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Molecular mechanisms of cardiac pathology in diabetes
Experimental insight

BBA - Molecular Basis of Disease in press
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MORTALITY FROM CORONARY HEART DISEASE IN SUBJECTS WITH TYPE 2
DIABETES AND IN NONDIABETIC SUBJECTS WITH AND WITHOUT PRIOR

MYOCARDIAL INFARCTION

STEVEN M. HAFENER, M.D., SEPPO LEHTO, M.D., Taranl RONNEMAA, M.D., KaLEvi PYORALA, M.D.,
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Arteriosclerosis, Thrombosis, and

VaSCUIar BlOlog Z ArteriosclerThromb VascBiol. 2017:37:0000.

Cardiometaboli®laqueComposition

PValue
Type 1 DM ' Type 2 DM Non-DM Type 1 DM | Type 2 DM
(n=16) (n=50) (n=66) vs Non-DM | vs Non-DM

Necrotic core area, %* 12.0+5.7 11.6+8.4 9.4+9.3 0.05 0.004
Macrophage plaque area, mm? | 0.15+0.02 | 0.13+0.03 | 0.10+0.02t 0.03 0.03
Calcified matrix area, %* 7.8+9.1 12.1+11.2 | 11.4+13.5 0.9 0.05
Fibroatheroma (n) 7.1x£5.0 8.8+4.3 6.9+4.7 0.9 0.02
Thin-cap fibroatheroma (n) 1.0+£1.3 0.8+0.8 0.7+0.8 0.5 0.8
Healed plaque rupture (n) 2.6+2.1 2.6+1.8 1.9+1.8 0.2 0.04
Total plaque burden, % 275129 358+114 232+128 0.04 0.0001
Distal plaque burden, % 310114 630+263 331199 0.8 0.0001

Values are expressed as mean=SD or % normalized to plaque area. DM indicates diabetes mellitus.

*Pvalues calculated using log-normalized data.

1P=0.006 vs type 1 and 2 DM combined.
Reprinted from Burke et al” with permission of the publisher. Copyright ©2004, American Heart

Association, Inc.




An Evaluation of the Numbers and Locations of Coronary Artery
Disease with Some of the Major Atherosclerotic Risk Factors in
Patients with Coronary Artery Disease

Variables Yes/ b Zolo sk -value™**
No | N(%)** | N (%) N (%) P
Yes 73 (13%) 60 (23%) 188 (66%)
Diabetes Melitus <0.001

No 485 (87%) | 197 (77%) 97 (34%)

Yes 175 (31%) | 131 (51)% | 195 (68.5%)
Hypertension <0.001
No 383 (69%) | 126 (49%) | 90 (31.5%)

Yes 70 (13%) 61 (26%) 46 (16.6%)
Family History 0.007
No 457 (87%) | 174 (74%) | 231 (83.4%)

Yes 117 (21%) 85 (33%) 99 (35%)
Hyperlipidemia <0.001
No 436 (79%) | 172 (67%) | 182 (65%)

[Table/Fig-1]: Relationship between risk factors and the number of involved
coronary arteries.

* single vessel disease  ** 2-vessle disease *** 3-vessel disease
“**py Chi-Square Test, A p-value <0.05 was considered to be statistically significant
Number (Percent)

Journal of Clinical and Diagnostic Research. 2017 Aug, Vol-11(8): OC21-0OC24



Effect of Diabetes on Progression

of Coronary Atherosclerosis and Arterial Remodeling
A Pooled Analysis of 5 Intravascular Ultrasound Trials

Table 4 Changes in Measures of Atheroma Burden
and Vessel Dimensions in Patients With and Without Diabetes

Nondiabetic Patients

Diabetic Patients

Parameter (n=1,821) (n = 416) p Value
Percent atheroma volume 03+33 08 +34 0.003

Adjusted percent atheroma volume* 0.05*+0.3 0604 0.0001|
Total atheroma volume (mm®) —4.0+218 —-1.8 +23.3 0.15
Adjusted total atheroma volume (mma}* —-27*+24 —-06*+25 0.03
Atheroma volume most diseased segment (mma) -3.5*106 —-26*+104 0.13
Atheroma volume least diseased segment (mm?3) 0179 05 +8.3 0.42
Substantial regressors (%) 20.3 159 0.04

‘Substantial progressors (%) 23.2 30.3 0.002 ‘
External elastic membrane volume (mmal —13.2 + 384 —-13.0 £ 395 0.97
Lumen volume (mm?) —9.2 + 30.2 —11.2 =+ 323 0.14

*Adjusted for differences in clinical characteristics and baseline atheroma burden, expressed as least squared mean = SEM.

