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Diabetes on the Rise in the U.S.



Top 10 Causes of Death in the U.S. 



Case 1   T2DM

• 47 year  old male assessed for T2DM control. DM x 6 years  

treated with metformin and sitagliptin. Current A1C 7.8 %.

• Hx hypertension, mixed  hyperlipidemia,

• BMI 33,  bp 132/84

eGFR 64, lytes normal, urine micro  28   lipids  LDL C  76,  

TG 178, HDLC 42

Concerned about glycemic control and wt reduction.

• Recommendations?



|  5

Pharmacologic Therapy for Type 2 Diabetes 
(continued)

PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

9.6 Early combination therapy can be considered in some patients at treatment 
initiation to extend the time to treatment failure. E

9.7 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. A
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Pharmacologic Therapy for Type 2 Diabetes

PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT

9.4a First-line therapy depends on comorbidities, patient-centered treatment 
factors, and management needs and generally includes metformin and 
comprehensive lifestyle modification. A

9.4b Other medications (glucagonlike peptide 1 receptor agonists, sodium–
glucose cotransporter 2 inhibitors), with or without metformin based on 
glycemic needs, are appropriate initial therapy for individuals with type 2 
diabetes with or at high risk for atherosclerotic cardiovascular disease, 
heart failure, and/or chronic kidney disease (Fig. 9.3). A

9.5 Metformin should be continued upon initiation of insulin therapy (unless 
contraindicated or not tolerated) for ongoing glycemic and metabolic 
benefits. A



GLP-1 RA and SGLT-2i

A1C    reduction

Primary initial role in T2DM management

Semiglutide weekly, dulaglutide, efpegenatide

tirzepatide

Semiglutide oral 

SGLT-2i  

canagliflozin,dapagliflozin,empagliflozin,sotogliflozin, 



Comparison of glucose lowering 

with GLP-RA and SGLT-i









Outline

▪ Clinical trial results of GIP/GLP-1 coagonist, tirzepatide 
(SURPASS studies) in T2D

▪ Glycemic control

▪ Weight

▪ Cardiovascular risk factors

▪ Cardiovascular outcome studies



List of GIP/GLP-1 Receptor Coagonists

GIP/GLP-1 Receptor Coagonists Phase

LY3298176 (tirzepatide) Late phase III

NN9709 Discontinued

SAR438335 Discontinued

RG-7697 Discontinued

CPD-86 Preclinical

TAK-094 Preclinical

ZP-I-98 Preclinical



Tirzepatide: A Novel Dual GIP and GLP-1 
Receptor Agonist
▪ Molecular Attributes1

‒ Tirzepatide is a multifunctional peptide based on the native GIP peptide sequence, modified to 
bind to GIP or GLP-1 receptors

‒ Tirzepatide is a 39−amino acid linear peptide and includes a C20 fatty diacid moiety

‒ Tirzepatide has a mean half-life of ~5 days, enabling once-weekly dosing

‒ Is in late phase III clinical trial program (SURPASS)2-7

1. Coskun. Molecular Metab. 2018;18:3. 2. Rosenstock. Lancet. 2021;398:143. 3. Frias. NEJM. 2021;[Epub]. 
4. Ludvik. ADA 2021. Abstr 78-LB. 5. Lily news release. investor.lilly.com/news-releases/news-release-details/lillys-tirzepatide-achieves-all-
primary-and-key-secondary-study. 6. Dahl. ADA 2021. Abstr 80-LB. 7. NCT04255433. Slide credit: clinicaloptions.com

* Participants had T2D with inadequate glycemic control on diet and exercise 
alone or on a stable dose of metformin monotherapy.

