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Learning Objectives

• Use available algorithms for Diabetes 
management based on comorbidities

• Examine challenges of medication cost and the 
search for suitable alternatives

• Compare strategies to personalize diabetes 
treatment 



Incidence and Prevalence of 
Diagnosed DM 1980-2015

www.cdc.gov/diabetes/library/reports/congress.html 2017

http://www.cdc.gov/diabetes/library/reports/congress.html


Diagnosed Diabetes
(Age-adjusted Percentage Adults,  2015)

http://www.cdc.gov/surveillancepractice/reports/brfss/brfss.html

http://www.cdc.gov/surveillancepractice/reports/brfss/brfss.html


Primary Care Challenges

• Complexity of patient (more than just Diabetes) 

• Time spent with patient (average 15 minutes)

• Support staff challenges

• Diabetes Education access/utilization

• Cost of medications



Natural History of Type 2 Diabetes

Adapted from Holman RR. Diabetes Res Clin Pract. 1998;40(suppl):S21-S25;

Ramlo-Halsted BA, Edelman SV. Prim Care. 1999;26:771-789; 

Nathan DM. N Engl J Med. 2002;347:1342-1349; 

UKPDS Group. Diabetes. 1995;44:1249-1258
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Screening for Diabetes
Asymptomatic Individual

• Any Adult >45 years of age

• Adults of any age overweight OR obese (BMI >25 
kg/m2or >23 kg/m2in Asian Americans) with >1 risk 
factors

• Repeat every 3 years if normal, yearly if Pre-Diabetes is 
present

ADA Standard of Medical Care in Diabetes. Diabetes Care;2019



Diabetes Risk Factors

• First-degree relative with Diabetes

• High-risk race/ethnicity (AA, Lat-A, N-A, As-A, Pacific I)

• History of CVD

• HTN, BP>140/90 mmHg or on therapy

• HDL <35 mg/dl AND/OR TG >250 mg/dl

• Women with PCOS

• HbA1c > 5.7%, IGT or IFG on previous testing

• Women with GDM should be tested lifelong every 3 yrs

ADA Standard of Medical Care in Diabetes. Diabetes Care;2019



ADA 2019



Diabetes Mellitus: Diagnosis

• FPG ≥126 mg/dl * OR 

• 2-h plasma glucose ≥200 mg/dl during an 
OGTT* OR

• A1C ≥6.5%* OR

• A random plasma glucose ≥200 mg/dl with symptoms

• In the absence of unequivocal hyperglycemia, results 
should be confirmed by repeat testing

*Equally meaningful for diagnosis

ADA Standard of Medical Care in Diabetes. Diabetes Care; 2019



7 Components
Available on Diabetes Care 2019
Supplement 1, page S38-39
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ADA Standard of Medical Care in Diabetes. Diabetes Care; 2019



Diabetes Education

ADA Standard of Medical Care in Diabetes. Diabetes Care; 2019

What is covered for DSME:
MEDICARE and Commercial Insurance:
Year 1= 10 hours

1 hour initial assessment 
9 hours of group education

Year 2 and more= 2 hours follow up

What is covered for MNT:
MEDICARE and Commercial Insurance:
Year 1= 3 hours

Year 2 and more= 2 hours follow-up

Only 5% of CMS eligible beneficiaries are sent to Diabetes Education





ADA Targets 2019

• HbA1c <6.5% or closer to normal without hypoglycemia in 
patients with short duration of DM, long life expectancy, 
and no ASCVD

• Less stringent A1C goals for

•Patient with severe hypoglycemia

•Limited life expectancy

•Advanced complications

•Extensive comorbidities

HbA1c <7.0%

Pre-prandial capillary plasma glucose 80–130 mg/dl 

Peak post-prandial capillary plasma glucose <180 mg/dl

ADA Standard of Medical Care in Diabetes. Diabetes Care;2019



Older Adults Treatment Goals

Patient
Status

Rationale HbA1c
Goal

BG targets
(AM-PM)

BP 
(mmHg)

Lipids
Statin

Healthy Longer life
expectancy

<7.5% 90-130 mg/d
90-150 mg/dl

<140/90 Yes

Complex/
intermediate

Intermediate <8% 90-150 mg/dl
100-180 mg/dl

<140/90 Yes 

Very 
complex

Limited <8.5% 100-180 mg/dl
110-200 mg/dl

<150/90 Maybe

ADA Standard of Medical Care in Diabetes. Diabetes Care;2018 40:(S1)1-112



AACE 2019 Principles of type 2 
DM Management

AACE, Endocrine Practice. 2019



AACE, Endocrine Practice. 2019
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Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701
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PT-Centered Decision Cycle

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Pharmacological Agents



First Line Drug

Metformin! Use XR, 500 mg

Start low and go slow

OK to use with GFR 30-45 mg/min/1.73m2

Replace Vitamin B12 (if <400 ng/ml)*

*Bloomgarden Z, Diabets Care, 2010 Jun; 33(6): e73–e78.



