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Case Study from NEJM 2012

A 39-year-old man with a 2-year history of type 2 diabetes mellitus presents for 
care. He has no microvascular or macrovascular complications. His family history is 
positive for type 2 diabetes and cardiovascular disease in his mother and older 
brother. On examination, his weight is 99.8 kg (220 lb), with a BMI of 37, and his 
blood pressure is 125/85 mm Hg. His glycated hemoglobin level is 8.9%, serum 
creatinine level 1.0 m/dl, LDLc 88 mg/dl, HDLc 45 mg/dl, and TG 130 mg/dl; he 
does not have microalbuminuria. His medications include metformin, glipizide, 
simvastatin, and lisinopril. 

What would you recommend to improve his glycemic control?



Points of Emphasis 
from NEJM 2012 Review

• Intensive glycemic control reduces the risk of microvascular 
complications of type 2 diabetes, but the effect of strict glycemic control 
on the risk of macrovascular disease is less certain.

• Psychosocial factors and clinical factors should be considered in setting a 
target range of glycated hemoglobin for an individual patient.

• A near-normal glycemic target range (6.0 to 6.5%), could be considered 
for otherwise healthy patients with recently diagnosed type 2 diabetes 
and a long life expectancy; more relaxed goals for the glycated 
hemoglobin level may be preferable in older patients with long-standing 
type 2 diabetes and cardiovascular disease.

• Lifestyle modification and metformin are recommended as initial 
therapies for most patients.

• Several therapeutic agents are available when therapy in addition to 
metformin is needed to control glycemia, but evidence is lacking to 
support the choice of any one agent over another. Decisions should take 
into account cost, side effects, and long-term safety and effects on 
complications of diabetes.



Non-Controversial Standards of Care

• Effective antihypertensive Rx if BP > 140/90, to < 140/84 mmHg
(usually including an ACEI or ARB)

• Statins for all who can tolerate them
(Combo Rx so far not superior!!!)

• Ground Floor drug Rx = metformin
(Black Box warnings re:  renal disease relaxed!)



Topics for Today

• Incretin-enhancing drugs (GLP-1 agonists & DPP-4 inhibitors)

• SGLT2 inhibitors

• Concentrated insulins
• U200 insulin lispro (Humalog)

• U300 insulin glargine (Toujeo)

• U500 human regular insulin (Humulin R U500)



Diabetes Care 2014;37:S14-S80

←Individualized HbA1c Target→

(<6.5%)                         (7.0%)                 (≥ 8.0%)   



Predictors of Response to Oral 
Antihyperglycemic Drugs

(Consider initial therapy with insulin if multiple “no”)

• Newly diagnosed T2DM

• Obesity (BMI > 30 kg/m2)

• Absence of symptomatic DM (rapid weight loss, severe 
polyuria, severe polydipsia, etc.)

• HbA1c < 10%

• Fasting serum glucose < 250 mg/dl

• Absence of non-fasting ketonuria*



Anticipated Efficacy Of Initial And 
Add-on Oral Antihyperglycemic Drugs

• Initial drug =   HbA1c =  -1.5 to -2.0% 

• 1st Add-on =   HbA1c =   -1  to -1.5% 

• 2nd Add-on =  HbA1c =   -0.5 to -1% 



Pharmacologic Choices in T2DM Rx

• Promote insulin secretion: sulfonylureas, glinides ($)
– Risks = hypoglycemia & weight gain  

• Decrease gluconeogenesis: metformin ($)

• Enhance insulin action:  TZD’s ($$)
– Risks = weight gain, edema

• Increase urinary excretion of glucose: SGLT2 inhibitors ($$$$)

• Amplify actions of GLP-1 (incretins): GLP-1 agonists, DPP-4 
inhibitors ($$$$)

• Augment/replace endogenous insulin ($$$)



Monotherapy Failure in T2DM (ADOPT Trial)
Kahn SE et al.  NEJM 2006;355:2427-43



Safety of Metformin

• Huge worldwide experience

• Adverse effects overwhelmingly GI in nature

• Pregnancy Class B (U.S. FDA)

• No lawyer ads!



Guideline for Metformin Use in CKD
(eGFR replacing Scr )

eGFR
(ml/min)

Metformin Dose Renal Function 
Monitoring

>60 2000+ mg/day Annual

45-60 2000+ mg/day Q 3-6 months

30-45 50% max dose Q-3 months

< 30 Avoid n/a

Lipska KJ.  Diabetes Care 2011; 34: 1431-1437.
Klachko D, Whaley-Connell A.  Cardiorenal Med 2011; 1: 87-95.



