous glucose monitoring; HbA1c, glycated haemoglobin; T1D, type 1 diabetes.

References: 1. The DCCT Research Group. N Engl J Med 1993;329(14):977-86.

Good glycaemic control prevents or delays long-term complications of 

diabetes

HbA1c

RISK OF

RETINOPATHY1

RISK OF

ALBUMINURIA1
RISK OF 

CLINICAL NEUROPATHY1

Intensive† vs conventional‡ glycaemic control
reduced the risk of diabetes-associated complications

The Diabetes Control and Complications Trial (DCCT) in people with T1D

60%63
%



Abbreviations: HbA1c, glycated haemoglobin; T2D, type 2 diabetes; UKPDS, United Kingdom Prospective Diabetes Study

References: 1. Stratton et al. BMJ 2000;321(7258):405-12. 2. Holman et al. NEJM 2008;359(15):1577-89.

Good glycaemic control prevents or delays microvascular complications,

and reduces cardiovascular and diabetes-related mortality

The landmark UKPDS
study in people with T2D
demonstrated that each 

1% reduction in HbA1c is 

associated with a…

…reduced risk of 

microvascular complications137%

…reduced risk of

diabetes-related mortality121%

…reduced risk of

myocardial infarction114%

Benefits of an intensive treatment 
strategy in people with T2D are 

sustained for up to 10 years2

10
years



Abbreviations: HbA1c, glycated haemoglobin; T2D, type 2 diabetes 

References: 1. de Pablos-Velasco et al. Clin Endocrinol 2014;80(1):47-56. 

The burden of inadequate glycaemic control in diabetes is a challenge

Of people with

T2DM across Europe,

37% have

HbA1c<7%1

(range: 26% in the Netherlands to 52% in Turkey) 

37%

HbA1c <7%1



†Median study follow-up 5.3 years.

Abbreviations: CI, confidence interval; HbA1c, glycated haemoglobin; HR, hazard ratio; T2D, type 2 diabetes. 

References: 1. Paul et al. Cardiovascular Diabetology 2015;14:100. 

Even a 1 year delay in treatment intensification is associated with

an increased risk of diabetes-related complications in people with T2D

A 1-year delay in 
treatment intensification

in people with

T2D with HbA1c ≥7%
is associated with a

INCREASED RISK OF

myocardial infarction (HR 1.67, 95% CI 1.39–2.01)167%

INCREASED RISK OF

heart failure (HR 1.64, 95% CI 1.40–1.91)164%

INCREASED RISK OF

stroke (HR 1.51, 95% CI 1.25–1.83)1
51%

….compared with those with HbA1c <7%1†



Abbreviations: CI, confidence interval; HbA1c, glycated haemoglobin; HR, hazard ratio; T2D, type 2 diabetes.

References: 1. Tancredi et al. NEJM 2015 Oct 29;373(18):1720-32. 2. Nelson et al. Diabetes Care. 2010 Nov;33(11):2360-4.

Worsening glycaemic control in people with diabetes is associated with an 

increased cardiovascular mortality risk

Worsening glycaemic control (HbA1c >6.9%) in people with T2D 

(across all age categories) is associated with an increasing risk of 

cardiovascular death compared with people 

with T2D with HbA1c ≤6.9%1: 

144%

89%

52%

18%

HR 1.18*
[95% CI: 1.15;1.21]

HR 1.52*
[95% CI: 1.47; 1.57]

HR 2.44*
[95% CI:  2.30; 2.58]

HR 1.89*
[95% CI: 1.80; 1.97]
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HbA1c ≥8%

= 65%
mortality risk

!

In people with diabetes, HbA1c ≥8% is 

associated with a 65% increased risk of all-

cause mortality, compared with HbA1c <6%2
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Time in Range 



†95% CI; 51, 78. ‡95% CI; 25, 56.

Abbreviations: CI, confidence interval; TIR, time in range.

References: 1. Beck et al. Diabetes Care 2019;42(3):400-405.

Lower TIR may be associated with an increased risk 

of microvascular complications1

Percent time in range (3.9–10.0 mmol/L)

<10%
(n=22)

10-<20%
(n=110)

20-<30%
(n=206)

30-<40%
(n=242)

40-<50%
(n=291)

50-<60%
(n=261)

60-<70%
(n=114)

≥70%
(n=37)

7%
12%

17%15%

27%

3%2%3%

<10%
(n=26)

10-<20%
(n=124)

20-<30%
(n=234)

30-<40%
(n=271)

40-<50%
(n=319)

50-<60%
(n=300)

60-<70%
(n=125)

≥70%
(n=41)

9%8%10%

22%

35%37%

58%

5%
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Each 10 percentage point lower 
TIR significantly increases the risk 

of developing retinopathy by 
64%†, and microalbuminuria by 
40%‡ (p<0.001)1

TIR may be a new predictor 

of long-term diabetes 

complications

TIR



Pathophysiology of T2DM 



Pancreas

Stomach

Cardiovascular 
system

Brain

Liver

Adapted from Baggio, Drucker. Gastroenterol 2007;132:2131–57
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Glucose-dependent
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Insulin synthesis