Journal of the American College of Cardiology Vol. 52, No. 4, 2008



Composite and Individual Adverse Event Endpoints
by Cardiometabolic Status and Lesion Iy pRxoiovascuLar macinG, 2012

‘ Normal Cardiometabolic Status =~ Metabolic Syndrome  Diabetes Mellitus

. . (n = 315) (n = 239) (n =119) p Value*
Culprit lesions

Composite MACE 124 129 16.2t 0.59
Cardiac death, cardiac arrest, or Ml 2.1 13 47 0.14
Cardiac death 0.0 0.4 0.0 0.41
Cardiac arrest 0.4 0.0 1.0 0.36
Ml 2.1 0.9 4.7% 0.07
| Rehospitalization 11.0 12.6 1251 | 0.82
Due to unstable angina 45 5.8 2.0 0.28
Due to increasing angina 8.3 10.4 11.5 0.52
I Revascularization (PCl or CABG) 10.0 11.2 14.;1i| 0.46
ue to Ml 2.1 0.9 3. 0.20
Due to unstable angina 35 44 2.0 0.49
Due to increasing angina 6.6 9.1 10.6 0.34
Stent thrombosis 1.7 1.8 37 0.40
Non Culprit lesions » o ° o
Composite MACE 9.7 1.7 18.7t 0.06
Cardiac death, cardiac arrest, or Ml 1.1 0.9 1.2 >0.99
Cardiac death 0.0 0.0 0.0 >0.99
Cardiac arrest 00 00 00 >0.99
Ml 1.1 0.9 1.2 >0.99
Rehospitalization 9.0 10.8 17.5t 0.06
ue to unstable angina 24 3.6 5.9 0.26
Due to increasing angina 7.6 7.6 13.6 0.15
Revascularization (PCl or CABG) 9.7 9.9 16.71% I 0.14
Due to Ml 1.1 0.9 1.2 >0.99
Due to unstable angina 2.1 3.2 59 0.17
Due to increasing angina 7.6 58 11.6 0.19
Stent thrombosis 0.0 0.0 0.0 >0.99

Death, all-cause 0.0 0.0 0.0 >0.99



ADJUSTED HAZARD RATIO FOR DEATH, Ml OR CORONAF
REVASCULARIZATION ACCORDING TO TERTILE FRACTIC
RESERVE (FFR) VALUE AND DM STATUS.

P=0051 4.01

[247-632]
P <0.0001

8 -

136 225
Reference [0.87-2.10] [1.43-3.37) 1.53 144
P=0.178 P = 0.0006 [1.01-2.42) [0.92-2 44]
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Z. Liu et al. / International Journal of Cardiology 219 (2016656
Table 2
Predictive value of FFR for non-DM and DM.
Non-DM DM
N =450 N =180
HR for 0.1 increase in FFR 95%C1 P HR for 0.1 increase in FFR 95%CL p
Death 0.72 0.52-1.03 0.056 098 0.56-1.73 093
Ml 033 0.17-0.65 0.002 0.99 0.48-2.20 0.99
Death & MI 0.62 045-0.88 0.008 098 0.53-1.91 0.95
Revascularization 0.67 0.50-0.90 0.008 0.51 0.32-0.82 0.006

DM, diabetes mellitus; FFR, fraction flow reserve; M, myocardial infarction.
Hazard ratio (HR) with pertinent 95% confidence intervals was derived from Cox proportional hazard models adjusting age, gender, hypertension, body mass index (BMI), prior CAD (prior
MI, CABG, and PCI), stent implantation in other lesions, number of vessel disease, current smoking, cerebral vascular disease (CVDY), peripheral vascular disease (PVD).