Sulfonylureas

• Glyburide – long half life, parent drug and 
active metabolites (renally excreted)

• Glimepiride – parent drug and metabolites 
renally excreted

• Glipizide – hepatically metabolized and 
metabolites are inactive: least likely to 
cause hypoglycemia

• Should be third line (or fourth) drug today



Name Doses Renal dosing
Adjustment

Sitagliptin
100mg CrCl<50=50 mg daily

CrCl<30=25 mg daily

Saxagliptin 5 mg CrCl<50=2.5 mg daily

Linagliptin 5mg None

Alogliptin 25 mg

CrCl<60=12.5 mg  daily

CrCl<30=6.25 mg  daily

DPP-4 Inhibitors



Name Doses Frequency

Exenatide 5 mcg

10 mcg 

Twice Daily

Lixisenatide
10 mcg

20 mcg
Daily

Liraglutide

0.6 mg

1.2 mg

1.8 mg

Daily

Dulaglutide
0.75 mg

1.5 mg
Weekly

Exenatide- XR 2 mg Weekly

Semaglutide

0.25 mg

0.5 mg

1 mg

Weekly

Oral Semaglutide
7 mg

14 mg
Daily

GLP-1 Agonists



SGLT2 Inhibitors

Name Dosing (QD) Renal dosing adjustment

CANAGLIFLOZIN 100 mg
300 mg

eGFR <30 mL/min/1.73 m²**
eGFR <45 mL/min/1.73 m²: do not 

increase to 300 mg

DAPAGLIFLOZIN 5 mg
10 mg

eGFR <60 mL/min/1.73 m²:
Do not initiate

EMPAGLIFLOZIN 10 mg
25 mg

eGFR <45 mL/min/1.73 m²: 
Do not initiate

ERTUGLIFLOZIN 5 mg
15 mg

eGFR <60 mL/min/1.73 m²:
Do not initiate

** Perkovic V et al. N Engl J Med 2019;380:2295-2306



DPP-4 Inhibitors GLP-1 Receptor Agonists SGLT2 Inhibitors

Alo1 Lin2 Sax3 Sit4 Alb5 Dul6 Exe7 Exe ER8 Lir9 Can10 Dap11 Emp12

Baseline A1C 
(%)

7.9 8.1 8.1 8.0 8.1 8.1 8.2 8.6 8.4 7.8 7.9 7.9

Glucose Reduction- New Meds

DPP-4 Inhibitors, GLP-1 Receptor Agonists, and SGLT2 Inhibitors Added to 

Metformin

(Absolute Changes from Baseline; Not Head-to-Head Trials)

1. Nauck MA, et al. Int J Clin Pract. 2009;63:46-55. 2. Taskinen MR, et al. Diabetes Obes Metab. 2011;13:65-74. 3. DeFronzo RA, et al. Diabetes 

Care. 2009;32:1649-1655. 4. Charbonnel B, et al. Diabetes Care. 2006;29:2638-2643. 5. Ahrén B, et al. Diabetes Care. 2014;37:2141-2148.

6. Dungan KM, et al. Lancet. 2014;384:1349-1357. 7. DeFronzo RA et al. Diabetes Care. 2005;28:1092-1100. 8. Bergenstal RM, et al. Lancet. 

2010;376:431-439. 9. Pratley RE, et al. Lancet. 2010;375:1447-1456.  10. Cefalu WT, et al. Lancet. 2013;382:941-950. 11. Nauck MA, et al. Diabetes 

Care. 2011;34:2015-2022. 12. Haring HU, et al. Diabetes Care. 2014;37:1650-1659.
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Courtesy of AACE



Medication Cost

• Average cost of Metformin:$0-5/month

• Average cost of Glipizide: $5-10/month

• Average cost of DPP-IV:$104-500/month

• Average cost of SGLT2-I:$500-600/month

• Average cost of GLP-1:$600-900/month

• Average cost of Insulin: $600-1500/month



Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



ASCVD predominates

GLP1-RA 
(Liraglutide>Semaglutide>Dulaglutide> 
Exenatide XR)

SGLT2i (if GFR 45-60)
(Empagliflozin>canagliflozin)

HF or CKD predominates

SGLT2i (if GFR 45-60) 
(empagliflozin=canagliflozin)
SGLT2i (GFR<45)= Canagliflozin

HF: Dapagliflozin

GLP-1RA if SGLT2i not tolerated

Degludec and Glargine U-100 have CVD safety

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701
Perkovic et al. NEJM 2019 



Evidence Supporting 

2019 Algorithm



Older Large Clinical Trials

Courtesy Dr. Silvio Inzucchi, Yale



GLP1-RA CVOT Trials
• A total of 50,544 subjects studied!

