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Summary

A study was undertaken to determine the effects of
long-term insulin therapy on the development and
regression of lipid perturbations and experimental
cholesterol atherosclerosis in rabbits:
(1) Insulin administration for 15 days significantly
reduced plasma lipid levels and free fatty acids in
rabbits fed a high-cholesterol diet; it also inhibited the
effects of a single dose of cholesterol. Paradoxically,
mnhnned m!nlm trﬁltmfnt led tn the rnnfm'cimenl of

nthernsclemsis significantly aﬂﬂmfnted ﬂle fatty
infiltration of the aortic tissue and the lesions of the
imr.ls, and also increased the frequency of coronary

munﬂls aml thm a nnrm:.l lllet, insu]in treatment
accelerated the rate of reduction of hypercholesterol-
aemia, but aggravated the lipid infiltration of the
artery walls, and also prevented regression of coronary

Postgraduate Medical Journal (February 1978) 54, 80-85.

or without high fasting plasma insulin levels (Peters
and Hales, 1965). It has been suggested by Stout and
Wallance-Owen (1969) that hyperinsulinism may be
the common factor linking atherosclerosis with dia-
betes, obesity and hyperlipidaemia. An acute in vitro
effect of insulin on the lipid metabolism of the
arterial wall has been described (Mahler, 1966 Stout,
1968, 1969, 1971). Under these circumstances, it
seemed reasonable to postulate that insulin may
have a causal role in atherogenesis.

In view of this problem, experiments were under-
taken to explore the effects of exogenous insulin on
aorta and coronary atherogenesis in cholesterol-fed
rabbits and in rabbits after cessation of the choles-
terol diet.

Materials and methods

The rabbits were male of the Fawn Bourgogne
strain and New Zealand White strain and weighed
approximately 2-5 kg at the start of the experiment.
Upon entering the animal house, the rabbits were
placed in individual cages and allowed not less than



Evidence That Acute Insulin Administration Enhances LDL
Cholesterol Susceptibility to Oxidation in Healthy Humans

Alfredo Quinones-Galvan, Anna Maria Sironmi, Simona Baldi, Fabio Galetta, Ulisse Garbin,
Anna Fratta-Pasimi, Luciano Cominacini, Ele Ferrannini

Abstract—Increased free radical production and hyperinsulinemia are thought to play a role in experimental and human
atherosclerosis, but the relation between the 2 abnormalities has not been studied. In 23 healthy volunteers. we measured
the susceptibility of circulating low-density lipoprotein (LDL) cholesterol particles to in vitro copper sulfate oxidation
(measured as the lag phase) and cell-mediated oxidative modification (measured as malondialdehyde generation in LDL
during incubation with human umbilical vein endothelial cells). as well as the vitamin E content of LDL cholesterol at
baseline and after 2 hours of physiological hyperinsulinemia (euglycemic insulin clamp). The lag time of LDL oxidation
decreased from control values of 108 £3 and 1073 nunutes (at baseline and after 2 hours of saline mnfusion) to 1013
minutes after 2 hours of clamping (P=<<0.0001). At comresponding times_ cell-mediated malondialdehyde generation in
LDL rose from 496+0.11 and 498+0.10 to 5.28+0.10 nmol/'L. (P=0.0006), whereas the LDL wvitamin E content
decreased from 6.78+0.06 and 6.77+0.06 to 6.64=0.06 pwg/mg (P=<0.04). The msulin-induced shortening of the lag
phase was directly related to the decrement of vitamm E in LDL; furthermore, in subjects with higher baseline serum
triglycenide levels, msulin induced a greater shortening of the lag phase than i subjects with low baseline tniglycendes.
We conclude that in healthy humans acute physiological hypeninsulinemia enhances the oxidative susceptibility of LDL
cholesterol particles. This effect may have pathogenic sigmificance for atherogenesis i msulin resistant states.
(Arterioscler Thremb Vasc Biel. 1999:19:2928-2032.)

Arterioscler Thromb Vasc Biol. 1999;19:2928-2932.)



Insulin Causes Endothelial Dysfunction in Humans
Sites and Mechanisms

Guido Arcaro, MD:; Anna Cretti, MD; Sara Balzano, MD; Alessandro Lechs, MD:
Michele Muggeo, MD; Enzo Bonora, MD_ PhD; Ficcarde C. Bonadonna, MD

Background—Insulin resistance 1= often accompamed by byvpernmsuhmnerma and mav predispose to atherosclerosis.
Endothelum plays a central role in atherogenesis. The mn vivo effects of hypernnsuhnemia on endothelial funchon of
large condurt artennes are unknown.

