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Prevalence of Diabetes in the United States
2021 CDC Fact Sheet 

 Affects 37.3 million Americans             
(11.3% of the population)
 Diagnosed: 28.7 million 
 Undiagnosed: 8.6 million 

(Over 1 in 5)
 Over 4200 people are diagnosed 

daily 

 Pre-Diabetes: 96 million
 38% of adults > age 18
 48.8%  > 65
 1 in 7 of these patients know it

Centers for Disease Control and Prevention. National Diabetes Statistics Report website. 
https://www.cdc.gov/diabetes/data/statistics-report/index.html. Accessed  Jan 31, 2023. 

Type 1  ~5%
(Approx 2 million)

Type 2  ~95%
(Approx 35 million)



Diabetes and Cardiorenal Risk

HF

T2DM

ASCVDCKD

More than 34 million Americans have 
diabetes – 95% of whom have Type 2 

Diabetes Mellitus (T2DM). 

Adults with T2DM are twice as 
likely to have heart disease, a 

stroke, or heart failure. 

Patients with diabetes and heart failure 
have a 50% 5-year mortality rate. 

Diabetes and CVD are the main 
causes of chronic kidney disease 

(CKD). 

The presence of diabetes and 
CVD in adults with CKD 

increases the risk of morbidity 
and mortality. 

CDC. Type 2 Diabetes [Internet]. Center for Disease Control [cited 2020 Sep 20]. Available from: https://www.cdc.gov/diabetes/basics/type2.html
National Institute of Diabetes and Digestive and Kidney Diseases. Kidney Disease Statistics for the United States [Internet]. NIH [cited 20 Sep 2020]. 
Available from: https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease

https://www.cdc.gov/diabetes/basics/type2.html
https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease


Multifactorial approach to reduction in 
risk of diabetes complications

ADA. Standards of  Medical Care in 
Diabetes – 2022. Diabetes Care 
2022;45(Suppl. 1):S144–S174. 





Major changes for 2023
 Even greater Cardio-renal Protection Theme with consideration of 

glucose-lowering therapies
 Greater emphasis on weight loss in diabetes management 
 New LDL-C goal
 New BP goal
 Emphasis on renal protection



The ABC’s of Diabetes (Other guideline changes …)
 A1C (and consider ASA)

 < 7.0% ADA (< 6.5% ACE) 
 Blood Pressure

 < 130/80
 Cholesterol

 LDL-C < 70 mg/dL (< 55 mg/dL for those with established ASCVD)
 Statin therapy (moderate to high intensity doses)

 HDL-C > 40 mg/dL (> 50 mg/dL in women)
 TG’s < 150 mg/dL (the addition of icosapent ethyl can be 

considered)
 Smoking Cessation

ADA. Standards of  Medical Care in Diabetes – 2023. Diabetes Care 2023;46(Suppl. 1):S158–S190. 



Cefalu WT et al. Cardiovascular Outcomes Trials in Type 2 Diabetes: Where Do We Go From Here? Reflections From a Diabetes Care Editors’ Expert Forum. Diabetes Care 2018;41:14–31.  

DIABETES 
CVOT’S



EMPA-REG

Zinman B et al. N Engl J Med. 2015;373(22):2117-28. 

7,020 people with T2DM, 100% with established CVD  
Empa 10 or 25 mg vs placebo (all +SOC); Median observation time of 3.1 years
Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke (3-pt 
MACE)



EMPA-REG OUTCOME® : STUDY DESIGN

11

Screening
(N=11,531)

Randomized 
and treated
(n=7020)

Empagliflozin 10 mg (n=2345)* 

Empagliflozin 25 mg (n=2342)* 

Placebo (n=2333)

3.1 years’ median observation time 

2-week 
placebo 
run-in

Stable background 
diabetes therapy 

Background diabetes and CV therapy adjustment allowed
to achieve best care according to local guidelines

12 weeks 

1:1:1

• HbA1c 7–10%
• Established CV disease

– History of coronary artery disease, peripheral arterial disease, MI or stroke
• eGFR ≥30 ml/min/1.73 m2†

