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1. Natural history of T2DM and treatment implications
2. Guiding principles of diabetes pharmacotherapy
3. Current diabetes medications and guidelines, with emphasis on

GLP‐1 agonists and SGLT2 inhibitors
4. Weight loss therapy for treatment and prevention
5. What lies ahead for the future?
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Three Points Based on Natural History of 
Cardiometabolic Disease

1.This is a chronic disease with T2DM as an end stage 
manifestation.  Need to prevent disease progression in those 
patients with clinical signs of insulin resistance. 

2.The care of patients with T2DM must be comprehensive and 
address CVD, myocardial dysfunction & CHF, NASH, CKD, as well 
as diabetes

3. In patients with overweight of obesity, weight loss therapy is a 
powerful approach for preventing disease progression and for 
treatment of T2DM
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DeFronzo RA. Diabetes. 2009;58:773‐795.
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DeFronzo RA. Diabetes. 2009;58:773‐795.

Drugs Target Defects

Increased 
Hepatic 
Glucose 
Production

Impaired 
Insulin 
Secretion

• Decreased Incretin 
Effect

• Glucose Influx

Decreased Glucose Uptake

CNS Dysregulation

Increased Glucagon 
Secretion

INTESTINE

BETA 
CELL

FAT

ALPHA 
CELL

LIVER

KIDNEY

MUSCLE
BRAIN

Increased Lipolysis

Increased Glucose 
Reabsorption

Bromocryptine
GLP‐1 RA

Obesity Medications

TZDs

TZDs

SGLT‐2 
inhibitors

GLP‐1 RA
DPP‐4 inhibitors
Pramlintide
Colesevelam
Glucosidase 
inhibitors

GLP‐1 RA
DPP‐4 i

Metformin
Basal insulin

Sulfonylureas
Megltinides
GLP‐1 RA
DPP‐4 i



Complications Risk in Diabetes
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Glycemic Control Targets in Diabetes1

Measurement Normal    ADA Goal AACE Goal

American Diabetes Association -
Diabetes Care 2020;43(Suppl 1):S66-S76

AACE Endocrine Practice 
2020;26(1):107-139

Plasma glucose
Preprandial mmol/L      <5.6          4.4‐7.2           <6.1

mg/dl         <100         80‐130 <110
Postprandial mmol/L      <7.8         < 10.0* <7.8

mg/dl          <140        <180*              <140

HbA1c (%) <6             <7 <6.5 
1 Goals should be individualized   * Peak postpandial



Principle 1

• Diabetes is a progressive disease
• Need medications with long-term efficacy
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Intensive Treatments and Increase in HbA1c Over Time
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UKPDS: -Cell Loss Over Time



Relative Efficacy for Lowering HbA1c
(when used as monotherapy)

Pramlinide

Reduction in HbA1c

Colesevelam

DPPIV Inhibitor

Glucosidase Inhibitor

Meglitinide

.3 ‐ .5

.5 ‐ .8

.4 ‐ .6

.4 ‐ .6

.6 – 1.0

-.50 -1.0 -1.5 -2.0

TZD
Sulfonylurea

GLP-1R Agonist

.8 – 1.2

.8 – 1.5

.8 – 1.5

Metformin .8 – 1.5
Insulin 

Adapted form Nathan DM, et al. 
Diabetes Care. 2009 Jan;32(1):193-203. 

