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▪ Summarize correlations between macro and microvascular 

complications of uncontrolled T2DM and hospitalization

▪ Evaluate the risk/benefit profiles of novel T2DM therapies in 

achieving glycemic control and reducing vascular 

complications

▪ Employ evidence-based strategies to individualize treatment 

for diverse patients with T2DM to achieve glycemic control and 

reduce hospitalizations from vascular complications
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Risk / safety

Benefit

Acute coronary syndrome and microvascular

with type 2 diabetes

Both important to patients

Both insulin resistant

New treatments reduce cardiorenal events….but still need lower glucose 



DM patients

Overall 

population

6-8 X higher

Rates of diabetes-related complications have declined 

substantially in the past two decades, but a large burden 

of disease persists because of the continued 

increase in the prevalence of diabetes

U.S. National Vital Statistics

N Engl J Med 2014; 370:1514-1523
N=57000



Case 1



4 weeks“Bad Day in Texas”39 y/o physician

Negative history-except type 2 DM

BP @ cath lab 138/86 

Clinical Practice



9 modifiable risk factors account for over 90% of the risk of an initial acute 

MI..INTERHEART

Smoking

No physical activity

Psychosocial stress

Low fruits & 

vegetables

Too much alcohol 

Abdominal obesity

Hyperlipidemia

Diabetes

Hypertension

Lancet September 11, 2004;364:937



RISK OF ACUTE MYOCARDIAL INFARCTION ASSOCIATED WITH SELECTED CV RISK 

FACTORS-80% FROM 4 MAJOR FACTORS
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INTERHEART 

Lancet 2004; 364: 937–52
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CV DEATH

1.

2.

3.

4.

5.

Answer 2/4



Overview of new cardiovascular drugs for diabetes



Drug Trial Inclusion N Mean Baseline HR-MACE P-

superiority

Pioglitazone PROactive Macrovas

cular

disease

5,238 2.9 yrs 7.8%/7.9% 0.84 (0.72–

0.98) 

0.027

Empagliflozin EMPA-REG Established 

CV 

disease

7,028 2.6 yrs 8.07%/8.08

%

0.86 (0.74–

0.99)

0.04

Canagliflozin CANVAS ASCVD or 

>2 CV risk 

factors

10,142 3.6 yrs 8..2%/8.2% 0.86 (0.75–

0.97)

0.02

Liraglutide LEADER High CV 

risk

9340 3.8 yrs 8.7/8.7 0.87 (0.78–

0.97)

0.01

Semaglutide SUSTAIN-6 Established 

CVD, CKD 

or HF

3297 2 yrs 8.7/8.7 0.74 (0.58-

0.95)

0.02

Chilton-2018 pending publication



PRIMARY COMPOSITE CV OUTCOMES

•

•

Primary composite outcome was death 

from nonfatal myocardial infarction, or 

nonfatal stroke

9.5
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SGLT2 inh
Placebo

10.59

12.1

Percent of CV events

0.86 (CI: 0.74 to 0.99)

P = 0.04 for superiority)

%

490 of 4687
282 of 2333

DOI: 10.1056/NEJMoa1504720
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0.62 (0.49–0.77) <0.001

Percentage

No significant effect on MI or stroke..

Benefit not atherosclerotic related?

Placebo

Empa

All deaths not attributed to the categories of CV death and not attributed 

to a non-CV cause were presumed CV deaths

ARR=2.2%



N Engl J Med 2017;377:644-57



Primary composite outcome 

in the time-to-event analysis was the 

first occurrence of death from 

cardiovascular 

causes, nonfatal myocardial infarction, 

or nonfatal stroke.

LEADER trial



New translational biology of human coronaries



1 trillion CV/endocrine cells..(Hum Pathol. 

