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1. Pinh Nghia Bénh co’ tim dai thao duwong

“Diabetic Cardiomyopathy has been defined as a distinct entity
characterized by the presence of abnormal myocardial performance or
structure in the absence of epicardial coronary artery disease,
hypertension and significant valvular disease”

Refs.Aneja, Tang, Bansilal et al. Am Jnl of Med 121. 2008

Diabetic cardiomyopathy 1s defined as myocardial disease in patients
with diabetes, not attributable to HTA, CAD or other cardiac disease

Maisch B, Alter P and Pankuweit S. Diabetic cardiomyopathy—fact or fiction? Herz 2011; 36: 102-115

Bénh co tim dai thao dudng 13 sy bat thudng cau tric va chitc nang tim
trén bénh nhan BTD khi khong co6 cac yéu td nguy co tim mach nao
khac chang han nhu bénh mach vanh, tang huyét ap va bénh van tim

Guanghong Jia et al. Diabetic Cardiomyopathy: An Update of Mechanisms Contributing to This Clinical Entity
Circ Res . 2018 February 16; 122(4): 624638



CENTRAL ILLUSTRATION: Prevalence of Diabetes With Cardiomyopathy

and Risk of Heart Failure

Definitions of

Cardiomyopathy
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NP Testing

Elevated NP levels and
at least 2 of 3 abnormal
echo criteria

v

5-Year Kaplan Meier Estimate

Segar, M.W. et al. J Am Coll Cardiol. 2021;78(16):1587-1598.
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Among individuals with diabetes (2,900
of 10,208 included), the prevalence of
DbCM ranged from 67.0% to 11.7% in the
least and most restrictive criteria,
respectively. Higher fasting glucose,
body mass index, and age as well as
worse kidney function were associated
with higher risk of DbCM. The 5-year
incidence of HF among participants with
DbCM ranged from 8.4%-12.8% in the
least and most restrictive definitions,
respectively. Compared with euglycemia,
DbCM was significantly associated with
higher risk of incident HF with the
highest risk observed for the most
restrictive definition of DbCM (HR: 2.55
[95% Cl: 1.69-3.86]; least restrictive
criteria HR: 1.99 [95% CI: 1.50-2.65]). A
similar pattern of results was observed
across cohort studies, across sex and
race subgroups, and among participants
without hypertension or obesity.



MO BENH HOC
Bénh co’ tim dai thao dwong

Té bao Co' T|m bmh thu'o'ng

15-year-old male with diabetes
no history of hypertension, congenital or valvular disease,
and no coronary artery atherosclerosis at autopsy.
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Epicardial fat, as the heart fat bank, functions as fatty tissue and is the heart’s
endocrine organ. The existence of diabetes affects the distribution of heart fat and
promotes the secretion of adipokine. In different pathological conditions, it can promote
the secretion of pro-inflammatory adipokine, reactive oxygen species, oxidative stress,
and even autophagy, thus affecting cardiac function.
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Figure 3. Alternative pathways whereby compensatory hyperinsulinemia contributes to myocyte hypertrophy through
the sympathetic nervous system activation and MAP kinase/ERK pathways at a time when insulin receptor mediated
Akt-1 activation is impaired.
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Myocardial inflammation in T2D
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Toém tat cac con dwdng viem dan dén rdi loan tai tao va réi loan chirc nang tim trong bénh CTHTD.
Sw phéng thich cytokine lién quan dén BT chd yéu théng qua hai co ché: kich hoat NF-«kB va tich Ity AGE.
Céc chat trung gian truc tiép kich thich cac nguyén bao sgi dan dén xo héa, trc ché sw van chuyén cua calci gay
suy gidm kha nang co bép va truc tiép kich thich qua trinh chét va phi dai té bao co tim.



Table 1. A summary of clinical studies evaluating the predictive values of serum biomarkers for CVD in TZ2D.

Author

Biomarker

Sample details

Main findings

Sainio et al.=*

Bruno et al.58

Herder et al.5%

Ofstad et al.®?

Kilhowvd et af.8

Kiuchi et al.52

Tuttle et a(.25

Dinh et af %

Hotta et al_ %3

Mehta ot ai.%

CRP

AGE

THF -

Adiponectin

N=105%
AlLL T2D [mean age
57 years; 55% male)

N=2381
AlLL T2D [mean age
&8 years; 50% males)

N=1072
ALl T2D [median age
&5 years; 54% males)

N=135
AlLL T2D [mean age
59 years; 65% males)

N=8T7
&£1% T2D [mean age
5% years; 60% males)

N=83
51% T2D [mean age
b4 years; T6% males)

N=53
51% T2D [mean age
&0years; all females)

MN=4&1
&7% T2D [mean age
&5 years; 70.7% males)

N=2&5

&£9% T2D and prior MI
Imean age é0years;
69% males)

MN=20&
21% T2D [mean age
55 years; 54% males)

# CRP associated with 4« CHD mortality [RR
1.72 [1.23-2.41), p=10.002]

4 CRP [=4. 4 mg/dl] associated with 4y S-year
CV mortality [RR 1.76 [1.09-2.82], p < 0.015]

A IL-6 [=T.44 pg/mil] associated with 4 risk
for CV events 2 [HR 1.90 [1.07-3.40], p=0.009;
follow-up of Syears]

A IL-4 [=0.6 pg/ml] associated with 4 risk of
MACE * [HR 15.8 [2.2-115.8], p=0.007; mean
follow-up of 8.4 years]

v AGE in T2D versus controls (7.4 versus 4.2 )
ml, p==0.0001)

A AGE in those with T2D and CHD versus those
without CHD (8.1 versus 7.1 U/ml, p=0.03]

A AGE in those with T2D and obstructive CAD
versus those without CAD [5.5 versus 2.8 ml/S
mil)

A AGE concentrations in those with more
severe arteriosclerosis [7.2 versus 3.4 mU/mil]

Mo significant difference in TMNF-o
concentrations between those with T2D
and CWD

A THNF-a levels in those with LV diastolic
dysfunction [Efe’ ratio = 15] versus those
without [7.2 versus 3.1 pg/ml, p=0.001)

W Adiponectin levels in T2D versus controls
5.7 versus 7.9 ug/ml, p<<0.001, in men)]

W Adiponectin levels in those with T2D and

CAD versus those with T2D without CAD (4.0
versus &.6 ug/mil)

W Adiponectin levels associated with coronary
artery calcification in women [OR 0.32 (0.13-
0.81]], but not men
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Tang Acid béo tu do (FFA) va Bénh CTDTD
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Hyperglycemia

%

)| o

T |

PGC-1alpha l ARDIONY l

\ Sk ed

Mitochondrial
Biogenesis

Altered fuel

\_/ utilization in DCM

Altered substrate

FA beta-oxidation T
:I utilization

glucose oxidation

Hyperinsulinemia

Impaired nutrient-
sensing signaling,
dysregulated
autophagy, impaired
mitochondrial
energetics, and altered
fuel utilization In the
pathogenesis of diabetic
cardiomyopathy

Biomedicines 2023, 11,
662.https://doi.org/10.3390/
biomedicines11030662




RAAS va Bénh Co Tim BDTD
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Hoat dong SIRT3 bj giam trong co tim DTD
cé thé gdp phan l[am suy gidm kha nang tai
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Echocardiographic assessment of left ventricular diastolic function



Siéu 4m danh dju mé tim
Speck Tracking Echocardiography




Siéu Am danh dau mo tim
Suy tim EF bao ton

Panel A: left ventricle in diastole. Panel B: left ventricle in systole. Panel C: LV myocardial systolic longitudinal
deformation, where each line represents a segment (Y axis) along the cardiac cycle. Panel D: anatomic M mode of the LV
in the four-chamber window: the systolic deformation of each segment (y-axis) is represented by color over time (x-
axis),darker red tones are considered normal and abnormal, light tones



Siéu am tim danh dau mé
Suy tim phan suat tong mau giam (HFREF).

