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       Improving control reduces risks of long-term complications 

• Every 1% drop in HbA1c can reduce long-term diabetes complications 

43% 

Lower extremity 
amputation or fatal 
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disease 

37% 

Microvascular disease 
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Cataract extraction 

14% 

Myocardial infarction 

16% 

Heart failure 
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UKPDS 35: Stratton et al. BMJ 2000;321:405–12. 



Pharmacologic Therapy for Type 2 Diabetes 

A patient-centered approach should be used to guide the choice of pharmacologic 

agents. Considerations include: 

 Comorbidities (atherosclerotic cardiovascular disease, heart failure, chronic 

kidney disease) 

 Hypoglycemia risk 

 impact on weight 

  cost 

 risk for side effects 

 patient preferences. 

Pharmacologic Approaches to Glycemic Treatment:  

Standards of Medical Care in Diabetes - 2019. Diabetes Care 2019;42(Suppl. 1):S90-S102 



What are the glycemic goals?  
• HBA1C < 7%. 

• Fasting/Preprandial/Bedtime capillary blood glucose (CBG) 70 - 130 mg/dl. 

• Postprandial CBG 1 - 2 hours after starting a meal < 180 mg/dl 

• . 

• Goal is to achieve glycemic target without causing hypoglycemia. 

 

• Reaching goal glycemia has been clearly shown to prevent microvascular complications; its 
effect on the prevention of macrovascular complications is less clear, but seems to be most 
important when attained early in the course of DM. 

 

•   Control of BP & lipids, use of ASA, and smoking cessation are essential in preventing CVD. 

 
ADA.Diabetes Care, 2014;37 (Suppl 1):S5-S80. 

 



Does tight glycemic control prevent macrovascular 
disease? 

•   Based upon the findings of the UKPDS, ACCORD, ADVANCE and VADT trials, the ADA, 
AHA, and ACC issued a joint statement supporting the individualization of treatment 
goals, and stressing the importance of aggressive treatment and control early in the 
course of the disease.   

 

• Patients with a history of severe hypoglycemia, limited life expectancy, advanced 
microvascular and macrovascular complications, extensive comorbidities, or 
longstanding difficult to control DM, may reasonably have a HBA1C goal that is > 7%.  

  

• Patients with a shorter duration of DM, a long life expectancy, and no significant 
complications, may reasonably have a HBA1C goal that is lower, < 6.5% or  even < 
6.0%. 
 

 

Skyler etal.Diabetes Care.2009;32:187-192. 



How do you choose medication for glycemic control? 

 

• Choose based upon potency, safety, side effects, ease of use, effect on 
other risk factors, and cost.  

• 

•  New guidelines are more patient-centered. 



             Medications for DM:  

 
     

    ▪ Biguanides - Metformin (Glucophage) - decrease hepatic glucose output - weight neutral 
or mild loss, no hypoglycemia, cheap - GI side effects, contraindicated in CRI and unstable 
CHF because of risk of lactic acidosis, B12 deficiency. 

 

    ▪ Sulfonylureas - Glipizide (Glucotrol), glimeperide (Amaryl) - enhance insulin secretion - 
cheap - weight gain, hypoglycemia. 

       *Glyburide and chlorpropamide are not recommended because of long half lives and 
risk of severe hypoglycemia. 

 

    ▪ Insulins - Lispro (Humalog), aspart (Novolog), glulisine (Apidra); Regular; NPH; glargine 
(Lantus), detemir (Levemir); and fixed combinations - no dose limit, NPH and Regular are 
cheap, improve lipids - injections, weight gain, hypoglycemia, analogs are expensive.  

       *Inhaled insulin (Exubera) was taken off of the market because of poor sales.      



   ▪ Thiazolidinediones (TZD’s or Glitazones) - Pioglitazone (Actos) - increase sensitivity to 
insulin - improve lipids, potential decrease in MI, no hypoglycemia - fluid retention, weight 
gain, CHF, fractures, ?bladder cancer (taken off of market in France and Germany). 