.6 – 1.0SGLT2 Inhibitor



ADOPT: HbA1c Over Time
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Rosiglitazone vs Metformin
-0.13 (-0.22 to -0.05), P=0.002
Rosiglitazone vs Glyburide

-0.42 (-0.50 to -0.33), P<0.001

Kahn SE et al: N Engl J Med 355:2427-2443; 2006



Type 2 Diabetes: 
Standard “Stepped” 

Approach to Treatment



Earlier and More Aggressive Intervention 
May Reduce Lifetime HbA1c
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Principle 2

• To reach HbA1c target, there is a need to control 
both basal and post-prandial glucose

• In combination therapy, use medications with 
different mechanisms of action



Both FPG and PPG Contribute to Elevated A1C LevelsBoth FPG and PPG Contribute to Elevated A1C Levels
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Rational Combination Therapy
Approved Drugs for Type 2 Diabetes (US)

Mostly Target Fasting
Hyperglycemia

Mostly Target Post‐Prandial
Hyperglycemia

Insulin 
(long‐acting)

Insulin 
(rapid‐acting)

Sulfonylureas Pramlintide
Metformin Glucosidase Inhibitors
Thiazolidinediones Meglitinides
Colesevelam DDPIV Inhibitors
Bromocryptine GLP‐1 Agonists/Analogs
SGLT2 Inhibitors SGLT2 Inhibitors



Principle 3

• Avoid hypoglycemia
• Avoid weight gain



Differential 
Effects of 
T2DM 
Treatments

Treatment Effect on 
Weight

Risk of 
Hypoglycemia

Lifestyle Therapy  

Lifestyle + Weight Loss 
Medication  

Insulin  

Sulfonylureas  

Thiazolidinediones  

Glinides  

DPPIV Inhibitors  

Colesevelam  

Bromocriptine  

α-glucosidase Inhibitor  

Metformin  

GLP-1 Agonists  

SGLT2 Inhibitors  



GLP‐1 Receptor Agonists





Secreted by L cells in the ileum and colon; inhibits gastric emptying 
and GI motility; inhibits food intake; inhibits glucagon secretion

Secreted by K cells in the duodenum; no effects on GI motility; food 
intake, or glucagon secretion



Role of Incretins in Glucose Homeostasis

1. Kieffer TJ, Habener JF. Endocr Rev. 1999;20:876–913.              2. Ahrén B. Curr Diab Rep. 2003;2:365–372.
3. Drucker DJ. Diabetes Care. 2003;26:2929–2940.                        4. Holst JJ. Diabetes Metab Res Rev. 2002;18:430–441.
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AC = adenylyl cyclase
ATP = adenosine triphosphate
cAMP = cyclic adenosine monophosphate
GK = glucokinase
GLUT2 = glucose transporters 
SUR = sulfonylurea receptor
*TCA = Tricarboxylic acid (Kreb’s cycle)

Hinke SA et al. J Physiol. 2004;558:369–380.
Henquin JC. Diabetes. 2000;49:1751–1760.
Henquin JC. Diabetes. 2004;53:S48–S58.



Strategies for Enhancing GLP-1 Action

• Dipeptidyl peptidase-4 (DPP-IV) inhibitors
— Extend half-life of endogenous GLP-1 by inhibiting the actions of DPP-IV

Name Administration 
Frequency

Degradation

Sitagliptin Q day renal
Vildagliptin Q/day or 2x/day renal
Saxagliptin Q day renal
Linagliptin Q day feces
Alogliptin Q day renal



Strategies for Enhancing GLP-1 Action
• GLP-1 receptor agonists

— Activators of the GLP-1 receptor 
— Structurally modified to confer resistance to 

degradation by dipeptidyl peptidase-4 (DPPIV)
Name Structural modification Administration 

Frequency
Exenatide exendin-4; homolog from Gila Monster 2x/day
Liraglutide acylation allows binding to albumin Q day
Lixisenatide first 39 AA of exendin-4, des-38-pro and 

lysine tail
Q day

Exenatide LA biodegradable microsphere suspension Q week
Albiglutide GLP-1 dimer fused to albumin Q week
Dulaglutide fusion with human Fc fragment of Ig G4 Q week
Semaglutide Acylation for albumin bind and AA change Q week



Effects of GLP-1 Agonists on Weight in T2DM
Absolute change from baseline;  No head-to-head comparisons



