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30 patients and asymptomatic atherosclerosis (fem./carotid)

Asymptomatic Atherosclerosis and
Insulin Resistance
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20% decrease in insulin-mediated
glucose uptake

GLUCOSE INFUSION RATE (YMOL/KQ/MIN)

A A A A A A A ' E A
o 20 40 60 8o 100 120 “o 180 180 200
TIME (MIN)

Laasko M, et al. Arterioscler Thromb 1991,11:1068-76



Diabetologia

PDiabetologia (1996) 39: 135335—13550
© Springer-Verlag 1996

13 patients with asymptomatic CAD
For any given BMI, CAD patients metabolized about 30% less glucose in response to insulin

Insulin resistance and coronary artery disease
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Events in Adults without Diabetes: Meta-Analysis
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Pooled relative 1

risk (95% CI) (%)

Number of
Studies participants
CHD Glucose 23 140,721
Insulin 9 32,104
HOMA -IR 717452
Stroke Glucose 14 94,903
Tnsulin 2 3518 |«
HOMA -IR 4 8,905
CvD Glucose 45 450,487
Insulin 16 46,236
HOMA -IR 17 51,161

1.52(131, 1.76) 62.4

1,12 (092, 137) 41.0
135,2.00) 0.0

144(1.18,1.77) 62.6

»1.90 (061, 5.92) 64.2

1.15, 2.70) 0.0

1.44 (132, 1.56) 68.2
128 (1.11, 1.48) 42.0

1.31, 1.58) 0.0

Number of Pooled relative risk
Studies Participants per1SD(95% CI) T
CHD Glucose 23 140,721 - 121(1.13,1.30)  64.9%
Insulin 9 32, 104 | —o— 104 (0.96,1.12) 43.0%
HOMA-IR 7 17452 —_—— 1.26, 1.69) 0.0%
CVD Glucose 44 450, 487 - .19 (1.14, 1.23) 66.8%
Insulin 16 46,236 —e— 1.13 (1.05, 1.22) 58.3%
HOMA-IR 17 51,161 —— 1.25(1.16, 1.35) 52.4%
CVD Glucose men 22 183,802 -- 1.13(1.08,1.18) 29.3%
women 14 51,527 —0— 1.25 (1.11, 1.41) 65.0%
Insulin men 10 18411" | —m— 1.06 (0.97.1.16) 60.4%
women 4 5.082" —0— 1.24 (1.08, 1.44) 18.5%
HOMA-IR men 6 9.768 —— 4] (1.12,1.77) 66.5%
women 3 5.049 : T} l137 (1.05,1.80) 33.6%
1 2

Gast KB, et al. PLoS One 2012;7:e52036
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Cardiovascular and Metabolic Risk

© R 1. G I N A L A R T 1 € L E

Insuvlin Resistance, the Metabolic
Syndrome, and Complication Risk in Type

T Diabetes

“Double diabetes” in the Diabetes Control and Complications Trial

Variable Cardiovascular P value Any macrovascular P value
Motabolic eyndtome  L.15 (0.41-3.20) 0.79 (0.69-1.92) 0.60
eGDR  High IR @.70W56-08) 0002  (0.83(.73-0.96) 0.009
Insulin dose 3.35(0.58-19.5) 0.18 1.45 (0.55-3.87) 0.45

Data are HR (25% CI). Notes: Models adjusted as in Table 3.

e

DiaBeTES CARE, VOLUME 30, NUMBER 3, MARCH 2007

Kilpatrick ES, et al. Diabetes Care 2007;3:707-12
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Physiological role of NO
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Kolb et al. BMC Medicine (2020) 18:224
https//doi.org/10.1186/512916-020-01688-6 BM C M ed-\c-‘ne

Open Access

REVIEW

Insulin: too much of a good thing is bad \@“\

updates 7

Hubert Kolb'2, Kerstin Kempf?", Martin Réhling” 2iid Stephan Martin'?
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3. Evepyonoinon PAI-1

4. Auénuevn npoocAnyn ox-LDL amo uoakpopayo
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Review >Endocrinol Metzb CinNoth A'mzoo's Mar34(1 )'49-62 doi: 10.1016/}cl 2004.12.001.