      * Rosiglitazone (Avandia) is not recommended       

       

    ▪ DPP-4 Inhibitors - Sitagliptin (Januvia), saxagliptan (Onglyza), linagliptin (Tradjenta), 
alogliptin (Nesina) -  increase glucose-mediated insulin secretion, suppress glucagon 
secretion - weight neutral, no hypoglycemia - expensive,  /pancreatitis/pancreatic cancer, 
long term effects not known. 

 

    ▪ GLP-1 Agonists (Incretin Mimetics) - Exenatide (Byetta, Bydureon), liraglutide (Victoza) - 
potentiate  glucose-stimulated insulin secretion, suppress glucagon secretion, slow gastric 
motility - weight loss, ?delay/prevention of beta cell failure, no hypoglycemia - injections, 
expensive, GI side effects, ?pancreatitis/pancreatic cancer, ?medullary CA of the thyroid, 
long term effects not known. 

 

 

 



     ▪ α-Glucosidase Inhibitors - Acarbose (Precose), miglitol (Glyset) - reduce the rate of digestion 
of polysaccharides - weight neutral, no hypoglycemia - severe GI side effects,, three times 
daily. 

      
     ▪ Glinides - Nateglinide (Starlix), repaglinide (Prandin) -  stimulate insulin secretion - weight 

gain, three times daily, hypoglycemia. 
      
     ▪ Amylin Agonists - Pramlintide (Symlin) - slow gastric emptying, decrease glucagon 

secretion - weight loss, no hypoglycemia - injections, expensive, GI side effects, long term 
effects not known. 

     
     ▪ Bile Acid Resins - Colesevelam (WelChol) - mechanism of action unknown. 
      
     ▪ Dopamine Receptor Agonists - Bromocriptine (Cycloset) - mechanism of action unknown, 

but probably normalizes aberrant hypothalamic neurotransmitter activities. 
      
     ▪ Sodium-glucose Transporter-2 Inhibitors (SGLT2s) – empaglifluzin, Canagliflozin 

(Invokana) - block reabsorption of glucose in the kidneys.  
 
      
      
        

 

 



How potent are these medications? 
*If initial HBA1C is ≥ 9%, use 2 medications.  If initial glucose is ≥ 300-350mg/dl, or HBA1C is ≥ 10-12%, use insulin. 
 

• Medication 

        

       Biguanides 

       Sulfonylureas 

       Insulin  

       TZD’s 

       DPP - 4 Inhibitors                                                 

       GLP - 1 Agonists 

        

       α - Glucosidase Inhibitors 

       Glinides 

       Amylin Agonists 

       Colesevelam    

       Bromocriptine 

       Canagliflozin                                           

        

        

• Expected decrease in HBA1C  
 

       1.0 - 2.0  
       1.0 - 2.0 
       No limit 
       0.5 - 1.4 
       0.5 - 0.8  
       0.5 - 1.0 

        
       0.5 - 0.8 
       0.5 - 1.5 
       0.5 - 1.0 
       0.5 - 1.0 
       0.5 - 1.0 
       0.5 - 1.0 



Add additional antihyperglycemic agent best suited to the individual by prioritizing patient characteristics  (agents listed in alphabetical order by CV outcome data): 

Class Effect on CVD Outcomes Hypo- 
glycemia 

Weight Relative 
A1C Lowering when 
added to metformin 

Other therapeutic considerations Cost 

 GLP-1R agonists lira: Superiority 
in T2DM with clinical CVD 

exenatide LAR & 
lixi: Neutral 

Rare   to  GI side-effects, Gallstone disease 
Contraindicated with personal / family history of medullary thyroid cancer or 
MEN 2 
Requires subcutaneous injection 

$$$$ 

SGLT2 inhibitors Cana & empa: 
Superiority in 

T2DM patients 
with clinical CVD 

Rare   to  Genital infections, UTI, hypotension, dose-related changes in LDL-C. Caution with 
renal dysfunction, loop diuretics, in the elderly. Dapagliflozin not to be used if 
bladder cancer.  Rare diabetic ketoacidosis (may occur with no hyperglycemia). 
Increased risk of fractures and amputations with canagliflozin. Reduced 
progression of nephropathy & CHF hospitalizations with empagliflozin and 
canagliflozin in those with clinical CVD 

$$$ 

DPP-4 Inhibitors alo, saxa, sita: Neutral Rare Neutral  Caution with saxagliptin in heart failure 
Rare joint pain 

$$$ 

Insulin glar: Neutral 
degludec: noninferior to 

glar 

Yes   No dose ceiling, flexible regimens 
Requires subcutaneous injection 

$- 
$$$$ 

Thiazolidinediones Neutral Rare   CHF, edema, fractures, rare bladder cancer (pioglitazone), cardiovascular 
controversy (rosiglitazone), 6-12 weeks for maximal effect 

$$ 

a-glucosidase inhibitor 
(acarbose) 

