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Objectives
■ The medications we chose may be as important as the results we
achieve (AVOID HYPOGLYCEMIA and WEIGHT GAIN)
■ PATHOPHYSIOLOGY and Relevance of DIABETES (STRUCTURE DICTATES
FUNCTION)

■ Dialog is shifting from a glucose centered conversation (A1C lowering)
to Cardiovascular risk assessment (Risk-reduction strategies beyond
glycemic control)

■ NEW treatment algorithms (ACC, ADA and AACE)
■ Second generation Basal Insulins; Glargine U 300 and Deglutec U
100 or 200; Inhaled Insulin Afrezza
■ New Devices (CGM’s and Pumps)
■ Preventing acute complications (Hypoglycemia) and reducing the
risk of long-term complications (weight gain)

Tenets for Diabetes Management
■ Hypoglycemia and weight gain should be avoided!
■ Then one has two choices, “ADJUST TARGET” (ACP) or adjust “Pharmacologic
Intervention.” (AACE / ADA)

■ After Metformin consider NIADS (Non Insulin Antidiabetic Drug’S (GLP-1 or
SGLT-2)
■ Conflicts exist between interpretations of a trial like ACCORD (increased
Mortality) and concerns for the FRAIL and ELDERLY have created controversy.
■ ACP stance (RAISE TARGET) (based on studies using Rx’s with more risk of
Weight gain and Hypoglycemia)

■ AACE and ADA stance to consider adjusting Pharmacology
■ Individualize Targets must still be the RULE!!

— Aretaeus of Cappadocia; 100 AD
EARLY DESCRIPTION OF
DIABETES
 In diabetes the thirst is greater for the fluid dries the body ...
For the thirst there is need of a powerful remedy, for in kind it
is the greatest of all sufferings, and when a fluid is drunk, it
stimulates the discharge of urine.
 For no essential part of the drink is absorbed by the body
while great masses of the flesh are liquefied
into urine."
 It was known in the 17th century as the “pissing evil”.
 “Diabetes" from the Greek word for “siphon” or
drain off. (FUNNEL); tastes like HONEY…

Burden of Diabetes
• >420 million people in the world
have diabetes
• Prevalence of 8.5% and
increasing among the adult
population
• Prevalence of DIABETES Mellitus
has increased over 45% in the last
35 years
• This is predictable to grow to over
550 million people by the year
2035
World Health Organisation 2016

ON THE RISE!!

Hb A1C Targets ; Guidance from ACP
■ Guidance Statement 1: Clinicians should personalize goals for glycemic control
in patients with type 2 diabetes on the basis of a discussion of benefits and
harms of pharmacotherapy, patients’ preferences, patients' general health and
life expectancy, treatment burden, and costs of care.
■ Guidance Statement 2: Clinicians should aim to achieve an HbA1c level
between 7% and 8% in most patients with type 2 diabetes.
■ Guidance Statement 3: Clinicians should consider deintensifying
pharmacologic therapy in patients with type 2 diabetes who achieve
HbA1c levels less than 6.5%.

■ Guidance Statement 4: Clinicians should treat patients with type 2 diabetes to
minimize symptoms related to hyperglycemia and avoid targeting an HbA1c
level in patients with a life expectancy less than 10 years due to advanced age
(80 years or older), residence in a nursing home, or chronic conditions (such as
dementia, cancer, end-stage kidney disease,or severe chronic obstructive
pulmonary disease or congestive heart failure) because the harms outweigh
the benefits in this population. AMERICAN COLLEGE OF PHYSICIANS

U-shaped mortality curve…

Depicted are patient and disease factors used to determine optimal A1C targets.

American Diabetes
Association Care
2019;42:S61-S70
©2019 by American Diabetes Association

The right target...
Motivated/adherent
Good self-care
Short duration
Low hypo risk
Long life expectancy
No co-morbidity
Good resources
HbA1C <7% (6.5 %;
Normal?)

Non-compliant
Poor self-care
Longstanding
High hypo risk
Short life expectancy
Co-morbidity
Limited resources

?(ACP
)

Adapted from Inzucchi et al Diabetes Care

Natural history of type 2 diabetes.

Ralph A. DeFronzo Diabetes 2009;58:773-795

©2009 by American Diabetes Association

Let’s get off the Rollercoaster…

EARLY Intervention…

LATE!

Pathogenesis of type 2 diabetes: the triumvirate.

Ralph A. DeFronzo Diabetes 2009;58:773-795

©2009 by American Diabetes Association

Non-Insulin Therapy for Hyperglycemia in Type 2 Diabetes,
Treating Defronzo’s Octet:
Match Patient Characteristics to Drug Characteristics
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1.Pancreatic
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Relative Contribution of FBG and PPG Varies
With A1C Range
Inc PPG
increases
Micro- and
macrovascular
disease

Thus , to get to glycemic goals, one must control PPG as well as FBS.
(incretins, alpha-glucosidase inhibitors, TZDs, glinides, fast-insulin
analogues)
Adapted from Monnier L, et al. Diabetes Care. 2003;26:881-885.

History of diabetes medications.

John R. White, Jr. Diabetes Spectr 2014;27:82-86

©2014 by American Diabetes Association

Rule of the ARTERY; Diabetes
and microangiopathy, MACRO
■(?)
Causes of vascular dysfunction in diabetes:
■ – Hyperglycemia

■ – Impaired vascular insulin signaling
■ – Ectopic accumulation and altered vasoactive properties of adipose
tissue (Advanced Glycosylation End Products)

■ Endothelial surface area (size of a soccer filed) macro-vessels make
up only the surface area of a single goal on the soccer field…matter
of exposure
■ Treat to new goals using combinations that make pathophysiologic
sense

■

ACCORD, Where did we go
wrong???
In
2008, the Action to Control Cardiovascular Risk in Diabetes (ACCORD)
study, which was designed to test the hypothesis that intensive glucose
control would reduce macrovascular disease in patients with type 2 diabetes
(T2DM)

■ ACCORD was terminated prematurely after 3.5 years because there were
22% more deaths in patients who were treated intensively
■ This and other evidence prompted concern among the diabetes community
that hypoglycemia might lead to an increase in cardiovascular events, both
fatal and non‐fatal
■ Avoiding severe hypoglycemia may be important to prevention of
cardiovascular disease in people with type 2 diabetes

■ Severe hypoglycemia was strongly associated with a higher risk of
cardiovascular disease (relative risk 2.05, 95% confidence interval 1.74 to
2.42;N P<0.001)
Engl J Med 2008; 358:2545-2559 DOI: 10.1056/NEJMoa0802743
BMJ. 2013 Jul 29;347:f4533. doi: 10.1136/bmj.f4533.