High Dose Dulaglutide

Efficacy and safety of an 
expanded dulaglutide dose 

range: A phase 2, 
placebo-controlled trial in 

patients with type 2 diabetes 
using metformin

Frias JP et al.  Diabetes, 
Obesity and Metabolism. 
2020; 21(9):2048-2057



Ahmann AJ et al.  Diabetes 
Care.  2018; 41(2):248-266

Semaglutide 
VS 

Exenatide 

Effects on 
HbA1c and 

Weight



Rosenstock J et al.  Sitagliptin on Glycated Hemoglobin in Adults With Type 2 Diabetes Uncontrolled With Metformin Alone or With Sulfonylurea: 
The PIONEER 3 Randomized Clinical Trial.  JAMA. 2019;321(15):1466-1480. 

Observed HbA1c (%) Change in Weight (kg)

Oral Semaglutide Decreases both HbA1c and 
Body Weight in T2DM



SGLT2 Inhibitors



Renal Glucose Reabsorption



Renal Glucose Reabsorption

T2DM 
after Tx



Effects of SGLT2 Inhibitors on
GLUCOSE EXCRETION RATES

J Clin Invest. 2014; 124(2):499–508



SGLT2 Inhibitors
• Induce glycosuria by decreasing renal Tm for glucose
• Lowers blood glucose through insulin-independent mechanism
• Lowers blood pressure and body weight, but increases LDL-c
• Watch for genital infections and dehydration, and DKA
• Avoid if eGFR < 30-60 ml/min

Name Dose Specificity

Canagliflozin 100, 300 mg/day SGLT2 and low SGLT1

Dapagliflozin 5, 10 mg/day SGLT2

Empagliflozin 10, 25 mg/day SGLT2

Ertagluflozin 5, 15 mg/day SGLT2



Absolute change from baseline in kg;  No head-to-head comparisons

Effects of SGLT2 Inhibitors on Body Weight in T2DM



Principle 4

Select diabetes medications based on the risk 
or presence of

• CVD
• Stroke
• CHF
• Renal Decline



Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio. 
* Two-sided tests for superiority were conducted (statistical significance was indicated if p≤0.0498)

Empagliflozin

HR 0.86
(95.02% CI 0.74, 0.99)

p=0.0382*

Zinman et al. N Engl J Med 2015;373:2117–28

Primary outcome:
3-point MACE
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*CI, confidence interval; HR, hazard ratio

Wanner et al. N Engl J Med 2016;375:323‐34

HR=0.54*, 95% CI: 0.40;0.75
p<0.001 
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EMPA‐REG ‐ Empagliflozin
Time to first renal event (secondary outcome)
Doubling of the serum creatinine level, the initiation of renal‐replacement therapy, or death from 
renal disease



Hospitalization for heart failure, secondary outcome
EMPA‐REG ‐ Empagliflozin

Cumulative   incidence  function.  HR,  hazard  ratio  

Zinman et al. N Engl J Med 2015;373:2117–28

NNT: 71 over 3 years



DRUG TRIAL MACE CV 
Death

Non‐fatal 
MI

Non‐fatal
Stroke

% with 
CVD

Hospital 
for CHF

Renal 
Outcome

Empagliflozin EMPA‐REG 0.86 
(.74‐.99) ✓ ‐ ‐ 99 0.65 

(.55‐.79)
0.61 

(.53‐.70)

Canagliflozin CANVAS 0.86 
(.67‐.91 ‐ ‐ ‐ 66 0.78 

(.67‐.91
0.60 

(.47‐.77)

Canagliflozin CREDENCE 0.80 
(.67‐.95 ✓ 50 0.69 

(.57‐.83)
0.70 

(.59‐.83)

Dapagliflozin DECLARE‐
TIMI 58 NI ‐ ‐ ‐ 41 0.83 * 

(.73‐.95)
0.53 

(.43‐.66)

Empagliflozin EMPEROR‐
Reduced NI 0.69 * 

(.59‐.81)
0.50 

(.32‐.77)