Panel A: left ventricle in diastole. Panel B: left ventricle in systole. Panel C: LV myocardial systolic longitudinal
deformation, where each line represents a segment (Y axis) along the cardiac cycle. Panel D: anatomic M mode
of the LV in the four-chamber window: the systolic deformation of each segment (y-axis) is represented by color
over time (x-axis), darker red tones are considered normal and abnormal, light tones.



Positron Emission Tomography
“Technology of choise to assess microvascular function”

Quantitative Imaging of Microvascular Function
(Myocardial Blood Flow - MBF)

MBF (ml/min/q)

Bellinaret al., J Nucl Med 1990
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Réi loan chirc ning vi mach vanh va cau tric trong BCTPTD
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Widespread systemic microvascular
complications of diabetes

Diabetic Retinopathy

Diastolic dysfunction in
dilated cardiomyopathy

Dilated cardiomyopathy

Microvascular component

*  Hyperglycemia
* Dyslipidemia
* Insulin resistance

*  Activation of renin-
angiotensin system

Fig. 1 Pathophysiological mechanisms that lead to diastolic dysfunction in dilated cardiomyopathy

Chung et al. Cardiovasc Diabetol (2017) 16:82

Bénh vong mac BTD

co lién quan RLCN tam
trwong & bénh nhan
PTD tip 2 c6 bénh co
tim dan khong do thiéu
mau cuc bo .



iém sinh hoc bénh co’ tim dai thdo duwdng

Promising Biomarkers

An interleukin-33 (IL-33) decoy receptor that ameliorates the Th2 inflammatory response.
Increased plasma levels of sST2 have been linked to a worse prognosis of HE.

A lectin family protein that has been associated with fibrosis and inflammation in heart
failure. It is elevated in diabetic patients with a mild depressed ejection fraction and is
Galectin-3 associated with a diminished global longitudinal strain. It is an easy and reproducible
tool for the evaluation and follow-up of diabetic cardiomyopathy. It was approved by the
FDA as a novel biomarker for predicting adverse cardiovascular events.

Long noncoding RNAs (IncRNAs)are a diverse subgroup of noncoding RNAs that are
IncRNAs epigenetic regulators of gene expression. Circulating IncRNA serum levels are associated
with cardiac remodeling and are positively correlated with cardiac diastolic dysfunction.

Expressed in response to oxidative stress and inflammation. GDF-15 levels predict

GDEF-15 diabetic cardiomyopathy.

A fibrogenic cytokine that promotes extracellular matrix accumulation. Higher plasma

TGER levels of TGF-p are associated with both DM and diastolic dysfunction.

Regulates the IGF signaling pathway and is related to insulin resistance. IGFBP7 is

IGFBP7 correlated with DM with diastolic dysfunction.

Biomedicines 2023, 11, 662. https://doi.org/10.3390/biomedicines11030662




Chi diém sinh hoc bénh co tim dai thdo dwdng

Promising Biomarkers

Other candidate biomarkers

Activin A

A protein produced by epicardial adipose tissue. It is correlated with both myocardial
glucose metabolism abnormality and left ventricular remodeling.

H-FABP

It has an independent association with outcomes in patients with HE. It enables the
detection of early myocardial injuries in patients with metabolic syndrome or DM.

TNF-a

The level was increased in diabetic patients with diastolic dysfunction. It might be used
for the early detection of diabetic cardiomyopathy.

ICTP and PIIINP

Circulating collagen turnover biomarkers are associated with adverse cardiac outcomes
and can be used to predict HF progression.

Cardiotrophin-1

A glycoprotein 130 and a potent inducer of myocardial hypertrophy. It is correlated with
blood glucose and ventricular hypertrophy. It is less specific for dilated cardiomyopathy.

Biomedicines 2023, 11, 662. https://doi.org/10.3390/biomedicines11030662
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Stages of diabetic cardiomyopathy.
An overview of the current
understanding of the stages of
diabetic cardiomyopathy progression,
from the initial onset of
hyperglycemia and diastolic
dysfunction, through the later stages
of hypertrophy, angiopathy, ischemia,
and heart failure with systolic and
diastolic dysfunction.

The initial diastolic dysfunction that
characterizes the early stages of
diabetic cardiomyopathy can be
viewed as just the tip of the iceberg if
left untreated in people with T2DM.



Diabetes diagnosed

|

Echocardiography screening

\

STE or TDI (-) STE or TDI for diastolic

Biomarker for diabetic dysfunction (+)
cardiomyopathy (-) or
Biomarker for diabetic
cardiomyopathy (+)

) l

No diabetic cardiomyopathy «——  MRI

l{ﬂ

Early stage
diabetic cardiomyopathy

LVH (+) or HF symptom (+)

e

STE/TDI or conventional diastolic dysfunction (+)

echocardiography for and systolic dysfunction (+)
diastolic dysfunction (+)

l

Biomarker for diabetic
cardiomyopathy (+)

or

MRI (+)

Middle stage Late stage
diabetic cardiomyopathy diabetic cardiomyopathy

Pé xuét so dd chan doan bénh co tim dai thao dwdng
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Structural changes
LY hypertrophy assessed by 2D echocardiography or CME
Increased integrated backscatter in the LV (septal and postenor wall)
Late Gd-enhancement of the myocardium in CME
Functional changes
LY diastohe dystunction assessed by pulsed Doppler echocardhography and 1TD]
LY systohc dysfunction demonstrated by TDSK]
Limted systolic and/or diastohic functional reserve assessed by exercise 1D
Metabolic changes
Reduced cardhac PCrATTE detecied by 'P-MRS
Elevated myocarhial inglycende content detected by "H-MRS
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DCM Evolution
METHODOLOGY || —' DRAWBACKS
Early I Middle I Late
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s Gradient Eﬁ;:ﬂﬂiﬁfﬂmrmqmy ! Ventricular flling J Pacemakers
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Cardiac deformation through Regional contractility of
Tagged | o ioirequency pulses |4 v mass and volume | e LV {systolic dysf)
Compuer-processed | | r— i
E combinations of X-ray images, c;:f;;;n“h‘m . Radiation
s, reconstructed for I | systok dyst Contrast media
= crogi-sectional lomography '
Ay-emitting radicisstope I I . .
G-Spect guides acquasition of images Metabolic changes Porfusion alterations :;gdh complexity
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Lorenzo-Almords et al. Cardiovasc Diabetol (2017) 16:28
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Intermediate

Mechanisms

Subclinical

Abnormalities Clinical Manifestation

» Insulin resistance

» Hyperglycemia

7> Inflammation

> RAAS overactivation
» Oxidative stress

» Myocardial energy
substrate alteration

» Epigenetics
> AGEs
» Autoimmunity*®

» Myocardial fibrosis

» Cardiomyocyte hypertrophy
> Lipotoxicity

» Mitochondrial dysfunction
» ER Stress

7> Impaired calcium handling
» Endothelial dysfunction

» Microvascular dysfunction

» Impaired myocardial
perfusion

» Apoptosis

» LV hypertrophy » Asymptomatic CMP
> LV Systolic dysfunction » HF with preserved EF
> LV Diastolic dysfunction » HF with reduced EF

> Right ventricular
dysfunction

» Left atrial enlargement and
myopathy



TABLE 1 | Stages of DMCM.