Rare Neutral   GI side-effects common 
Requires 3 times daily dosing 

$$ 

Insulin secretagogue: 
      Meglitinide 
      
       Sulfonylurea 

 
 
 

 
Yes 

 
Yes 

 
 
 
 

 
 

 
 

More rapid BG-lowering response 
Reduced postprandial glycemia with meglitinides but usually requires 3 to 4 
times daily dosing. 
Gliclazide and glimepiride associated with less hypoglycemia than glyburide.  
Poor durability 

 
$$ 
 
$ 

Weight loss agent (orlistat) None   GI side effects 
Requires 3 times daily dosing 

$$$ 
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Antihyperglycemic Agents and Renal Function 

eGFR (mL/min/1.73 m2): <15 15–29 30–44 ≥ 60 
CKD Stage 5 4 3b 1 or 2 

Acarbose  

Dapagliflozin 

Empagliflozin 

Pioglitazone 

Use alternative agent Dose adjustment not required Dose adjustment required 

Canagliflozin* 25 100 mg daily 

Caution  

Metformin  

Linagliptin 

Sitagliptin  50 50 mg daily 25 mg daily 

Saxagliptin 50 2.5 mg daily 

Alogliptin 

Exenatide  

Liraglutide  

Repaglinide  

Gliclazide  

Glyburide  

Alpha-glucosidase Inhibitors 

Glimepiride 

Biguanides 

DPP-4 

Inhibitors 

SGLT2 

Inhibitors 

Insulin 

Secretagogues 

GLP-1 

Receptor 

Agonists 

Insulins 

Rosiglitazone 
Thiazolidinediones 

500-1000 mg daily 

Dulaglutide  

50 
Exenatide QW  50 

Lixisenatide   

Fluid retention 

45-59 
3a 

30 

45 

15 

15 

30 

30 
30 

15 

Do not initiate 

30 
30 60 

60 

60 
60 

60 

60 

30 
60 

45 

30 

15 

* May be used for cardiorenal benefits in those with clinical CVD, A1C above target and eGFR >30 mL/min/1.73m2  

60 30 12.5 mg daily 6.25 mg daily 

60 

30 

2018 Diabetes Canada CPG – Chapter 13.  Pharmacologic Glycemic Management of Type 2 Diabetes  

30 

45 

45 



Adapted from 1. Kirby. Br J Diabetes Vasc Dis 2012;12:315–20. 2. Lantus® SPC. FDA 2015. 

1950 1960 1970 1980 1990 2000 2010 2012 2013 

Lente class 

of insulins 

produced 

SUs first used 

Metformin 

introduced 

in the UK 

Recombinant 

human insulin 

produced 

2nd generation 

SUs available 

Three new classes introduced:  

a-glucosidase inhibitors, meglitinides 

and TZDs 

Glimepiride:  

3rd generation 

SU 

DPP4 

inhibitors 

GLP1 receptor 

agonists 

SGLT2 

inhibitors 

Insulin  

degludec 

 Older T2D agents Newer T2D agents  

Insulin glargine 

available2 

Timeline of Antidiabetic drugs 



Empagliflozin 
• Brand name: Paglino 

• Tablet 10, 25 mg 

 



SGLT2 is a sodium glucose cotransporter 

• SGLTs transfer glucose and sodium (Na+:glucose coupling ratio for SGLT1 = 2:1  
and for SGLT2 = 1:1) from the lumen into the cytoplasm of tubular cells through  
a secondary active transport mechanism 

GLUT, glucose transporter; SGLT, sodium glucose cotransporter. 