Glucose-dependent 
glucagon secretion

Glucagon-like peptide 1(GLP-1): an Incretin Hormone

β

β

α

β

α

L-cells secrete GLP-1
 degraded by DPP-4

GLP-1

Intestine



Incretin-Based Therapies

Aus, Australia; EU, Europe

Human GLP-1 

analogues

Exendin-based

therapies

GLP-1 receptor 

agonists

Incretin-based
therapies

Alogliptin
(Japan only)

Sitagliptin

Linagliptin

Saxagliptin

Liraglutide Exenatide OW Exenatide BID

Teneligliptin
(Japan only)

DPPIV-Is
DPP-4 inhibitors

Vildagliptin
(EU and Aus)

GLP-1 & 

GIP  

Agonists 

Tirzepatide







3MACE: 13% Reduced 

All cause Mortality: 15%

CVD Death : 22%



Liraglutide dosing
 To improve gastrointestinal tolerability, the starting posology is 

0.6 mg liraglutide daily

*Some patients are expected to benefit from an increase in dose from 1.2 to 1.8 mg and, based on clinical response, after at least 1 week, the dose can be 
increased to 1.8 mg to further improve glycaemic control. Daily doses higher than 1.8 mg are not recommended

1. Novo Nordisk. Liraglutide SPC. July 2011



Summary of baseline characteristics and primary composite 

cardiovascular outcomes of the completed CVOTs for GLP-1 RA

Postgrad Med J 2020;96:156–161



GLP-1RA RCT studies with known beneficial 

cardiovascular endpoints

1. J. Clin. Med. 2020, 9, 947

Liraglutide, Semaglutide SC, Albiglutide, Dulaglutide



Key GLP-1RA RCTs with cardiovascular 

endpoint

1. J. Clin. Med. 2020, 9, 947

3P-MACE

13-26%
Non-Fatal 

Stroke

39%



Key GLP-1RA RCTs with kidney endpoints

1. J. Clin. Med. 2020, 9, 947

22%

26%

36%

46%



Summary of CVOTs with GLP-1 

Agonists 

Swiss Medical Weekly 2023



GLP1-GIP Recepetor Agonist, 

Mechanism of action of Tirzepatide



SURMOUNT-2 Study

RCT, Placebo-controlled, 

double-blind, multicenter

Total number : 938

72 weeks follow up

Mean patients age: 54.2 y/o

BMI>27 & HbA1C 7-10% 



Principal Findings   

 The coprimary outcomes at 72 weeks were determined separately for 

tirzepatide 10 mg and 15 mg vs. placebo: 

(the percentage change in BW from baseline & the percentage of 

participants achieving >5% BW reduction at 72 weeks)

 Coprimary outcome 1, percent change in body weight: -12.8% and -

14.7% vs. -3.2%, p < 0.0001 for both

 Coprimary outcome 2, percentage with weight reduction ≥5%: 79% 

and 83% vs. 32%, p < 0.0001 for both



Secondary outcomes for tirzepatide 10 mg &

15 mg vs. placebo:

 Percentage with weight reduction ≥15%: 40% and 48% vs. 3%, p < 0.0001 

for both

 Change in HbA1c: -2.07% and -2.08% vs. -0.51%, p < 0.0001 for both

 Mean change in body weight: -12.9 kg and -14.8 kg vs. -3.2 kg, p < 

0.0001 for both

 Mean change in BMI: -4.9 kg/m2 and -5.7 kg/m2 vs. -1.2 kg/m2, p < 

0.0001 for both

 Follow-up HbA1c <7%: 87% and 84% vs. 36%, p < 0.0001 for both

 Follow-up HbA1c <5.7%: 46% and 49% vs. 4%, p < 0.0001 for both



Secondary outcomes for pooled 

Tirzepatide group vs. placebo:

 Mean change in systolic blood pressure (SBP): -6.3 mm Hg 

vs. -1.2 mm Hg, p < 0.0001

 Percent change in fasting triglycerides: -27.2% vs. -3.3%, p < 

0.0001

 Percent change in non–high-density lipoprotein 

cholesterol: -5.9% vs. -3.7%, p < 0.0001



Safety outcomes for Tirzepatide 10 

mg & 15 mg vs. placebo

 Discontinuation of study drug: 4% and 7% vs. 4%

 Nausea, vomiting, or diarrhea: 51% and 57% vs. 18%

 Confirmed pancreatitis: 0 and 1% (n = 2) vs. <1% (n = 1)

 Hypoglycemia <54 mg/dL: 4% and 5% vs. 1%



Conclusion

 The SURMOUNT-2 trial demonstrates both more frequent 

clinically significant weight loss (≥5% body weight) and 

increased magnitude of weight loss with the use of once-

weekly tirzepatide in patients with obesity and T2DM. 