Kennedy et al. Cardiovasc Diabetol (2017) 16:51
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s ischemia the only factor predicting @

cardiovascular outcomes in all diabetes mellitus
patients?



Coronary microvascular disease as an early culptitan
pathophysiologyf diabetes and metabolic syndrome

“Subclinical /Asymptomatic”
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Coronary Microvascular Involvement in Diabetes Mellitus

JAmM Heart Asso016

Table 3. Effect of DM on Coronary Microcirculation

DM No DM
n=50 n=42 Mean Difference 95% CI P Value
APV, 24 (15-38) 22 (16-40) 0.012
APV 45.54+12.10 53.65+12.64 —-8.11 —-13.52t0 271 0.004
I BMR 3.77+0.83 4.32+0.72 0.26 0.05-0.46 0.002 I
HMR 2.02+0.51 1.69+0.39 0.332 0.12-0.53 0.002
ARI 1.74£0.55 2.65+0.53 —0.906 —1.14 to —-0.66 <0.001
DD Ty 979 (400/2506) 1018 (809-1498) 0.016
DDThyp 709.68+£174.12 807.77+£131.53 —98.09 167.38-28.80 0.006

Due to nonnormal distribution, median values and minimumn and maximum values were provided for APVyae and DDTyg,. APV, indicates basal average peak velocity; APV, hyperemic
average peak velocity; AR, arteriole resistance index; BMR, baseline microvascular resistance; CFVR, coronary flow velocity reserve; DD Ty, baseline diastolic deceleration time; DDThyp.
hyperemic diastolic deceleration time; DM, diabetes mellitus; HMR, hyperemic microvascular resistance.

Coronary flow velocities in the anterior descending coronary artery were assessethsiyoracic echocardiograpligllowing
angiography revealing normapicardialcoronary arteriesn 55 diabetic and 47 nondiabetic patients.



Clinical outcomes according to patterns of microvascular status
defined according to CFR and IMR among patients with high FFR.

80 - Group CFR IMR Hazard Ratio (95% CI) P value
. High Low 1.000 {(Reference) MA
- B High High NA NA

Low Low 2116 (0.386-11.589) 0.388

60 Sl Low High 5.623 (1.234-25.620) 0.026

Breslow P for overall comparison = 0.002
40 -

» Jorrd MR

20 -

Cumulative Incidence of Events (%)

| " 8
0- | e B

I I I I
0 500 1000 1500 2000

No. at Risle Days From Index Procedure

Group A 141 14 47 26 3
Group B 42 26 12 5 1
Group C 31 25 13 4 4
GroupD 16 10 8 5 3

Lee JIM JAmCollCardiol 2016;67(101158,69.



DIABETES AND MYOCARDIAL
METABOLISM

Normal cardiomyocyte  Diabetic cardiomyocyte
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DIABETES AND MYOCARDIAL METABOLISM
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MYOCYTE LIPID ACCUMULATION IN TYPE 2
DIABETIC PATIENTS  journal of Lipid Research  Votume 50. 2000
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MYOCARDIAL AND EPICARDIAL ADIPOSE TISSUE IN TYPE 2 PATIENTS
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FIG. 1. Myocardial triglyceride content (/eft) and pericardial fat mass (right) in the
study population, showing a progressive increase from lean to obese individuals and
an additional BMI-independent contribution of IGT and Ty2D.

J Clin Endocrinol Metab, November 2009, 94(11):44721 4482
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Nutrition, Metabolism & Cardiovascular Diseases (2017) 27, 739—750

Available online at www.sciencedirect.com

Nutrition, Metabolism & Cardiovascular Diseases

journal homepage: www.elsevier.com/locate/nmcd

EAT gene expression is altered in diabetic patients.

A total of 592 geneswere differentially expressedin diabetic EAT,whereasthere was no obvious
changesn SATtranscriptomebetweengiabeticsand non-diabetics B

Table 2 Top Genes upregulated in EAT samples of diabetic patients.