- Compensatory hypermsullnemla and the
- development of an atherogemc lipoprotein proflle'

the price paid to maintain glucose homeostasis in
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C 16 RCTs -7.760 T2D patients
Basal

Study (first author Biphasic
year, reference) N mean (SD)
Malone, 2004 [23] 72 23 (4)
Malone, 2005 [24) 897 0.8 (2.6)
Raskin, 2005 [25] 108 5.4 (4.8)
Kann, 2006 [26] 128 0.7 (0.4)
Jacober, 2006 [27)] 59 2.0(0.4)
Kazda, 2006 [28] 54 1.8(3.4)
Holman, 2007 [29] 235 4.7 (4)
Robbin, 2007 [30] 158 1.2(3.2)
Buse, 2009 [35] 1045 3.6 (4)
Strojek, 2009 [37) 225 1.7 (2.3)
Pooled * 2181 2.42

Q? Cochrane test for Heterogeneity=60.7 (P=0.0008),

df=9, 17=85.2

N mean (SD)

72
97

114
127
59

53
234

157
1046
232

1.6 (4)
0.1 (0.2)
3.5 (4.5)

1.5 (0.7)
1.5 (0.5)

0.7 (3.8)
1.9 (4.2)

0.5 (2.8)
2.5 (4)
1.7 (2.4)

2191 1.44

Weight Gain
Mean difference (kg)

1.00 (0.28-1.73
—&(P=0.011)

=N | L 2==1

1.0 0.0 1.0 20
Siphasic better

3.0

Giugliano D, et al. Diabetes Care 2011;34:510-7
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BMI (kg/m2)

Impact of Excessive Weight Gain
on Cardiovascular Outcomes in
Type 1 Diabetes: Results From
the Diabetes Control and

Complications Trial/

Epidemiology of Diabetes '

ITnterventions and Complications

(DCCT/EDIC) Study

Diabetes Care 2017:40:1756—1762 | https://doi.org/10.233 7/dcl6-2523
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Syndrome X
1988 ADA Banting Award Lecture

Why Syndrome
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Insulin resistance

Compensatory hyperinsulinemia
e Jarying degrees of glucose tolerance
®8 High plasma TG concentrations

- Low plasma HDL-C concentrations

Grald . Reayert



CMS

Syndrome of insulin resistance
o Obesity (especially visceral)

Glucose intolerance (impaired glucose tolerance,
impaired fasting glucose, type 2 diabetes mellitus)
Hypertension

Dyslipidaemia (high triacylglycerol, low HDL,
small dense LDL particles)

Endothelial dysfunction
Atherosclerotic CVD

¢ Hyperinsulinaemia

C R MS ¢ [nsulin resistance




The Cardiac-Kidney-Liver (CKL) syndrome:
the “real entity” of type 2 diabetes mellitus

Diabetology

Niki Katsiki*?, Genovefa Kolovou?, Andreas Melidonis®, Maciej Banach®®

Cardiac dysfunction

Vascular, CVD
Arrythmias
Heart failure

Sudden death

Kidney dysfunction T
Vascular, CKD
Decline in eGFR
CKD links to CVD and HF

Pathophysiological mechanism
Oxidative stress, Inflammation,
fibrosis
Endothelial dysfunction, injury
Vascular dysfunction
Platelet activation
Orthotopic accumulation
of adiposit

Liver dysfunction
NAFLD/NASH, links to CVD

morbidity and mortality

MetaBoAlkd IXeTl{OpeVN

ZTEATWTLKA
Noooc¢ tou Hratoc



Insulin Resishance, Cardiovascular
Disease, an the Heluholc Syndrome

Howwell o the emperor’ clothes

...we need to implement appropriate therapeutic intervention to reduce the CVD risk associated with insulin
resistance, irrespective of the number of ATP III criteria satisfied, recognizing insulin resistance as a major CV

equivalent that deserves specific therapy...

Reaven GM. Diabetes Care 2004,27:1011-2



CMS-Dyslipidemia

AC Lipoproteins
lnsuhﬂ/"'d_m_T ; E Trigiyvcerides n S u I i n RESiSta n Ce FOXO 1
S ~—-,__>__\-. Insulin Insulin resistance A

_MTTP: Microsomal ApoC- 1l
Triglyceride Transfe
Protein '

\

X Atlpoproteln.&ase-_-

JOX % _ Low VLDL clearance

| Clgarance
Secretion

High HDL clearance

Vasculature

Cholesteryl Ester Transfer Protein

Kidney



(PROMINENT, REDUCE-IT, STRENGTH) 31,245-60% deutepoyevn mpoAnyn

Hazard ratio

Hazard ati

A
=

L1 High-sensitivitty CRP

hsCRP >>LDL-C




BEVVARE THE
HIDIDER NEINVIY

S ics walk among Your neighbors. Your friends-:
Androids in human gucse' No one s above suspicion.