ACCORD
■ Patients in the intensive-therapy group
attended monthly visits for the first 4
months and then every 2 months
thereafter, with the aim of rapidly (and
safely) reducing glycated hemoglobin
levels to below 6.0%
■ This increase in mortality is equivalent
to one extra death for every 95
patients who were treated for 3.5
years

■ Intensive group used 20% more
Insulin, 30 % more TZD, and 15%
more glinide and 10 % more SULF
than the control.
■ 3X higher Hypoglycemia

Diabetes and Cardiovascular Disease
(MACE) Major Adverse Cardiovascular Events
■ Whether strict blood glucose control is effective at reducing the risk of CVD in
people with diabetes has long been debated
■ Diabetes increases Cardiovascular risk in STABLE patient’s (Framingham
Study at 20 years) (Diabetes increases CV events; causes >1.5 million
deaths annually)
■ The risk of developing coronary artery disease in European and American
men with an HbA1c 5–5.4 % is 1.56 times higher than the risk in those with an
HbA1c < 5.0 %
■ In the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial, the
overall mortality significantly increased by strict control of blood glucose
(target HbA1c < 6.0 %) compared with a less stringent control (target HbA1c of
approximately 7 %); yet reduced MI by 23%.
■ Strict glucose control resulted in severe hypoglycemia, leading to more
Cardiovascular DEATH

Impact of Diabetes Mellitus on Hospitalization for Heart Failure,
Cardiovascular Events, and Death, Volume: 132, Issue: 10, Pages: 923-931,
DOI: (10.1161/CIRCULATIONAHA.114.014796)

Diabetes and HEART FAILURE
■ Heart Failure is a common presentation of Cardivascular disease in patient’s with Diabetes (NTproBNP elevation linearly correlates with RISK HF)
■ Risk of death is high in patient’s with heart failure and Diabetes

■ In people with DM, HF is a more common initial presentation of cardiovascular disease (CVD)
than is myocardial infarction
■ the 1-year mortality of HF was 30% in people with DM, about 1.5-fold greater than in those
without DM
■ Heart failure often occurs in the absence of significant major epicardial coronary disease (noncritical angiographic coronary stenosis; ie atherosclerosis), and most commonly manifests as
heart failure with preserved ejection fraction (DIASTOLIC DYSFUNCTION)
■ Several mechanistic associations at the systemic, cardiac, and cellular/molecular levels explain
different aspects of myocardial dysfunction, including impaired cardiac relaxation,
compliance, and contractility and WEIGHT GAIN!!
Gustafsson I., Brendorp B., Seibaek M., et al. (2004) Influence of diabetes and diabetes-gender interaction on the risk of death in
patients hospitalized with congestive heart failure. J Am Coll Cardiol 43:771–777.

Impact of Diabetes Mellitus on Hospitalization for Heart Failure, Cardiovascular Events, and Death, Volume:
132, Issue: 10, Pages: 923-931, DOI: (10.1161/CIRCULATIONAHA.114.014796)

ESC (European Society of Cardiology)/
Heart Failure Association (HFA)
Guidelines
■ Insulin “may exacerbate Fluid retention and lead to

Heart Failure worsening”
■ Sulfonylureas, “ have also been associated with an
increased risk of Heart failure”
■ Thiozolidinediones “increased risk of worsening heart
failure”
■ Metformin “treatment of choice in patient's with Heart
Failure”
European Heart Journal, Volume 37, Issue 27, 14 July 2016,
Pages 2129-2200, https://doi.org/10.1093/eurheartj/ehw128

Several trial characteristics correlated with
the risk of heart failure with glucose-lowering drugs
or strategies, including weight gain, trial duration,
and absolute glycemic concentration achieved,
highest risk for PPAR agonists, intermediate risk with
DPP-4 inhibitors, and a neutral risk with insulin
glargine, compared with standard care, treatment with
glucose-lowering drugs or strategies resulted in a

14% relative increase in the risk of heart
failure
The Lancet Diabetes & Endocrinology 2015 3, 356-366DOI: (10.1016/S2213-8587(15)00044-3)
Copyright © 2015 Elsevier Ltd Terms and Conditions

Thomas H. Marwick et al. JACC 2018;71:339-351
2018 American College of Cardiology Foundation

Potential Mechanisms Underlying Diabetic Cardiomyopathy and Their Consequences on Cardiac Function
Level

Manifestation

Mechanism

Consequence

Systemic

Hyperglycemia

Protein modification (AGE, Nacetylglucosamine)
Epigenetic changes,
mitochondrial damage

Myocardial dysfunction

Oxidative stress

Impaired cardiomyocyte calcium Reduced cardiac
handling
contractility and relaxation

Inflammation

Up-regulated inflammatory
signaling

Innervation

Autonomic dysfunction

Systemic and coronary vascular Myocardial hypertrophy,
function
fibrosis
Myocardial performance
Myocardial dysfunction

Cardiac

Disturbed insulin signaling

Myocardial energetics, substrate Myocardial dysfunction
utilization

Disturbed renin-angiotensinaldosterone system

Cardiac remodeling

Cardiac stiffness, fibrosis

Small- and large-vessel disease

Impaired perfusion

Myocardial dysfunction,
fibrosis

Cytosolic calcium trafficking

Excitation-contraction coupling

cardiomyocyte
contraction, relaxation

Cardiomyocyte

Macrophage infiltration

DIABETES and HEART FAILURE what’s to be
■ Instead of blood glucose control in advanced diabetes, active intervention in patients
done
in the early stages of impaired glucose tolerance may be crucial for the inhibition
of cardiovascular events

■ More effective use of SGLT2 inhibitors, GLP-1 antagonists and alpha-glucosidase
inhibitors should be considered
■ Collaborative care between internal medicine/primary care physicians,
endocrinologists, cardiologists, and nursing is needed to optimize the care of patients
with diabetes
■ SGLT-2i lower glucose and reduce CV events, particularly heart failure, and are the
preferred therapy for patients with DM at risk for heart failure
■ Subclinical volume overload is common in patients with diabetes and associated with
an increased risk of death
■ Sodium–glucose cotransporter (SGLT)2 inhibitors have demonstrated unprecedented
cardiorenal benefits in large-scale clinical trials of people who have type 2 diabetes
and either established cardiovascular disease or multiple cardiovascular risk factors
European Cardiology Review 2018;13(1):21–2.

Authors concluded that SGLT-2 inhibitors are more effective than
either GLP-1 agonists or DPP-4 inhibitors for reducing the risk of
hospitalization for HF in T2DM
This is an important study because it suggests that antidiabetic
medications have disparate effects on the natural history of HF
despite similar glucose-lowering effects.
Mechanistic studies are now needed to determine whether indeed
their impact is independent of glucose-lowering on myocardial
energetics.
This study also suggests that prescription of these medications
will require evaluation of HF risk in any given patient with T2DM.
Data on 87,162 participants: GLP-1 agonists (four studies
evaluating lixisenatide, liraglutide, semaglutide, and once-weekly
exenatide, respectively, in 33,457 participants), DPP-4 inhibitors
(three studies evaluating alogliptin, saxagliptin, and sitagliptin,
respectively, in 36,543 participants), and SGLT-2 inhibitors (two
studies evaluating empagliflozin and canagliflozin in 17,162
participants)
Comparison of New Glucose-Lowering Drugs on Risk of Heart Failure
in Type 2 Diabetes: A Network Meta-Analysis. JACC Heart
Fail2018;6:823-830.