http://www.clinicaloptions.com/




SURPASS: Tirzepatide Reduces A1C in Type 2 Diabetes

0.04%

-1.87%*-1.89%*

-2.07%*

SURPASS-11

(40 Wk)
Baseline A1C: 7.9%

N = 478

SURPASS-33

(52 Wk)
Baseline A1C: 8.2%

N = 1444

SURPASS-55

(40 Wk)
Baseline A1C: 8.3%

N = 475

-1.34%

-1.93%*

-2.20%*
-2.37%*

No background OAMs

Placebo TZP
5 mg

TZP
10 mg

TZP
15 mg

SURPASS-22

(40 Wk)
Baseline A1C: 8.3%

N = 1879

-1.86%
-2.09%*

-2.37%*
-2.46%*

Background metformin

TZP
5 mg

TZP
10 mg

TZP
15 mg

Semaglutide
1 mg

Background metformin, or
metformin + SGLT-2i

TZP
5 mg

TZP
10 mg

TZP
15 mg

Insulin
degludec

Placebo TZP
5 mg

TZP
10 mg

TZP
15 mg

Background insulin glargine,
with or without metformin

-0.93%

-2.23%*

-2.59%* -2.59%*

SURPASS-44

(52 Wk)
Baseline A1C: 8.52%

N = 2002

-1.44%

-2.24%*

-2.43%*
-2.58%*

TZP
5 mg

TZP
10 mg

TZP
15 mg

Insulin
Glargine

Background metformin, or
metformin + SGLT-2i or SU

1. Rosenstock. Lancet. 2021;398:143. 2. Frias. NEJM. 2021;385:503. 3. Giorgino. ADA 2021. Abstr 78-LB. 4. Lily news release. 
investor.lilly.com/news-releases/news-release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study.
5. Dahl. ADA 2021. Abstr 80-LB.

* Denotes statistical significance to comparator.

Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


SURPASS-2: A1C Over Time and Change 
From Baseline at 40 Wk

Overall mean baseline A1C: 8.28%

Arrows indicate when the maintenance dose of tirzepatide 5 mg, 10 mg, 
and 15 mg and semaglutide 1 mg is achieved. *P <.001 vs semaglutide 1 mg.

Frias. NEJM. 2021;385:503. Frias. ADA 2021. Abstr 84-LB. 
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http://www.clinicaloptions.com/


SURPASS-2: Body Weight Over Time and 
Change From Baseline at 40 Wk

Frias. ADA 2021. Abstr 84-LB. Frias. NEJM. 2021;385:503. 

Arrows indicate when the maintenance dose of tirzepatide 5 mg, 10 mg, 

and 15 mg and semaglutide 1 mg is achieved. *P <.001 vs semaglutide 1 mg.
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Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


SURPASS-2: Treatment Discontinuations

Parameter
TZP 5 mg
(N = 470)

TZP 10 mg 
(N = 469)

TZP 15 mg 
(N = 470)

SEMA 1 mg
(N = 469)

Overall
P Value

Permanent discontinuation 
from study drug, n (%)

39 (8.3) 58 (12.4) 62 (13.2) 41 (8.7) .027

Adverse event* 28 (6.0) 40 (8.5) 40 (8.5) 19 (4.1) .012

Death 4 (0.9) 4 (0.9) 4 (0.9) 1 (0.2) .567

Failure to meet 
randomization criteria

0 0 1 (0.2) 1 (0.2) .624

Lost to follow-up 4 (0.8) 4 (0.9) 8 (1.7) 9 (1.9) .318

Physician decision 0 3 (0.6) 0 2 (0.4) .081

Protocol deviation 0 1 (0.2) 0 1 (0.2) .374

Withdrawal by subject 6 (1.3) 7 (1.5) 7 (1.5) 7 (1.5) .980

Pregnancy 1 (0.2) 0 1 (0.2) 1 (0.2) 1.000

Other 0 3 (0.6) 5 (1.1) 1 (0.2) .060

Frias. ADA 2021. Abstr 84-LB. Frias. NEJM. 2021;385:503. *Deaths also included as discontinuations due to AE. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


SURPASS-2: Effects on Cardiovascular Risk Factors

Mean Change 
From Baseline

TZP 5 mg
(N = 470)

TZP 10 mg 
(N = 469)

TZP 15 mg 
(N = 470)

SEMA 1 mg
(N = 469)

A1C, % -2.01 -2.24 -2.3 -1.86

Weight, kg -7.6 -9.3 -11.2 -5.7

LDL, % -7.7 -5.8 -5.2 -6.1

HDL, % +6.8 +7.9 +7.1 +4.4

TG, % -19.0 -24.1 -24.8 -11.5

SBP/DBP, mm Hg -4.8/-1.9 -5.3/-2.5 -6.5/-2.9 -3.6/-1.0

▪ Both semaglutide and dulaglutide have FDA indication for reduction of 3-point MACE in people 
with T2D and CVD

Dulaglutide PI. Frias. NEJM. 2021;385:503. Semaglutide PI. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/