 Additionally, tirzepatide was associated with a meaningful 

reduction in HbA1c, with normalization to nondiabetic

levels in nearly half of the tirzepatide groups.





Tirzepatide is superior to

Semaglutide in reducing

HbA1C in adults with 

T2 DM



Pen injection devices for GLP-1 receptor agonists and fixed-dose 

combinations of GLP-1 receptor agonists with basal insulin preparations 

33
European Journal of Endocrinology (2019) 181, R211–R234 



SGLT2 Inhibitors



NEJM. 2015 Sep 17



7020 diabetic patients were treated over a median follow 
up of 3.1 years:

Reduced the composite outcome of MI, Stroke, 
cardiovascular death by 14%

Reduced cardiovascular death by 38%

Reduced HF by 35%

Reduced all cause mortality by 32%



All cause mortality
NNT=39



Summary of CVOTs with SGLT-2 Inhibitors

Swiss Medical Weekly 2023 



Co-Formulation of Insulins



The IDegAsp co-formulation



IAsp, insulin aspart; IDegAsp, insulin degludec/insulin aspart

IAsp
hexamer
(30%)

IDegAsp

Insulin 
degludec

dihexamer
(70%)

Co-formulation of insulin degludec with insulin aspart (IAsp)



[ Phenol;     Zn2+]

Phenol diffuses quickly, and 
Insulin degludec dihexamers link 
up via single side-chain contacts to 

form long multihexamers

Subcutaneous depot

IDegAsp co-formulation

Injected into the 
subcutaneous space

Insulin degludec
dihexamer

IAsp
hexamer

Zinc diffuses slowly causing individual 
Insulin degludec hexamers to 

disassemble, releasing monomers 
slowly

IAsp monomers are released into 
the circulation rapidly

IAsp, insulin aspart; IDegAsp, insulin degludec/insulin aspart; Zn, zinc
Jonassen et al. Pharm Res 2012;29:2104–14

IDegAsp
Mode of protraction at steady state



Insulin+ GLP1Agonists

Glargine+ Lixisenatide



ADA Guideline 2023



+ CKD
CKD and albuminuria 

(eg, ≥200 mg/g creatine)
CKD without albuminuria 

(eg, eGFR <60 mL/min/1.73 m2)

Preferably
SGLT2i with primary evidence of reducing CKD progression

OR
SGLT2i with evidence of reducing CKD progression in CVOTs

OR
GLP-1 RA with proven CVD benefit if SGLT2i not tolerated or contraindicated

GLP-1 RA with proven 
CVD benefit

SGLT2i with proven CVD 
benefit

Either/
or

For patients with CKD (eg, eGFR <60 mL/min/1.73 m2) without albuminuria, 
recommend the following to decrease cardiovascular risk

+ HF

SGLT2i with proven benefit 
in this population

+ ASCVD/INDICATORS OF 
HIGH RISK

GLP-1 RA with 
proven CVD 

benefit

SGLT2i with 
proven CVD 

benefit
Either/

or

If A1C above target

If A1C remains above target, consider treatment intensification based on comorbidities, patient-centered treatment factors, and management needs

ASCVD/INDICATORS OF HIGH RISK, HF, CKD

• For patients taking a GLP-1 RA, 
consider incorporating SGLT2i 
with proven CVD benefit and 
vice versa

• T2D

Recommend independently of baseline A1C, individualized A1C target, or metformin use

If A1C above target, consider incorporating a GLP-1 RA 
for patients taking SGLT2i or vice versa

ElSayed. Diabetes Care. 2023;46:S140.

2023 ADA Standards of Medical Care for Diabetes
55≤ + 2 RFs
Obesity
HTN
Dyslipidemia
CS
Albuminuria





The Case
 A 68-year-old woman with 12-year history of type 2 diabetes is 

referred to you. She takes metformin 2000 mg and gliclazide MR 60 
mg daily. She respects the diet recommended by the nutritionist. 

 She has peripheral neuropathy.

 She has a history of acute MI during a couple of months ago and 
also a hospitalization due to  decompensated HF 

 She claims that in the past, with increasing gliclazide dose, several 
hypoglycemic episodes had occurred. She fears hypoglycemia 
because she lives alone.

 BMI: 35.5 kg/m²



Case presentation 
 Laboratory tests:

 FBS: 180 mg/dl

 HbA1c: 9.2%

 Cr: 1.2 mg/dl (eGFR ~ 50 ml/min)

 LDL: 120 mg/dl

 TG: 250

 Which therapeutic approach would you recommend to her?

 A) Add Basal insulin+ Atorvastatin 80

 B) Add Liraglutide+ Rosuvastatin 40

 C) Add Pioglitazone 15 + Rosuvastatin 40

 D) Add Sitagliptin 100 mg+ Fenofibrate 100 mg+ Arorvastatin 40 mg

 E) Add Empagliflozin 10 mg+ Rosuvastatin 40+ Semaglutide SC



Thank you