Merhods and Resulis—Twenty-five healthy subjects were enrolled for study. In study A (n="9). subjects underwent both
a ime-control saline study and a englycemic low-dose mmsulin (msubn =] 10 pmolL) clamp for 6 hours. Study B (n=13)
was 1dentical to study A except that the euglveemic clamp was performed at high physiological insulin concentrations
(=440 pmolL). In study C (n=T), subjects underwent two 4-hour euglveemic msubn (=110 pmolL) clamps with and
without the concomitant infusion of an antoxadant (vitamin ). In study D (n=4), two saline ime-control studies were
performed with and without the concoputant imfusion of vitamin C. In all studies, both at baselne and throughout the
expermental penod, endothellum-dependent (flow-mediated) and endothehum-independent (mitroglveenn-induced)
vasodilation was assessed 1o femoral and brachial artenes by echo Doppler. Both low (study A) and lugh physiolozical
(study B) hypennsulinemia abohshed endothelium-dependent vasodilation, whereas endothelium-mdependent vasodi-
lathon was unaffected. Vitamm C fully restored msulin-impaired endothelial function without affecting endothelnim-
independent vasodilation (study C). Vitamun C had no effects on endothelium-dependent or endothelum-independent
vasodilation durng saline control studies (study D).

Conclusions—NModest hypennsulinenia, mymicking fasting hvpennsulimeria of insulin-resistant states, abrogates endo-
thelimm-dependent vasodilation 1o large condwt artenies, probably by increasmg oxidant stress. These data may provide
a novel pathophvsiological bazis to the epidemuological ink between hypernsulinermia‘insulin-resistance and athero-

sclerosis o bumans, (Crenlanen, 2002;105:576-581.)

Circulation. 2002;105:576-582.)



Exogenni hyperinzulinémie mliZze zménit pomér pro/anti aterosklerotického

ovlivnéni metabolickych drah inzulinem a potencovat akcelaraci AS
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Inzulin muaze skrze IRS-1 ovlivnit patogenezu aterosklerézy
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Hyperinzulinémie zvysuje urikémii ovlivnénim vylucovani uratu ledvinami

Diet and nucleotide turnover
Inosine

Hypoxanthine

Xanthine
Xanthine oxidase

- ri .
Allantoin ot Urate ——» Excretory mechanisms

Normal serum level Urinary: 80%
Human: 4-6 mg/dl (240-360 uM) Gastrointestinal: 20%
Mouse: <1 mg/dl (60 uM)

: :

Hyperuricemia Hyperuricosuria

; !

Urate crystal Uric acid crystals
deposition (gout) (renal calculi)

J Clin Invest. 2010,;120(6):1791-1799.



Exogenni hyperinzulinémie muiZe indukovat resp. prohloubit inzulinovou rezistenci

Excess delivery of
lipids and glucose

Endoplasmicireticulum

Inflammation’

Atherosclerosis '

Insulin resistance

J. Clin. Invest. 116:1813-1822 (2006).
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Relationship Between Insulin and Carotid Atherosclerosis in the General
Population

The Bruneck Study

E. Bonora, .J. Willeit, 5. Kiechl, F. Oberhollenzer, G. Egger, R. Bonadonna, M. Muggeo

Abstract

Background and Pupose Although several studies have investigated the association
between insulin and coronary heart disease, the relationship between this hormone and
carotid atherosclerosis i not well established.

Meifods As a part of a population-based survey on atherozsclerosis and its rick factors,
gerum insulin was measured at fasting (n=888) and at 2 hours after an oral glucoze load
{n=811; known diabetic subjects were excluded). The study population comprised an age-
and sex-stratified random sample of men and women aged 40 to 79 years. Atherosclerosis

in the commeon and intermal carotid arteries was assessed twice (in 1990 and 1995) by
sonography. Progression during the S-year follow-up was defined by an increase in
clerosis score of more than the doubled measurement ermor (>275%) or by the:

ew plaques. Subjects were stratified in quintiles according to baseline serum
hours after glucose loading.

nalysis revealed a significant association of carobid

high inzulin {U-shaped relation). This finding was found
before and after adju covariates (zex, age, body mass index, glucose
tolerance, triglycerides, apolipo and B, fibrinogen, blood pressure status,
behawvioral vanables, and zocioecon . This relation applied equally to fasting and
postglucose insulin and was more pronoun clive analysis than in the cross-

sectional analysis.

