
Diabetes Management in 2020: 
New Medications 

and 
New Technology

Patricia A. Daly, MD, FACP, FACE
Medical Director for Diabetes 

Valley Health System

1



Patricia A. Daly, MD, FACP, FACE
Medical Director for Diabetes 

Valley Health System

Disclosures: None

2



Objectives
• To Review Noninsulin Pharmacotherapy for diabetes

– Brief overview of medication classes
– Important new indications, adverse effects and protective 
effects of newer medications

• To Review Emerging Diabetes Technologies, including:
– Continuous Glucose Monitors (CGM)
– Insulin pump basics
– Insulin Pump and CGM Integration
– Artificial Pancreas/Hybrid Closed Loop Technology
– Other Diabetes Technology on the horizon
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Pharmacotherapy for Diabetes

• 12 classes of medications now available 
for treatment of diabetes

• Several new medications approved in the 
past two years

• New data about CV, renal and other 
effects of several medications
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Noninsulin Agents
Available for T2D

Class Primary Mechanism of Action Agent(s) Available as
α-Glucosidase 
inhibitors

• Delay carbohydrate absorption from 
intestine

Acarbose
Miglitol

Precose or generic
Glyset

Amylin analogue
• Decrease glucagon secretion
• Slow gastric emptying
• Increase satiety

Pramlintide Symlin

Biguanide
• Decrease HGP
• Increase glucose uptake in muscle

Metformin Glucophage or generic

Bile acid sequestrant
• Decrease HGP?
• Increase incretin levels?

Colesevelam WelChol

DPP-4 inhibitors
• Increase glucose-dependent insulin 

secretion
• Decrease glucagon secretion

Alogliptin
Linagliptin
Saxagliptin
Sitagliptin

Nesina
Tradjenta
Onglyza
Januvia

Dopamine-2 agonist • Activates dopaminergic receptors Bromocriptine Cycloset

Glinides • Increase insulin secretion Nateglinide
Repaglinide

Starlix or generic
Prandin

5
DPP-4, dipeptidyl peptidase; HGP, hepatic glucose production.
Garber AJ, et al. Endocr Pract. 2016;22:84-113.
Inzucchi SE, et al. Diabetes Care. 2015;38:140-149. Continued on next slide



Noninsulin Agents
Available for T2D

Class Primary Mechanism of Action Agent(s) Available as

GLP-1 receptor 
agonists

• Increase glucose-dependent insulin 
secretion

• Decrease glucagon secretion
• Slow gastric emptying
• Increase satiety

Albiglutide
Dulaglutide
Exenatide
Exenatide XR
Liraglutide
Lixisenatide
Semiglutide

Tanzeum
Trulicity
Byetta
Bydureon
Victoza
Adlyxin, Soliqua
Ozempic, Rybelus

SGLT2 inhibitors • Increase urinary excretion of glucose

Canagliflozin
Dapagliflozin
Empagliflozin
Ertugliflozin

Invokana
Farxiga
Jardiance
Steglatro

Sulfonylureas  • Increase insulin secretion

Glimepiride
Glipizide
Glyburide

Amaryl or generic
Glucotrol or generic
Diaβeta, Glynase, 
Micronase, or generic

Thiazolidinediones
• Increase glucose uptake in muscle 

and fat
• Decrease HGP

Pioglitazone
Rosiglitazone

Actos
Avandia

GLP-1, glucagon-like peptide; HGP, hepatic glucose production; SGLT2, sodium glucose cotransporter 2.

Garber AJ, et al. Endocr Pract. 2016;22:84-113.
Inzucchi SE, et al. Diabetes Care. 2015;38:140-149. Continued from previous slide
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Pathophysiology of Diabetes

DeFronzo RA. Diabetes. 2009;58:773-795 

Pancreas

Decreased insulin 
secretion from

β-cells

Muscle
Decreased glucose uptake

Liver
Increased endogenous 
glucose production

Adipose (fat)
Increased FFA production

Increased glucagon 
secretion from

α-cells

Pancreas

Digestive tract
Decreased incretin effect

Kidney
Increased glucose reabsorption

Brain
Neurotransmitter dysfunction

The Ominous Octet



Sites of Action of Diabetes 
Pharmacotherapy

DeFronzo RA. Diabetes. 2009;58:773-795 
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The Ominous Octet