Main inclusion 
criteria

Pooled 

*The two doses have been pooled in the primary analysis; †Initiation of empagliflozin in patients with impaired kidney function should be conducted according to local prescribing 
information
eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; MI, myocardial infarction
Zinman B et al. N Engl J Med 2015;373:2117



TIME TO OCCURRENCE OF CV DEATH VS PLACEBO ON TOP 
OF STANDARD OF CARE*†

EMPA-REG OUTCOME

12

CV death 
HR 0.62

(95% CI 0.49, 0.77)
p<0.001

Placebo Empagliflozin
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Early separation of 
curves for 
CV death events

↓38% RRR

Cumulative incidence function. RRR for CV death: 38%; ARR for CV death: 2.2%; rates of CV death: 3.7% (empagliflozin) vs 5.9% (placebo)
*Secondary  endpoint; Nominal p-value  †Standard of care included CV medications and glucose-lowering agents given at the discretion of physicians
ARR, absolute risk reduction; RRR, relative risk reduction
Zinman B et al. N Engl J Med 2015;373:2117



Zinman B et al. N Engl J Med. 2015;373(22):2117-28. 

14% RRR 38% RRR

32% RRR 35% RRR



9,340 people with T2DM at high risk of MACE  

Primary Endpoint: Composite of CV death, non-fatal MI 
and non-fatal stroke: 13% reduction 

Secondary Endpoint: 22% reduction of CV mortality
15% decrease in overall mortality



9,340 patients with T2DM at high risk of MACE (81% with CVD)
Liraglutide 1.8 mg; Median 3.8 yrs f/u                        
Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke



Marso SP et al. N Engl J Med. 
2016 Jul 28;375:311-22.

13% RRR 22% RRR

NS NS



Sept 16, 2016.

26% reduction of MACE



3,297 patients with T2DM at high risk of MACE (83% with CVD and/or CKD)
Semaglutide 0.5 or 1 mg; Median 2.1 yrs f/u                        
Primary Endpoint: 3-point MACE

Sept 16, 2016.



Marso SP. N Engl J Med. 2016; 375: 311-22.

26% RRR

39% RRR

NS

NS



13% reduction in MACE



9901 patients with T2DM at high risk of MACE (31% with CVD)
Dulaglutide 1.5 mg; Median 5.4 yrs f/u; Primary Endpoint: 3-point MACE



Gerstein HC et al. Lancet. 2019;394:121–30.  

12% RRR

24% RRRNS

NS



CARDIOVASCULAR BENEFIT OF 
GLP-1 RA’S

• Liraglutide (LEADER) - 13% reduction in MACE (2016)

• Semaglutide (SUSTAIN) - 26% reduction of MACE (2016)

• Albiglutide (Harmony Outcomes) - 22% reduction of MACE (2018) 

• Dulaglutide (REWIND) - 12% reduction of MACE (2019)







GLP-1 RECEPTOR AGONISTS - RISK-TO-BENEFIT RATIO

Kim Y, Babu AR. Diabetes Metab Syndr Obes. 2012;5:313-327.  
Inzucchi SE, et al. Diabetes Care. 2015;38:140-149. 
Abdul-Ghani M, DeFronzo RA. Diabetes Care. 2017;40:1121-1127.  
Lee YS, Jun HS.  Mediators of Inflammation.  2016; article ID 3094642.

• Mostly injectables
• Nausea/vomiting
• ? Pancreatitis risk
• Medullary thyroid cancer 

(rodents)

• ↓HbA1c ~1.0–1.9% 
• Low hypoglycemia risk
• Significant ↓ weight
• Modest ↓ BP
• ↓ Albuminuria
• Modest ↓ LDL-C, TGs
• ↓ Inflammatory markers
• ? Direct cardiac effects

BENEFITS

RISKS

↓ MACE
Renal                
protection



Samms RJ, et al. Trends I Endocrinol Metab 2020;31(6):410-21. 



