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Objectives

• To discuss the changing classification of diabetes

• To review new medications and standards of care of diabetes treatment

• To discuss recent technologic advances in diabetes management

• To review the role of diet and nutrition in diabetes management

• To evaluate where we are in the search for a cure

Number of people (20-79 years) with diabetes globally

Standards of Medical Care in Diabetes 2020

• Type 1 diabetes 
• Autoimmune β-cell destruction, usually leading to absolute insulin deficiency

• Type 2 diabetes 
• Progressive loss of β-cell insulin secretion in the background of insulin resistance

• Gestational diabetes mellitus
• Diagnosed in the 2nd or 3rd trimester of pregnancy, not clearly overt prior to gestation

• Specific types of diabetes due to other causes
• Everything else
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Significant heterogeneity exists
• Honeymooning type 1 diabetic patients 

• Strong family history, only responding to sulfonylurea

• Diabetes from chronic alcohol use or cystic fibrosis

• Steroid induced diabetes

Traditional Classifications
Type 1 Type 2

Also known as IDDM NIDDM

Body habitus Lean Obese

Age of onset Young Older

Treatment Insulin Lifestyle, orals, insulin in 
some cases

DKA Yes No

Percentage of diabetes 
cases

5-10% ~90%

Insulin production None Too much initially, not 
enough late

Spectrum of Functionality Questions to ask

• History of diabetic ketoacidosis?
• History of pancreatitis?
• Chemical exposures or chemotherapy?
• Family history of diabetes?
• Longest you’ve gone without insulin since starting it?
• How were you diagnosed?
• What age were you diagnosed?
• What weight were you at diagnosis?
• Family history of autoimmune disease?

Two key things you need to know…

• Are they making enough insulin on their own?

• Are they going to continue to do so?

• Accurate classification can help predict this

7 8

9 10

11 12



2/21/2020

3

Type 1 Type 2

Also known as IDDM NIDDM

Body habitus Lean Obese

Age of onset Young Older

Treatment Insulin Lifestyle, orals, insulin in 
some cases

DKA Yes No

Percentage of diabetes 
cases

5-10% ~90%

Insulin production None Too much initially, not 
enough late

Obesity in type 1 diabetes

• 36% of adolescents with DM1 are overweight/obese

• 40% of adolescent females with DM1 are overweight/obese

• 46% of adolescents with DM1 and Hispanic ethnicity are 
overweight/obese

• Similar numbers in adults (20-30% and rising)

JAMA 280(2):140-6

Type 1 Type 2

Also known as IDDM NIDDM

Body habitus Lean Obese

Age of onset Young Older

Treatment Insulin Lifestyle, orals, insulin in 
some cases

DKA Yes No

Percentage of diabetes 
cases

5-10% ~90%

Insulin production None Too much initially, not 
enough late

The Lancet Diabetes & Endocrinology 2018 6, 122-129

Figure 4 

The Lancet Diabetes & Endocrinology 2018 6, 122-129 
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Latent onset Autoimmune Diabetes of Adulthood 

• Slowly progressive type 1 diabetes
• May have ketoacidosis
• Lack of response to noninsulin therapy

• Type 1 phenotype with mild hyperglycemia 
• Start on pills but usually progress to insulin
• May have other autoimmune diseases

• High antibody titers are more common with lower BMI 
• Become insulin dependent more quickly

Type 1 Type 2

Also known as IDDM NIDDM

Body habitus Lean Obese

Age of onset Young Older

Treatment Insulin Lifestyle, orals, insulin in 
some cases

DKA Yes No

Percentage of diabetes 
cases

5-10% ~90%

Insulin production None Too much initially, not 
enough late

Ketosis prone type 2 diabetes
• Beta cell stunning from glucotoxicity and increased counterregulatory 

hormones during stress
• This can be transient

• Beta cell failure is still on a spectrum
• More common in African Americans, Hispanic Americans

• Significantly insulin resistant during stresses with high requirements

• In selected patients can wean down insulin doses as tolerated to orals
• Oral meds prolong remission
• Should have insulin available as a backup in case they get sick

Who should you consider for testing?