Classification Stage 1 DMCM Stage 2 DMCM Stage 3 DMCM Stage 4 DMCM
(early stage) (middle stage) (middle- late stage) (late stage)

Symptoms of heart failure/dyspnoea MYHA | (asymptomatic) NYHA I MY HA I - 1l NYHA Il - IV

Function (echo) Diastolic dysfunction Diastolic and systolic Waorsening diastolic Worsening diastolic
(HFpEF) normal systolic dysfunction and systolic and systolic
function (HFpEF and HFrEF), EF dysfunction dysfunction

Morphology

Cellular mechanisms

Metabolsm

Biomarkers of diabetes

Increased LV mass
(hypertrophy),

Cardiac steatosis with
increased FFA, shift of
substrate metaboli=m

Prediabetes, metabolic
syndrome

Hyperghycaemia and
elevated HbA1C

= B0%, low flow

Increased LV mass
{hypertrophny),
dilatation, fibrosis
AGE formation, IR, cell
death (apoptosis),
necrosis, fibrosis, mild
CAN,

increased RAAS

Early diabetes,
hyperglycaemia
Hyperghycaemia and
elevated HbATC

(HFpEF and HFrEF), EF
< 50%, low flow
Dilatation, fibrosis,
microangiopathy

Features from early and
middle stages 4

hypertension and
microvascular changes,
severe CAN

Cwert diabetes, IR

Hyperglycaemia and
elevated HbA1C

(HFpEF and HFrEF), EF
< 50%, low flow
Dilatation, fibrosis,
micro and macro
angiopathy (CAD)
Features from earty and
middle stages +
hypertension and

microvascular changes,
savere CAN and CAD

Cwvert diabetes, IR

Hyperglycaemia and
elevated HbAT1C

CAD, coronary arfery diseasa; NYHA, New York Heart Association functional classification of HF; EF, gjection fraction; CAN, cardiovascular autonomic neuropathy: HIFpEF, HF with
prasarvad afection fraction; HIFrEF, HF with reduced ejection fraction.
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Stages

Stage 1 (Early)

Stage 2 (Middle)

Stage 3 (Late)

Stage 4 (Late)

Morphological features

Normal LV wall thickness,
size, and mass

Slightly increased LV wall
thickness, size, and mass

Significantly increased LV
wall thickness, size,
and mass

Significantly increased LV
wall thickness, size,
and mass

Functional changcs

Normal or slightly
diastolic dysfunction

Diastolic dysfuncfinn with
normal or slightl}f syst{)]ic
d}fsfunctinn

Diastolic and ﬁyst{)]ic
d}fsfuncti(m

Diastolic and sysmlic
d}rsfunction

Cellular and metabolic

Insulin resistance with
reduced glucose uptake
Increased circulating free
fatty acids and fatty acid

AGE formation
Cardiomyocyte death
Myocardial fibrosis

Increased oxidative stress

Extensive m}fncardial
fibrosis

Extensive m}r(}cardial
fibrosis
Microvascular changes

abnormalities A and inflammation Microvascular changes
utilization . ) Severe CAN
Ca2* homeostasis Reduced nitric oxide Severe CAN CAD
im airmcnth o Activated RAAS
p Mild CAN
Sensitive )
. . Conventional
ech(}cardmgraph_lc echocardiography with
Ec]mcardiographic tcch_niques such as .. sraph} Conventional Conventional
: ) ) sensihve . )
methods for diagnosis speckle-tracking i ) echocardiography echocardiography
. Ech{)carclmgraphlc /
ech(}cardmgraphy and )
i ) X techmques
tissue Dopplcr imaging
Blomec c 00 ps://dol.org/10 90/biomec S Vo066




Phan loai Bénh CTDTD

Genetic predisposition
(autoimmune attack)

alpha cell
delta cell

theo tip DTD

Environmental influences
(diet, inactivity)

delta cell ‘
NBEG

alpha cell

beta cell
death

and organ damage

¥

Cardiac damage via:
AGEs
Oxidative stress
Mitochondrial dysfunction
Inflammation
RAAS over activation
Endothelial dysfunction
Fibrosis
Diastolic dysfunction
Hypertrophy

\& = beta cell
b Hyperglycemia, burnout
- hyperinsulinemia (T2DM),

Type 1 diabetic Islet
Young age onset (birth to 30 years)

Type 2 diabetic Islet

Any age onset(adolescence to adult)

+ ‘ Diagnosed
diabetic
cardiomyopathy

Cardiomyopathy progression

May 2018 | Volume 9 | Article 453




FA uptake
Fibrosis

FA utilization
Capillary density
Mitochondnal function
Med13 signaling

FA uptake .m

Hypertrophy @ ip 208a

FA utilization
Mitochondnal function
Fibrosis

Agtr2-Med13 signaling
Capillary density

Healthy cardiomyocyte

FA uptake '

Fibrosis

FA utilization -
Capillary density ‘ @"
Mitochondrial function

Med13 signaling

AR -
uptiake ' miR-29a/bl/c

Hypertrophy

FA utilization

Mitochondrial function

Fibrosis
Agtr2-Med13 signaling ‘

Capillary density

Diabetic cardiomyocyte

May 2018 | Volume 9 | Article 453




Phan loai Bénh CTDTD theo phan suat tong mau(EF).

Thé han ch&/EF bao ton Thé dan / EF gidm
DMCMP
Restrictive/HFPEF Phenotype DMCMP

1) Presence of DM Dilated/HFREF Phenotype
2) Exclusic?n of CAD, Yalvular or 1) Presence of DM

congenital heart disease
3) Exclusion of hypertensive heart 2) Exclusion of CAD, valvular or

disease (=DBP<90mmHg) congenital heart disease
4) Exclusion of infiltrative heart 3) Exclusion of hypertensive heart

disease by endomyocardial biopsy

5) LVEF>50%; LVEDVI<97ml/m? disease (=DBP<90mmHg)

6) E/E’>15 or 4) Exclusion of viral myocarditis by
8<E/E’<15+LAVI>40mI/m? or endomyocardial biopsy
8<E/E’'<15+BNP>200pg/ml or
8<E/E’<1S+atrial fibrillation or 5) LVEF<50%; LVEDVI>97ml/m?

8<E/E’<15+LVH (LVMI 2 >122g/m?;
LVMI>148g/m?) Petar M. Seferovié. Eur Heart J 2015.




Restrictive/HFPEF phenotype

Co tim phi dai, collagen nam gitra té& bao co tim (phan &ng xo hda) (bén trai)
va cau tric bao co con bao ton (bén phai).



Thé co’ tim han ché / suy tim phan suat tdng mau bao tén (HFPEF):

Endothelial 3 _-+4 Hyperglycemia
Cell \ -

- Lipotoxicity

Microvascular Rarefaction

Hyperinsulinemia

¥ s .-p .q-"

passive

Fib

dsis >
: % Hyperglycemia
Fibroblast PKC’%—
Lipotoxicity

RLCN ndi mac vi mach vanh do tdng G mau, nhiém doc lipid va Iang dong AGEs. Thua vi mach
gdp phan gidm sinh téng hop NO va cwdng insulin gay phi dai co tim. Tang G mau va nhiém déc
lipid 1am ting PKC trong nguyén bao sgi va ting lang dong collagen t6 chirc ké .

RLCN ndi mac vi mach vanh dan dén réi loan va tdi cau tric co that trdi lién quan giam sinh tong
hop NO co tim va gidm hoat ddng PKG. Piéu nay tadc ddng phi dai co tim va xo hda td chirc ké
phan &ng.




Thé co tim gidn / suy tim kém gidm phan suat tong mau (HFREF).

Dilated/HFREF phenotype

Té bao co tim nhé lai va hu hai, collagen hién dién I&n (thay thé to
chirc xo' ) (bén trdi ) va mang bao co mat (bén phai).



Thé co tim gidn / suy tim kém gidm phan suat tong mau (HFREF).