Frías JP,  et al. SURPASS-2. NEJM 2021; 385:503-15.



DUAL GLP-1/GIP RECEPTOR AGONISTS SURPASS-2 

Frías JP,  et al. SURPASS-2. N Engl J Med. 2021;385:503-515.



Frías JP,  et al. SURPASS-2. NEJM 2021; 385:503-15.



Frias JP. SURPASS-2. NEJM 2021; 385:503-15.



Rubino et al. JAMA 2022; 327(2): 138-150

Observed mean change over time*
(Mean at baseline: 104.5 kg)

Estimated mean change from baseline to week 68†
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In-trial period/treatment policy estimand:
On-treatment period/trial product estimand:

Liraglutide 3.0 mg Pooled placeboSemaglutide 2.4 mg

–15.8%

-6.4%

-1.9%

-17.1%

–6.6%

-1.8%

Semaglutide 2.4 mg Liraglutide 3.0 mg Placebo

ETD: –9.4 %
95% CI: [–12.0, –6.8]; p<0.001

ETD: –10.5 %
95% CI: [–12.8, –8.1]; p<0.001

Body Weight % Loss- Semaglutide, Liraglutide



Jastreboff  AM et al. N Engl J Med 2022;387:205-16. 



Garvey WT et al. Lancet; June 24 2023; https://doi.org/10.1016/S0140-6736(23)01200-X



CHANGE FROM BASELINE (%) IN BODY WEIGHT

Zepbound, prescribing information, Eli Lily 2023.



NEJM 2017;377:644-57.

14% reduction of primary composite outcome: death from CV causes, nonfatal 
myocardial infarction, or nonfatal stroke
33% relative risk reduction of hospitalization for heart failure



Neal B et al. NEJM 2017;377:644-57.   

10,142 patients with T2DM, 2/3’s with established CVD
Cana 100 or 300 mg or placebo; 2.4 year f/u
Primary Endpoint: Composite of CV death, non-fatal MI and non-fatal stroke



Neal B et al. NEJM 2017;377:644-57.   

14% RRR

NS NS

NS



No reduction of MACE
17% relative risk reduction of CV death 
or hospitalization for heart failure



17,160 patients with T2DM, 39% with established CVD
DAPA 10 mg; 4.2 year median f/u
Two primary efficacy outcomes: MACE or cardiovascular death and HHF



Wiviott SD et al. N Engl J Med. 
2019; 280:347-57. 

17% RRR NS

24% RRR NS



Cannon CP et al. N Engl
J Med 2020; DOI: 10.1056/
NEJMoa2004967

8,238 patients with T2DM; 100% CVD
5 or 15 mg or placebo; 3.0-year median f/u 
Primary Endpoint: 3-Point MACE



Cannon CP et al. N Engl J Med 2020;                   
DOI: 10.1056/NEJMoa2004967

NS
NS

NS NS







SGLT2i’s With FDA Indications 
for Cardiovascular Disease (CVD)
 Empagliflozin 

 Indicated to reduce the risk of cardiovascular (CV) death in adults with type 2 
diabetes mellitus and established CV disease. 

 Canagliflozin
 Indicated to reduce the risk of major adverse cardiovascular events in adults 

with type 2 diabetes mellitus and established cardiovascular disease.  

 Dapagliflozin 
 Indicated to reduce the risk of cardiovascular death and hospitalization for 

heart failure in adults with heart failure (NYHA class II-IV) with reduced 
ejection fraction. 



GLP-1 RAs With FDA Indications 
for Cardiovascular Disease (CVD)
 Liraglutide 

 FDA-approved indication to reduce risk for MACE in adults with T2D
and established CVD.

 Semaglutide SQ
 Indicated to reduce the risk for MACE in adults with T2D with established CVD.

 Dulaglutide 
 Indicated to reduce the risk MACE in adults with T2D with established CVD or 

multiple CV risk factors. 



Renal Protection



Brenner et al. N Engl J Med. 2001; 345:861-869.