Ertugliflozin VERTIS NI ‐ ‐ ‐ 0.70 
(.54‐.90 NI

NI ‐ = non‐inferior
All studies show superiority for dual 
outcome CV death or hospital for CHF)

Mechanick JI, Farkouh ME, Newman JD, Garvey WT. Cardiometabolic‐Based Chronic Disease, Addressing 
Knowledge and Clinical Practice Gaps: JACC State‐of‐the‐Art Review.  J Am Coll Cardiol. 2020;75(5):539‐555

SGLT2 inhibitors:  CVOTs

* = with and without diabetes



LEADER Trial: Liraglutide in patients with T2DM
MACE Outcome: 
CV death, non-fatal myocardial infarction, or non-fatal stroke

The primary composite outcome in the time-to-event analysis was the first occurrence of death from cardiovascular causes, non-fatal myocardial infarction, or non-fatal stroke. The cumulative incidences 
were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, because less
than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



LEADER Trial: Time to first renal event
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 
54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; ESRD: end-stage renal disease; HR: hazard ratio.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



SUSTAIN 6 Trial: Semaglutide in Patients with T2DM



DRUG TRIAL MACE CV 
Death

Non‐fatal
MI

Non‐fatal

Stroke
% with 
CVD

Hospital 
for CHF

Renal 
Outcome

Lixisenatide ELIXA NI ‐ ‐ ‐ 100 NI NS

Liraglutide LEADER 0.87 
(.78‐.97) ✓ ‐ ‐ 81 NI 0.78 

(.67‐.92)

Semaglutide SUSTAIN‐6 0.74 
(.58‐.95) ‐ ‐ ✓ 83 NI 0.64 

(.46‐.88)

Exenatide EXCEL NI ‐ ‐ ‐ 73 NI 0.85 
(.73‐.98)

Albiglutide HARMONY 0.78 
(.68‐.90) ‐ ✓ ‐ 100 NI

Dulaglutide REWIND 0.88 
(.79‐.99) ‐ ‐ ✓ 32 NI 0.85 

(.77‐.93)
Semaglutide
(oral) PIONEER 6 NI ‐ ‐ ‐ 85 NI

NI – non‐inferior Mechanick JI, Farkouh ME, Newman JD, Garvey WT. Cardiometabolic‐Based Chronic Disease, Addressing 
Knowledge and Clinical Practice Gaps: JACC State‐of‐the‐Art Review.  J Am Coll Cardiol. 2020;75(5):539‐555

GLP‐1 Receptor Agonists:  CVOTs





AACE 
Diabetes 
Algorithm 

2020
Garber A et 
al.  Endocr
Pract 2020; 

26(1):107-139



American Diabetes 
Association. 
Pharmacologic 
approaches to glycemic 
treatment: Standards of 
Medical Care in 
Diabetes‐ 2020. 
Diabetes Care 
2020;43(Suppl. 1):S98–
S110 

ADA/EASD 
T2DM 
Algorithm



American Diabetes 
Association. 
Pharmacologic 
approaches to glycemic 
treatment: Standards of 
Medical Care in 
Diabetes‐ 2020. 
Diabetes Care 
2020;43(Suppl. 1):S98–
S110 

ADA/EASD 
T2DM 
Algorithm





What if there was a treatment for T2D that:

Look AHEAD study references. Phase 3 trials for weight loss meds
1. Look Ahead Research Group. Diabetes Care 2007;30:1374–83;     2. Look Ahead Research Group. N Engl J Med 2013;369:145–54;
3. Lean M et al. Lancet 2018;391:541–51; 4. Davies MJ et al. JAMA 2015;314:687–99

Reduced HbA1c by 0.5–1.6% while reducing diabetes medications 1

Reduced blood pressure 3

Lowered triglycerides and raised HDL-c4

Was renal protective – decreasing albuminuria6

Improved mobility and decreased pain8

Improved quality of life9

Led to a 5–10% decrease in body weight2

Improved sleep apnea7

Can produce diabetes remission10

Improve NAFLD/NASH5 This is the therapeutic 
profile of weight loss in T2D



Treatment Modalities for ABCD Patients
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Intensive Intervention in T2DM:  Weight Regain 
over 4 Years in Look AHEAD
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Diabetes support and education
Intensive lifestyle intervention