Summary

▪ In the phase III studies, treatment with tirzepatide demonstrates greater 
reduction in A1C vs semaglutide 1 mg, degludec, and glargine

▪ Similarly, treatment with tirzepatide is associated with greater reduction in 
body weight

▪ Compared with semaglutide 1 mg, treatment with tirzepatide is associated 
with greater reduction in cardiovascular risk factors 
of A1C, weight, BP, and greater improvements in TG and HDL-C 

▪ Reductions in LDL-C were significant, but similar to semaglutide 1 mg

▪ Gastrointestinal side effects were similar to GLP-1 RA, but were numerically 
greater with tirzepatide compared with semaglutide 1 mg



What about weight loss in this patient



Not approved for weight loss 

• Semaglutide (Ozempic) not approved for weight loss   across all 
studies  15-18 % over study period 

• Dulaglutide (Trulicity): not approved for weight loss  across all 
studies  4.5 mg dose  as much as 10 pounds  over study period 

• Oral semaglutide (Rybelsus) not approved for weight loss  may 
lose 5-10 pounds over study period. 

• Empagliflozin not approved for weight loss one study  2-3 
percent body weight in 24 weeks.

• Dapagliflozin not approved for weight loss may lose 7 pounds 
in 24 weeks.









Sustain Forte 

• Type 2 DM    Met with/without SU

• 961 participants   semiglutide 1.0 vs 2.0 mg 

• A1C changd 2.2% vs 1.9%   2.0 vs  1.0 mg

• Wt loss 6.9 vs  6.0 kg  





Phase III SURMOUNT Studies: 
Tirzepatide for Weight Loss

▪ SURMOUNT-1 and -2: persons with type 2 diabetes with obesity 
or BMI >27 kg/m2, with comorbidities

▪ SURMOUNT-3 and -4: persons with obesity

▪ Anticipated completion in 2023

NCT04184622. NCT04657003. NCT04657016. NCT04660643. Slide credit: clinicaloptions.com

http://www.clinicaloptions.com/








Approved for Weight loss

• Phentermine 7.5% wt loss

• Bariatric surgery  25-30%  body weight.

• Liraglutide (3.0 mg) 60% of individuals lost >5% BW 33% of 
individuals  lost >10 % BW

• Semaglutide (Wegovy) 14.9% wt loss  in 68 weeks
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PHARMACOLOGIC APPROACHES TO GLYCEMIC TREATMENT
Glucose-lowering 
Medication in 
Type 2 Diabetes: 
2021 ADA 
Professional 
Practice 
Committee (PPC) 
adaptation of 
Davies et al. and 
Buse et al.

Pharmacologic 

Approaches to 

Glycemic 

Management: 

Standards of Medical 

Care in Diabetes -

2022. Diabetes Care 

2022;45(Suppl. 

1):S125-S143



Pitfall   Case 2

• 45 y/o male scheduled for CABG.    T2DM A1C 7.2 %

• Meds empagliflozin 25 mg daily, lisinopril 20 mg daily,  

atorvastatin 40 mg daily

• Cautions or concerns with SGLT-I and surgery?

Chacko B et al. Postoperative euglycaemic diabetic ketoacidosis 

associated with  SGLT-2 i Anaesth Intensive Care. 2018;215-9. 



• Discontinue Empa, Cana, Dapa 3 days prior to surgery. Steglatro
4 days prior. Overall perioperative management of SGLT-2i on a 
case by case basis



Case 3  CV  T2DM

• 54 year old female evaluated for Type 2 DM  control.

• DM x 12 years  current treatment metformin 1500 mg per day and  
sitagliptin 50 mg per day  

• Hx CAD, hypertension, mixed hyperlipidemia, CKD 3A, and obesity

• Other meds  lisinopril 10 mg daily, rosuvastatin 10 mg daily, ASA 81 
mg daily, and  metoprolol 25 mg daily

• BMI 32 BP  132/78  exam normal

• A1C 6.6 %  Lipids  TG 138, LDLC 72, HDL C 38  



Pitfall   To stop here!

• Is it time to rest?

• Is there anything to do to reduce CV CKD  risk ?

• Lots of choices!! 