• 7 major RCT

NAME DRUG N

ELIXA Lixisenatide 6,068

LEADER Liraglutide 9,340

SUSTAIN-6 Semaglutide 3,297

EXCSEL Exenatide 14,752

HARMONY OUTCOME Albiglutide 9,463

REWIND Dulaglutide 9,901

PIONEER 6 Oral Semaglutide 3,183



Major CVOT with GLP-1RA

Kristensen SL et al. Lancet Diabetes Endocrinol 2019 Epub ahead of print 
August 14, 2019 http://dx.doi.org/10.1016/ S2213-8587(19)30249-9 



MACE Risks: Combined And Individual

Three-
Component

MACE

CV
Death

Fatal/
Non-Fatal MI

Fatal/
Non-Fatal 

CVA Kristensen SL et al. Lancet 
Diabetes Endocrinol 2019 
Epub ahead of print August 
14, 2019 
http://dx.doi.org/10.1016/ 
S2213-8587(19)30249-9 



All-cause 
Mortality

Additional Outcomes

HF
Hospital 

Admission

Composite
Kidney 

Outcomes 

Worsening
Kidney 

Function
Kristensen SL et al. Lancet 
Diabetes Endocrinol 2019 
Epub ahead of print August 
14, 2019 
http://dx.doi.org/10.1016/ 
S2213-8587(19)30249-9 



STLG2i Outcome Trials

Zelniker TA et al. The Lancet 2019; 393: 10166:31-39

Total of 4 studies 
(+Credence) 38,723 subjects



Effects on MACE (By GFR)

Zelniker TA et al. The Lancet 2019; 393: 10166:31-39



Effects On HF  Hospitalization
(By GFR)

Zelniker TA et al. The Lancet 2019; 393: 10166:31-39



Effects On Composite Renal 
Function/ESRD/Death (By GFR)

Zelniker TA et al. The Lancet 2019; 393: 10166:31-39



•Double-blind, RCT

•4,401 patients, > 30 y.o., T2DM, albuminuria, 
CKD on max tolerated ACEi/ARB

•Designed for renal outcomes

•Primary outcome: CV death, progression to 
ESRD, doubling creatinine, renal death

CREDENCE

Perkovic V et al. N Engl J Med 2019;380:2295-2306



Credence

Perkovic V et al. N Engl J Med 2019;380:2295-2306



Perkovic V et al. N Engl J Med 2019;380:2295-2306

Credence



McMurray et al. NEJM 2019 sept 19, DOI: 10.1056/NEJM 1911303 

DAPA-HF



What About DKA Risk 
With SGLT2i?



Risk Factors for DKA with SGLT2i

Danne T et al, Diabetes Care 2019;42:1147–1154



SGLT2i and DKA Risk
Checking the BLOOD KETONES!

Danne T et al, Diabetes Care 2019;42:1147–1154

Need to purchase (Not covered by insurance) either PRECISION XTRA OR NOVAMAX 
glucose/ketone meters and ketone strips



Education for SGLT2i in T1DM or insulin 
treated T2DM

Danne T et al, Diabetes Care 2019;42:1147–1154

ST
I
C
H



Check Ketones Before Starting 
SGLT2i (If On Insulin)

Below 0.6 mmol/L NORMAL

0.6-1.5 mmol/L monitor, start STICH protocol

>1.5 mmol/L impending DKA



Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Need To Minimize Hypoglycemia

1) Metformin; If HbA1c 1.5% > target

2) DPP-4i  SGLT2i or TZD—>Insulin/SU

3) GLP1-RASGLT2i or TZD—>Insulin or SU

4) SGLT2i  DPP4i or GLP1-RA or TZD

Insulin or SU

5) TZDSGLT2i—>DPP4i or GLP1-RA 
Insulin or SU

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



1) Metformin; If HbA1c 1.5% > target

2)GLP1-RA or SGLT2i

3) DPP4iSU of insulin or TZD (with caution)