Endothelial

{ Microvascular Rarefaction

= == = = - AGEs

Autoimmunity

Fibroblast

* TB co tim chét dan dén tai tao va RLCN thAat trai. TB co tim chét do stress oxy hoda trong
ngan TB co tim do t6 chirc thi€éu khi gdy ra bdi thuwa mao mach, hién dién TB viém lién
quan ty mién, Iang dong AGEs va khd nang do tdng G mau va nhiém doc lipid . Do TB co
tim chét co sy thay thé t6 chirc xo duwoc hd tro bdi ndng dé PKC trong nguyén bao soi do
tang G mau va nhiém déc lipid



Bénh co tim dai thao dwong
dwdi géc nhin NGi Tiét Tim Mach Hoc Viét Nam
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DELAv. BN M5 EVERY I BERTS | (Nguyen Quoc Viet- Nguyen Hai Thuy, Nguyen Anh Vu
2003)




LVMI in type 2 diabetic patients without HTN
Tran Thi Van Anh,Nguyen Hai Thuy, Nguyen Anh Vu (2006-2007)

. N

Prevalence of LVH (with LVMI in male >125g/m2 and female > 110 g/m2)
was 40%



Ty 1é bat thwdrng LVMI, EF va CNTTr

trén 130 bénh nhan Tién Dai Thao Puong

Tran Thi Nhw Hao Nguyén Hai Thay,Nguyén Anh Vii (2009-2010)

Gioi

Nam n=62 Nir n=68 Chung
Théng sb n % N Yo n (%)
t LVMI
23 | 37,09 | 27 | 39,70 | 50 (38,46)
EF <355% 7 11,29 3 4,41 10 (7,69)
RLCNTTY 24 | 3871 | 34 50 58 (44,61)




Lién quan giita Nong do NT-proBNP
huyét thanh va mot so chi sd SA Tim
Trén 104 bénh nhan DTD tip 2

(Lé Thanh Tung, Nguyéen Hai Thuy, 2010)

Chi s6 siéu am Tim Bénh ly NTproBNP ( pg/ml) D
RLCN tam Truong Co 286,19 + 230,34 p <0,001
Khang 48,44 + 34,53
Phi dai That Tréi Cé 279 + 2272 p < 0,001
Khang 4572 + 31,5
RLCN tam Thu Cé 376,69 + 299 4 0 < 0,001
Khéng 89,75 + 91,8
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Piéu tri BEnh CTDTD nén dua theo cao ché bénh sinh

DIABETES (hyperglycemia, hyperlipidemia, insulin deficiency or insulin resistance)

Altered Ca?* handling Cardiac Insulin Resistance Increased Lipid Uptake  Glucotoxicity RAAS]
v v
PPARa I Ceramide I
Mitochondrial ROS v Y Pkc {
SERCAZ2A activity | Mitochondrial _  mitochondrial function Glucose oxidation || Llpotoxwltv | ros

AGE ]

SERCA2ANCX/ ~ Ca**dynamics §  wisochondrial uncoupling | rAckiisticn [

RyR/PMCA v Apopt05|s I
expression l TCA cycle \ /

enzyme activity
l x Cardiac efﬁciency °f|'"'t‘edh9|yg°sllllat":" Fibrosis I Apoptosis I
. Energy depletion P mnoEIonana protane Hypertrophy
EC coupling l Energy depletion *
Mitochondrial function l
v

Diabetic Cardiomyopathy
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10.41a

In people with type 2 diabetes
and established atheroscle-
rotic cardiovascular disease,
multiple atherosclerotic car-
diovascular disease risk factors,
or diabetic kidney disease, a
sodium—glucose cotransporter
2 inhibitor with demonstrated
cardiovascular benefit is rec-
ommended to reduce the risk
of major adverse cardiovascu-
lar events and/or heart failure
hospitalization. A

In people with type 2 diabetes
and established atherosclerotic
cardiovascular disease or mul-
tiple risk factors for atherosde-
rotic cardiovascular disease, a
glucagon-like peptide 1 recep-
tor agonist with demonstrated
cardiovascular benefit is rec-
ommended to reduce the risk
of major adverse cardiovascu-
lar events. A




10. Cardiovascular Disease and
Risk Management: Standards of
Care in Diabetes—2023

Diabetes Care 2023;46(5uppl. 1):5158-5190 | https://doi.org/10.2337/dc23-5010

10.42a In people with type 2 diabe-
tes and established heart fail-

ure with either preserved or
reduced ejection fraction, a
sodium—glucose cotransporter
2 inhibitor with proven

10.41c In people with type 2 diabetes

and established atherosclerotic
cardiovascular disease or multi-
ple risk factors for atheroscle-
rotic cardiovascular disease,

combined therapy with a

sodium—glucose cotransporter
2 inhibitor with demonstrated
cardiovascular benefit and a
glucagon-like peptide 1 recep-
tor agonist with demon-
strated cardiovascular benefit
may be considered for addi-
tive reduction in the risk of
adverse cardiovascular and
kidney events. A

10.42b

benefit in this patient pop-
ulation is recommended to
reduce risk of worsening
heart failure and cardiovas-
cular death. A

In people with type 2 diabe-
tes and established heart fail-
ure with either preserved or
reduced ejection fraction, a
sodium—glucose cotransporter
2 inhibitor with proven bene-
fit in this patient population
is recommended to improve

symptoms, physical limita-
tions, and quality of life. A




FIGURE 3: USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIOURS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH)

Goal: Cardiorenal Risk Reduction in High-Risk Patients with Type 2 Diabetes (In addition to comprehensive CV risk management)*

+ASCVD! +Indicators of high risk +HF +CKD

Defined differently across While definitions vary, most Current or prior eGFR < 60 mU/min per 1.73 m? OR
CVOTs but all included comprise = 55 years of age symptoms albuminuria (ACR 2 3.0 mg/mmol
individuals with established with two or more additional of HF with (30mg/g)). These measurements

CVD (e.g. MI, stroke, any risk factors (including obesity, documented may vary over time; thus, a repeat
revascularisation procedure). hypertension, smoking HFrEF or HFpEF measure is required to document CKD.
Variably included: conditions dyslipidaemia or albuminuria)
such as fransient ischaemic

attack, unstable angina, .

amputalian, symptomatic +CKD (on maximally tolerated dose

or asymptomatic coronary of ACEi/ARB)
artery disease.
SGLT2i PREFERABLY

with proven SGLT2i® with primary evidence of
HF benefit reducing CKD progression

in this Use S6LT2i in people with an eGFR =

population 20 mUmin per 1.73 m? once initiated

should be continued until initiation
of dialysis or transplantation

______ R= == ===
GLP-1 RA with proven CVD benefit if
SGLT2i not tolerated or contraindicated

+ASCVD/Indicators of High Risk

GLP-1 RA* with proven
CVD benefit

SGLT2i8 with proven
CVD benefit

If HbA, above target

If HbA, above target, for patients
on SGLT2i, consider incorporating a

« For patients on a GLP-1 RA consider adding SGLTZ2i with GLP-1 RA or vice versa

proven CVD benefit or vice versa
« TIDA

A 4

[ If additional cardiorenal risk reduction or glycaemic lowering needed

ACEi, Angiotensin-Converting Enzyme Inhibitor; ACR, Albumin/Creatinine Ratio; ARB, Angiotensin Receptor Blocker; ASCVD, Atherosclerotic Cardiovascular Disease; CGM, Continuous Glucose Monitoring; CKD, Chronic Kidney Disease; TV, Cardiovascular; CVD, Cardiovascular Disease;
CVOT, Cardiovascular Outcomes Trial; DPP-4i, Dipeptidyl Peptidase-4 Inhibitor; eGFR, Estimated Glomerular Filtration Rate; GLP-1 RA, Blucagon-Like Peptide- 1 Receptor Agonist; HF, Heart Failure; HFpEF, Heart Failure with preserved Ejection Fraction; HFrEF, Heart Failure with
reduced Ejection Fraction; HHF, Hospitalisation for Heart Failure; MACE, Major Adverse Cardiovascular Events; M|, Myocardial Infarction; SDOH, Social Determinants of Health; SGLT2i, Sodium-Glucose Cotransparter-2 Inhibitor; T2D, Type 2 Diabetes; TZD, Thiazolidinedione.

*In people with HF, CKD, established CVD or multiple risk factors for CVD, the decision to use a GLP-1 RA or SGLT2i with proven benefit should be independent of background use of metformin;t A strong recommendation is warranted for people with CVD

and a weaker recommendation for those with indicators of high CV risk. Moreover, a higher absolute risk reduction and thus lower numbers needed to treat are seen at higher levels of baseline risk and should be factored into the shared decision-making
process. See text for details; # Low-dose TZD may be better tolerated and similarly effective; § For SGLT2i, CV/renal outcomes trials demonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHF and renal outcomes
in individuals with T2D with established/high risk of CVD; # For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, MI, stroke and renal endpoints in individuals with T2D with established/high risk of CVD.