Risk reduction, 16%
P = 0.02

RENAAL

Risk reduction, 20%
P = 0.02

Lewis et al. N Eng J Med. 2001; 345:851-860.

IDNT
Doubling of serum creatinine, ESKD, or death

Proven Renoprotection in T2DM: RENAAL & IDNT







4401 patients with T2DM, eGFR 30-90 ml/min with macro albuminuria (300-5000 mg/g)                                               
Cana 100 mg mg; receiving SOC therapy, Median 2.6 yrs f/u                        
Primary Endpoint: composite of ESRD, a doubling of the SCr level, or renal or CV death 



Perkovik V et al.  N Engl J 
Med, 2019;380:2295-306.

RRR 30% RRR 34%

RRR 32% RRR 28%



4304 patients with CKD (eGFR 25-75 ml/min and urinary Alb:Cr 200-5000 mg/g)                                                               
On stable renal protection therapy; Dapa 10 mg; Median 2.4 yrs f/u; 2/3’s with T2DM                        
Primary Endpoint: composite of a sustained decline in the eGFR of at least 50%, ESRD, 
or death from renal or cardiovascular causes



Heerspink HJL et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2024816



Heerspink HJL et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2024816

RRR 39%

RRR 29%

RRR 44%

RRR 31%



Postulated SGLT2i tubuloglomerular
feedback (TGF) mechanisms 

Cherney DZI et al. Circulation. 2014;129:587-97.



SGLT2i’s With FDA Indications 
for Renal Protection
 Canagliflozin

 Indicated to reduce the risk of end-stage kidney disease, doubling of serum 
creatinine, cardiovascular death, and hospitalization for heart failure in 
adults with type 2 diabetes mellitus and diabetic nephropathy with 
albuminuria. 

 Dapagliflozin
 FDA granted breakthrough therapy designation (10/2/20) for dapagliflozin 

for adults with chronic kidney disease with and without type 2 diabetes.

(EMPA-Kidney and SCORED results expected in 2022) 



Giugliano et al. Diabetes Obesity Metabolism 2021; Om-line 12 March 

Effect of SGLTs on Renal Endpoints







Heart failure hospitalizations (HHF)
Secondary endpoint of CVOT’s

EMPA-REG 
OUTCOME

CANVAS Program DECLARE-TIMI 58

HHF HHFHHF

 35% reduction in 
heart failure 

hospitalizations 
(p=0.002)

 33% reduction in 
heart failure 

hospitalizations
(p=0.002)

 27% reduction in 
heart failure 

hospitalizations
(p=0.005)

Zinman B et al. N Engl J Med. 2015;373(22):2117-28.
Neal B et al. N Engl J Med. 2017;377:644-57. 
Wiviott SD et al. N Engl J Med. 2019; 380:347-357. 



Braunwald E. N Engl J Med. 2022;386:2024-34. 





4744 patients with HFrEF (Class II, III, or IV and EF < 40%); 45% with DM                                                               
Dapa 10 mg in addition to recommended therapy; Median 18.2 mos f/u                        
Primary Endpoint: composite of worsening heart failure (hospitalization or an urgent 
visit resulting in intravenous therapy for heart failure) or cardiovascular death.



26% relative risk reduction of composite     
of worsening heart failure or CV death
18% relative risk reduction of CV death
17% relative risk reduction of overall death



McMurray JJV et al. 
N Engl J Med     
2019; 381:1995-2008. 



McMurray JJV et al. 
N Engl J Med 2019; 
381:1995-2008. 

RRR 26%

RRR 18%

RRR 30%

RRR 17%



Packer M et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2022190.

3730 patients with HFrEF (Class II, III, or IV and EF < 40%); 50% with DM                                                               
Empa 10 mg in addition to recommended HF therapy; Median 16 mos f/u                        
Primary Endpoint: composite of CV death or hospitalization for worsening HF



Packer M et al. NEJM 2020; 
DOI: 10.1056/NEJMoa2022190.



Primary endpoint: CV death or HHF

Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.

25% RRR



Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.