• Age of onset <50
• Acute symptoms
• BMI <25
• Personal or family history of autoimmune disease

• Two or more of these criteria had a 90 percent sensitivity and 71 percent 
specificity for identifying patients positive for anti-GAD antibodies

• Also: overweight children/adolescents
• Poor response to initial oral therapy

Pancreatogenic diabetes

• Chronic pancreatitis

• Cystic fibrosis related diabetes

• Agent Orange exposure

• Hemochromatosis related diabetes

• Status post pancreatectomy
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Secondary diabetes
• Endocrine disorders

• Cushing’s syndrome
• Acromegaly
• Pheochromocytoma 
• Neuroendocrine tumors

• Medication related
• Antipsychotics
• Niacin
• Glucocorticoids
• HCTZ
• Tacrolimus

• Gestational diabetes

• Stiff person syndrome

• Anti-insulin receptor antibodies

Immunotherapy/Checkpoint Inhibitors

Pathophysiology can dictate the treatment

• Caution in some when using SGLT-2 inhibitors or keto/low carb diets

• Insulin is a safe first line choice until you figure it out
• Especially if ketotic or with signs of catabolism

• Early insulin therapy may be protective to β cell, prolonging function
• DCCT data

• Checkpoint inhibition may be more susceptible to lows as they have 
cancer/erratic appetites 

Now that we know what we’re treating…

• How do we approach it?

Tahrani AA et. 2016 Oct;12(10):566.
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Establishing targets

• A1C <7% if newly diagnosed, no complications
• Prevention of microvascular and macrovascular complications

• A1C 7-8% if comorbidities present
• (severe retinopathy, coronary artery disease, end stage renal disease, severe neuropathy)

• Choice of medication matters
• Medications that cause hypoglycemia may limit tight control

Diabetes Care 2015;38:140-149

Does lowering glucose prevent 
cardiovascular disease?

• ACCORD
• ADVANCE
• VADT
• TECOS
• SAVOR-TIMI 53
• ELIXA
• PROACTIVE
• UKPDS*
• UDGP

• EXAMINE
• LOOK AHEAD
• ORIGIN
• RECORD
• DIGAMI 1*
• DIGAMI 2
• RECORD

• DCCT/EDIC*

So much more than the A1C…

Cardiovascular Event

Blood pressure

Lipids

Diabetes

Zinman et al. NEJM 2015 NEJM 2019 Jun 13;380(24):2295-306.
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NEJM. 2016 Jul 28;375(4):311-22.

Updates to the algorithm
• Metformin and lifestyle modification is still first line

• Cardiovascular benefits in certain populations
• Potential anticancer effects

• Established CVD, CKD or HF are set apart

• Cost and obesity taken into consideration
• Anything that helps you lose weight is expensive

• Avoid clinical inertia
• “I know what I need to do, just wait until next time”
• If not close to goal in 3-6 months, intensify therapy
• Can always deescalate/take away medications http://www.diabetesincontrol.com/glp-1-actions-on-

beta-cell-mass-and-function/

GLP-1 receptor agonists
• Weekly administration

• Dulaglutide (Trulicity)
• Semaglutide (Ozempic)
• Exenatide (Bydureon)

• Daily administration
• Exenatide (Byetta)
• Lixisenatide (Adlyxin)
• Semaglutide (Rybelsus)
• Liraglutide (Victoza)

• Liraglutide at higher dose for weight loss (Saxenda)

Oral semaglutide
• SNAC

• Chaperone molecule
• Causes localized increase in pH
• Transcellular transport across membrane

http://www.sciencedirect.com/science/article/pii/S0734975014001116
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http://tmedweb.tulane.edu/pharmwiki/doku.php/sglt-2_inhibitors

SGLT-2 inhibitors

• Empagliflozin (Jardiance)

• Canagliflozin (Invokana)

• Dapagliflozin (Farxiga)

• Ertugliflozin (Steglatro)

Circulation. 2016 Sep 6;134(10):752-72.

Oral combinations
• Glyxambi

(linagliptin/empagliflozin)
• Steglujan (sitagliptin/ertugliflozin)
• Qtern (saxagliptin/dapagliflozin)
• Kazano (alogliptin/MTF)
• Kombiglyze (saxagliptin/MTF)
• Janumet (sitagliptin/MTF)
• Jentadueto (linagliptin/MTF)
• Prandimet (repaglinide/MTF)
• Actoplus met (pioglitazone/MTF)
• Metaglip (glipizide/MTF)

• Synjardy (empagliflozin/MTF)
• Xigduo (dapagliflozin/MTF)
• Invokamet (canagliflozin/MTF)
• Segluromet (ertugliflozin/MTF)
• Glucovance (glyburide/MTF)
• Avandaryl

(rosiglitazone/glimepiride)
• Oseni (alogliptin/pioglitazone)
• Avandamet (rosiglitazone/MTF)
• Duetact (pioglitazone/glimepride)
• Trijardy XR 

(linaglpitin/empagliflozin/MTF)