Conclusions We conclude that both “hypoinsulinemia” and hyperinsulinemia are
independent risk indicators of carolid atherosclerosis.

Stroke. 1997;28:1147-1152



Proc ne inzulin?

* Inzulin je proaterogenni
* Inzulin zvysuje riziko hypoglykémie



Souvislost mezi hypoglykémii a vznikem akutnich
kardiovaskularnich prihod u diabetiki 2. typu

Retrospektivni, observacni
studie (n=860 845)

3.1% pacientu prodélalo
hypoglykemickou prihodu béhem
sledovaného obdobi (1 rok)

Pacienti s hypoglykémiemi méli

0 79% vyssi pravdépodobnost
akutnich KV prihod nez pacienti bez
hypoglykémii
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Proc ne inzulin?

* Inzulin je proaterogenni
* Inzulin zvysuje riziko hypoglykémie
* Inzulin zvysuje riziko srdecniho selhani



Diabetes mellitus a srdecni selhani

* Diabetes mellitus zvysuje riziko srdecniho
selhani

Diabetic cardiomyopathy; mitochondrial dysfunction; abnormal calcium homeostasis; oxidative stress;

renin-angiotensin-aldosterone system (RAAS) activation; atherosclerosis; coronary artery disease More prevalent in HFpEF

Similar increased risk for
Incident and worsening diabetes mellitus via sympathetic and RAAS activation mortality in both groups

J Am Coll Cardiol 2014;64:2281-93
J Am Coll Cardiol 2012;59:998—-1005
J Am Coll Cardiol 2007;50:768-77

J Am Coll Cardiol 2006;47:76-84



Proportion with incident CHF hospitalization
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Diabetes mellitus a srdecni selhani

* Pritomnost srdecniho selhani zvysuje mortalitu
paCientﬁ S diabetem AlCause Mortality
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Diabetes Care 28:2345-2351, 2005
Eur Heart J 2008;29:1377-85
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Diabetes mellitus a srdecni selhani

* Inzulin snizuje natriurézu a zvysuje retenci vody

Saudek CD, Boulter PR, Knopp RH, Arky RA.
Sodium retention accompanying insulin treatment of diabetes mellitus.
Diabetes. 1974 Mar;23(3):240-6



Diabetes mellitus a srdecni selhani

* Iniciace intenzivni terapie inzulinem muze byt
kausalni pricinou manifestace srdecniho selhani
u pacientu s hyperglykémii a glykosurii
indukovanou osmotickou diurézou

Nord Med. 1955 Jan 13;53(2):58-9
Am J Med. 1985 Jul:79(1):147-8
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Figure 2 Chest X-ray at day 22 of admission, showing
bilateral pleural effusions and peri-hilar shadowing.

Insulin oedema

David J. Evans, Kathryn Pritchard-Jones and Beatrice Trotman-Dickenson

John RadCcliffe Hospital, Headington, Oxford, UK.

Summary: A 35 year old markedly underweight woman presented with uncontrolled diabetes.

Following insulin therapy she developed gross fluid retention with extensive peripheral oedema, bilateral Postgrad Med J.
pleural effusions and weight gain of 18.8 kg in 22 days, accompanied by a fall in plasma albumin. She 1986:6 2(729) .
responded well to treatment with diuretics and salt-poor albumin, losing 10.3kg in 6 days without ’ :
recurrence of oedema. Severe insulin oedema is an uncommon complication of insulin therapy and may be 665-8.

due to effects of insulin on both vascular permeability and the renal tubule.
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Prediction of heart failure in patients with type (W)= This association was greatest for

- insulin use (HR 2.48; 1.24-4.99)
- HbA1c 7.0-8.0% (2.41; 1.62-3.59),
- 5 years increase in age (1.47; 1.25-1.73)

2 diabetes mellitus—A systematic review and

meta-analysis
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Proc ne inzulin?

Inzulin je proaterogenni

Inzulin zvysuje riziko hypoglykémie

Inzulin zvysuje riziko srdecniho selhani
Pacienti léceni inzulinem maji vyssi mortalitu



Celkova mortalita pacientli se zaznamenanou antidiabetickou
terapii v letech 2010-2013 (n=440 669 v r. 2013)

Pacient je do jedné ze Ctyr
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vzdy na zakladé zaznamenané
terapie jak v daném roce tak i v
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Muze byt néco temnéjsiho?