Secondary endpoint: All HHF

30% RRR





Packer M et al. NEJM 2020; DOI: 10.1056/NEJMoa2022190.

Changes in the Estimated GFR.
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EMPEROR-Reduced trial design

76

Aim: to investigate the safety and efficacy of empagliflozin versus placebo, on top of SOC, 
in patients with HFrEF with or without diabetes

Key inclusion criteria:
• NYHA class II–IV with LVEF ≤40%*
• Elevated NT-proBNP†

• eGFR ≥20 ml/min/1.73 m2

• Guideline-recommended medication 
stable ≥1 week prior to first visit

Primary endpoint: time to first event of adjudicated CV death or adjudicated HHF

Key secondary endpoints (Confirmatory):
• First and recurrent adjudicated HHF events
• Slope of change in eGFR (CKD-EPI) from 

baseline

Secondary endpoints
• Change from baseline KCCQ-CSS at 

week 52
• HHF (First event)
• CV Death
• All-cause mortality
• Composite kidney endpoint‡

Randomisation
3730 patients

Empagliflozin 10 mg qd + SOC§

Placebo qd + SOC§

Median follow-up: ~16 months

30-day 
post-treatment 

period
Up to 28 days

screening

End of treatment 
at 841 primary 

outcome events

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with reduced ejection fraction.
§Guideline-directed medical therapy. *For ≥3 months; †NT-proBNP-based enrichment of the population: patients with a higher ejection fraction require a higher NT-proBNP level for inclusion); 
‡Occurrence of chronic dialysis, kidney transplant or sustained reduction in eGFR ≥40%
ClinicalTrials.gov. NCT03057977 (accessed Jan 2021); Packer M et al. Eur J Heart Fail 2019;21:1270



Placebo

Empagliflozin

EMPEROR-Reduced: Time to Cardiovascular Death or Hospitalization 
for Heart Failure (Primary Endpoint)

Placebo
Empagliflozin
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462 patients with event
Rate: 21.0/100 patient-years

361 patients with event
Rate: 15.8/100 patient-years

HR 0.75
(95% CI 0.65, 0.86)

P < 0.0001

Packer et al. N Engl J Med. 2020; 383:1413-1424



Anker et al. Circulation 2021; 143: 337-349 

EMPEROR-Reduced Primary Outcome 
With and Without Type 2 Diabetes
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EMPEROR-Preserved trial designAim: to investigate the safety and efficacy of empagliflozin versus placebo, on top of SOC, 
in patients with HFpEF with or without diabetes

Key inclusion criteria:
• NYHA class II–IV with LVEF >40%*
• Elevated NT-proBNP†

• Structural heart changes or HHF within 12 
months of screening

• eGFR ≥20 ml/min/1.73 m2

• Guideline-recommended medication stable 
≥1 week prior to first visit

Primary endpoint: time to first event of adjudicated CV death or adjudicated HHF

Key secondary endpoints (Confirmatory):
• First and recurrent adjudicated HHF events
• Slope of change in eGFR (CKD-EPI) from baseline

Secondary endpoints
• Change from baseline KCCQ-CSS at week 52
• HHF (First event)
• CV Death
• All-cause mortality
• Composite kidney endpoint‡

Randomization
N= 5988 
patients

Empagliflozin 10 mg qd + SOC§

Placebo qd + SOC§

30-day 
post-treatment 

period
Up to 28 days

screening

End of treatment 
at 841 primary 

outcome events

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.
§Guideline-directed medical therapy. *Most recent assessment prior to enrollment and no prior LVEF <40%.†NT-proBNP  >300 pg/ml w/o AF or > 900 pg/ml with AF; ‡Occurrence of chronic dialysis, kidney transplant or 
sustained reduction in eGFR ≥40%
ClinicalTrials.gov. NCT03057977; Anker SD et al. Eur J Heart Failure 2019; doi:10.1002/ejhf.1596. Anker S et al. N Engl J Med. 2021; DOI: 10.1056/NEJMoa2107038