The cardiovascular benefits with empagliflozin (EMPA-REG OUTCOME trial) and
canagliflozin (CANVAS) in participants with and without a history of heart failure

Verma and McMurray (2018) Diabetologia DOI 10.1007/s00125-018-4670-7
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

The relationship between urinary glucose excretion and eGFR.
With worsening renal function impairment (eGFR), the change in urinary glucose excretion over 24 hours (UGE024h) diminishes. eGFR indicates estimated glomerular filtration rate; and UGE, urinary glucose excretion.
http://www.fda.gov/downloads/AdvisoryCommittees/

The Kidney Supports Three Key
Functions in Glucose Handling
2. Kidney Glucose Utilization
in the Renal Medulla

1. Kidney Glucose Production
in the Renal Cortex
 Contributes ≈20%–25% of total
body glucose released in the
fasting state via gluconeogenesis
 Depends on oxidation of FFAs as
the main source of energy

 Accounts for ≈10% of total
glucose uptake in the body in the
fasting state
 Is an obligate user of glucose for
its energy requirement

3. Kidney Glucose
Reabsorption in Nephrons




Glucose
filtered
≈180 g/day

Glucose
reabsorbed
≈180 g/day

In Healthy Subjects
37

FFA=free fatty acid.
Gerich JE. Diabet Med. 2010;27:136-142.

Returns glucose to the circulation
via reabsorption of glucose from
glomerular filtrate
Requires energy for glucose
reabsorption in the proximal
convoluted tubule

Figure 1. The sodium-glucose cotransporter-2 (SGLT2) mechanism in the proximal
tubule. Circulation. 2016;134:752–772. DOI:10.1161/CIRCULATIONAHA.116.021887
Modified from Bakris et al4 with permission of the publisher. Copyright © 2009, Elsevier.

The exact mechanisms of this renoprotective effect are unknown, but it is postulated that reducing sodium
and glucose reabsorption in the proximal tubule increases distal delivery and restores tubuloglomerular
feedback. This leads to constriction of the afferent arteriole, the blood supply leading to the glomerulus,
which reduces glomerular hyperfiltration, albuminuria, and the meta- bolic demands of the proximal tubule

Putative mechanism for sodium-mediated changes in adenosine
bioactivity at the afferent arteriole:
(A), During normal conditions sodium-glucose cotransport leads to
minimal glycosuria. If, under these nondiabetic conditions, NaCl
delivery to the macula densa was reduced in the context of a
physiological stress such as hypotension, renal perfusion would
decrease, leading to a reduction in NaCl transit across macula densa
cells, thereby causing less adenosine triphosphate (ATP) release and
breakdown to adenosine, which is a vasoconstrictor. The resulting
afferent vasodilation would serve to preserve renal blood flow and
glomerular filtration rate (GFR), and thereby avoid acute kidney injury;
the inverse relationship between changes in the NaCl transit across
macula densa cells and GFR is a process called tubuloglomerular
feedback.
(B),sodium-glucose cotransport-2 activity (SGLT2) is increased,
thereby reducing macula densa NaCl delivery. This affects the same
tubuloglomerular feedback mechanisms, leading to afferent
vasodilatation. Because renal blood flow and GFR start off within a
normal range, afferent vasodilatation under these circumstances
results in renal hyperperfusion and glomerular hyperfiltration.
(C) SGLT-2 would therefore be to restore distal tubular flow and NaCl
delivery to the macula densa, thereby increasing local adenosine
generation and afferent vasoconstriction to attenuate the hyperfiltration
state.

SGLT2 inhibitors improve ventricular loading conditions

Verma and McMurray (2018) Diabetologia DOI 10.1007/s00125-018-4670-7
© G. Oomen 2018

SGLT2 inhibitors may differentially regulate the interstitial vs intravascular
compartment when compared with loop diuretics

SGLT2 inhibitors

Loop diuretics

Verma and McMurray (2018) Diabetologia DOI 10.1007/s00125-018-4670-7
© G. Oomen 2018

SGLT2 inhibition and direct effects on Na+/H+ exchange in the myocardium

Verma and McMurray (2018) Diabetologia DOI 10.1007/s00125-018-4670-7
© G. Oomen 2018

Cardiovascular protection by SGLT2 inhibitors
Diabetes-associated
ventricular remodelling

Healthy heart

Verma and McMurray (2018) Diabetologia DOI 10.1007/s00125-018-4670-7
© G. Oomen 2018

Physiologic mechanisms implicated in the
cardiovascular and renal protection with
SGLT2 inhibition.
HbA1c indicates hemoglobin A1c; and
SGLT2, sodium-glucose cotransporter-2.
Circulation. 2016;134:752–772. DOI:
10.1161/CIRCULATIONAHA.116.021887

Circulation. 2016;134:752–772. DOI:
10.1161/CIRCULATIONAHA.116.021887

Schematic representation of the possible metabolic and hemodynamic mechanisms via which
empagliflozin reduced mortality and hospitalization for heart failure in the EMPA-REG OUTCOME
study.

Muhammad Abdul-Ghani et al. Dia Care 2016;39:717-725

©2016 by American Diabetes Association

Number of CV events prevented in 200 T2DM patients over a period of 5 years in whom HbA1c
was lowered by 0.9%, LDL cholesterol by 1 mmol/L, and systolic blood pressure by 4 mmHg and
who were given 45 mg pioglitazone (Pio) or empagliflozin (EMPA) (10 or 25 mg per day) (1,11,17).

Muhammad Abdul-Ghani et al. Dia Care 2016;39:717-725

©2016 by American Diabetes Association

Incretins in -cell biology

3,4

MEAL
vagal

carbohydrate
protein, fatty &
bile acids

L
Distal small intestine
ileum and colon

Up to 70% of total post-prandial insulin production
is determined by incretins
The effect and contribution varies with the size
of the glucose challenge / the meal composition
Pancreas

vagal

GLP-1

GLPR

β
α

• Amplified insulin secretion
• Improved glucose sensitivity
• -cell proliferation/neogenesis
• Reduced -cell apoptosis

3. Campbell & Drucker. Cell Metabolism (2013); 4. Diakogiannaki, et al. Physiol. Behav. (2012).

SIGNAL

AMPLIFICATION

OUTPUT

AMPLIFIER
GLUCOSE
FOOD

GLP-1
AMPLIFICATION
of glucose/meal-stimulated
insulin secretion

increased
INSULIN*
(incret-ins)

Over the past 3 years, the effectiveness of combining GLP-1 receptor agonists
(both shorter-acting and newer weekly formulations) with basal insulin has
been demonstrated, with most studies showing equal or slightly superior
efficacy to the addition of prandial insulin, and with weight loss and less
hypoglycemia.
The available data now suggest that either a GLP-1 receptor agonist or prandial
insulin could be used in this setting, with the former arguably safer, at least for
short-term outcomes
Inzucchi Diabetes (2015)