Dapa-Preserved HF   

• Improve CHF symptoms    with  HFpEF











Expanded  4/30/21

• Reduce the risk of adverse kidney and CVD outcomes in 

patients with CKD who are at risk of progression 















• Expanded 2/24/22   to reduce the risk of cardiovascular 

death and hospitalization for heart failure in adults   (Hfrf

and Hfpf) 







Pioneer 6  Rybelsus

• CVD outcome

















Insulin

• ORIGIN

CONCLUSIONS: When used to target 

normal fasting plasma glucose levels for more 

than 6 years, insulin glargine had a neutral 

effect on cardiovascular outcomes and 

cancers. Although it reduced new-onset 

diabetes, insulin glargine also increased 

hypoglycemia and modestly increased 

weight. (Funded by Sanofi; ORIGIN 

ClinicalTrials.gov number, NCT00069784.). 

MAY NOT BE BEST CHOICE FOR CVD EVENT 

REDUCTION



Pitfall

• Not presenting the information to your patient !



Whats on the horizon in the SGLT world?





E







Efpeglenatide



Effect on HbA1c, Weight, BP, 
HR, eGFR & Adverse Events



© HCG 2015

Efpeglenatide Placebo 

Had a Final Visit 2715 1358

Metformin (%) 1975 (72.7) 991 (73.0)

Sulfonylureas (%) 652 (24.0) 354 (26.1)

Insulin (%) 1723 (63.5) 884 (65.1)

DPP4 inhibitor (%) 24 (0.9) 26 (1.9)

SGLT2 inhibitor (%) 475 (17.5) 288 (21.2)

ACE inhibitor or ARB (%) 2161 (79.6) 1085 (79.9)

Statin (%) 2222 (81.8) 1098 (80.9)

Aspirin (%) 1859 (68.5) 921 (67.8)

Beta blocker (%) 1842 (67.9) 896 (66.0)

Medication Changes at Final Visit
Increased Use of Glucose-Lowering Agents in Placebo Group



© HCG 2015

Effect of Efpeglenatide on Clinical Measures
Body Weight and BMI Changes Over Time

                          

                 
                   

         

              
                   

         



© HCG 2015

Efpeglenatide 4 or 6 mg versus Placebo 
MACE

                                     

                                          

                        



© HCG 2015

Effect on MACE Within Pre-specified Subgroups

Baseline SGLT2i Use in = 618 (15.2%) 

         

   
    

      

   
                

                 

        
     

     

     

     

      
             

             

      

     

                 
                            

                           

     
          

         

   
                   

                  

    
                   

                  

          
                

                   

          
                   

                      

             
                      

                         

             
                

               

               

             

              

               

               

           

            

           

             

             

             

             

             

               

             

               

              

               

               

              

               

             

             

               

               

             

   

   

   

   

 

 

   

   

   

   

   

   

   

   

   

   

 

   

   

   

   

   

   

   

 

   

   

       
                

               

             

             

             

             

               

         

           

           

             

             

             

             

             

            

             

             

            

             

            

             

               

            

             

               

             

            

   

   

 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

   

   

   

   

   

   

   

 

 

            
       

                

                

                

                

                

                

                

                

 

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

          

           

          
          

          
          

       

         

   
    

      

   
                

                 

        
     

     

     

     

      
             

             

      

     

                 
                            

                           

     
          

         

   
                   

                  

    
                   

                  

          
                

                   

          
                   

                      

             
                      

                         

             
                

               

               

             

              

               

               

           

            

           

             

             

             

             

             

               

             

               

              

               

               

              

               

             

             

               

               

             

   

   

   

   

 

 

   

   

   

   

   

   

   

   

   

   

 

   

   

   

   

   

   

   

 

   

   

       
                

               

             

             

             

             

               

         

           

           

             

             

             

             

             

            

             

             

            

             

            

             

               

            

             

               

             

            

   

   

 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

   

   

   

   

   

   

   

 

 

            
       

                

                

                

                

                

                

                

                

 

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

          

           

          
          

          
          

       



© HCG 2015

Summary of CV/Kidney Effects of Efpeglenatide
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© HCG 2015

Overall Conclusion

The AMPLITUDE O trial shows that the exendin-4 based 

GLP-1 RA drug efpeglenatide…  

… safely reduces major cardiovascular and renal outcomes in 

high-risk people with type 2 diabetes while lowering glucose, 

blood pressure and weight 



Study Name 

& Drug

Study Description Benefits Adverse Concerns

CREDENCE 

Study, 2019, 

canagliflozin 

(Invokana)

T2DM patients received 

canagliflozin 100 mg or 

placebo once daily. 