TECHNOLOGY, DIET AND NEW RESEARCH
Part 2
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Insulin hexamer

https://imgur.com/gallery/csNAGVr

http://diabetesmanager.pbworks.com/w/page/17680318/T
he%20Management%20of%20Type%201%20Diabetes%20

Human insulins

• Insulin human regular (Humulin/Novolin R)
• Insulin human regular U500 (Humulin U500)

• Inhaled insulin (Afrezza)

• Insulin neutral protamine Hagedorn (Humulin/Novolin N)
• NPH

• Some available over the counter

Rapid acting analogs

• Insulin lispro (Humalog)
• Insulin lispro biosimilar (Admelog)
• Insulin lispro U200 (Humalog)

• Insulin aspart (Novolog)
• Insulin aspart +niacinamide (Fiasp)

• Insulin glulisine (Apidra)
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Insulin Onset of action Duration of 
action (hours)

Peak effect 
(hours)

Concentrations

Aspart (Fiasp) 2.5 min 5-7 1-2 U-100

Aspart (Novolog) 5-15 min 3-4 1 U-100

Lispro 5-15 min 3-4 1 U-100, U-200

Glulisine 5-15 min 3-4 1 U-100

Regular 30 min 6-8 2-4 U-100, U-500

Inhaled regular 20 min 2 1 n/a

Basal insulin analogs

• Insulin glargine (Lantus)
• Insulin glargine biosimilar (Basaglar)
• Insulin glargine U300 (Toujeo)

• Insulin detemir (Levemir)

• Insulin degludec (Tresiba)

Insulin Onset of action Duration of 

action (hours)

Peak effect 

(hours)

Concentrations

NPH 1-2 hours 12-16 4-8 U-100

Glargine 3-4 hours 20-24 Peakless U-100

Glargine 6 hours Greater than 24 Peakless U-300

Detemir 3-4 hours 6-23* 3-9 U-100

Degludec 1 hour Greater than 40 9 U-100, U-200

Injectable combinations

• Xultophy (insulin degludec/liraglutide)
• Soliqua (insulin glargine/lixisenatide)

• Ryzodeg (insulin degludec/insulin aspart)
• Novolog 70/30 (insulin NPA/insulin aspart)
• Humulin 70/30 (insulin  NPH/insulin regular)
• Humulin 50/50 (insulin NPH/insulin regular)
• Humalog 75/25 (insulin NPL/insulin lispro)

Mix and match
• Obese patients with cardiovascular disease and chronic kidney disease

• GLP1 receptor agonist + SGLT2i  +/- metformin

• Uncontrolled hypertriglyceridemia but concerned about weight gain
• Pioglitazone + metformin + SGLT2i

• Insurance donut hole or uninsured
• Metformin + 70/30 Novolin R (or separate insulins) +/- sulfonylurea

• Very uncontrolled diabetes but refuses insulin
• GLP1 RA + pioglitazone + metformin

Continuous Subcutaneous Insulin Infusion
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Insulin Patch Pump
• Applied daily to skin

• 24 hour delivery of short or rapid acting insulin via subcutaneous catheter

• Fixed basal rate of 20, 30, or 40 units per day

• Each “click” of a button gives 2 units at a time for meals (up to 12 units)

http://www.diabeticconnect.com/diabetes-information-articles/general/537-type-2-insulin-therapy-new-device-solves-common-insulin-complaints

Smart pens
• Calculates dose based on presets

• Prefilled cartridges

• Avoids stacking of doses

• Carbohydrate tracking

https://www.medgadget.com/2018/07/inpen-cleared-in-europe-to-make-insulin-injections-easier.html

https://www.researchgate.net/figure/Coastline-Paradox-Illustration_fig1_282183544

Continuous Glucose Monitoring
• Measures glucose in interstitial fluid compared to capillary blood 

• Lag
• Interference

• Infection risk

• Accuracy and adherence issues
• Factory calibrated
• Better adhesives

• Can lower A1C on its own compared to fingersticks
• Biggest benefit is in the patterns

https://www.researchgate.net/figure/Biostator-GCIIS-Circa-1981-Miles-Laboratories-in-Elkhart-glucose-controlled-insulin_fig1_237065537

Dexcom

https://www.dexcom.com/

Freestyle Libre

https://www.finchannel.com/business/161-pharmacy/57999-abbott-reports-positive-results-from-study-of-freestyle-libre-system
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Eversense

https://www.medgadget.com/2016/05/eversense-glucometer.html

Sensor Augmented Pump Therapy
• Medtronic 670G with 

Guardian 
• Tandem with Dexcom

Control-IQ

https://diatribe.org/tandems-control-iq-cleared-united-states NEJM. 2019 Oct 31;381(18):1707-17

https://navigatingyourbooks.com/wheres-your-hiding-place/

Ambulatory Glucose Profile
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“Bionic pancreas”
• Dual hormone pump

