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Diabetes Prevention Program Research Group, . N Engl J Med 2002;346:393-403

5ƻƴΩǘ ŦƻǊƎŜǘ about diet/exercise

Lessons from the Diabetes Prevention Program (DPP):
5-10% weight loss reduces development of diabetes by 

58% in subjects with IGT (and improves control in 
patients with T2D)

DPP NEJM 2002



Biguanides
Agent Efficacy

D%HbA1c

Mechanismof 

Action

Benefits Risks/

Concerns

Metformin

Metformin ER

-1 to 2% Decreases hepatic 

glucose production

Weight 

neutral/mild 

weight loss, no 

hypoglycemia

Diarrhea, lactic 

acidosis 



T2D treatment
1st line = metformin

ÅContraindications to metformin are very few

ïSevere dehydration, hemodynamic instability, 
metabolic acidosis, hepatic dysfunction/ alcoholism, 
unstable CHF/COPD

ïOld guideline: ǊŜƴŀƭ ƛƴǎǳŦŦƛŎƛŜƴŎȅ ό/ǊҗмΦр ƳƎκŘ[ ƛƴ 
men, 1.4 mg/dL in women)

ïNew guideline: 

ÅContraindicated in patients with eGFR<30 

ÅNot recommended in patients with eGFR30-45 

ÅRecommended for all patients GFR 45+. If eGFR
later falls to <45, assess benefits/risks of 
continuation; discontinue if eGFRlater falls to <30.



How to minimizeƳŜǘŦƻǊƳƛƴΩǎ
GI side effects

ÅMany patients state that they had GI intolerance to 
metformin when prescribed by their PCPs, and refuse to take 
it again. This is a huge problem, as metformin is the best 
treatment option for patients with T2D, offering the best 
benefit/risk ratio, excellent durability, etc.

ÅIf you are starting metformin, start low and go slow:
ïPatients may have heard about GI issues with metformin ςtell 

them that with your approach, the likelihood of this is near-zero.
ïStart metformin 500mg daily x 3 days (with food); this is a 

homeopathic dose, but tolerates the patient to the drug.  
ïAfter 3 days, increase to 500mg twice daily (with food).  
ïStay at this dose for 3 months, and assess HbA1c response. In 

meta-analyses, a total daily dose of 1000mg = 0.9% HbA1c 
reduction; 2000mg = 1.2% reduction. 

ïIf your patient has side-effects, consider an extended-release 
generic metformin (metformin ER).Only if this fails, try branded 
metformin (Glucophage, Glumetza, etc).



T2D treatment ς2nd line
ÅAlthough there is clear consensus for 1st line 

therapy (metformin), there remains a black 
box for optimal 2nd and 3rd line therapy:

ïinsulin-secretagogues(sulfonylureas/meglitinides)

ïDPP4 antagonists

ïGLP1 agonists

ïbasal insulin

ïothers (TZDs, SGLT2 inhibitors, prandial insulin)



ADA. Diabetes Care. Diabetes Care 2015;38( suppl 1):S43



ADA-EASD (2016) 
Management of T2DM

ADA. Diabetes Care. Diabetes Care 2016;39( suppl 1):S43



GRADE Study: The GlycemiaReduction 
Approaches in Diabetes: a comparative 

Effectiveness Study

ÅRCT in recent-onset (<10 years) type 2 diabetes
ÅCompare the metabolic effects of 4 common 

anti-diabetic drugs when combined with 
metformin

ÅSU: glimepiride
ÅDPP-4: sitagliptin
ÅGLP-1: liraglutide
ÅBasal insulin: Glargine



Screening Period (2 weeks)
Type 2 diabetes 

Treated with metformin alone

HbA1c >6.8% at screening

<5 years duration of diagnosed diabetes at screening

Metformin Run-in Period (6-8 Weeks)
Titrate metformin to 1000 (min) ς2000 (goal) mg/day

Randomization  

n=5000 eligible subjects

Sulfonylurea 

(glimepiride)      

n=1250

DPP-4 inhibitor

(sitagliptin)      

n=1250

GLP-1 analog

(liraglutide)      

n=1250

Insulin  

(glargine)      

n=1250

HbA1c 6.8-8.5% at final run-in visit            



Outline

Å2nd-line antidiabetic agents
ïSulfonlyureas

ïDPP4 inhibitors

ïGLP1r agonists (injectable)

ïbasal insulin (injectable)

Å3rd-line oral antidiabetic agents
ïAlpha-glucosidase inhibitors

ïThiazolidinediones (TZDs)

ïSGLT2 inhibitors

ÅCases



Insulin secretagogues:
Sulfonylureas (and Meglitinides)

ÅShort acting: target post-prandial hyperglycemia
ÅLonger acting: target fasting hyperglycemia

Agent Efficacy

D%HbA1c

Mechanismof 

Action

Benefits Risks/

Concerns

Sulfonylureas

Glyburide

Glipizide 

Glimepiride

-1% Binds sulfonylurea 

receptor on b-cells, 

stimulates insulin 

secretion

Extensive 

experience 

Hypoglycemia, 

weight gain

Meglitinides

Repaglinide

(Prandin) 

Nateglinide

(Starlix )

-1% Binds sulfonylurea 

receptor on b-cells, 

stimulates insulin 

secretion

Rapid-acting 

version of SUs

Hypoglycemia, 

weight gain



Do I use these meds?