[A)!'nggtcan Davies M, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, Rosas SE, Del Prato S, Mathieu C, Mingrone G, Rossing P, Tankova T, Tsapas A, Buse JB
1a es

sl Diabetes Care 2022; https://doi.org/10.2337/dci22-0034. Dlabetologla 2022; https://doi.org/10.1007/s00125-022-05787-2.
- Association. Copyright ADAJEASD 2022

TO AVOID
THERAPEUTIC
INERTIA REASSESS AND
MODIFY TREATMENT
REGULARLY
(3-6 MONTHS)

European Association
for the Study of Diabetes



Kidneys

Adipose '.‘
tissue ‘ /

Skeletal

Commonly
Used Current

Pharmacological
Therapies to Lower
Hyperglycemia

Variable

7

Potential Pathways
that Could be Targeted
to Modulate Specific
Pathophysiologic
Mechanisms that
Contribute to Diabetes-
Associated Heart Failure

= Biguanides
=«SU

= TZDs
=GLP-1 RA

-

= DPP4-
« SGLT2
= [nsulin

AN

Muscle I ' Diabetes
Mellitus

<= Altered Myocardial
Substrate Metabolism

<~ Mitochondrial
Bioenergetics

<~ Oxidative Stress

<~ Lipotoxicity

<2 Inflammation

<~ ER Stress

<= Insulin Signaling

<z B-Adrenergic
Receptor Signaling

<= GRK2 Signaling

<= Renin Angiotensin
Aldosterone Signaling

<~ Autophagy

<~ AGEs




Laksono S, Hosea GT, Nurusshofa Z. Diabetic Cardiomyopathy: Pathophysiology and
Novel Therapies. Brown | Hosp Med. 2022;1(3). .

Brief Reviews

Diabetic Cardiomyopathy: Pathophysiology and Novel Therapies

Sidhi Laksono, MD' &, Grace T. Hosea, MD? Zahra Nurusshofa, MD"

! Siloam Diagram Heart Hospital, Cinere, Indonesia; Faculty of Medicine, Universitas Muhammadiyah Prof Dr Hamka, Tangerang, Indonesia, 2 Faculty
of Medicine, Pelita Harapan University, Tangerang, Indonesia, 2 Faculty of Medicine, Universitas Muhammadiyah Prof Dr Hamka, Tangerang,
Indonesia

*GLP-1 analog and SGLT2i have been shown to reduce cardiovascular mortality
and improve glycemic control.However, the treatment of T2DM patients with HF
using GLP-1 analogs remains controversial. Several studies in DM patients have
found that GLP-1 analogs did not affect any major adverse cardiovascular event
(MACE). Other trials showed that GLP-1 analogs have a significantly lower
cardiovascular mortality rate, nonfatal myocardial infarction, or nonfatal stroke,
improve lipotoxicity, and also protects cardiac function in T2DM patients.



Vai tro bao vé Tim Mach
cua Dong van GLP1

Diabetes
. Association.



Bao vé Tim cia nhém déng van Thu thé GLP1

GLP-1 [7-36 amide]
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GLP-1 Other
receptor receptors?
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Endothelial function 1
Arterial stiffness |
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Glucose uptake 1

Heart rate 1

Ischemia tolerance t
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glucose pressure lipids

Vascular inflammation |
Plaque stability 1

v Angiogenesis 1
Platelet aggregation |
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1 vasodilation

| 1 Plaque Stability

1 Blood Flow

| Inflammation | Smooth muscle

1 Glucose uptake 1 LV Function s Jofmenstion proliferation
| 1schemic injury 1 Heart rate # Endothelial | Platelet
Function Aggregation

American
Dlabetgs_ E A S D European Association
. Association. Copyright ADA/EASD 2022 for the Study of Diabetes
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4 MMP2

Jd- vascular smooth
muscle cell proliferation

1 Endothelial function

'

NO-induced vasodilation
J-oxidative stress
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» ) intracellular
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GLP-1R agonist

Study model

GLP-1R agonist mediated
outcome

Liraglutide (uptitrated to
1.8 mg once daily)

Liraglutide (uptitrated to
1.8 mg once daily)

Exenatide (10 pg twice
daily)

Liraglutide (uptitrated to
1.8 mg once dalily)

Liraglutide (30 pg once
daily)

Liraglutide (30 pg twice
daily)

Exendin-4 (100 pwg/kg once
daily 5Q)

Liraglutide (V5 g once
daily)

Exenatide (24 nmol/kg once
daily IP)

Subjects with T2DM and no history of
cardiovascular disease treated with
liraglutide for 6-months

Subjects with T2DM and no history of
acute coronary disease treated with
liraglutide for 6-months

Subjects with T2DM treated with
exenatide for 3-months

Subjects with T2DM and 65% having =1
cardiovascular risk factor treated with
liraglutide for 6-months

Male C57BL/6J mice subjected to T2DM
and TAC surgery, treated with liraglutide
for 15-weeks

Male C57BL/6J mice subjected to T2DM
and treated waith liraglutide tor 2-weeks

Male C57BL/6 mice subjected to T2DM
and treated with exendin-4 for B-weeks

Male Sprague-Dawley rats subjected to

12UM treated with liraglutide for 4-weeks.

Male C57BL/6J mice subjected to
experimental obesity and treated with
exenatide for 4-weeks.

Increased &'
Decreased LV end
diastolic volume

Increased &'
Increased e'/a’ ratio
Decreased Efe’ ratio

Decreased pulse wave velocity

Decreased E/fe’ ratio

Mo difference in circumferential
peak early diastolic strain rate

Liraglutide treatment
prevented a decline in the
LWEF in response to TAC

Increased mitral E/A ratio
Decreased E/e’ ratio

Increased mitral E/A ratio
Increased LVEF

Decreased oxidative stress

and cardiac myocyte
apoptosis

Decreased oxidative stress

Increased mitral BE/A ratio

The impact of
GLP-1R agonists
on diabetic
cardiomyopathy.

Front. Physiol. 11:603247. doi:
10.3389/fphys.2020.603247
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1.Dapagliflozin is the first SGLT2 inhibitor approved anywhere in the world by the EU In
2012.124] |t was approved for use in the United States under the brand name Farxiga by the
Food and Drug Administration in January 2014.123 the first oral treatment in combination
with insulin to treat type 1 diabetes mellitus in UK and EU.

2.Canagliflozin was the first SGLT?2 inhibitor to be approved for use in the United States.
It was approved in March 2013, under the brand name Invokana and it was also marketed
throughout the EU under the same name.[22]123]

3.Empagliflozin, approved in the United States in August 2014, under the brand name
Jardiance by Boehringer Ingelheim.[251 Of the gliflozins, empagliflozin and tofogliflozin
have the highest specificity for SGLT2 inhibition.lt It is the only oral medicine for type 2
diabetes that has been shown to reduce the risk of cardiovascular death.l27][needs update]
4.Ertugliflozin was approved in the United States under the brand name Steglatro in
December 2017.128]

American
Dlabet_es_ EASD European Association
. Association. Copyright ADA/EASD 2022 for the Study of Diabetes


https://en.wikipedia.org/wiki/Dapagliflozin
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-Forxiga_EPAR-24
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-25
https://en.wikipedia.org/wiki/Canagliflozin
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-22
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-23
https://en.wikipedia.org/wiki/Empagliflozin
https://en.wikipedia.org/wiki/Boehringer_Ingelheim
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-26
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-Shubrook2015-1
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-27
https://en.wikipedia.org/wiki/Wikipedia:Manual_of_Style/Dates_and_numbers#Chronological_items
https://en.wikipedia.org/wiki/Ertugliflozin
https://en.wikipedia.org/wiki/SGLT2_inhibitor#cite_note-28

5.1pragliflozin, produced by the Japanese company Astellas Pharma Inc. under the brand
name Suglat, approved in Japan January 2014,!29120]

6.Luseogliflozin was approved in Japan March 2014 under the brand name Lusefi and was
developed by Taisho Pharmaceutical.2

7.Serqgliflozin etabonate discontinued after Phase Il trials.[22

8.Sotagliflozin is a dual SGLT1/SGLT2 inhibitor in phase 111 trials under the brand name
Zynquista. Developed by Lexicon pharmaceuticals. It was planned to be the first oral
treatment in combination with insulin to treat type 1 diabetes mellitus.23! The Food and
Drug Administration refused its approval for use in combination with insulin for the
treatment of type 1 diabetes.[341[35]

9. Tofogliflozin was approved in Japan in March 2014, under the brand names Apleway and
Deberza developed by Sanofi and Kowa Pharmaceutical.[26]

10.Remoqliflozin etabonate was commercially launched first in India by Glenmark in May
2019.