TZD, metformin

TZD

Metformin, TZD, 
GLP1 RA, DPP4i

GLP1 RA, DPP4i, SU, GLN

GLP1 RA, DPP4i

GLP1 RA, AGi, 
Colesevelam

SGLT2iGLP1 RA
Bromocriptine
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Diabetes Pharmacotherapy and CV Risk
• Substantial historical evidence indicates that intensive, ongoing glucose 

control in newly diagnosed T2D patients may decrease long-term CVD 
rates1

• In 2008, FDA guidance mandated CV safety assessment of all new 
antihyperglycemic agents2

– RCT studies required to demonstrate that study drug was not associated with 
more major adverse CV events than placebo (noninferiority)

• Some studies tested for superiority if noninferiority criteria were met

– Primary outcome: Composite of CV death, nonfatal MI, and nonfatal stroke
• Some studies included additional endpoints

• Several studies of SGLT-2 inhibitors and GLP-1 RA have shown 
superiority compared with placebo. 

CV, cardiovascular; CVD, cardiovascular disease; FDA, US Food and Drug Administration; GLP-1 RA, glucagon-like peptide-1 receptor agonist; MI, myocardial infarction; RCT, randomized controlled trial; SGLT-2, sodium-
glucose cotransporter 2; T2D, type 2 diabetes.
1. American Diabetes Association. Diabetes Care. 2019;42:S61-S70. 
2. FDA. Guidance for industry: evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. https://www.fda.gov/media/71297/download.



Metformin

eGFR = estimated glomerular filtration rate.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Slight loss

Renal / Genitourinary Contraindicated if eGFR <30 mL/min/1.73 m2

Gastrointestinal adverse effects Moderate

Cardiac Neutral

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?

Recommended for All Patients, Unless Contraindicated or Not Tolerated



Secretagogues

ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; GLN = glinide; SU = sulfonylurea.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

SU GLN

Hypoglycemia Moderate / severe Mild

Weight Gain

Renal / Genitourinary More hypoglycemia risk

Gastrointestinal adverse effects Neutral

Cardiac—CHF More CHF risk

Cardiac--ASCVD ?

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?



Dipeptidyl Peptidase 4 Inhibitors 
(DPP4is)

ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Neutral

Renal / Genitourinary
Dose adjustment necessary (except 
linagliptin)
Effective in reducing albuminuria

Gastrointestinal adverse effects Neutral

Cardiac—CHF Possible risk for saxagliptin and alogliptin

Cardiac--ASCVD Neutral

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?



Summary of Published DPP4i
Cardiovascular Outcomes Trials
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EXAMINE** SAVOR-TIMI 53 TECOS CARMELINA

Primary outcome, HR (95% CI) 0.96 (≤1.16)‡ 1.00 (0.89-1.12) 0.98 (0.88-1.09) 1.02 (0.89-1.17)

CV death, HR (95% CI) 0.79 (0.60-1.04) 1.03 (0.87-1.22) 1.03 (0.89-1.19) 0.96 (0.81-1.14)

Fatal or nonfatal MI, HR (95% CI) 1.08 (0.88-1.33) 0.95 (0.80-1.12) 0.95 (0.81-1.11) 1.12 (0.90-1.40)

Fatal or nonfatal stroke, HR (95% CI) 0.91 (0.55-1.50) 1.11 (0.88-1.39) 0.97 (0.79-1.19) 0.91 (0.67-1.23)

All-cause mortality, HR (95% CI) 0.88 (0.71-1.09) 1.11 (0.96-1.27) 1.01 (0.90-1.14) 0.98 (0.84-1.13)

HF hospitalization, HR (95% CI) 1.27 (1.07-1.51) 1.00 (0.83-1.20) 0.90 (0.74-1.08)

‡ The parenthetical value is the upper boundary of the one-sided repeated CI, at an alpha level of 0.01. * Numerical imbalance (not statistically significant) with increased hospitalizations for heart failure with 
alogliptin. 

CI, confidence interval; CARMELINA, Cardiovascular and Renal Microvascular Outcome Study With Linagliptin; CV, cardiovascular; DPP4i, dipeptidyl peptidase-4 inhibitors; EXAMINE, Examination of 
Cardiovascular Outcomes with Alogliptin versus Standard of Care; HF, heart failure; HR, hazard ratio; MI, myocardial infarction; SAVOR-TIMI 53, Saxagliptin Assessment of Vascular Outcomes Recorded in 
Patients with Diabetes Mellitus–Thrombolysis in Myocardial Infarction 53; TECOS, Trial Evaluating Cardiovascular Outcomes with Sitagliptin

1. White WB, et al. N Engl J Med. 2013 Oct 3;369(14):1327-35.

2. Scirica BM, et al. N Engl J Med. 2013 Oct 3;369(14):1317-26.

3. Green JB, et al. N Engl J Med. 2015 Jul 16;373(3):232-42. 

4. Rosenstock J, et al. JAMA. 2019 Jan 1;321(1):69-79.

Saxagliptin
(Onglyza)



Glucagon-like Peptide 1
Receptor Agonists (GLP1 RAs)

ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; CrCl = creatinine clearance.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Loss

Renal / Genitourinary
Exenatide not indicated if CrCl <30 mL/min

Possible benefit of liraglutide

Gastrointestinal adverse effects Moderate

Cardiac—CHF Possible benefit of liraglutide

Cardiac--ASCVD Possible cardiovascular benefit

Bone Neutral

Ketoacidosis Neutral

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?