Sulfonylureas/meglitinidesare good options as 2nd line therapy. They 
work quickly (so can reduce glucose toxicity) and are inexpensive.  
Thus, sulfonylureas are the WHO recommendation for patients with 
T2D. These drugs also have significant downsides, including weight 
gain and hypoglycemia ςespecially problematic for long-acting agents 
(i.e. glyburide) ςand effects are not durable (more on that later).  



Incretins: Overview

ÅOral nutrition provides more potent insulin 
stimulus compared with isoglycemicIV 
challenge

ÅEnteroendocrinecells regulate energy intake 
and glucose homeostasis

Å2 major bioactive incretins:

ïGlucagon-like-peptide 1: GLP-1

ïGlucose-dependent-insulinotropic peptide: GIP

Nauck, Drucker Lancet 2006



GLP-1 Receptor Agonists
Agent Dose Adjustment renal failure

GLP-1 R

Agonists

CrCl >50 CrCl 30-50 CrCl <30 HD

Exenatide

(Byetta)

10mcgbid Caution 

titrating from 

5 to 10mcg 

dose

Not 

recommended

Not 

recommended

Liraglutide

(Victoza)

0.6mgdaily x 1 week

1.2mg daily x 1 week

1.8mg daily

Caution Caution

Likely not 

recommended

Not 

recommended

ExenatideER

(Bydureon)

2mg weekly Caution Not 

recommended

Not 

recommended

Albiglutide

(Tanzeum)

30mg, 50mg weekly Caution Not 

recommended

Not 

recommended

Dulaglutide

(Trulicity )

0.75mg, 1.5mg weekly 

(no mixing required)

Caution Not 

recommended

Not 

recommended



GLP1r agonists + Metformin: 
range in 0.8-1.5% HbA1c Reduction

Defronzoet al Diabetes Care, 2005

ÅAbove is data from Byetta; newer GLP-1 agonists are more 
potent (1-1.2% reduction; higher in patients with A1c >9% 
where you can expect 1.5-2% reduction).

ÅDosing schedules are also more convenient with newer 
agents: daily (Victoza) or weekly (Bydureon, Trulicity) dosing



DPP4 inhibitors

Agent Dose Adjustment renal failure

CrCl >60 CrCl 30-

60

CrCl <30 HD

Sitagliptin

(Januvia)

100mg 50mg 25mg

Saxagliptin

(Onglyza)

5mg 2.5mg 2.5mg

Alogliptin

(Nesina)

25mg 12.5mg 6.25mg 6.25mg

Linagliptin

(Tradjenta)

5mg No adjustment (hepatically cleared)

*Vildagliptin(Galvus) approved by European markets, but not by FDA



DPP4 inhibitors + metformin: 
~0.6% HbA1c Reduction

DPP4 (dipeptidyl peptidase 4) degrades GLP-1; inhibiting this 
enzyme increases endogenous GLP-1 levels, but not nearly to 
the levels of pharmacologic GLP-1, which likely accounts for its 
relatively milder effect on A1c 

Craddyet al Diabetes Ther, 2014



Do I use these meds?

Yes, these are my usual 2nd line therapy, as they are weight-neutral 
(DPP4 inhibitors) or ςreducing (GLP-1 agonists), with negligible 
hypoglycemia.  In addition, Liraglutide(Victoza) has proven CV 
outcome benefits ςunknown if this is a class effect. 

Both also have downsides, including high cost for the uninsured, 
relatively weak efficacy for DPP4 inhibitors, and the potential fear of 
injections for GLP-1 agonists, as well as several over-reported fears 
(pancreatitis, medullary thyroid cancer, etc). 



Basal insulin
ÅA mainstay of T2D treatment ςnot necessarily a 

medication of last-resort, and can be used as 2nd line 
ÅMultiple options that can be used once daily:
ïtraditional glargine (Lantus or Basaglar)
ïU200 glargine (Toujeo)
ïdegludec(Tresiba)  

ÅHow to titrate ςŦƻǊ ƳƻǎǘΣ ŀ άǘǊŜŀǘ ǘƻ ǘŀǊƎŜǘέ ŀƭƎƻǊƛǘƘƳ 
based on fasting blood sugars will work as long as the 
insulin is taken at the same time daily.  Most TTT 
algorithms target fasting FSG <100mg/dl, but adjust for 
your particular patient.

Riddle et al Diabetes Care, 2003



Do I use these meds?

¸ŜǎΣ ŜǎǇŜŎƛŀƭƭȅ ƛƴ ǇŀǘƛŜƴǘǎ ǿƘƻ ǿŀƴǘ ŀ άƴŀǘǳǊŀƭέ ƻǇǘƛƻƴ ŀǎ нnd line, 
or for patients with T2D who have low insulin production. This may 
happen in patients with long-standing disease, but may happen 
sooner in specific patient populations.  There are down-sides as 
well, including weight gain and hypoglycemia (and fear of 
injections, often physician>patient), which preclude basal insulin as 
the preferred 2nd line option.



Outline

Å2nd-line antidiabetic agents
ïSulfonlyureas

ïDPP4 inhibitors

ïGLP1r agonists (injectable)

ïbasal insulin (injectable)

Å3rd-line oral antidiabetic agents
ïAlpha-glucosidase inhibitors

ïThiazolidinediones (TZDs)

ïSGLT2 inhibitors

ÅCases



Alpha-glucosidase inhibitors

Standland Schnell, DiabVascDis Res, 2012

Agent Efficacy

D%HbA1c

Mechanism

of Action

Benefits Risks/

Concerns

Acarbose(Precose)

Miglitol (Glyset)

-0.5-0.8% Delays 

complex 

carbohydrate 

absorption

Weight

neutral

Flatulence, 

diarrhea and 

abdominal pain