GLP 1 AGONIST FIRST
INJECTABLE THERAPY or as an
add on to INSULIN or rescue then
EXCHANGE

No increase in insulin when glucose levels
are low during a continuous infusion of GLP11

Nauck et al. JCEM
(2002)

No impairment of glucagon response (which
protects against hypoglycemia) during an infusion

Cardiovascular Actions and Clinical Outcomes With Glucagon-Like Peptide-1 Receptor Agonists and Dipeptidyl Peptidase-4 Inhibitors, Volume: 136, Issue: 9, Pages: 849-870, DOI:
(10.1161/CIRCULATIONAHA.117.028136)

Direct and Indirect Effects of GLP-1

Drucker DJ. Cell Metabolism 2016

All-Cause Mortality
Intention-to-Treat Analysis

First Cardiovascular Outcome Trial of a GLP-1
Agonist Finds No Cardiac Risk or Benefit
HR (95% CI)
P value

0.86 (0.77, 0.97)
0.016

Forest Plot of Secondary Endpoints (Intention-to-Treat Analysis)
Exenatide
N=7356

Placebo
N=7396

All-cause mortality

507
(6.9%)

584
(7.9%)

CV-death

340
(4.6%)

Fatal or non-fatal MI

Fatal or non-fatal stroke

95% CI

P value

0.86

0.77, 0.97

0.016

383
(5.2%)

0.88

0.76, 1.02

0.096

483
(6.6%)

493
(6.7%)

0.97

0.85, 1.10

0.622

187
(2.5%)

218
(2.9%)

0.85

0.70, 1.03

0.095

Hospitalisation for ACS

602
(8.2%)

570
(7.7%)

1.05

0.94, 1.18

0.402

Hospitalisation for
heart failure

219
(3.0%)

231
(3.1%)

0.94

0.78, 1.13

0.485

0

Hazard Ratio

0.5

1

Exenatide
favoured

1.5

Placebo
favoured

2

Primary Composite Cardiovascular Outcome
Intention-to-Treat Analysis for Non-inferiority & Superiority

HR (95% CI)
P value (non-inferiority)

0.91 (0.83, 1.00)
<.001

P value (superiority)

0.061

Potential for weight loss with Exenatide
versus weight gain with insulin glargine

Change in body weight (kg)

2

1

Insulin glargine (Mean baseline body weight 88.3 kg)
Exenatide (Mean baseline body weight 87.5 kg)

0

*

-1

*
*

-2

*

*
*

-3
Insulin glargine n =
Byetta
n=

0

2

4

8

12

18

26

267
281

266
277

261
275

253
261

251
245

246
235

244
231

Weeks

*P < 0.0001 compared with insulin glargine measure at the same time point.
†

Exenatide is not indicated for the management of obesity, and weight change was a secondary endpoint in clinical trials.
Adapted from Heine RJ, et al. Ann Intern Med 2005; 143(8): 559–69.

62

DURATION1. Mayo Clin Proc (2015)

Exhaustion (nike effect)

63

Meta-analysis: Overall hypoglycemia
for medications added-on metformin
34 RCT (n=16704): 6-12 months trials, added-on after metformin failure

McIntosh B et al. Open Med 2011; 5:E35-E48

Meta-analysis: Body weight change
for medications added-on metformin
30 RCT (n=15265): 6-12 months trials, added-on after MFM failure

McIntosh B et al. Open Med 2011; 5:E35-E48

Second generation Basal Insulins;
Glargine U 300 and Deglutec U 100 or
200
■ Control with consistently less HYPOGLYCMEMIA.
■ Flat Profile, No Stacking, if not titrating more than every 3 to 4 days.

■ In a real-world setting, switching from Gla-100 or IDet to Gla-300 or IDeg was
associated with similar improvements in glycemic control and hypoglycemia in adult
patients with T2D.
■ Second‐generation basal insulin analogues (eg, insulin glargine 300 units/mL
[Gla‐300] and insulin degludec [IDeg]4) became available in the US in 2015.
■ These have more stable pharmacokinetic and pharmacodynamic profiles and a
longer duration of action than the first‐generation basal insulin analogues (eg,
insulin glargine 100 units/mL [Gla‐100] or insulin detemir [IDet])
■ Head‐to‐head comparisons between the second‐generation basal insulin analogues
are limited to euglycaemic clamp studies

Diabetes Obes Metab. 2018 Sep;20(9):2148-2158. doi: 10.1111/dom.13345. Epub 2018 Jun 25.

Insulin degludec: Lower day‐to‐day and within‐day variability in pharmacodynamic response compared with
insulin glargine 300 U/mL in type 1 diabetes

Diabetes, Obesity and Metabolism, Volume: 19, Issue: 7, Pages: 1032-1039, First published: 14 March 2017, DOI: (10.1111/dom.12938)

Insulin degludec: Lower day‐to‐day and within‐day variability in pharmacodynamic response compared with
insulin glargine 300 U/mL in type 1 diabetes

Diabetes, Obesity and Metabolism, Volume: 19, Issue: 7, Pages: 1032-1039, First published: 14 March 2017, DOI: (10.1111/dom.12938)

Insulin degludec: Lower day‐to‐day and within‐day variability in pharmacodynamic response compared with
insulin glargine 300 U/mL in type 1 diabetes

Diabetes, Obesity and Metabolism, Volume: 19, Issue: 7, Pages: 1032-1039, First published: 14 March 2017, DOI: (10.1111/dom.12938)

Gla-300 provided 20% less fluctuation of
steady state glucose infusion rate
profiles than Deg-100 over 24 hours at
0.4 U/kg/day (GIR-smFL0–24 treatment
ratio 0.80 [90% confidence interval: 0.66
to 0.96], P = 0.047), while at the dose of
0.6 U/kg/day the difference between
insulins was not statistically significant
(treatment ratio 0.96 [0.83 to1.11], P =
0.6
Both insulins provided exposure and
activity until 30 hours (end of clamp).

Bailey TS, Pettus J, Roussel R, et al. Morning administration of 0.4
U/kg/day insulin glargine 300U/mL provides less fluctuating 24‐hour
pharmacodynamics and more even pharmacokinetic profiles compared
with insulin iDeg 100 U/mL in type 1 diabetes. Diabetes Metab.
2018;44:15‐21.