1. Wright EM, et al. Physiology. 2004;19:370–376. 2. Bakris GI, et al. Kidney Int. 2009;75:1272–1277.  
3. Mather A, Pollock C. Kidney Int Suppl. 2011;120:S1–S6. 

Segment S1–2 
Basolateral membrane 

GLUT2 SGLT2 

Glucose 
Na+ 

Glucose 
Na+ 

Glucose 

Na+ 

K+ 
K+ 

Na+/K+ ATPase pump 

Lateral intercellular space 



Urinary glucose excretion via SGLT2 inhibition1 

1. Bakris et al. Kidney Int 2009;75;1272–7. 

21 

SGLT2 
SGLT2 

inhibitor 

SGLT1 

SGLT2 inhibitors reduce 
glucose  

reabsorption  
in the proximal tubule, 

leading to urinary glucose 
excretion* and osmotic 

diuresis 

Filtered glucose load > 180 
g/day 



Pharmacological properties of available  

SGLT2 inhibitors 

*For the 300 mg dose. 

Data from http://www.ema.europa.eu/ (Jardiance SPC, Forxiga SPC , Invokana PI, Invokana SPC, all  accessed June 2015); 1. Sha et al. Diab Obes Metab 2015;17:188–97. 
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  Empagliflozin Dapagliflozin Canagliflozin 

Therapeutic dose (mg/day) 
Starting dose 

10–25 
10 

5–10 
10 

100–300 
100 

Administration QD 
With or without food 

QD 
With or without food 

QD 
Before first meal  

Peak plasma concentration (hours post-
dose) 

 
1.5 

 
Within 2 

 
1–2 

Absorption  
(mean oral bioavailability) 

≥ 60% ~ 78% ~ 65% 

Metabolism  Primarily glucuronidation - no active metabolite  

Elimination  
(half-life, hours) 

Hepatic:renal 43:57 
[12.4] 

Hepatic:renal 22:78 
[12.9] 

Hepatic:renal 67:33 
[13.1]* 

Selectivity over SGLT1  1:5000  > 1:1400  > 1:1601 

Glucose excretion with higher dose 
(g/day) 

78 ~ 70 119 

Link to SGLT2 
clinidata 



 SNS  
activity (?) 

SGLT2 inhibitors modulate a range of factors related to CV risk 
Based on clinical and mechanistic studies 

 

Inzucchi et al. Diab Vasc Dis Res 2015;12:90‒100. 
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 Weight 
 Visceral  
adiposity 

 Blood pressure 
 Arterial  

stiffness 

 
 

 Glucose 
 Insulin 

 
 

 Albuminuria 

 Uric Acid 

Novel  
Pathways (?) 

 

 LDL-C 
 HDL-C 

 Triglycerides 

 Oxidative  
stress 

 SNS  
activity (?) 

Link to SGLT2 clinical 
data 



Patients 7034 

Long-term CV safety of empagliflozin is being evaluated in a large, multicentre Phase IV 
trial (EMPA-REG OUTCOME®) 

*Cumulative percentage for North America, Australia and New Zealand. 

1. Zinman et al. Cardiovasc Diabetol 2014;13:102.  2. NCT01131676. 
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Countries 42 

592 Clinical sites 
Countries with study centres involved in the 
EMPA-REG OUTCOME® trial 

41% 

19% Asia 

Europe 

North  
America / 

Western Pacific 

20% 

15% 

Latin America 

4% Africa 

* 



EMPA-REG OUTCOME®: Study design 

Zinman et al. Cardiovasc Diabetol 2014;13:102. 
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Placebo 
run-in  

 

2 weeks 

Empagliflozin 10 mg QD + usual care  

Empagliflozin 25 mg QD + usual care  

Placebo + usual care 
 

Screening  
(n = 11,507) 

 

Background therapy adjustment  
allowed after Week 12 

12 weeks of stable background glucose-lowering 
therapy 

Visit 1 

Week 

4 8 12 16 28 40 52 0 -2 -3 

Visit 3 Visits 4–7 
every 4 weeks 

Visits 8–10 
every 12 weeks 

Visits every  
14 weeks 

Visit 2 

Fo
llo

w
-u

p
 

R 

End of  
study visit 

+30  
days 

Aim                                     Compound-specific 
To determine CV safety of empagliflozin vs placebo + usual care for glycaemic control and 
CV risk in patients with T2D and high CV risk 



DPP4 inhibitors: Mechanism of action  

 

Adapted from Drucker. Expert Opin Invest Drugs 2003;12:87–100 and Ahrén Curr Diab Rep. 2003;3:365–372. 