2000 2017
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USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

i b Glycemic Management: Choose Achievement and Maintenanca of
Weight Management Geals

Carrent or prior . i per approaches that provide the
mﬂg inura (LR 23 mg/mn efficacy to achieve goals: Setindhidualzed weight management gals
e LN Metformin OR Agent(s) including
0cumen JACHOLALLE : COMBINATION therapy that provide
HEF or HFpEF s equired a document KO-~ adequate EFFIACY o achieve
: and maintain treatment goals
Consider avoidance of hypoglycemia a
priortyin high-risk individuals

physical actvity program
Consider medication | | Consider metabolic
In general, higher efficacy approaches for weight oss surgery

have greater likelihood of achieving
glycemic gals When chocsing glocase-lowering therapes:
g } Efficacy for glucase lowering Consider regimen withhigh-to-very-high dual
Use S6LTZ lo withane6FR :
, .zuwm:mm;mw Yery High: glucase and weight efficacy
BLP-1 RA" with proven G ST withprovn | shouldbe continued nti ntation | Dulaglutide (high dose),
R s ‘ | Semaglutide, Tirzepatide
| : =i Insulin Effcacy for weight loss
etimirernd il ki s
i f Injectable (6LP-1 RAfInsulin) Semaglutide, Tirzepatide
TR g gk
I HbA, above target, for paients 5LP-|IA(M.tlistedaMnl in, Dulaglutide, Liraglutide
on S6LT2), consider incorporating a SGLIZ, Sulfo intermediate:
GLP-1 RA or vice versa Intermediate; GLP-1RA (not listed abave), SGLT2i
. 0Pk etk

OPP-4i, Netormin
If additional cariorenal isk rduction or glycemic lowering needed

*Inpopewith H XD, salise VDo mutpe sk factors for VD e deciion 5 v GL-1 R SELTZ with rven beneitshold b dependent o ackgroundusof mefomin A song Identity barriersto goals:
e vt el i 00 e el s it h O Mo, e bl nd s v b et |+ Coidr DMES e o spprsffcay i et o s

are e at e v ofbaseine sk ad shoud b factred il the shareddeision-naking rces. e e fodeals A Low-os D may b et e and ity effeciv; § Fr SOV | Cnideehnlogy e, Gaghesc 54 b enity et s nd ey
et ocames il demonste e efcacy g e ik ofcompose ACE, Y ath,l-caus mrtlty, ML HHEad el e il with 20 ith etablihedhih sk OV~ | erty adadiess 00 i chieweoetof gl

# For -1 R, O Gemonstate e effccy n i camposite MACE, Y dat, l-cuse martalty, W, o and real ndpit i ndviduaswith 20 with tablshdgh sk O
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3,876 patients (74% Prediabetes) AEE/TIA + IR (HOMA-IR)>3,0: PIO (15 mg to 45 mg) versus placebo
Pioglitazone after Ischemic Stroke
or Transient Ischemic Attack

W.N. Kernan, C.M. Viscoli, K.L.. Furie, L.H. Young, S.E. Inzucchi, M. Gorman,
P.D. Guarino, A.M. Lovejoy, P.N. Peduzzi, R. Conwit, L. M. Brass.* G.G. Schwartz,

[ ]
5 S First fatal/nonfatal stroke or fatal/monfatal MI
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TE oo .20 24%-43%
= S  o0.40 o~ (1)
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= 30— Hazard ratio, O.76 (9525 Cl, 9.62—0.93)
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Years since Ranmndomization
No. at Risk
Pioglitazone 1939 y e 1701 1491 1196 481
Placebo 193 7 1778 1690 1476 1182 aso

Kernan WN, et al. N Engl J Med 2016; 374: 1321-31




Efficacy of lower doses of pioglitazone after stroke or transient
ischaemic attack in patients with insulin resistance

J. David Spence MD1@ | Catherine Viscoli PhD? | Walter N. Kernan MD? |
Lawrence H. Young MD3® | Karen Furie MD?* | Ralph DeFronzo MD” ® |
Muhammad Abdul-Ghani MD® & | Paresh Dandona MD, DPhil® |
Silvio E. Inzucchi MD” &
Inter-
Event Pioglitazone Placebo Adjusted HRt actionP
Mode Dose* Events / N (%) Events / N (%) (95% CI) value
Stroke/Myocardial Infarction
<15 mg/day 32 / 546 (5.9) 25 / 366 (6.8) 0.89 (0.53, 1.51) »—ﬁ—<
(0)
(&) 23 / 128 (18.0) 34 /105 (324) 0.53(0.30,091) 47 A) @
30 12 /89 (13.5) 7 /35 (20.0) 0.40 (0.15, 1.07) H—
45 114 / 1175 (9.7) 179 / 1429 (12.5) 0.74 (0.59, 0.94) 0.81 H
New Onset Diabetes
<15 mg/day 29 / 573 (5.1) 16 / 389 (4.1) 1.31(0.71, 2.44) —_——
15 7 /114  (6.1) 11 /81 (13.6) 0.35(0.13, 0.94) H—|
30 3 / 86 (3.5) 2 / 33 (6.1) 0.18 (0.02, 1.81) K
45 34 / 1165 (2.9) 120 / 1432 (8.4) 0.31 (0.21, 0.46) 0.0001 E

Spence JD, et al. Diabetes Obes Metab 2022;24:1150-1158
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