Distribution of activity (A)
and exposure (B) of Gla300 and Deg-100 over
24 hours at the
0.4 U/kg/day dose level
in steady state. Dashed
grey lines represent the
ideal constant activity of a
basal insulin over
24 hours, with the same
25% of activity distributed
in each of the four 6-hour
periods. AUC: area under
the curve; INS: serum
insulin concentration;

Subtle differences
■ Dose of Gla-300 seen in a clinical trial of T1DM, which requires a 17% increase
in units versus Gla-100
■ The clinical trial considered in this analysis was sponsored by Sanofi, Paris,
France. Sanofi was responsible for the design and coordination of the trial,
monitoring clinical sites, collecting and managing data, and performing all
statistical analyses.
■ Four clamps were excluded, from the PD analysis owing to insufficient clamp
quality (3 based, on low utility [1 in cohort 1 and 2 in cohort 2], 1 based on high
control deviation in cohort 1) and 1 owing to a presumed failed dosing of Gla300 leading to immediate BG escape in cohort 1.
■ The main endpoint, the fluctuation of the smoothed GIR (GIR-smFL0–24), was
significantly lower with Gla-300 (mean [SD] of0.38 [0.17] mg/min/kg) versus
Deg-100 (0.46 [0.19] mg/min/kg) atthe 0.4 U/kg/day dose level (Table 2andFig.
1A; treatment ratio0.80 [90% confidence interval (90% CI): 0.66 to 0.96];P=
0.047).
■ Morning doses vs Evenening doses as well as Deglutec study was evaluating
DAY to DAY variation.

PharmacoKinetics and PharmacoDynamics
■ Second Generation of Basal Insulins…
■ Designed to impact improved Half life and set up patterns to understand how
frequently to titrate.
■ Longer the Half life, the less frequent we need to dose the Insulin.
■ In between day Variability should be low
■ Kinetic patterns of Intermediate Insulins (U500 and NPH) are not
“PHYSIOLOGICAL”
■ Comparisons of first generation and second generation basal insulins (Lantus
and Levemir vs Tresciba and Tujeo (Less Hypoglycemia)

■ Similar EFFICACY and better SAFETY!!
■ Predictable and associated with less Hypoglycemia with probable improved
adherence
Supplement to Journal of Family Practice; VOL 68, NO 1 / JANUARY 2019 VIDEO ROUNDTABLE
ABSTRACT The Relevance of Clinical Pharmacology Studies of Basal Insulins to Primary Care Timothy S.
Reid, MD; John White, PA-C, PharmD; Luigi Meneghini, MD, MBA www.mdedge.com/jfponline/ insulin_pk_pd

LIFESTYLE INTERVENTIONS
(ADA)
■ The field of diabetes care is rapidly changing as new research, technology, and
treatments that can improve the health and well-being of people with diabetes
continue to emerge.
■ Because weight loss through lifestyle changes alone can be difficult to maintain long
term (4), people being treated with weight loss therapy should have access to
ongoing support and additional therapeutic options (such as pharmacotherapy) if
needed.
■ Metformin therapy for prevention of type 2 diabetes should be considered in those
with prediabetes, especially for those with BMI ≥35 kg/m2, those aged <60 years,
and women with prior gestational diabetes mellitus.

■ Long-term use of metformin may be associated with biochemical vitamin B12
deficiency, and periodic measurement of vitamin B12 levels should be considered in
metformin-treated patients, especially in those with anemia or peripheral
neuropathy.

Ask About Weight History to Learn More About
Mortality Risk Link seen between max BMI over
decades of weight history and subsequent allcause mortality.

Original Investigation Nutrition, Obesity, and Exercise, November 16, 2018, Association of Obesity With Mortality Over 24 Years of Weight History
Findings From the Framingham Heart Study Hanfei Xu, MS1; L. Adrienne Cupples, PhD1,2; Andrew Stokes, PhD3; et al Ching-Ti Liu, PhD1 Author
Affiliations Article Information JAMA Netw Open. 2018;1(7):e184587. i:10.1001/jamanetworkopen.2018.4587

Standards of Medical Care in Diabetes—
2019 (American Diabetes Association)
SMCADA
■ Pharmacologic agents including metformin, α-glucosidase inhibitors, glucagon-like
peptide 1 receptor agonists, thiazolidinediones, and several agents approved for weight
loss have been shown in research studies to decrease the incidence of diabetes to
various degrees in those with prediabetes.
■ None are approved by the U.S. Food and Drug Administration specifically for diabetes
prevention.
■ One has to balance the risk/benefit of each medication.
■ Metformin has the strongest evidence base and demonstrated long-term safety as
pharmacologic therapy for diabetes prevention. (Metformin was overall less effective
than lifestyle modification)
■ For other drugs, cost, side effects, and durable efficacy require consideration.

ASSESSMENT OF GLYCEMIC CONTROL,
(SMCADA)
■ Recommendations
■ 6.1 Perform the A1C test at least two times a year in patients who are meeting
treatment goals (and who have stable glycemic control). E
■ 6.2 Perform the A1C test quarterly in patients whose therapy has changed or
who are not meeting glycemic goals. E
■ 6.3 Point-of-care testing for A1C provides the opportunity for more timely
treatment changes. E

A1C GOALS; (SMCADA)
■

Recommendations

■

6.4 A reasonable A1C goal for many nonpregnant adults is <7% (53 mmol/mol). A

■

6.5 Providers might reasonably suggest more stringent A1C goals (such as <6.5% [48
mmol/mol]) for selected individual patients if this can be achieved without significant
hypoglycemia or other adverse effects of treatment (i.e., polypharmacy). Appropriate patients
might include those with short duration of diabetes, type 2 diabetes treated with lifestyle or
metformin only, long life expectancy, or no significant cardiovascular disease. C

■

6.6 Less stringent A1C goals (such as <8% [64 mmol/mol]) may be appropriate for patients
with a history of severe hypoglycemia, limited life expectancy, advanced microvascular or
macrovascular complications, extensive comorbid conditions, or long-standing diabetes in
whom the goal is difficult to achieve despite diabetes self-management education, appropriate
glucose monitoring, and effective doses of multiple glucose-lowering agents including
insulin. B

■

6.7 Reassess glycemic targets over time based on the criteria in Fig. 6.1 or, in older adults, E

Framework for considering treatment goals for glycemia, blood pressure, and dyslipidemia in older adults with diabetes;
(SMCADA)
Patient
Fasting or
characteristics/hea
lth status

Healthy (few
coexisting chronic
illnesses, intact
cognitive and
functional status)

Rationale

Longer remaining
life expectancy

Complex/intermedia
te (multiple
Intermediate
coexisting chronic
remaining life
illnesses* or 2+
expectancy, high
instrumental ADL
treatment burden,
impairments or mildhypoglycemia
to-moderate
vulnerability, fall risk
cognitive
impairment)
Very complex/poor
health (LTC or endstage chronic
illnesses** or
moderate-to-severe
cognitive
impairment or
2+ ADL
dependencies)

Limited remaining
life expectancy
makes benefit
uncertain

Reasonable A1C
goal‡

preprandial
glucose

Bedtime glucose

Blood pressure

Lipids

<7.5% (58
mmol/mol)

90–130 mg/dL (5.0– 90–150 mg/dL (5.0–
<140/90 mmHg
7.2 mmol/L)
8.3 mmol/L)

Statin unless
contraindicated or
not tolerated

<8.0% (64
mmol/mol)

90–150 mg/dL (5.0– 100–180 mg/dL
8.3 mmol/L)
(5.6–10.0 mmol/L)