• Insulin & glucagon

https://insulinnation.com/research/how-did-the-670g-and-the-ilet-perform-in-trials/

Glucagon

https://insulinnation.com/treatment/novo-nordisk-recalls-more-than-70000-glucagon-kits/

New formulations
• Gvoke • Baqsimi

Apps

Electronic Glycemic Management Systems
• Glucommander

• EndoTool

• Glucostabilizer

• Glucocare

https://iotcolumbia201515.weebly.com/iv-based-insulin-glucommander-algorithm.html JDST 2017 Vol 11 (1) 12-16
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LIFESTYLE MODIFICATION

Diets

• Total calories vs composition

• Frozen/prepackaged portions vs fresh foods

• Low carbohydrate vs low fat

• South Beach vs Whole 30 vs Paleo vs Flexitarian vs Weight Watchers vs Ornish
vs Zone vs Mediterranean vs DASH vs Atkins…and so on

• Adherence is key

Annals of internal medicine. 2005 Mar 15;142(6):403-11.

https://en.wikipedia.org/wiki/Swoosh

Recommendations
• Low carbohydrate diets tend to be more effective for weight loss in the short term 

• Up to 12 months but not in all studies

• Carbohydrate recognition is key if on mealtime insulin
• Consistent amount at each meal vs customizing the dose
• Generally 45-60 grams at each meal depending on goals

• High intake: nuts, vegetables, legumes, fish, yogurt, vegetable oils
• Moderate: red meats, poultry, eggs, milk, fruits, whole grains
• Low: refined carbs, processed meats, high sodium/trans fat foods

• Portion control
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Medical Nutrition as Treatment
• Glucose effects

• Type 2 DM: A1C decreases of up to 2% at 3 months, sustained at 1 year
• Type 1 DM: A1C reduction of up to 1.9%, sustained at 6.5 years

• Cardiovascular risk factor effects
• Mixed effects on lipids and BP

• Weight loss
• Reductions in weight (up to 6 kg), BMI and waist circumference

• Quality of life improvement
• Knowledge, motivation, satisfaction, psychological well-being improved

The case for early intervention
• Diabetes Prevention Program

• Reduction of 58% at 3 years, 27% at 15 years

• Da Qing Diabetes Prevention Study
• Reduction of 43% at 20 years
• Also reduction in cardiovascular and all cause mortality

• Finnish Diabetes Prevention Study
• Reduction of 43% at 7 years

Exercise and weight loss
• 150 minutes of moderate intensity physical activity weekly

• Goal weight loss of 5-10%
• Give a concrete number (lbs.) as a goal
• Focus on clothes fitting differently at first

• Weight loss tends to lag behind at first

• Remember, these are baselines
• Generally more sustainable

Intermittent Fasting

• Alternate day fasting

• Time restricted feeding

Cell metabolism. 2018 Jun 5;27(6):1212-21.

Where are we in the search for a cure?

NEJM 2007;356:2176-2183

85 86

87 88

89 90



2/21/2020

16

NEJM 2017 Feb 16;376(7):641-51.

Future developments
• Islet cell transplants

• Pancreas transplant

• Vaccines
• BCG vaccine
• Coxsackie virus vaccine

• Re-differentiating progenitor cells

• “Beigeing” of adipose tissue

• Hepatoselective insulins

• More integration of technology and new medications

Genetics of diabetes

• Polygenic
• Type 1 diabetes risk increased in close relatives

• 6% in offspring, 5% in siblings, 50% in identical twins
• 0.4% in those with no FH

• https://www.trialnet.org/

• Type 2 diabetes 2-6x more common in African Americans, Hispanic 
Americans, Native Americans than whites
• 39% of patients with DM2 have at least 1 parent with the disease
• 90% in identical twins

• First degree relatives have 5-10x increased risk 

Teplizumab

NEJM 2019 Aug 15;381(7):603-13

Conclusion
• Consider classification, comorbidities and cost when choosing medications

• Combination intervention tends to do better than stepwise therapy

• Diabetes management is a marathon, not a sprint
• Small changes are tolerated better and can yield large dividends over time

• Lifestyle modification is a treatment
• The best management is prevention

• Avoid clinical inertia & set goals
• Take advantage of technology

• Research is ongoing towards cure and prevention
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