American
Dmbet.es. EASD European Association
. Association. Copyright ADA/EASD 2022
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Tom tat co ché bdo vé tim cla tc ché SGLT2

Potential Mechanisms

1.

Stimulation of natriuresis

. Stimulation of osmotic diuresis

Cardiomyocyte Na*/H exchanger inhibition

2
3.
4. Increased myocardial energetics (via altered

myocardial substrate metabolism)

L

Reduction in left ventricular mass

()]

. Improved systolic and diastolic function

. Improved cardiac filling conditions secondary

to reductions in preload and afterload

. Increased circulating proangiogenic progenitor cells

. Increased erythropoietin

10.

Improved endothelial function

11.

Reduction in myocardial CaM kinase |l activity

12.

Improved myocardial autophagy

13.

Inhibition of cardiac fibrosis

14.

Increased cardiac output, HR, O, consumption, coronary blood flow
mediated by increased levels of circulating glucagon

CaM indicates Ca?*/calmodulin-dependent protein; HR, heart rate; SGLT-2, sodium-
glucose cotransporter-2.




Tac dung chinh bao vé Tim cta trc ché SGLT2

' inhibition of NHE1, I, and |

T natriuresis and
osmotic diuresis

reduction of preload

T ketone bodies

improved fuel
energetics

SGLT1

v

L Na' in cardiomyocytes

T mitochondrial function
T calcium homeostasis

! blood pressure and
arterial stiffness

¥

reduction of afterload

modulation of mitochondrial
dynamics and autophagy

v

T mitochondrial function
4 oxidative stress

weight loss, 1 blood pressure,
4 glucotoxicity, 4 insulinemia,
4 insulinresistance, 4 uric acid

v

+ coronary atherosclerosis

T hematocrit

v

weight loss, + epicardial fat,
1 uric acid, T ketone bodies,
direct effects (?)

¥

1 inflammation, oxidative
stress and fibrosis

T oxygen supply




CAc co ché méi tac dung trén suy tim cia e ché SGLT?2

k WITn SGLi Z Innipiton J

Improved myocardial

Altered adipokine Autophagy Improved cardiac
regU|at|°n Induction ionic homeostasis energetlcs
e, =Ny -
3 . 757 Increased catabolism
( —_ Suppression of Increased glucagon 'Y mimicking a state of
% ) leptin secretion <% __ vsinsulin ratio due Y ~ 3 fasting due 16
by adipocytes 1 Wrtoi i M
S HREETe, 'L’ ) | t? InEnaasest t:rmary {*x [ increased urinary
BUcosE EXeTEON NHE-1 SGLT1 glucose excretion
l inhibition inhibition
|
|
) - Increased
. (| Activation of ketone body
g o Reduced ! * L ISIRT1 and AMPK, production
b SR | serum leptin ‘ \ . HIF1,2alfa | Reduced intracellular
== sodium and restored
sodium-calcium exchanger
function
Autophagic T Alternate fuel instead
5 = clearance of of fatty acids and
' Jdamaged glucose

organelles Improved intracellular

calcium transients and

Reduced
cardiac contraction l

epicardial fat

Reduced oxidative stress

and inflammation
Increased ATP

/ X production
Improved Improved _.‘_: v \
:Iardli(:\vascu'ar - €9 rdiovaSCUIar - Impro;;zd ;:érdiac
ea
This figure was created using Servier outco mes ik efﬁCiency

Medical Art. https://smart.servier.com/

Novel mechanisms of action of SGLT2 inhibitors in heart failure. AMPK, adenosine monophosphate-activated protein
kinase; HIF, hypoxia-inducible factor; SIRT, sirtuin.

© 2020 S Joshi
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U'c ché SGLT2 va Piéu hoa Adipokine

Renal and Blood Pressure Effect of Leptin

‘?/— Obesity \

Selective Leptin Endothelial

Resistancge Dysfunction UC Ché SGLT2 Vé,

\/ P Leptin

Sympathetic o )
T Activity T Nitric Oxide

Renal Na+ @
Rea bsorptlon

T Blood Pressu re

SGLT?2 inhibitors reduce the accumulation and inflammation of perivisceral adipose tissue, thus minimizing the secretion of

leptin and its paracrine actions on the heart and kidneys to promote fibrosis. Such fibrosis probably contributes to the impairment
of cardiac distensibility and glomerular function that characterizes obesity-related HFpEF.

Milton Packer (2018) .Do sodium-glucose co-transporter-2 inhibitors prevent heart failure with a preserved ejection fraction by
counterbalancing the effects of leptin? A novel hypothesis .. 23 January 2018


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Packer,+Milton

U'c ché SGLT2 va Ty thuc té bao ( Autophagy)

I Urinary “
calorie loss
\_9 Fasting-like paradigm

e

/

' AMPK

Gluconeogenesis

Fatty acid
oxidation

Ketogenesis

Decrease in

~—1

intracellular
sodium \_/

o

SGLTZ2 Inhibitors

\ e

Hypoxia-like paradigm

\" S

SIRT1 |—>]

Reduced inflammasome
activation and increased
mitochondrial stability

HIF-2a

N N

Increased
autophagic flux

Erythropoiesis
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stress

\ oxidative

Amelioration of cellular stress,
dysfunction and death
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Uc ché SGLT2 & Hé thong trao doi Natri-Hydro
(Sodium-Hydrogen Exchanger-NHE)

Type 2 Diabetes

=
ii I 'NHE1 I

Cardiac injury Renal tubular sodium
Cardiomyopathy hyperreabsorption

Source: JACC & 2027 Amenican College of Cardiociogy Found=tion



Uc ché SGLT2 & Hé thong trao doi Natri-Hydro

Progression of heart failure

7N

Cardiac hypertrophy, Renal sodium
retention

injury, fibrosis
.. Norepinephrine \( .
“ . . NHE1 in heart
. Angiotensin ' and vasculature

H Aldosterone —_—

Neprilysin ﬁ . .
Adipokines /( NHES3 in kidney

Impaired insulin Microvascular and
sensivity macrovascular

Worsening glycemia complications

N

Progression of diabetes

Packer M. (2017) Activation and Inhibition of Sodium-Hydrogen Exchanger Is a Mechanism That Links the Pathophysiology and Treatment of Diabetes Mellitus
With That of Heart Failure. Circulation. 2017 Oct 17;136(16):1548-1559.


https://www.ncbi.nlm.nih.gov/pubmed/29038209
https://www.ncbi.nlm.nih.gov/pubmed/29038209

Uc ché SGLT2 & Hé thong trao doi Natri-Hydro

Blood pressure lowering
and natriuresis in diabetes

) Drugs for
Hypoglycemic T

: heart failure
drugs for diabetes

Inhibition of ACE inhibitors
NHES3 in kidney

ANG receptor blockers
DPP-4 inhibitors

7
/ MR antagonists
TET Certain 3-blockers
SGLT2 inhibitors 2%/ ,nhibition of

NHE1 in heart Neprilysin inhibitors
and vasculature

\

Reduction in the risk of major
adverse heart failure outcomes

GLP-1 agonists }

Packer M.(2017) Activation and Inhibition of Sodium-Hydrogen Exchanger Is a Mechanism That Links the Pathophysiology and Treatment of Diabetes Mellitus
With That of Heart Failure. Circulation. 2017 Oct 17;136(16):1548-1559.
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U'c ché SGLT2 va Nang Lwgng co tim
Nang lwong co tim tiéu thu nguoi binh thwong va Suy tim BT
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Sw thay doi vé nang lwong co’ tim ( myocardial energetics) khi sl dung rc ché
SGLT2 trén bn suy tim va DTD tip 2
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HFpEF

Hypertension Obesity

Diabetes Chronic kidney
mellitus disease

Oxidative stress /
Inflammation

/ ; 4 -
NO bioavailability \ | Fibrosis 1

Hypertrophy 1
CaMKII 1 (?)