Symbol Genes General Function FPKM Fold P value*
- - - . change
Non-Diabetic Diabetic
ARC Activity regulated Cytoskeletal Signaling 0.29 25.24 87.31 1.29E-05
cytoskeleton-associated protein
LINC01348 Long intergenic non-protein Unknown 0.26 15.99 60.71 8.92E-13
coding RNA 1348
LIPG Lipase G Lipoprotein metabolism 0.26 10.59 40.57 1.77E-06
PTX3 Pentraxin 3 Immune Signaling 2.56 97.7 3823  3.35E-08
CSF3 Colony stimulating factor 3 Immune Signaling 1.05 28.17 26.79  4.57E-02
LBP Lipopolysaccharide binding protein Immune Signaling 1.36 35.24 25.88 1.25E-08
FOSL1 Fos-like antigen 1 Cell Proliferation 1.56 37.19 239 3.67E-04
SLC7A5 Solute carrier family 7 member 5 Metabolism 1.21 2243 1854  1.64E-08
MMP19 Matrix metallopeptidase 19 Extracellular Matrix 8.92 162.07 1817  3.93E-07
Remodeling
SLC16A10 Solute carrier family 16 member 10 Nutrient Transport 0.68 11.25 16.47 1.59E-07
TNFRSF12A (TWEAKR) TNF receptor superfamily member 12A  Endothelial Cell 6.25 10047 16.08  2.51E-11 Color Key
Proliferation 5 {!
- - - 214
Note: FPKM (Fragments Per Kilobase of transcript per Million mapped reads); DESeq2*. Value

Nutrition, Metabolismand Cardiovasculabisease2017



The American Journal of
CLINICAL NUTRITION

The association of pericardial fat with incident coronary heart
disease: the Multi-Ethnic Study of Atherosclerosis (MESA)

10 -

{ 2.09
I 1.35

l I

3rd

1st 2 4th

Relative hazard

0.1-
Pericardial fat (quartiles)

Relativehazardqand 95%CI9 of coronaryheart diseasdoy quartilesof pericardialfat from a
Coxproportionalhazardmodel,adjustedfor agg sex.ethnicity, and BMI in the MultEthnic
Studyof AtherosclerosigMESA)

Am JClinNutr 2009;90:499504
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Diabetes CVOT Initiation Dates

The Story Started Less Than 10 Years Ago!

2009

TOSCAIT
Pioglitazone

TECOS
DPP-4 inhibitor

2010

EXAMINE
DPP-4 inhibitor

CANVAS
SGLT2 inhibitor

SAVOR-TIMI 53
DPP-4 inhibitor

CAROLINA
DPP-4 inhibitor

REWIND
GLP-1 RA

2011

2013

LEADER
GLP-1 RA

EMPA-REG OUTCOME

SGLT2 inhibitor

MK-3102 trial
DPP-4 inhibitor

EXSCEL
GLP-1 RA

More than 200,000 people
with T2D are currently
participating in CVOTSs.

Standl E, et al. Lancet Diabetes Endrocrinol. 2017;5:391-402.

DEVOTE
Basal insulin

Ertugliflozin trial
SGLT2 inhibitor

2014

@

CARMELINA
DPP-4 inhibitor

DECLARE-TIMI 58
SGLT2 inhibitor

ICTA 650 Trial
GLP-1RA

SUSTAIN-6
SGLT2 inhibitor



ELIXA, LEADER, and SUSTAIN-6:
Similarities and Differences

ELIXA Trial LEADER Trial SUSTAIN-6 Trial
Lixisenatide (n = 3034) vs Liraglutide (n = 4668) vs Semaglutide (n = 1648) vs
placebo (n = 3034) placebo (n = 4672) placebo (n = 1649)

Randomized trial with a short . — 3 B
follow-up period examining a Randomized trial with a long Randomized trial with a long

population of patients with follow-up period examining a follow-up period examining a
T2DM and a history of ACS population of patients with population of patients with

within 6 months T2DM T2DM

Primary CV endpoint: CV
mortality, nonfatal MI, nonfatal

Primary CV endpoint: CV Primary CV endpoint: CV
mortality, nonfatal Ml, or mortality, nonfatal MI, or

stroke, or hospitalization jor UA nonfatal stroke (composite) nonfatal stroke (composite)

(composite)

Result: HR 1.02 (95% Cl: 0.89,
1.17); P < .001 for
noninferiority; P = .81 for
superiority

