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Inzulinova rezistence
obecna definice

Subnormalni biologicka odpovéd’ na
béznou koncentraci inzulinu v organismu

human insulin

CHAIN A
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Definice inzulinoveé rezistence
Vv uzsim slova smyslu
Podle Himsworthové z r. 1936: snizena schopnost

organismu zpracovat glukézu
prostrednictvim inzulinu.

Pri¢iny. defektni molekula inzulinu
protilatky proti inzulinu nebo inzulinovym receptorum
receptorova porucha
postreceptorova porucha aj. svaly, jatra, tuk
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Klinické syndromy inzulinové
rezistence

1. Genetické — mutace inzulin. receptoru

2. Ziskané - receptorova IR (protilatky)

- puberta, gravidita, pokrocily vék

- zevni vlivy- hladovéni, sepse...

3. SmiSené - genetické pozadi + zevni
vlivy, receptor a postreceptor. IR




Vyvoj inzulinove rezistence
v case

Smiseny sy IR

BMI
/ — (MS)
Genetika l

Diabetes mellitus Glukozova
1. typu 4 )crance




HOMA —IR Index

homeostaticky model inzulinové rezistence

Lacna glykémie x lacna inzulinémie / 22,5

Inzulinova rezistence:
Normalni <2.0
Hranicni 2.0-2.2
Mirna 2.2-3.0
Tezka >3.0

Mathews DR, Diabetologia 1985;28



IR a kardiovaskularni riziko

genetické inzu_llinové zevni

faktory [EZIEHETE faktory

l
l hyperinzulinémie l l

TTK TG 4 HDL-chol

$ t

Tsympaticka laktivita dfeng

— aktivita CNS nadledvin

/ ,
zvySené KV riziko i riziko
mikrovaskularni
T aktivita RAAS

G.M. Reawen:New Engl J. Med 1996,334:374-81




SNS a kardiovaskularni riziko

presoricky efekt trofické efekty

hypertenze \ / cevy, srdce
SNS

/ ~\

ateroskler6za trombo6za

\ zvysSeny hematokrit

inzulinova
rezistence

zvysena agregace
dislipidémie snizena fibrinolyza / desticek



Metabolismus zdravéeho srdce

Glucose

Bunka myokardu @ 10_30%
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Metabolismus srdce u IR Randle cycle (1960)

= glucose-fatty acid cycle
T FFA (plasma) = | glucose oxid.
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Metabolismus srdce u IR G e

= glucose-fatty acid cycle
T FFA (plasma) = | glucose oxid.
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Metabolismus srdce u IR Randle cycle (1960)

= glucose-fatty acid cycle
T FFA (plasma) = | glucose oxi

Glucose
Bunka myokardu -
@ < 10% R

g pyruvate
lactate oxid

e - B
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Visceralni obezita a IR

Cardiac fat

prO aterogenni
' markers
} Dyslipidaemia

- -

Increased
cardiometabolic
risk

A
fa

b ‘ :
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T Free fatty L/ —
/
acids T Secretion of Hepatic fat

adipokines
(~L adiponectin)

prozanctlivy

Aroor AR et al. Heart Fail Clin 2012;8:609-617.



Akumulace tuku kolem srdce, do srdecnich
bunék a do jater

Atherosclerosis
NAFLD Endothelial

hepatic IR dysfunction

.» A GLUCOSE

» MVLDL,LDL-0oXx

™ ROS
4 PAI-1, CRP, /
Fibrinogen
Cardiac fat

Macrophages LV dysfunction

 FFA, inflammatory
factors, TNFaq, IL-6
1 Leptin JAdiponectin \

Adipose
tissue

MNinsulin,

High fat/ / ' , &
high calory diet f O = \ T Glucose

X
Sedentary -

Bugianesi E, Gastaldelli A. Heart Failure Clin 8 (2012) 663-670




Lipotoxicita v buinice myokardu

Albumin-
® bound FFA

TG-rich
lipoprotein
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Heart dysfunction

Park TS, Goldberg lJ: Heart Failure Clin 8 (2012) 633-641



Chronické choroby na zakladé kardio-

metabolickych poruch
(Cardiometabolic-based chronic disease)

\‘ e Adiposity (bila tukova tkan) - based chronic disease
e Dysglycemia (IR, porucha glykémie) - based chronic disease

Kardiovaskularni choroby =™ ICHS

b e, I

Hypertenze Fibrilace sini

Srdecni selhani

Mechanick JI et al.JACC 2020;11:75:525-538



Coronary
Artery Disease

Heart Failure
TSNS
Arytmie

1. Nedostatek energie pro myokard
diastolicka dysfunkce (HFpEF) — systolicka dysfunkce (HFrEF)

2. Remodelace srdce — hypertrofie, fibréza, apoptdza, ukladani kolagenu, TG a AGEP

Kardiomyopatie inzulinorezistentni — diabeticka kardiomyopatie

Aroor AR et al. Heart Fail Clin 2012;8:609-617.



Akumulace kolagenu v diabetickém srdci

hyperglykemie
- zvysene ukladani kolagenu extracelularné
- glykace kolagenu - snizené odbouravani
- fibrotizace myokardu
U
porusené diastolické plneéni - HFpEF (EF =
20%)
snizena rychlost srdecniho vedeni
snizeni fibrilacniho prahu

Aroor AR et al. Heart Fail Clin 2012;8:609-617.