1987;18(3):234)(0.2 pounds)

Endothelial cell health: “the target”



DOI : 10.1161/CIRCRESAHA.117.312494
JAMA Cardiol. 2018;3(3):207-214



Life changing event

Macrovascular disease





•

•

•

Circulation March 21,  2000;101:1261-1266
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Heart failure and diabetes



Chilton

Sowers..NATURE REVIEWS | ENDOCRINOLOGY 2016;12:144

Metabolic changes

Structural changes

Abnormal ventricular relaxation

Abnormal ventricular arterial coupling (stiffness)

Diastolic 

dysfunctionPreserved 

EF

Heart Fail. Rev. 17, 325–344

Herz 36, 102–115 

↓↓GLUT 4 uptake
Abnormal Ca handling
Mitochondrial dysfunction
Endoplasmic reticulum stress
Inflammation

Insulin resistant

cardiomyocyte

↑ reactive oxygen species
↑ fibrosis / stiffness



DIASTOLIC HEART FAILURE IS 

COMMON IN DIABETES

Chilton-pending publication
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200 ug NTG

Young obese T2DM female with SOB

LVEDP

Left ventricular end diastolic pressure

Nitric oxide Chilton



Ejection fraction-55%

Diastolic heart failure-young diabetes patient



↓ Inflammation

↓ Epicardial fat

↓ Inflammation

↓ Glucose toxicity

↓ Total body 
fat mass

Improved metabolic 
inflexibility

↓ Plasma 
uric acid

↓ HbA1C

Negative 
caloric 

balance
↑ Uricosuria

Glycosuria

↓ Intraglomerular 

hypertension

↓ Hyperfiltration 

Endothelial cell 
Activation of 

ACE2 – Ang1/7

↓↓ MVO2-ischemia

↓ atrial/ventricular 

remodeling / fibrosis

↓ Myocardial 
stretch

↓ Arterial 
stiffness

Afferent 
arteriole 

constriction

↓ Plasma 
volume

↓ Blood 
pressure

Natriuresis

SGLT2i
-Reduced CV death

-Reduced hospitalization for HF

-Reduced progression of renal dysfunction

↓↓ Renal dysfunction

↑ Tubulo-glomerular

feedback



Ventricle

Wall thickness

Transmural pressure

Law of Laplace

Transmural pressure

Wall tension- P x R/W 

Radius (R)

Wall thickness (W)

Ventricular arterial coupling 

Arterial circuit 

Stroke volume

Metabolic changes

Sympathetic changes

Vascular compliance

Central aortic pressure
Pulse wave velocity Ventricular 

afterload

Myocardial oxygen consumption

Chilton



Pre-EMPA Post-EMPA
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Baseline Age = 67.6 years Baseline A1C = 7.3%

Verma S et al. Diabetes Care. 2016. DOI: 

10.2337/dc16-1312

3 months after

SGLT2 inhibitor

Improved diastolic function



Risk reduction in HF hospitalization with empagliflozin vs. placebo over time

European Heart Journal (2018) 39, 363–370
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60 y/o male

No diabetes



LEADER trial



New area of concern peripheral vascular disease



Increased in diabetes

Microvascular

Femoral Popliteal

Posterior tibial Dorsalis pedis



0.7 to 0.9 is mild disease

0.5 to 0.69 is moderate disease

< 0.5 is severe disease





•

•

•

•

•

•

•
0

1

2

3

4

5

6

7

ACEI Thiazide Beta

blocker

CCB

1

6.11

0.29

2.96

Odds Ratio

(CI 1.32-28.27)

Pharmacoepidemiology and Drug Safety, 2004; 13: 139–146

P=NS

P=NS
P=NS





Amputation

history
Neuropathy CV dx Gender

Baseline use

of insulin
Retinopathy Loop diuretics

HR 21.42 3.38 2.87 2.62 2.37 2.28 2.12

0

5

10

15

20

25

Hazard Ratio All significant

Presented at the 53rd Annual Meeting of the European Association for the Study of Diabetes; 
15 September 2017; Lisbon, Portugal.