Result: HR 0.87 (95% Cl: 0.78, Result: HR 0.74 (95% Cl: 0.58,
0.97); P < .001 (noninferiority) 0.95); P <.001 (noninferiority)
P = .01 (superiority) P = .02 (superiority)

Cheng JWM, et al. Curr Med Res Opin. 2017;33:985-992.
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Empagliflozin: T2D and Prior CVD

EMPA-REG OUTCOME

* N=7020 men and women with prior CVD
* Empagliflozin 10 mg/d vs 25 mg/d or placebo
* Median follow-up = 3.1y; placebo event rate = 4.4%/y

Primary Outcome

20+
g Placebo
g 154
& Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99) -
£ P=0.04 for superiority Empagliflozin
38
c
.
§ s
o 1 I I 1 1 I I 1
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 116l 741 166
From N Engl J Med, Zinman B, et al, Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes, 373., 2117-2128. 3]

Copyright © 2015 Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.



Circulation. 2017;CIRCULATIONAHA.117.03203¢
Originally published November 13, 2017

Canagliflozin for Primary and Secondary

Prevention of Cardiovascular Events
Results From the CANVAS Program (Canagliflozin Cardiovascular

Asses! ® Secondary prevention O Primary prevention < Overall population
Patients per
1000 patient-years
Number of
participants Canagliflozin Placebo Hazard ratio (95% Cl)
796 34.1 413 (- 0.82 (0.72-0.95)
ﬁgn?:f;:’éﬂgﬂgm' M, or 215 15.8 155 ( -—% 0.98 (0.74-1.30)
1011 26.9 315 < | 0.86 (0.75-0.97)*
362 14.8 16.8 T~ 0.86 (0.70-1.06)
CV death 91 6.5 6.2 I—Ch—| 0.93 (0.60-1.43)
453 11.6 12.8 P 0.87 (0.72-1.06)
304 125 16.0 —e—i 0.79 (0.63-0.99)
Nonfatal M 70 5.5 44 L , 1.21 (0.73-2.00)
374 9.7 11.6 —’ 0.85 (0.69-1.05)
209 8.8 10.4 —e— 0.88 (0.67-1.16)
Nonfatal stroke 65 45 5.0 I—D—| 0.97 (0.59-1.61)
274 7.1 8.4 —_— 0.90 (0.71-1.15)
2506 142.5 161.3 rel 0.91 (0.84-0.99)
Hospitalization for any cause 980 84.4 86.3 HH 1.01 (0.88-1.15)
3486 118.7 131.1 A~ 0.94 (0.88-1.00)
198 7.3 11.3 —e— 0.68 (0.51-0.90)
Hospitalization for heart failure 45 2.6 4.2 P—%ﬂaﬂ 0.64 (0.35-1.15)
243 5.5 8.7 4 0.67 (0.52-0.87)
o 524 21.0 27.4 =y 0.77 (0.65-0.92)
CV death or hospitalization for 128 8.9 9.8 O 0.83 (0.58-1.19)
heart failure }

652 16.3 208 -~ i 0.78 (0.67-0.91
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Table 1—Possible mechanisms that could contribute to the reduction of CV mortality by empagliflozin in the EMPA-REG
OUTCOME study

Effect Likelihood Reason

Metabolic actions

Lowered plasma glucose concentration Unlikely Hyperglycemia is a weak CV risk factor; benefit of Hb A4,
reduction on CVD takes ~—10 years to observe

Increased fax oxidation Unlikely Increased oxygen demand per ATP generated

Increased plasma ketone concentration Unlikely Increased oxygen demand per ATP generated

Increased plasma uric acid concentration Unlikely Causal association with CVD not established

Increased plasma glucagon concentration Unlikely Physiological increase in glucagon has no effect on CV function

Weight loss Unlikely Weight loss is modest but may contribute to long-term

reduction in blood pressure
Change in plasma electrolyte concentration Unlikely No consistent changes observed
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Metabolic Syndrome

Canagliflozin reduces epicardial fat @

in patients with type 2 diabetes mellitus
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Canaglifozin decreased the epicardial fat tissue thickness at 3 and 6 months of therapy. *P < 0.05,
*P < (0.01, and ***P < 0.001, compared to values before initiating therapy
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