4) Lifestyle advice weight loss medications 
 metabolic surgery

Need To Minimize Weight Gain -
Promote Weight Loss

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Cost is a Major Issue

1) Metformin; If HbA1c 1.5% > target

2) SU TZD Lower cost DPP4i/SGLT2i 

or Basal insulin

3)TZDSU Lower cost DPP4i/SGLT2i or 

Basal insulin

Ertugliflozin= only SGLT2 for Medicaid
Alogliptin= least expensive DPP-IV

Insulin isophane (NPH) or Regular= 
least expensive non analog insulin only at 
Walmart

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Oral Therapy With Injectables

Ok with injectables 

( GLP1-RA or insulin)

Stop or reduce dose

with insulin

Reduce by 50% if starting insulin

Stop if using mealtime insulin

Ok with injectables

BUT

Do not decrease too 

aggressively insulin

Sick day rules

DO NOT USE

before/during/after surgeries,

hospitalization (DKA)

STOP if starting

GLP1-RA

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



General Strategies
• DM:

•DM education; maximize Metformin; second drug  if HbA1c >7%

•HbA1c <9% consider SGLT2i especially if on DPP IV

•HbA1c >9% start GLP-1 RA before insulin

•Consider fasting glucose, hx of pancreatitis, high TG, neuropathy, 
look at feet! 

•GLP-1 RA or Canagliflozin with GFR <45

• Look at Ophtho report before Semaglutide

• CV:

•Hx of A Fib = monitor heart rate with Liraglutide

• HTN:

•If uncontrolled, add SGLT2i without changes to BP meds

•If BP controlled and on diuretic, hold HCTZ for 1-2 weeks, then 
resume if BP increases

•Contact Cardiology or Nephrology for complex pts



Intensifying Treatment

FRC, fixed-ratio 

combination

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Adding Mealtime (Prandial) Insulin

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Available Insulins
Type Onset Peak Duration Role

Ultra-Rapid Acting
Technosphere insulin

1-2 min 15-20 min 2 – 2 ½ 
hrs

Mealtime
Inhaled

Rapid-Acting
Lispro
Aspart
Glulisine
FiAsp
Lispro U-200
Sanofi Admelog

15-30 min
10-20 min
20-30 min
0-5 min
15-30 min

30-90 min
40-50 min
30-90 min
30-90 min
30-90 min

3-6 hrs
3-5 hrs
3-4 hrs
2-4 hrs
3-6 hrs

Mealtime
Vial, Pen, Pump
Vial, Pen, Pump
Vial, Pen, Pump
Pen only
Pen only

Short-Acting
Regular insulin
Regular insulin(concentrated) U-500

30 min – 1 hr
30 min- 2 hrs

2-5 hrs
2-5 hrs

5-8 hrs
Up to 24 
hrs

Mealtime
Vial
Vial and pen

Intermediate-Acting NPH insulin 2-4 hrs 4-12 hrs 12-18 hrs Basal 
Vial, Pen

Long-Acting
Glargine
Detemir
Glargine U-300 (concentrated)
Degludec (U-100 and U-200)
Lilly Glargine

1-1 ½ hrs
1-2 hrs
1-1 ½ hrs
1-2 hrs
1-1 ½ hrs

“No peak”
“No peak”
No peak
No peak
No peak

20-24 hrs
Up to 24 
hrs
24 hrs
24 hrs
24 hrs

Basal
Vial, Pen
Vial, Pen
Pen only
Pen only
Pen only

Pre-Mixed
Isophane + regular human 70/30 
Lispro protamine + lispro 75/25 OR 
50/50
Aspart protamine + aspart 70/30

30 min
15-30 min

10-20 min

2.5 /14-24 hrs
1-4 /14-24 hrs

2-4 /12-24 hrs

Up to 24 
hrs
18-24 hrs

16-20 hrs

Vial, Pen



How To Use The New Approach

• Metformin is First-line therapy

• Comprehensive lifestyle (weight management and 
physical activity)

• If HbA1c above target proceed to analyze the 
following:

1) Patient with established ASCVD or CKD
- ASCVD predominates

- CKD predominate

2) Patient  without established ASCVD or CKD
- Need to minimize hypoglycemia

- Need to minimized weight gain/promote weight loss
- Cost is major issue

Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701
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Davies et al. Diabetes Care 2018 Dec; 41 (12): 2669-2701



Conclusions

• Start therapy early and titrate/advance early

• Send patients for DM education

• Personalize therapy based on co-morbidities, 
cost, hypoglycemia risk



Thank You