<140/90 mmHg

Statin unless
contraindicated or
not tolerated

<150/90 mmHg

Consider likelihood
of benefit with statin
(secondary
prevention more so
than primary)

<8.5%† (69
mmol/mol)

100–180 mg/dL
(5.6–10.0 mmol/L)

110–200 mg/dL
(6.1–11.1 mmol/L)

Cardiovascular Disease and Type 2
Diabetes
■ Addition of specific sodium–glucose cotransporter 2 inhibitors (SGLT2i) or glucagonlike peptide 1 receptor agonists (GLP-1 RA) to improve cardiovascular outcomes in
patients with established CVD is indicated with consideration of glycemic goals. If
the patient is not at A1C target, continue metformin unless contraindicated and add
SGLT2i or GLP-1 RA with proven cardiovascular benefit. If the patient is meeting
A1C target, consider one of three strategies (39):
■ 1. If already on dual therapy or multiple glucose-lowering therapies and not on an
SGLT2i or GLP-1 RA, consider switching to one of these agents with proven
cardiovascular benefit.
■ 2. Reconsider/lower individualized A1C target and introduce SGLT2i or GLP-1 RA.
■ 3. Reassess A1C at 3-month intervals and add SGLT2i or GLP-1 RA if A1C goes
above target.

HYPOGLYCEMIA
■

Recommendations

■

6.8 Individuals at risk for hypoglycemia should be asked about symptomatic and asymptomatic
hypoglycemia at each encounter. C

■

6.9 Glucose (15–20 g) is the preferred treatment for the conscious individual with blood glucose <70
mg/dL [3.9 mmol/L]), although any form of carbohydrate that contains glucose may be used. Fifteen
minutes after treatment, if SMBG shows continued hypoglycemia, the treatment should be repeated.
Once SMBG returns to normal, the individual should consume a meal or snack to prevent
recurrence of hypoglycemia. E

■

6.10 Glucagon should be prescribed for all individuals at increased risk of level 2 hypoglycemia,
defined as blood glucose <54 mg/dL (3.0 mmol/L), so it is available should it be needed. Caregivers,
school personnel, or family members of these individuals should know where it is and when and
how to administer it. Glucagon administration is not limited to health care professionals. E

■

6.11 Hypoglycemia unawareness or one or more episodes of level 3 hypoglycemia should trigger
reevaluation of the treatment regimen. E

■

6.12 Insulin-treated patients with hypoglycemia unawareness or an episode of level 2 hypoglycemia
should be advised to raise their glycemic targets to strictly avoid hypoglycemia for at least several
weeks in order to partially reverse hypoglycemia unawareness and reduce risk of future episodes. A

■

6.13 Ongoing assessment of cognitive function is suggested with increased vigilance for
hypoglycemia by the clinician, patient, and caregivers if low cognition or declining cognition is
found. B

■
■

PHARMACOLOGIC THERAPY FOR TYPE 2
DIABETES
9.5 Metformin is the preferred initial pharmacologic agent for the treatment of type 2 diabetes. A

9.6 Once initiated, metformin should be continued as long as it is tolerated and not contraindicated; other agents, including insulin, should
be added to metformin. A

■

9.7 Long-term use of metformin may be associated with biochemical vitamin B12 deficiency, and periodic measurement of vitamin B12
levels should be considered in metformin-treated patients, especially in those with anemia or peripheral neuropathy. B

■

9.8 The early introduction of insulin should be considered if there is evidence of ongoing catabolism (weight loss), if symptoms of
hyperglycemia are present, or when A1C levels (>10% [86 mmol/mol]) or blood glucose levels (≥300 mg/dL [16.7 mmol/L]) are very high. E

■

9.9 Consider initiating dual therapy in patients with newly diagnosed type 2 diabetes who have A1C ≥1.5% (12.5 mmol/mol) above their
glycemic target. E

■

9.10 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, and patient preferences. E

■

9.11 Among patients with type 2 diabetes who have established atherosclerotic cardiovascular disease, sodium–glucose cotransporter 2
inhibitors, or glucagon-like peptide 1 receptor agonists with demonstrated cardiovascular disease benefit (Table 9.1) are recommended as
part of the antihyperglycemic regimen. A

■

9.12 Among patients with atherosclerotic cardiovascular disease at high risk of heart failure or in whom heart failure coexists, sodium–
glucose cotransporter 2 inhibitors are preferred. C

■

9.13 For patients with type 2 diabetes and chronic kidney disease, consider use of a sodium–glucose cotransporter 2 inhibitor or glucagonlike peptide 1 receptor agonist shown to reduce risk of chronic kidney disease progression, cardiovascular events, or both. C

■

9.14 In most patients who need the greater glucose-lowering effect of an injectable medication, glucagon-like peptide 1 receptor agonists
are preferred to insulin. B

■

9.15 Intensification of treatment for patients with type 2 diabetes not meeting treatment goals should not be delayed. B

■

9.16 The medication regimen should be reevaluated at regular intervals (every 3–6 months) and adjusted as needed to incorporate new
patient factors (Table 9.1). E

Glucose-lowering
medication in type 2
diabetes: overall
approach.
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Class

Biguanides

Median AWP (min, max)†

Median NADAC (min, max)†

Maximum approved daily dose*

500 mg (IR)

$84 ($4, $93)

$2

2,000 mg

850 mg (IR)

$108 ($6, $109)

$3

2,550 mg

1,000 mg (IR)

$87 ($4, $88)

$2

2,000 mg

500 mg (ER)

$89 ($82, $6,671)

$4 ($4, $1,267)

2,000 mg

750 mg (ER)

$72 ($65, $92)

$4

1,500 mg

1,000 mg (ER)

$1,028 ($1,028, $7,214)

$311 ($311, $1,321)

2,000 mg

• Glimepiride

4 mg

$71 ($71, $198)

$4

8 mg

• Glipizide

10 mg (IR)
10 mg (XL)

$75 ($67, $97)
$48

$5
$15

40 mg (IR)
20 mg (XL)

6 mg (micronized)

$50 ($48, $71)

$10

12 mg (micronized)

5 mg

$93 ($63, $103)

$13

20 mg

• Pioglitazone

45 mg

$348 ($283, $349)

$4

45 mg

• Rosiglitazone

4 mg

$407

$329

8 mg

• Acarbose

100 mg

$106 ($104, $106)

$23

300 mg

Compound(s)

• Metformin

Sulfonylureas (2nd generation)
• Glyburide

Thiazolidinediones

α-Glucosidase inhibitors

Meglitinides (glinides)

DPP-4 inhibitors

SGLT2 inhibitors

• Miglitol

100 mg

$241

$311

300 mg

• Nateglinide

120 mg

$155

$46

360 mg

• Repaglinide

2 mg

$878 ($162, $898)

$48

16 mg

• Alogliptin

25 mg

$234

$170

25 mg

• Saxagliptin

5 mg

$490 ($462, $490)