Summary of Published GLP-1 RA
Cardiovascular Outcomes Trials

CV, cardiovascular; ELIXA, Evaluation of Lixisenatide in Acute Coronary Syndrome; EXSCEL, Exenatide Study of Cardiovascular Event Lowering Trial; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HARMONY, 
Harmony Outcomes (Effect of Albiglutide, When Added to Standard Blood Glucose Lowering Therapies, on Major Cardiovascular Events in Subjects With Type 2 Diabetes Mellitus); HF, heart failure; LEADER, Liraglutide 
Effect and Action in Diabetes: Evaluation of Cardiovascular Outcome Results; MI, myocardial infarction; REWIND, Researching Cardiovascular Events With a Weekly Incretin in Diabetes; SUSTAIN-6, Trial to Evaluate 
Cardiovascular and Other Long-term Outcomes With Semaglutide in Subjects With Type 2 Diabetes. 
1. Adapted from Das SR, et al. J Am Coll Cardiol. 2018;72:3200-3223.
2. Gerstein HC, et al. Lancet. 2019;http://dx.doi.org/10.1016/S0140-6736(19)31149-3; e-pub ahead of print.
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LEADER SUSTAIN-6 EXSCEL  ELIXA HARMONY REWIND
Primary outcome, HR (95% CI) 

0.87 (0.78-0.97) 0.74 (0.58-0.95) 0.91 (0.83-1.00) 1.02 (0.89-1.17) 0.78 (0.68-0.90) 0·88 (0.79-0.99) 
CV death, HR (95% CI) 

0.78 (0.66-0.93) 0.98 (0.65-1.48) 0.88 (0.76-1.02) 0.98 (0.78-1.22) 0.93 (0.73-1.19) 0·91 (0.78-1.06) 
Fatal or nonfatal MI, HR (95% CI)

0.86 (0.73-1.00) 0.74 (0.51-1.08) 0.97 (0.85-1.10) 1.03 (0.87-1.22) 0.75 (0.61-0.90) 0·96 (0.79-1.15) 
Fatal or nonfatal stroke, HR (95% CI)

0.86 (0.71-1.06) 0.61 (0.38-0.99) 0.85 (0.70-1.03) 1.12 (0.79-1.58) 0.86 (0.66-1.14) 0·76 (0.62-0.94) 
All-cause mortality, HR (95% CI)

0.85 (0.74-0.97) 1.05 (0.74-1.50) 0.86 (0.77-0.97) 0.94 (0.78-1.13) 0.95 (0.79-1.16) 0.90 (0.80-1.01)
HF hospitalization, HR (95% CI)

0.87 (0.73-1.05)
1.11 (0.77-

1.61) 0.94 (0.78-1.13) 0.96 (0.75-1.23) 0·93 (0.77-1.12) 

Liraglutide
(Victoza)

Semaglutide
(Ozempic)

Lixisenatide
(Adlyxin)

Albiglutide
(Tanzeum)

Exenatide
Bydureon

Dulaglutide
( Trulicity)

http://dx.doi.org/10.1016/S0140-6736(19)31149-3


Sodium Glucose Cotransporter 2
Inhibitors (SGLT2is)

ASCVD = atherosclerotic cardiovascular disease; CHF = congestive heart failure; DKA = diabetic ketoacidosis; eGFR = estimated glomerular 
filtration rate; T2D = type 2 diabetes.

Garber AJ, et al. Endocr Pract. 2017;23:207-238.

Hypoglycemia Neutral

Weight Loss

Renal / Genitourinary

Not indicated for eGFR <30 or <45 mL/min/1.73 m2

Genital mycotic infections, UTIs

Possible benefit (delayed progression of CKD) 
of empagliflozin, dapagliflozin, canagliflozin

Gastrointestinal adverse effects Neutral

Cardiac—CHF Possible benefit (Dapagliflozin now approved for 
CHF w/ or w/out DM)

Cardiac--ASCVD Possible cardiovascular benefit

Bone Canagliflozin warning

Ketoacidosis DKA occurring in T2D in various stress settings

Few adverse events or possible benefits Use with caution Likelihood of adverse effects Uncertain effect?