Median follow-up: ~26.2 months

80



EMPEROR-Preserved:
Main Inclusion and exclusion criteria

Main Inclusion criteria Main Exclusion criteria 
• Age ≥18 years
• Chronic HF NYHA class II−IV
• LVEF >40%
• NT-proBNP:

• >300 pg/mL in patients without AF
• >900 pg/mL in patients with AF

• Structural changes in the heart (increases in left 
atrial size or left ventricular mass) or HHF within 12 
months of screening

• MI, coronary artery bypass graft surgery or other major 
CV surgery, stroke or TIA 
≤90 days before visit 

• Heart transplant recipient, or listed for heart transplant
• Acute decompensated HF
• SBP ≥180 mmHg at randomization
• Symptomatic hypotension and/or SBP <100 mmHg
• eGFR <20 mL/min/1.73 m2 or requiring dialysis

Further criteria apply

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.
SBP, systolic blood pressure; TIA, transient ischemic attack. 
Anker S et al. N Engl J Med. 2021; DOI: 10.1056/NEJMoa2107038
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Primary composite endpoint: Time to first adjudicated
CV death or hospitalization for heart failure 
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Months since randomization
Patients at risk
Placebo
Empagliflozin

2991
2997

2888
2928

2786
2843

2706
2780

2627
2708

2424
2491

2066
2134

1821
1858

1534
1578

1278
1332

961
1005

681
709

400
402

HR: 0.79
(95% CI: 0.69, 0.90)

p<0.001

Empagliflozin: 
415 (13.8%) patients with event
Rate: 6.9/100 patient-years
Placebo: 
511 (17.1%) patients with event
Rate: 8.7/100 patient-years

NNT*=31
RRR
21%

ARR
3.3%

Placebo

Empagliflozin

Empagliflozin is not approved to reduce the risk for progression of kidney disease or to slow kidney function decline in adults with heart failure with preserved ejection fraction.
Cox proportional hazards model, with adjustment for prespecified baseline covariates of age, sex, geographical region, diabetes status, left ventricular ejection fraction and eGFR.
*During a median trial period of 26 months. ARR, absolute risk reduction; CI, confidence interval; HR, hazard ratio; NNT, number needed to treat; RRR, relative risk reduction. 
Anker S et al. N Engl J Med. 2021; DOI: 10.1056/NEJMoa2107038. Packer M. HFSA Emperor-Preserved presentation.
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Statistical significance 
achieved at day 18 and 
maintained 



SOLOIST-WHF
Primary Efficacy: Total CV Death, HHF, and Urgent HF Visit

Bhatt et al. N Engl J Med. 2021; 384: 117-128 



• Polyuria/dehydration
• Genital mycotic infections 
• ? UTIs
• Small ↓ GFR (reversible)
• Euglycemic ketoacidosis 
• Small ↑ LDL-C
• ? ↑ Fracture risk

• ↓HbA1c ~0.7–1.1% 
• Low hypoglycemia risk
• Modest ↓ weight
• Modest ↓ BP
• ↓ Albuminuria
• Small ↓ TGs
• Small ↑ HDL-C

BENEFITS RISKS

SGLT2 Inhibitors - Risk-to-Benefit Ratio

Kim Y, Babu AR. Diabetes Metab Syndr Obes. 2012;5:313-327.  
Inzucchi SE, et al. Diabetes Care. 2015;38:140-149.                     
Burke KR, et al. Pharmacotherapy. 2017;37:187-194.

TG = triglycerides; UTI = urinary tract infection;  GFR = glomerular filtration rate; LDL-C = low-density lipoprotein-cholesterol

↓ MACE
↓ HF
Renal protection



Bottom Line – Diabetes 
management

 If a patient has known ASCVD, HF, or CKD, or is at 
high risk, the addition of an SGLT2 inhibitor or GLP-1 
receptor agonist with proven efficacy should be 
provided irrespective of A1C! 

ADA/EASD 2022; AACE/ACE 2020. 



Robert S. Busch, MD, FACE
Director of Research

Albany Medical Center Division of Community Endocrinology
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