Food intake 

Glucose-dependent 

insulin secretion 

Increases glucose utilisation 

by muscle and adipose tissue 

Decreases hepatic glucose 

release improving overall 

glucose control 

Glucose-dependent 

glucagon 

suppression 

β-cells 

α-cells 

DPP4  
Active 

GLP1 (7-36)  

Inactive 

GLP1 (9-36) 

amide  

2 amino acids 

cleaved from 

amino terminus 

Pancreas 

DPP4 

inhibitors 

Intestine 



2019 American Diabetes Association Standards Of Diabetes Medical Care 
 

 



American Association of Clinical Endocrinologists/American College of Endocrinology 
Type 2 Diabetes management algorithm 

 



2019 European society of 
cardiology Guidelines on 
diabetes, pre-diabetes, 
and cardiovascular 
diseases 

 
 

Recommendations for the 
treatment of patients with 
diabetes to reduce heart 
failure risk 



2019 European society of 
cardiology Guidelines on 
diabetes, pre-diabetes, 
and cardiovascular 
diseases 

 
 

Recommendations for the 
prevention and management 
of CKD in patients with 
diabetes 
 



SGLT2 inhibitors—what do guidelines say 

Schernthaner et al. Cardiovasc Diabetol (2019) 18:115; 10.1186/s12933-019-0920-3 



HHF risk 

 

Schernthaner et al. Cardiovasc Diabetol (2019) 18:115; 10.1186/s12933-019-0920-3 



Results 

 

The relative risk reduction of HHF in the first 
interim analysis of EMPRISE was consistent 
with that seen in EMPA-REG OUTCOME, confirming 
the robustness of empagliflozin’s HHF benefit in 
routine clinical practice, in a population with 
a broader CV risk profile, and against a DPP-4 
inhibitor as an active comparator 

Schernthaner et al. Cardiovasc Diabetol (2019) 18:115; 10.1186/s12933-019-0920-3 



CV death 

• While hospitalization for heart failure benefit seems to be a 
consistent observation with SGLT2 inhibitors in patients with T2D, 
empagliflozin remains the only SGLT2 inhibitor proven to reduce CV 
death (38% reduction in EMPA-REG OUTCOME).  

• Although canagliflozin did show a trend towards a reduction in both 
the CANVAS Program and CREDENCE, this did not meet significance, 
while there was no apparent effect with dapagliflozin in 
DECLARETIMI. 

•   Empagliflozin is also the only agent in the class proven to reduce 
death by any cause, with a 32% reduction in EMPA-REG OUTCOME 

Schernthaner et al. Cardiovasc Diabetol (2019) 18:115; 10.1186/s12933-019-0920-3 



Lancet Diabetes Endocrinol 
2013 ;1 :208–19  



Study Design and participants 

24 week, double-blind, parallel-group, randomized phase 3 trial, enrolled patients 
at 124 trial sites 

Empagliflozin 10 mg 

Empagliflozin 25 mg 

Placebo 

Screening 

(N=1616) 

Randomised and treated 

(n=899) 

• 89% Completed trial 

Sitagliptin 100 mg 

Lancet Diabetes Endocrinol 
2013 ;1 :208–19  



Results: HbA1C 

In patients with HbA1c 
concentrations of at least 8·5% 
at baseline (mean baseline 
~9·1% in all treatment groups), 
both doses of empagliflozin 
were associated with greater 
reductions in HbA1c at week 
24 than with sitagliptin. 