PKG signaling {,

HFpEF & SGLT2i

Hypertension

Obesity

Diabetes
mellitus

Chronic kidney
disease

Oxidative stress/
Inflammation |,

NO bioavailability T

PKG signaling 1

Myofilament stiffness 1 ~ | Na* overload 1 (?)

Diastolic dysfunction

Myofilament stiffness |,

Fibrosis

Hypertrophy |

CaMKIl | (?)

Na* overload |, (?)

Improved diastolic function




SGLT2 inhibitor

Study model

SGLT2 inhibitor mediated
outcome

Empagliflozin
(10 mg once daily)

Empaglifiozin (10 mg once
daily)

Canaglifiozin (100 mg once
daily)

Dapagilifiozin (5 mg once
daily)

Tofogliflozin (20 mg once
daily)

Empaglifiozin (60 mg per kg
of chow)

Empagliflozin (25 mg/kg
intravenously)

Empagliflozin (10
mg/kg/day)

Empagliflozin (10
mg/kg/day)

Empaglifiozin (10 mg/kg/day
in the chow)

AN . Association.

Subjects with T2DM and history of
cardiovascular disease treated with
empaglifiozin for 3-months

Subjects with T2DM (20% with
cardiovascular disease) treated with
empagliflozin for 6-months

Subjects with T2DM (32% with
cardiovascular disease) treated with
canaglifiozin for 3-months

Subjects with T2DM and stable heart

failure treated with dapagliflozin for
B-months

Subjects with T2DM without
cardiovascular disease treated with
tofogliflozin for ~8-months

Female db/db mice treated with
empaglifiozin for 5-weeks

ZDF rats treated acutely with empagliflozin

Male db/db mice treated with
empagliflozin for 8-weeks

Male Dahl salt-sensitive rats fed a high-salt
diet and treated with empagliflozin for
2-weeks

Male db/db mice treated with
empagliflozin for 4-weeks

Decreased LWVMI
increased &'

Decreased LV end diastolic
volume

Decreased LWVMI
Decreased Efe’ ratio

Decreased L\VMI
Decreased E/e’ ratio
Increased global
Longitudinal strain

Decreased Efe’ ratio

Decreased E/e’ ratio
Increased e'/a’ ratio

Decreased IWRBT
Increased mitral B/A ratio

Decreased IWRBT
Increased mitral E/A ratio

Decreased Efe’ ratio

Mo effect on the BE/e’ ratio

Copyright ADA/EASD 2022

The impact of
SGLT2 inhibitors
on diabetic
cardiomyopathy.

EA S D European Association
for the Study of Diabetes
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VN_GM-DIA_29

Co ché Bao vé Tim ctia Metformin c1p:26/09/2020
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Metformin va Khang insulin
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Metformin cai thién chuyén héa té bao co tim

INSULIN

Less GLUT4
to sarcolemma
Glucose tpu(e {

P-1-3 kinase
Lipid metabolites (PKB) GLUT-1 &
\ GLUT4
vesicles
Organ lipotoxicity
1. InsulinTesistance @

Cardiomyopathy
2. Pancreatic damage
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Metformin trén bn DTD suy tim

Veterans Affairs

- 6185 bn DTD + suy tim o
- NC ty & tv vong trong 2 ndm -

- Thoi gian nhap vién do suy tim
va nhap vién do moi nn
- Phan nhom :
co Metformin (1561bn #25%)
khéng Metformin

0.90
1

Kaplan-Meier Survival Estimates

| 24% RR mortality

No Metformin

Metformin

P=10.01

To)
%
- NC cohort 2 nam S
(propensity score—matched S
cohort) S
Outcome Metformin (n=1437) No(rl\]/lzelt;c;;r;in E T
Tw vong 0.76 Reference
HR (95% Cl) (0.63-0.92, P<0.01)
Nhap vién ST 0.93 Reference
HR (95% CI) (0.74- 0.18, P=0.56)
Nhap vién 0.94 Reference
HR (95% Cl) (0.83-1.07, P= 0.35)

David Aguilar et al. Circ Heart Fail. 2011;4:53-58
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Suy giam nong do GLP-1 sau an da xay ra tu tién
PTP tip 2
—o— Healthy Subjects

—— Impaired Glucose Tolerance

Meal —m— Type 2 Diabetes

»]

15 -

* % ¥ %
*

10 -

GLP-1 (pmol/L)

0 - .
0 60 120 180 240

Time (min)

VN_GM_PRE-DIA_71
N = 102; Mean (SE); * P<0.05 between type 2 diabetes and healthy subjects
Data from Toft-Nielsen MB, et al. J Clin Endocrinol Metab 2001;86:3717-3723.



Metformin has been found to
increase the plasma levels of

~ the incretin hormone GLP-1.
Proglucagon it is known that metformin has
no-effect on DPP-IV which
degrades GLP-1. Possible effect
on GLP-1 secreting L cells

Té bao L
(hoi trang)

GLP-1 [7-37]

GLP-1 [7-36 NH,]

GIP=glucose-dependent insulinotropic peptide;
GLP-1=glucagon-like peptide-1
Adapted from Drucker DJ. Diabetes Care. 2003; 26: 2929-2940.
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Recently published data indicate that metformin
treatment is associated with a significant increase in
— serum adiponectin [12], which plays an important — ——

role in insulin sensitivity, inflammation, lipid T

metabolism and atherogenesis [13-15]. T '\.“7 &

Marina Shargorodskyl Relation between AdipoR l | ks scaion
augmentation index and adiponectin during one- "ﬂwuﬂ

year metformin treatment for nonalcoholic T O O

steatohepatosis: effects beyond glucose lowering?
Cardiovascular Diabetology 2012, 11:61

MAPK

w Pathway

Metformin regulates adiponectin signalling
in epicardial adipose tissue and reduces atrial (1 "MM‘
fibrillation vulnerability. cae e '-1
Biao Li et al (2020). Metformin regulates Fatty A m\
adiponectin signalling in epicardial adipose Oxidation f!

tissue and reduces atrial fibrillation
vulnerability. J Cell Mol Med.
2020;24:7751-7766.

Glucose Uptake 1!
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Mean Systolic BP Changes with Metformin
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Gerti Tashko, M.D.
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Patient Group

28 studies from 26 articles consisting of 4113 participants were included. This meta-
analysis suggested that metformin could effectively lower SBP in nondiabetic patients,
especially in those with impaired glucose tolerance or obesity.

Gerti Tashko . JOURNAL OF HYPERTENSION, META-ANALYSIS,

JANUARY 2017


https://www.gertitashkomd.com/blog?author=57f3f59ae6f2e12a95950683
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DPP-4 inhibitor

Sitagliptin (100 mg
once daily)

Sitagliptin (50 or
100 mg once daily)

Sitagliptin (50 mg once
daily)

Linagliptin (5 mg once
daily)

Sitagliptin (16 mg/day
in the chow)
Linagliptin (83 mg per
kg of chow)

Linagliptin (83 mg per
kg of chow)

MK-0626 (3
ma/ka/day)

Vildagliptin (10

ma/ka/day in the chow)

Study model

Subjects with poorly controlled T20M, on
metformin plus glyburide, randomized to
receive bedtime NPH insulin or sitagliptin
for 24-weeks.