Look AHEAD Trial  (N=5145)

The Look AHEAD Research Group.  Long Term Effects of a Lifestyle Intervention on Weight and Cardiovascular Risk Factors in 
Individuals with Type 2 Diabetes: Four Year Results of the Look AHEAD Trial. Arch Intern Med. 2010 Sep 27; 170(17): 1566–1575.



Change in risk factors by weight loss categories 
for the Look AHEAD cohort. 

Wing R R et al. Diabetes Care 2011;34:1481-1486

HbA1c 
(Δ%)

DBP and SBP 
(ΔmmHg)

HDL and LDL 
(Δmg/dl)

HDL and LDL
no lipid meds          
(Δmg/dl)

Triglycerides 
(Δmg/dl)

Fasting 
Glucose 
(Δmg/dl)

Weight Loss 
Categories

+>2%
+2% to ‐2%
‐2% to ‐5%
‐5% to ‐10%
‐10% to ‐15%

‐>15%



Primary care‐led weight management for remission of 
type 2 diabetes (DiRECT): an open‐label, cluster‐

randomised trial
Lean ME et al. Lancet  391(10120):541‐551, 2018

49 
general 
practices

23 practices 
intervention

26 practices 
control

306 T2DM 
patients enrolled

• VLCD for 3 months using 
meal replacements

• Structured food 
reintroduction for 2 months

• Weight loss maintenance 7 
months

• Standard care in UK for 12 
months



DIRECT Study:

Weight loss and 
diabetes 

remission in 
primary care 
practices

Lean ME et al. Lancet  
391(10120):541‐551, 2018  



Obesity Pharmacotherapy
Agents Action Approval

Previously available

Phentermine • Sympathomimetic • 1959

Orlistat • GI lipase inhibitor • 1997

Recently Approved

Phentermine/
Topiramate ER

• Sympathomimetic/Anticonvulsant 
(GABA receptor modulation?)

• Approved, Summer 2012

Lorcaserin • 5-HT2C serotonin receptor agonist • Approved, Summer 2012

Naltrexone ER/ 
Bupropion ER

• Dopamine/noradrenaline reuptake 
inhibitor/Opioid receptor antagonist

• Approved, September 2014

Liraglutide 3 mg • GLP-1 receptor agonist • Approved, December 2014

US FDA. Drugs@FDA. http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA.
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18.7
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5.5

Garvey WT, et al.  Diabetes Care 2014;  37(12):3309-3316

Treatment of Obesity with Phentermine/Topiramate ER in T2DM
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ITT-
LOCF

-1.8%

-9.3%*
-10.5%*

-9.3%*

-10.7%*

-2.2%Lifestyle Modification

Top Dose

Treatment Dose

Phentermine/Topiramate ER and the SEQUEL STUDY:          
Weight Loss Over 2 Years in Completers 

*P<0.0001 vs placebo                     Garvey WT, et al. Am J Clin Nutr. 2012;95(2):297-308 2012



Prevention of Type 2 Diabetes in Patients with Prediabetes or 
Metabolic Syndrome at Baseline
Phentermine/Topiramate and the 2-Year SEQUEL STUDY

Garvey WT, et al. Diabetes Care. 2014

Treatment Dose Top Dose
Lifestyle 
Modification

Weeks

Lifestyle Modification

Drug Treatment

78% 
Reduction

Garvey WT et al. Diabetes Care. 2014;37:912-921. 
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Evolution of Diabetes Therapy

If you want to help patients with T2DM and 
overweight/obesity  ‐

Get Serious about Weight Loss Therapy

Obesity Treatment
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THANK YOU