Primary endpoint was 

composite of ESKD, 

doubling of serum 

creatinine, and renal or 

cardiovascular death.

30% decrease in Primary 

Endpoint

• 22%  (p=?) claimed 

decrease in CV death

• Driven by 40% reduction 

in doubling of serum 

creatinine and 32% 

reduction in ESKD

Secondary: 39% reduction 

in hospitalization for heart 

failure (HHF)

• No statistically significant 

decrease in atherosclerotic CV 

events

• CV Death 22% (p=?)

• Nonfatal Stroke 20% (NS)

• Nonfatal MI 19% (NS)

• No benefit (HR=1.00) in 

North America; benefit 

primarily driven in South 

America (HR= .58)

• Potential increase in breast 

cancer

• Slight increase (HR=1.11) in 

amputations, venous 

thromboembolisms (HR=1.28)

• 4x Genital Infections 

DAPA-HF 

Trial; 2019, 

dapagliflozin 

(Farxiga)

Patients, with or without T2DM, 

were an age of at least 18 years, 

an ejection fraction of 40% or 

less, &  NYHA class II, III, or 

IV symptoms. Primary outcome 

was a composite of worsening 

HF or death from CV causes. 

Patients received dapagliflozin 

10mg or placebo.

• 26% reduction in primary 

composite endpoint

• Regardless of presence of 

T2DM

• 30% reduction in HHF

• 18% reduction in CV death 

(p=?)

• Hoping to show weight loss

• Unremarkable AE profile

• Unknown effect on ASCVD 

vs HF events

• No statistical benefit in 

North America or Europe

• Statistical benefit only in 

Asia and Central America

• No statistical benefit in 

NYHA Classes III & IV

• HF benefit only in Class II

Summary: SGLT-2 CVOTs
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Case 4 

• 63 y/o female  T2DM   

• Checks fingersticks pre breakfast and dinner and is proud 

of her  efforts.  

• Placed Libre

• What is your focused discussion now?



Not actual patient data; for illustrative purposes only. 

1. Battelino T, Danne T, Berganstal RM, et al. Clinical targets for continuous glucose monitoring data interpretation: recommendations from the international consensus on time in range. 
Diabetes Care. 2019;42(8):1593-1603.

Not All A1cs Are Created Equal

HbA1c only provides a broad look at a patient’s glucose history. 
Time in Range provides more actionable information than A1c 
alone and should complement A1c.1

Law of 
averages!!
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Estimated Average Glucose

GLYCEMIC TARGETS

Glycemic Targets: 

Standards of Medical Care in Diabetes - 2021. Diabetes Care 2021;44(Suppl. 1):S73-S84



GLYCEMIC TARGETS

Glycemic Targets: 

Standards of Medical Care in Diabetes - 2020. Diabetes Care 2020;43(Suppl. 1):S66-S76



A1c + AGP (Ambulatory Glucose Profile)
Combining each patient's A1c with their ambulatory 

glucose profile (AGP) uncovers critical daily patterns

TIR (Time in Range) + TBR (Time below range)
Monitoring TIR and TBR glucose variability helps show how 

closely readings of an individual patient fall within target 

range, or below, in hypoglycemia

Glucose data
Additional access to acute, daily, and long-term (90 days) 

data allows for more informed treatment decisions

Moving beyond A1c

AGP provides a standardized visualization that condenses glucose data generated 

from GGM over several days or weeks into a single, 24-hour window.

1. Battelino T, Danne T, et al. Clinical Targets for Continuous Glucose Monitoring Data Interpretation: 
Recommendations From the International Consensus on Time in Range. Diabetes Care. 2019 Aug;42(8):1593-
1603.

*

How CGM Can Help Reduce Diabetes 
Management Challenges

Using a combination of metrics allows for a more 
complete picture of glucose profile1





Summary

• Changes have occurred in the focus of diabetes 

management  GLUCOSE MANAGEMENT>CVD RISK 

REDUCTION>CKD REDUCTION  WT MANAGEMENT

CLINICIANS ARE RESPONSIBLE  FOR PRESENTING 

THE OPTIONS TO OUR PATIENTS