Subjects with poorly controlled T2DM
despite lifestyle interventions and/or
pharmacotherapy were randomized to
sitagliptin vs. placebo for 2-years

Subjects with T2DM treated with sitagliptin
for 24-weeks.

Subjects with T2DM and asymptomatic
impaired LV systolic function treated with
linagliptin for 48-weeks.

Male db/db mice treated with sitagliptin for
3-weeks

Fermale C57BL/6J mice supplemented
with a high-fat /high sucrose/high-fructose
corn syrup diet treated with linagliptin for
d4-rmonths.

Male Zucker obese rats treated with
linagliptin for 8-weeks

Male C57BL/6J mice subjected to T2DM
and TAC surgery, treated with MK-0626
for 15-weeks

Male Dahl salt-sensitive rats fed a high-salt
diet and treated with vildagliptin for
9-weeks

DPP-4 inhibitor mediated
outcome

46.7 va. 35.7% of subjects
experienced a decrease in the BE'e’
ratio with sitagliptin vs. NPH insulin
treatrment

Decreased E'e’ ratio

Mo changes in both the & and E/e’

ratio

ncreased e and decreased E/e’
ratio in subjects also treated

with pioglitazone

Mo changes in & or the mitral E/A
and E/e’ ratios

Reduced relaxation time constant
(Taw)

ncreased e'/a’ ratio

Reduced IWRT

Decreased cardiac

interstitial fibrosis

ncrease in the e'/a’ ratio
Decrease in the E/e’ ratio, &',

and WRET

Exacerbation of cardiac
hypertrophy and reduced LVEF

Decrease in LVEDF
ncrease in the mitral /A ratio

The impact of
DPP-4 inhibitors
on diabetic
cardiomyopathy

Front. Physiol. 11:603247. doi:
10.3389/fphys.2020.603247




NOVEL TARGETED THERAPIES FOR DIABETIC CARDIOMYOPATHY

*Anti-miRNA and miRNA mimics are actively studied and developed to
treat cardiomyopathy.

*Antioxidant therapies can be used for prevention and intervention for
diabetic cardiomyopathy.

*Phenolic acids are beneficial for mitochondrial dysfunction as the
protective agent of the heart against mitochondrial dysfunction and are

obtained from plants such as _and thus can be added to
the diets.

*Bile Acids are synthesized by cholesterol, bind and activate Farnesoid X
Receptor (FXR) that leads to reduction of inflammation and have a
regulatory effect on autophagy and mitochondrial function and can also
suppress oxidative stress that showing a potential therapeutic effect.
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ANGIOTENSIN 2
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NOREPINEPHRINE Ivabradine

Beta-
blockers ~ 1

ALDOSTERONE

Hydralazine/nitrate

MRAs

-
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NEPRILYSIN - Vericiguat

Il

SGLT2i

1
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pieu tri HFrEF SGLT
Cach tiép can méi 5-4-3 :
Nam con dwdng bao gom diéu hoa angiotensin 2, norepinephrine, aldosterone,
neprilysin va SGLT.

Bon loai thudc dwoc khuyén cdo 1a chat tre ché thu thé angiotensin-neprilysin
(ARNi), thudc chen beta, &c ché thu thé mineralocorticoid va chat (rc ché SGLT2.

~
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Mechanism of action of LCZ696
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Inactive
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(Vasodilation

| blood pressure

} sympathetic tone
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} fibrosis
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Natriuresis/Diuresis
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AT, receptor
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Sacubitril/Valsartan <|:

ANP, BNP, CNP
Adrenomedullin
Substance P
Bradykinin

=i—1
Angiotensin Il

Angiotensin long blockade
Aldosterone breakthrough ‘

Aldosterone * \
Blood pressure ’ /

Valsartan (ARB)

Sacubitril (neprilysin inhibitor)

v

LBQ6S7

s

Neprilysin

s> [nactive
fragments

Renal tubule fibrosis *
Glomerular fibrosis *
Glomerular injury *

TGF-B




CENTRAL ILLUSTRATION: Cumulative Risk of Outcomes in Patients Treated
With Sacubitril-Valsartan or ACE/ARB

ACE/ARB _

ACE/ARB |, //—/

Sacubitril-valsartan

Cumulative Risk (%)

Cumulative Risk (%)

Sacubitril-valsartan

6 6
Follow-Up (mo) Follow-Up (mo)
No. at risk No. at risk
7.893 2,610 7.893 3,285
— 7,893 2,484 — 7,893 2,987

20 -
ACE/ARB

15 - Sacubitril-valsartan

10 - 1 7
ACE/ARB
Sacubitril-valsartan "

Cumulative Risk (%)

Cumulative Risk (%)

. 0 L
O 6 O 6

Follow-Up (mo) Follow-Up (mo)

No. at risk
7.893
— 7,893

2,611
2,485

797
853

No. at risk
7.893
— 7,893

Tan, N.Y. et al. J Am Coll Cardiol HF. 2020:8(1):43-54.

3,097
2,807




PHYSIOLOGICAL PATHOPHYSIOLOGICAL
RESPONSE/ ¢< i‘* \RESPONSE
NPs Ang II

Dual
NEP/RAAS
inhibition

NEP

x

Inactive fragments (LCZ696) AT, Receptor
J
‘ Vasodilation Vasoconstnctlon ]

HF symptoms/
progression

. ®

r

Neurohormonal balance

So do co ché tac dung cua
Sacubitril/Valsartan (LCZ696).
Khi bj ton thwong, tim sé& phan
wng théng qua phan &ng sinh ly
va sinh ly b&nh hé thong peptide
loi tiéu natri va hé thong Renin-
angiotensin-aldosterone.
Sacubitril va valsartan khi dwoc
s dung két hop nhw mét liéu
phap trc ché kép NEP/RAAS , sé
hoat ddng cuing nhau dé duy tri
sw can bang hormon than kinh.



Kaplan-Meier Estimate of
Cumulative Rates (%)

Kaplan-Meier Estimate of
Cumulative Rates (%)
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Enalapril 1117

(n=4212)

LCZ696
(n=4187)

HR = 0.80 (0.73-0.87)
P = 0.0000002
Number needed to treat = 21

180 360 540 720 900 1080 1260

Enalapril
HR = 0.80 (0.71-0.89) (n=4212)
P = 0.00004
Number need to treat = 32

LCZ696
(n=4187)

360
Days After Randomization

180

914

693
558

540 720 900 1080 1260

So sanh két qua gitta ACEi (Enalapril)
va ARNI (LCZ696) lien quan dén

Tt vong do tim mach hoac nhap vién
do suy tim dwoc dat lam tiéu chi
chinh (trén) va

Két cuc tlr vong do tim mach (dwdi)



CENTRAL ILLUSTRATION: Mechanism of Action of Ilvabradine

Extracellular

Intracellular

Action Potential

Ilvabradine mediated slowing
c of diastolic depolarization (/, inhibition)

Koruth, J.S. et al. J Am Coll Cardiol. 2017;70(14):1777-84.




DRUGS.USED-IN.- TREALMENT-OF
ANGINA-  oTHERS

Ivabradine
Not classified + claimed to be CARDIOTONIC agent

Extracellular .
Funny T-type

fluid
l::i— Norepinephrine Adenylate channel calcium —
\ or epinephrine cyclase channel
.QQQQ( \QQQQQQQQQQQQQ QQQQQQQQQG

a Q‘.QQQQQ !! Q.QQ.Q.QQQQ

Cytosol Depolarization

Acts on the “ Funny Channel” a special Na channel in SAN
+ ¥+ HR-> ¥ myocardial work » ¥+ Myocardial 0, demand OTHERS
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