Summary of Published SGLT-2i 
Cardiovascular Outcomes Trials

CANVAS, Canagliflozin Cardiovascular Assessment Study; CANVAS-R, A Study of the Effects of Canagliflozin (JNJ-28431754) on Renal Endpoints in Adult Participants With Type 2 Diabetes Mellitus; CV, cardiovascular; 
DECLARE-TIMI 58, Dapagliflozin Effect on Cardiovascular Events–Thrombolysis in Myocardial Infarction 58; EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients; MI, myocardial infarction; SLGT2, sodium-glucose cotransporter 2. CREDENCE, Canagliflozin and Renal Events in Diabetes with Established Nephropathy Clinical Evaluation.

Adapted from Das SR, et al. J Am Coll Cardiol. 2018;72:3200-3223.

EMPA-REG OUTCOME  CANVAS/CANVAS-R  DECLARE - TIMI 58 CREDENCE‡

MACE outcome (HR [95% CI])* 0.86 (0.74-0.99) 0.86 (0.75-0.97) 0.93 (0.84-1.03)** 0.80 (0.67-0.95)

CV death 0.62 (0.49-0.77) 0.87 (0.72-1.06) 0.98 (0.82-1.17) 0.78 (0.61-1.00)

Fatal or nonfatal MI 0.87 (0.70-1.09) 0.89 (0.73-1.09) 0.89 (0.77-1.01)

Fatal or nonfatal stroke 1.18 (0.89-1.56) 0.87 (0.69-1.09) 1.01 (0.84-1.21)

All-cause mortality 0.68 (0.57-0.82) 0.87 (0.74-1.01) 0.93 (0.82-1.04) 0.83 (0.68–1.02)

Heart failure hospitalization 0.65 (0.50-0.85) 0.67 (0.52-0.87)  0.73 (0.61-0.88) 0.61 (0.47–0.80)

*MACE outcome: cardiovascular death, non-fatal MI, non-fatal stroke (primary outcome in EMPA-REG, CANVAS/CANVAS-R, and DECLARE-TIMI 58, 
secondary outcome in CREDENCE).  **Additional primary outcome in DECLARE-TIMI 58: CV death and hospitalization for heart failure, HR= 0.83 
(0.73−0.95). ‡ CREDENCE enrolled patients with diabetic kidney disease. Primary outcome included composite of end-stage kidney disease (dialysis for at 
least 30 days, kidney transplantation, or an estimated GFR of <15 ml per minute per 1.73 m2 sustained for at least 30 days), doubling of the serum 
creatinine level, or death from renal or cardiovascular disease. The primary outcome was lower in those receiving canagliflozin HR= 0.7 (0.59-0.82). 

Empaglifozin
(Jardiance)

Canaglifozin
(Invokana)

Dapaglifozin
(Farxiga)

Canaglifozin
(Invokana)



Newer Studies re: SGLT2i Benefits
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Newer Studies re: SGLT2i Benefits
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Newer Studies re: SGLT2i Benefits
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Normoglycemic DKA with SGLT2i Drugs

• DKA occurs infrequently
• Risk factors include:

– anorexia, gastroparesis, fasting, ketogenic diet, and alcoholism 
• Other triggers include:

– pregnancy, pancreatitis, glycogen storage disorders, surgery, 
infection, cocaine toxicity, cirrhosis, and insulin pump use

• DKA diagnosis may be missed or delayed due to atypical 
presentation involving lower-than-anticipated glucose 
levels or other misleading laboratory values

• SGLT2i should be held prior to surgeries and in inpatient 
settings 

DKA = diabetic ketoacidosis; SGLT2 = sodium glucose cotransporter 2.

Handelsman Y, et al. Endocr Pract. 2016;22:753-762.
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Diabetes Technology
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Continuous Glucose 
Monitoring (CGM)
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Continuous Glucose Monitoring
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Current Commercially-Available CGM Systems
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Assessing Glycemic Control: 
Hemoglobin A1c
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Limitations of A1c for Assessment 
of Glycemic Control
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Glycemic Variability
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Magnitude of reduction in time in hypoglycemia 
and CV according to baseline A1c with CGM

Martin et al. Curr Diab Rep. 2019; 19(8): 50.Published online 2019 Jun 27. doi: 
10.1007/s11892-019-1177-7
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CGM Use in Inpatient Setting
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