RESEARCH LETTER

doi:10.1002/ejhf.2531
Online publish-ahead-of-print 16 May 2022

Insulin resistance and
incident heart failure:
a meta-analysis
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Maximally adjusted Relative Risk (RR)
Felative risk of HF per 1-SD higher HOMA-IF
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Inzulinova rezistence
typicky aterogenni lipidovy profil

Malé
denzni @
LDL

Zvysena postprandialni

lipémie
Malé denzni * Zvyseny apo-B
~lv HDL-¢ apo-B/apo-A

e ZvySeny non-HDL-ch
eCastice bohaté na TG

e ZvySeny remnantni chol
American Diabetes Association. Diabetes e antnicho

Care 2003;26 (Suppl. 1):S83-86



Vliv triglyceridi na nové diagnostikované srdecni selhani
u pacientu s vysokym KV rizikem lecenych statiny

Optum Research Database > 160 mil. osob

Hazard Ratio

Real-world analysis (95% CI) P value

V&k = 45 let, DM/ASKVO, statin Multivariate analysis using Cox proportional hazard model

Elevated TG vs comparator® 1.192 (1.134-1.252) —— <0.001

TG 2150 mg/dl (= 1,7 mmol/l)
(n=23 181)

High TG vs comparator® 1.235 (1.160-1.315)
TG 200 — 499 mg/dl (2,3 = 5,6 mmol/l)
(n=10990)
e B
0.75 1.00 1.25 1.50
Comparator: TG < 150 mg/dl (< 1,7 mmol/l) a HDL > 40 mg/dl (1 mmol/I)

Decreased Risk Increased Risk

Toth PP et al. Vascular Health and Risk Management 2019:15 533-538



Ovlivnéni IR a prevence poskozeni srdce

Zivotni styl — komplexni zmény Zivotnich navykti - NEKOURENTI
- PRAV. POHYB
- ZDRAVA DIETA
— ZHUBNUTI

Farmakologickd 1écba: INHIBITORY RAAS X starSi betablokatory,
thiazidova diuretika

GLIFLOZINY
ANP, SACUBITRIL



Glifloziny a IR v experimentu

Diabetologia (2023) 66:754-767
hittpsy//dol.ong/10.1007/5001 25-022-05851 %

ARTICLE

Empagliflozin protects mice against diet-induced obesity, insulin
resistance and hepatic steatosis

Bernhard Radlinger " - Claudia Ress * - Sabrina Folie ' - Karin Salzmann ' . Ana Lechuga™ + Bernhard Weiss '~ .
Willi Salvenmoser? « Michael Graber® - Jakob Hirsch® - Johannes Holfeld” + Christian Kremser® - Patrizia Moser” -
Gabriele Staudacher ' - Tomas Jelenik” - Michael Roden™®? . Herbert Tilg? - Susanne Kaser '

10-denni krmeni mySi nezdravou stravou bez empaglifl. a s empaglifl.
Kontrolni skupina s a bez empagliflozinu
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* Empagliflozin zamezil pribyvani na hmotnosti a rozvoiji IR




S International Journal of |
“Q’:j Molecular Sciences M DPI|

Article

Exogenous ANP Treatment Ameliorates Myocardial Insulin

Resistance and Protects against Ischemia-Reperfusion Injury in
Diet-Induced Obesity

Yuhei Oi !, Tomohisa Nagoshi 1*("', Haruka Kimura !, Yoshiro Tanaka !, Akira Yoshii !, Rei Yasutake !,
Hirotake Takahashi !, Yusuke Kashiwagi !, Toshikazu D. Tanaka !, Toshiaki Tachibana 2
and Michihiro Yoshimura !

Myc¢1 krmené vysokotukovou dietou + ANP sc. a bez ANP
Kontrolni skupina — mysi1 krmené norm. dietou £ ANP



Diet-induced

obesity

Systemic
Insulin resistance

Adipose tissue whitening

\?AFLD/

cscl
<LK | ANP

Myocardial
Insulin resistance
Blunted/Akt signaling response

tlipidfoverload i Storage

Adequate
energy supply

" Mitochondria

ANP — aktivace signalni cesty Akt (serin-threonin
kinazy) — zlep$eni IR v myokardu — Todolnost
myokardu k ischemii




Natriuretické peptidy (BNP)
—snizené u IR (DM, AH + obezita)

Mobilizace lipidu z tuk. tkané

T Oxidace lipidGi postprandialné
Tsyntézy adiponektinu

lhlad / pfijem potravy
Zhnednuti bilého tuku

Tbradykinimu Snizuji TK, zvySuji vylucovani
Na, zlepSeni IR

lendotelinu

T GLP-1

T Glukagon



Deficience natriuretickych aj. peptidu
— sacubitril/valsartan

[herapeutic Advances in Endocrinology and Metabolism 11
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IR — energeticky deficit v srdci - Randluv cyklus

IR~ SNS ~ RAAS — hypertenze — hypertrofizace myokardu
IR — aterogenni dyslipidemie - TTG — remnantni chol — AS

IR — visceralni obezita - bila tukova tkan — steatdza srdce
lipotoxicita, apoptoza, fibrotizace—> dysfunkce
myokardu (HFp-m-r-EF), poruchy vedeni vzruchu, arytmie



Poselstvi: prevence vlivu IR
na srdce

1. Pohybovat se 6 tisic krokt denné

2. Cholesterol podle celkového KV rizika
3. Jist zdravé omezit nasycen¢ MK a transmastne K

omezit soleni a piti alkoholu

4. Krevni tlak 120/80 — 130/80 mmHg

5. Snizit hmotnost BMI 20 — 25 kg/m?

6. Glykémie pod 5,6 mmol/l —
7. Nekourit prestat kourit o e o oy ovascular discase
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