$392

5 mg

• Linagliptin
• Sitagliptin

5 mg
100 mg

$494
$516

$395
$413

5 mg
100 mg

• Ertugliflozin

15 mg

$322

$257

15 mg

• Dapagliflozin

10 mg

$557

$446

10 mg

• Canagliflozin

300 mg

$558

$446

300 mg

• Empagliflozin

25 mg

$558

$448

25 mg

2 mg powder for suspension or pen

$792

$634

2 mg**

• Exenatide (extended release)
GLP-1 receptor agonists

Bile acid sequestrants
Dopamine-2 agonists

Amylin mimetics

Dosage strength/product (if applicable)

• Exenatide

10 μg pen

$850

$680

20 μg

• Dulaglutide

1.5/0.5 mL pen

$876

$702

1.5 mg**

• Semaglutide

1 mg pen

$875

$704

1 mg**

• Liraglutide

18 mg/3 mL pen

$1,044

$835

1.8 mg

625 mg tabs

$712 ($674, $712)

$354

3.75 g

3.75 g suspension

$674

$598

3.75 g

• Bromocriptine

0.8 mg

$855

$685

4.8 mg

• Pramlintide

120 μg pen

$2,547

$2,036

120 μg/injection†††

• Colesevelam

Insulins

Compounds
• Lispro biosimilar

• Glulisine

Rapid-acting analogs

• Lispro

• Aspart

Short-acting

• Inhaled insulin
• Human Regular

Intermediate-acting

• Human NPH

Concentrated Human Regular
insulin

• U-500 Human Regular insulin
• Glargine biosimilar
• Glargine

Basal analogs

• Detemir
• Degludec
• NPH/Regular 70/30
• Lispro 50/50

Premixed insulin products
• Lispro 75/25
• Aspart 70/30
Premixed insulin/GLP-1 receptor • Degludec/Liraglutide
agonist products
• Glargine/Lixisenatide

Dosage form/product

Median AWP (min, max)*

Median NADAC (min, max)*

U-100 vial
U-100 prefilled pen
U-100 vial
U-100 prefilled pen
U-100 vial
U-100 3 mL cartridges
U-100 prefilled pen; U-200
prefilled pen
U-100 vial
U-100 3 mL cartridges
U-100 prefilled pen
Inhalation cartridges
U-100 vial
U-100 vial
U-100 prefilled pen
U-500 vial
U-500 prefilled pen

$280
$361
$324
$417
$330
$408

$226
$289
$260
$334
$264
$326

$424

$340

$347
$430
$447
$993
$165 ($165, $178)
$165 ($165, $178)
$377
$178
$230

$278
$343
$358
$606
$135 ($135, $146)
$135 ($135, $144)
$304
$142
$184

U-100 prefilled pen

$261

$209

U-100 vial; U-100 prefilled pen
U-300 prefilled pen
U-100 vial; U-100 prefilled pen
U-100 prefilled pen; U-200
prefilled pen
U-100 vial
U-100 prefilled pen
U-100 vial
U-100 prefilled pen
U-100 vial
U-100 prefilled pen
U-100 vial
U-100 prefilled pen
100/3.6 prefilled pen

$323
$331
$353

$259
$266
$281

$388

$310

$165 ($165, $178)
$377
$342
$424
$342
$424
$360
$447
$793

$135 ($135, $144)
$306
$274
$340
$273
$340
$288
$358
$638

100/33 prefilled pen

$537

$431

Cardiovascular outcomes trials of available antihyperglycemic medications completed after the issuance of the FDA 2008
guidelines
GLP-1 receptor agonists

DPP-4 inhibitors
SAVOR-TIMI 53 (168)
(n = 16,492)
Intervention

Main inclusion criteria

A1C inclusion criteria
(%)
Age (years)††

SGLT2 inhibitors

EXAMINE (175) (n
= 5,380)

TECOS (171) (n
=14,671)

ELIXA (161) (n =6,068)

LEADER (159) (n
=9,340)

SUSTAIN-6 (160)* (n
= 3,297)

EXSCEL (162) (n
=14,752)

Saxagliptin/placebo

Alogliptin/placebo

Sitagliptin/placebo

Lixisenatide/placebo

Liraglutide/placebo

Semaglutide/placebo

Type 2 diabetes and
Type 2 diabetes and
history of or multiple risk ACS within 15–90 days
factors for CVD
before randomization

Type 2 diabetes and
preexisting CVD

EMPA-REG OUTCOME
(8) (n = 7,020)

CANVAS (9) (n
= 4,330)

Exenatide QW/placebo Empagliflozin/placebo

Type 2 diabetes and
Type 2 diabetes and
preexisting CVD, kidney
Type 2 diabetes and
preexisting CVD, HF, or
disease, or HF at ≥50
Type 2 diabetes with or Type 2 diabetes and
history of ACS (<180
CKD at ≥50 years of
years of age or
without preexisting CVD
preexisting CVD
days)
age or cardiovascular
cardiovascular risk at
risk at ≥60 years of age
≥60 years of age

CANVAS-R (9) (n
= 5,812)
Canagliflozin/placebo

Type 2 diabetes and preexisting CVD at ≥30
years of age or >2 cardiovascular risk factors at
≥50 years of age

≥6.5

6.5–11.0

6.5–8.0

5.5–11.0

≥7.0

≥7.0

6.5–10.0

7.0–10.0

7.0–10.5

65.1

61.0

65.4

60.3

64.3

64.6

62

63.1

63.3

Diabetes duration
(years)††

10.3

7.1

11.6

9.3

12.8

13.9

12

57% >10

13.5

Median follow-up
(years)

2.1

1.5

3.0

2.1

3.8

2.1

3.2

3.1

Statin use (%)

78

91

80

93

72

73

74

77

75

Metformin use (%)

70

66

82

66

76

73

77

74

77

Prior CVD/CHF (%)

78/13

100/28

74/18

100/22

81/18

60/24

73.1/16.2

99/10

65.6/14.4

Mean baseline A1C (%)

8.0

8.0

7.2

7.7

8.7

8.7

8.0

8.1

8.2

Mean difference in A1C
between groups at end
of treatment (%)

−0.3˄

−0.3˄

−0.3˄

−0.3˄

−0.4˄

−0.7 or – 1.0˄†

−0.53˄

−0.3˄‡

−0.58˄

2010/2013

2009/2013

2008/2015

2010/2015

2010/2016

2013/2016

2010/2017

2010/2015

2009/2017

3-point MACE

3-point MACE

4-point MACE

4-point MACE

3-point MACE

3-point MACE

3-point MACE

3-point MACE

3-point MACE

Progression to
albuminuria**

1.00 (0.89–1.12)

0.96 (95% UL ≤1.16)

0.98 (0.89–1.08)

1.02 (0.89–1.17)

0.87 (0.78–0.97)

0.74 (0.58–0.95)

0.91 (0.83–1.00)

0.86 (0.74–0.99)

0.86 (0.75–0.97)§

0.73 (0.47–0.77)

Individual components
of MACE (see below)