Amputation Risk Factors - Univariate Analysis

Risk Factor at Baseline Hazard Ratio 95% CI

Amputation history 21.42* (15.49-29.61)

Peripheral vascular disease (excludes amputation history) 2.52* (1.86-3.42)

Neuropathy 3.38* (2.52-4.52)

CV disease 2.87* (1.97-4.18)

Nephropathy 2.20* (1.61-3.00)

Baseline insulin use 2.37* (1.73-3.24)

Gender (male vs female) 2.62* (1.79-3.83)

Baseline HbA1c (>8% vs =8%) 1.95* (1.44-2.64)

Retinopathy 2.28* (1.70-3.07)

Use of loop diuretic 2.12* (1.50-3.00)

HbA1c at baseline (%) 1.37* (1.19-1.58)

Diabetic duration (y) 1.04* (1.03-1.06)

Haemoglobin at baseline (g/L) 1.00 (0.99-1.01)

Age at baseline (y) 0.99 (0.97-1.00)

Baseline eGFR (<45 vs =45 mL/min/1.73 m2) 1.82* (1.07-3.09)

Use of any diuretic 1.26 (0.95-1.68)

Diabetes duration (=10 vs <10 y) 1.55* (1.10-2.19)

Baseline systolic BP (>140 vs =140 mmHg) 1.09 (0.82-1.46)

Baseline eGFR (<60 vs =60 mL/min/1.73 m2) 1.66* (1.20-2.29)

Use of non-loop diuretic 0.81 (0.59-1.11)

Smoking 1.11 (0.77-1.59)

Baseline systolic BP (>120 vs  =120 mmHg) 1.02 (0.68-1.52)

Baseline systolic BP (mmHg) 1.01* (1.00-1.01)

Baseline eGFR (mL/min/1.73 m2) 0.99 (0.98-1.00) *HR excludes 1.

1

Unpublished data



Circulation. 2018;137:405–407

EMPA- REG peripheral artery disease analysis

2 groups



Circulation. 2018;137:405–407



FAVORS

EMPA

FAVORS

Control2 groups



Microvascular disease in diabetes with new cardiovascular drugs for diabetes



BMJ  VOLUME 321   12 AUGUST 2000   bmj.com

Reducing glucose is beneficial

UKPDS 35



MIC

•

•

•

•

•

•

Poor control

Good control

wider average 

retinal arteriolar 

caliber Larger average retinal 

arteriolar branching 

angle 

Li et al. BMC Ophthalmology (2017) 17:60



Lancet Diabetes Endocrinol 2017; 5: 431–37 

Summary





N Engl J Med 2017;377:644-57



LEADER trial

GLP-1 reduces kidney failure



51

Available at: https://www.ncbi.nlm.nih.gov/books/NBK279093/?report=classic

ICU Non-ICU

• Initiate insulin therapy for persistent 

hyperglycemia (glucose>180 mg/dl) 

• Treatment goal: For most patients, 

target a glucose level 140-180 mg/dl

• More stringent goals (110-140 mg/dl) 

may be appropriate for selected 

patients, if achievable without 

significant risk for hypoglycemia

• No specific guidelines for insulin initiation

• If treated with insulin:

• Pre-meal glucose <140 mg/dl 

• Random glucose <180 mg/dl

• More stringent targets may be appropriate 

for patients with previously tight glycemic 

control

• Less stringent targets may be appropriate 

in patients with severe comorbidities



Closing comments



Trial ↓ CV events ↓ CV death ↓ heart failure 

hospitalizations

↓ Nephropathy

EMPA-SGLT2I Yes Yes Yes Yes

CANA Yes No Yes Yes

LIRA-GLP-1 Yes Yes No Yes

SEMA Yes No No Yes

Already on standard of care

Chilton pending 2018



Thank you

30 y/o Egyptian princess with atherosclerosis



▪ Patients with diabetes are at increased risk of vascular complications and hospitalizations  

for CV related events compared to patients without diabetes

▪ Diabetes and hypertension are among the 9 modifiable risk factors that account for >90% 

of the risk of initial acute MI

▪ For most hospitalized patients with diabetes, target a glucose level of 140-180 mg/dl

▪ Newer treatments for diabetes, including SGLT2 and GLP-1 indicators, have been shown 

to reduce micro and macrovascular events

▪ More intensive glucose control has been associated with a 20% reduction in kidney 

disease

▪ Prior to discharge of a patient with diabetes, ADA guidelines recommend measurement of 

hbA1c level

1

Clinical Pearls



Thank You!
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