Incretin-Based Therapy



GLP-1 Actions



DPP-4 Inhibitors

• Sitagliptin (Januvia)

• Saxagliptin (Onglyza)

• Linagliptin (Tradjenta)

• Alogliptin (Nesina)



DPP-4 Inhibitors

• Mechanism of action:
 GLP-1 action by inhibiting its physiologic inactivation

• Salutary Effects
 Weight-neutral

  Hypoglycemia

 Pancreatitis risk probably overstated (Li et al meta-analysis)

 Renal-friendly

• Adverse effects: nausea/GI (generally well-tolerated)
 Quality of evidence re: CVD and safety outcomes generally 

“insufficient” (Bennett et al meta-analysis, Ann Int Med 2011)

 Expensive (though surprisingly well-covered on some health plans)

  HbA1c less than with metformin, SU, or TZD



GLP-1 Agonists
(Incretin-mimetics)

• Exenatide (Byetta)

• Extended-release exenatide (Bydureon)

• Liraglutide (Victoza)

• Albiglutide (Tanzeum)

• Dulaglutide (Trulicity)





GLP-1 agonists

• Mechanism of action:
mimic most or all GLP-1 actions 

• Salutary Effects
 Promote weight loss
  Hypoglycemia
 Efficacy related to duration of action: BID < daily << weekly

• Adverse effects:
 100% injectable
 Nausea/anorexia
 Pancreatitis (meta-analysis information reassuring; lawyer ads persist)
 C-cell hyperplasia/medullary thyroid cancer (“Black Box” warning)
 Poverty ($$$, usually Tier 3 or 4 on health plans)
 Lack of superiority evidence (so far) with regard to CVD, all-cause 

mortality, beta-cell preservation/rejuvenation



Head-to-Head Comparisons of GLP-1 RA’s



Albiglutide vs. sitagliptin

Leiter et al.  Diabetes Care 2014;37:2723-2730



Liraglutide vs. Placebo:  
Pooled Cardiovascular Outcomes



Pancreatitis Risk with GLP-1 RA’s & DPP-4I’s

• Ling L et al.  BMJ 2014; 348: g2366
• 55 studies totaling 33,227 patients

• 37 total cases pancreatitis (drug-exposed vs. control)

• RR for users 1.11 (95% CI 0.57-2.17)

• Monami M et al.  Diabetes Res Clin Pract 2014; 103:269
• 41 trials totaling 14.972 patients

• RR for users 1.01 (95% CI 0.37-2.76)



High-Dose Liraglutide (Saxenda)

• High-dose formulation 
(up to 3 mg/day, vs. 1.8 mg/day max for Victoza)

• Designed for daily use
• Primary indication = weight loss if BMI > 30 kg/m2 

AND an obesity-associated morbidity is present
• All adverse effects of incretin class apply



SGLT2 Inhibitors

• Canagliflozin (Invokana)

• Dapagliflozin (Farxiga)

• Empagliflozin (Jardiance)



How SGLT2 Inhibitors Work



Canagliflozin vs. Glimepiride Added to Metformin
Leiter et al.  Diabetes Care 2015; 38: 355-364



Dapagliflozin vs. Placebo, + SU and Metformin
Matthaei et al.  Diabetes Care 2015; 38: 365-372



Canagliflozin vs. Placebo, plus Insulin Therapy
Neal et al.  Diabetes Care 2015; 38: 403-411



Serious SGLT2 Inhibitor Risks

• DKA
(make sure it’s T2DM you’re treating!!; monitor closely)

• Acute kidney injury
(caution if prone to orthostasis; diuretic use;  eGFR)

• Lower limb amputation
(caution as for acute kidney injury, and evidence/hx of PVD)

• Osteopenia/Osteoporosis
(avoid if known history/multiple risk factors)



Old Wine in New Bottles:
Insulin Never Goes Out of Style!

• Regular insulin U500 (Humulin R U500)

• Insulin glargine U300 (Toujeo)

• Insulin lispro U200  (Humalog U200)



Regular insulin U500
(Humulin R  U500)

• Mealtime insulin with 6-8 hour “hang time”
• Can provide modest basal insulin coverage
• Only available in 20 ml vial ($1,200 per bottle)
• 10,000 units/vial vs. 1000 units in U100 vial
• Should specify dose in cc’s rather than units
• **Emphasize U500 early and often!!**



Regular Insulin U500 Pen Injector



Insulin Glargine U300(Toujeo)

• Basal insulin with 36+ hour action (flat curve x 24 hrs)
• Will not control mealtime surge in glycemia
• Only available in the pen-style injector
• WYSIWYG regarding dosing (e.g., 80 units is 80 units)



Insulin lispro U200(Humalog U200)

• Mealtime insulin with ca. 4 hour “hang time”
• Will not provide 24/7 basal insulin coverage
• Only available in the pen-style injector
• 600 units per pen vs. 300 in U100 pen
• WYSIWYG regarding dosing (e.g., 10 units is 10 units)
• **Name similarity with U100 pen = safety concern!!**



Treatment Strategies for T2DM

• Lowest cost: metformin + SU

• Weight loss:  metformin + GLP-1 agonist or SGLT2 inhibitor

• Beta-cell preservation: TZD + GLP-1 agonist

• Bottom Line:
– 1st line Rx should be metformin

– 2nd line Rx is dealer’s choice

– Should not forget that insulin is ALWAYS an option!



Conclusions and Recommendations

• For considerations of cost, efficacy, and risk, metformin 
deserves to be 1st choice

• Second-choice drug therapy should be individualized; my 
recommendation would generally be SU based on cost 
and familiarity

• Third drug and beyond is entirely an individual choice; I 
would generally choose a GLP-1 RA or SGLT2-inhibitor 
(but adding basal insulin may be more effective, and less 
costly)

• Regardless of initial choice, the natural history of T2DM is 
of progressive insulin secretory failure, making additive 
Rx inevitable.  We should prepare patients for that 
probability.