Year started/reported

5.7

2.1

Primary outcome§

Expanded MACE

4-point MACE

3-point MACE

Expanded MACE

Expanded MACE

Expanded MACE

1.02 (0.94–1.11)

0.95 (95% UL ≤1.14)

0.99 (0.89–1.10)

1.00 (0.90–1.11)

0.88 (0.81–0.96)

0.74 (0.62–0.89)

Cardiovascular death§

1.03 (0.87–1.22)

0.85 (0.66–1.10)

1.03 (0.89–1.19)

0.98 (0.78–1.22)

0.78 (0.66–0.93)

0.98 (0.65–1.48)

0.88 (0.76–1.02)

0.62 (0.49–0.77)

MI§

0.95 (0.80–1.12)

1.08 (0.88–1.33)

0.95 (0.81–1.11)

1.03 (0.87–1.22)

0.86 (0.73–1.00)

0.74 (0.51–1.08)

0.97 (0.85–1.10)

0.87 (0.70–1.09)

Key secondary
outcome§

4-point MACE

40% reduction in
All-cause and
composite eGFR, renal
cardiovascular mortality
replacement, renal
(see below)
death

0.89 (0.78–1.01)

0.60 (0.47–0.77)
0.96 (0.77–1.18)¶
0.87 (0.72–1.06)#
0.85 (0.65–1.11)

0.85 (0.61–1.19)

Review the role of continuous glucose monitor (CGM) in
managing diabetes and learn how to interpret glucose data
using the ambulatory glucose profile (AGP).
■ Increasing Self Monitoring BG contributes to the development of diabetes
FATIGUE
■ The energy and attention to detail required to manage diabetes can cause
significant negative emotions that may impact a patient's involvement in care

■ There is no vacation or break from the management requirements of the disease
■ Diabetes requires managing a lot of information constantly and more extensive
data can be collected from a CGM than from SMBG.
■ A CGM utilizes a sensor placed in the interstitial fluid to collect glucose values
every few minutes throughout the day so this allows persons with diabetes and
HCPs to see trends of the sensor glucose (SG) each day the CGM is worn
■ An ambulatory glucose profile (AGP) is a standardized format to present CGM
data from multiple days to find trends and decipher the causes of hypo- and

Company

Medtronic

Abbott

Senseonics

Guardian

DEXCO
M
G6

BRAND NAME

FreeStyle Libre

Eversense

# of DAYS To
WEAR

7

10

14

90

# of Hours to USE

2

2

1

24 hours

# of
Calibrations/DAY

2

0

0

2

SPECIAL
FEATURES

Mobile device

WARNS Self Interrogate
ALARMS Cloud Based

PUMP
COMPATABLE

670G

Tandem

Implantable

Artificial Pancreas: The Way of the
Future for Treating Type 1

Available insulin pump technology, as of June 2008. A: Accu-Chek Spirit insulin pump. B: Animas 2020
insulin pump. C: Deltec Cozmo insulin pump. D: DANA Diabecare IIS insulin pump. E: Medtronic
MiniMed Paradigm REAL-Time System. F: OmniPod Insulin Management System.

Multiple Defects Contribute to the
Pathophysiology
of Type 2 Diabetes (OMINOUS OCTET)
Increased
Gucagon

Glucose
production

Chronic
Hyperglycemia
Glucose
uptake

BRAIN

ααααα

β

Neurotransmitter

ALPHA
cells

Insulin
secretion

Increased
Lipolysis

Glucose
reabsorption

Decreased
GLP-1

1. Stumvoll M. Lancet. 2005;365:1333-1346.
2. Gerich JE. Diabet Med. 2010;27:136-142.

Adipose

Incretin

SGLT-2
MYOCYT
E?

Diabetes Care 2017 Aug; 40(8): 1121-1127.

Reported pleiotropic effects of GLP-1 agonists on
various tissues and organs under experimental
conditions
GL
P-1

GLP1

Meier, J. J. (2012) GLP-1 receptor agonists for individualized treatment of type 2 diabetes
mellitus
Nat. Rev. Endocrinol. doi:10.1038/nrendo.2012.140

Diabetes Care 2017 Jul; 40(7): 813- 820
https://doi.org/10.2337/dc16-2736

1920’s

2005
Before and
After
One
of the first
patients to ever
receive GLP-1
agonist therapy ?

2013
One of the First Patient’s to ever receive SGLT-2
therapy
Hope that this is the best time in history to
have
diabetes mellitus goes along way!!!

Future AACE Guideline- Modest Proposal
Principles of the AACE Guidelines / A1C Goal, lowest without hypoglycemia
1. Minimize risk/severity of Hypoglycemia

5. Lifestyle Modification Essential and NO SMOKING

2. Minimize risk/severity of Weight gain

6. Combination frequently required; Complimentary
mechanisms of action

3. Fast therapeutic changes (2-3 months, earlier
even better)

7. When using insulin, add an insulin-sensitizing agent if
possible

4. Address fasting and postprandial glucose

8. Cost is important but, safety and efficacy trump cost

Asymptomatic
5.7 HbA1c Continuum 6.5%– if not at goal, advance Rx7.5%

9.0

12%
Symptomatic

Prevention
Pioglitazone
[Incretin]
[Bromocriptine]
Metformin
Colsevelam

•Monotherapy

Dual Combination

•Metformin
•Pioglitazone
•GLP-1 agonist
•Bromocriptine

•
•
•
•

•DPP-4 Inhibitor
•SGLT-2
•Colsevelam
• AGI/Ranolazine

•
•
•

Metformin
Pioglitazone
GLP-1 agonist
Bromocriptine
DPP-4 Inhibitor
SGLT-2
Colesevelam
AGI/Ranolazine

Triple Combination
• Metformin
•
•
•
•
•

Pioglitazone
GLP-1 agonist
Bromocriptine
DPP-4 Inhibitor
SGLT-2
Colesevelam
AGI/Ranolazine

Diet and Exercise
Therapeutic Choice Should Match The Drug Characteristics
With Patient Characteristics

Insulin*
• +/- Other
agents
*Insulin analogs
Not NPH/regular
 If over 9.0% or above
and symptomatic

If triple combo fails

TREAT EARLY
■ Considerable evidence now supports aggressive interventions in
patients with prediabetes or soon after the diagnosis of type 2
diabetes to limit the many complications of the disease.

■ Anything done to prevent the disease should be considered the
same as treating the disease.
■ RALPH, “ When I first started, even if you think back to 1995, we
had two drugs. We had sulfonylureas, which now we consider
them pretty barbaric, and insulin, and that was it. I actually was the
person who was responsible, to get Metformin approved by the
FDA. That happened in 1995. We thought, “man, we’re in heaven
now, we have two drugs. We have Metformin and sulfonylureas.”
Then you think about all the drugs that we have now, how
much better off patients’ lives are and how much easier it is
for doctors to get people under control. The big problem now
as I see it is affordability of many of the newer medications, which
work really quite well compared to the older medications but are
also quite expensive. This is an issue that we all have to deal with

David Kendall