Results: FPG 

At week 24, changes from 
baseline in FPG were 
greater with empagliflozin 
10 mg and empagliflozin 25 
mg than they were with 
placebo or sitagliptin 



Results: body weight 



Results: SBP 





Study Design and participants 

*67.0% of patients from the 12-week monotherapy dose-finding trial (study 1) continued in the extension. In study 1, treatment-naïve 
patients were randomized to receive 5, 10, or 25 mg empagliflozin once daily (qd), placebo (all double blind), or open-label metformin-IR 

(up to a maximum of 1,000 mg twice daily or the maximum tolerated dose) for 12 weeks 
†In total, 78.4% of patients from the 12-week add-on to metformin dose-finding trial (study 2) continued in the extension trial. In study 2, 
patients on stable metformin background therapy were randomized to receive 1, 5, 10, 25, or 50 mg empagliflozin qd, placebo (all double 

blind), or open-label sitagliptin (100 mg qd) for 12 weeks 

Study Design 

Study 1* 

Study 2† 

Empagliflozin 10 mg 

N= 106 

Empagliflozin 25 mg 

N=109 

Metformin 

N=56  

Empagliflozin 10 mg + 

Metformin 

N= 166 

Empagliflozin 25 mg + 

Metformin 

N= 166 

Sitagliptin+ Metformin 

N= 56 
Diabetes Care 2013 Dec; 36(12): 4015-4021 



Results: HbA1C 

In the monotherapy groups: 

Empagliflozin 10 mg : 31.9% 

Empagliflozin 25 mg : 32.1% 

Metformin: 31.0%  

of patients reached HbA1c: 7% at week 78 

Diabetes Care 2013 Dec; 36(12): 4015-4021 



Results: HbA1C 

 Of patients on background metformin 
therapy: 

Empagliflozin 10 mg : 27.0% 

Empagliflozin 25 mg : 44.6% 

Sitagliptin 100: 36.8%  

 
of patients reached HbA1c: 7%  at week 
78. 

Diabetes Care 2013 Dec; 36(12): 4015-4021 



Results: FPG 

Diabetes Care 2013 Dec; 36(12): 4015-4021 



Results: Body weight 

Diabetes Care 2013 Dec; 36(12): 4015-4021 



Results: Safety 

More than 90% of AEs were mild or moderate in intensity, as 
assessed by the investigator. 
 
 
 Severe AEs were reported in 2.4–6.6% of patients in empagliflozin 

groups, 7.1% of patients on metformin, and 8.9% of patients on 
sitagliptin as add-on to metformin. 

Diabetes Care 2013 Dec; 36(12): 4015-4021 























2019 European society of Cardiology 
(ESC) Guidelines on diabetes, pre-

diabetes, and CVD 
  



What’s new in 
2019 ESC 
guidelines? 









2019 European society of 
cardiology Guidelines on 
diabetes, pre-diabetes, 
and cardiovascular 
diseases 

 
 

Recommendations for the 
treatment of patients with 
diabetes to reduce heart 
failure risk 



2019 European society of 
cardiology Guidelines on 
diabetes, pre-diabetes, 
and cardiovascular 
diseases 

 
 

Recommendations for the 
prevention and management 
of CKD in patients with 
diabetes 
 



65 

Percentage of Intensifying diabetes medication based on prescribing information 
in UK: 2000-2017 

Wilkinson S, Douglas I, Stirnadel-Farrant H, et al Changing use of antidiabetic drugs in the UK: trends in prescribing 2000–2017 BMJ Open 2018;8:e022768 



Choice of Treatment to Use along Metformin in Iran 
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As is situation: based on Based on Iranian Pharmaceutical Sales Data 

To be situation: based on UK trends article 



What should you remember?  
•  Screen for DM – it’s an EPIDEMIC! 

 

• Treat glucose, BP and lipids early, aggressively, and to goal; use ASA when 
appropriate; insist on smoking cessation; and watch for complications. 

 

• Empower patients to be involved in their DM management. 

• Remember that DM is a progressive disease, so expect to change therapy 
over time – let patients know this at diagnosis. 

• Stay informed about the current management of DM – it’s changing 
constantly!  

 

 



A. “ Our results show a sustained legacy effect of an intensive glucose control 
strategy”. 

 

B. “ How well you are treated now, and how well you were treated in the past, determines the long-
term health outcomes as far as  glycaemic control is concerned ”. 

  

UKPDS 81 N Engl J Med 2008; 359:1577-89 
EASD 2008 UKPDS Press Release  

UKPDS 1977 – 2007 Global Conclusions 

[ Prof Rury Holman Principal investigator UKPDS] 



Thanks For Your Attention 


