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~— ABSTRACT N

Owver 170 million people worldwide are diagnosed with diabetes and it’s estimated that the number will
reach 370 million cases by 2030. Diabetes represents a major risk factor for all cardiovascular diseases with
a high mortality rate. Furthermore, diabetes represents a risk factor for peripheral artery disease (PAD)
cases and its association leads to significant increase in risk for vascular and cardiac events at foot and leg
level thus impacting the quality of life of the patient. The atherosclerosis which is found at the base of PAD
pathogenesis results from accumulation of lipids and fibrous material between the tunica intima and tunica
media vascular walls resulting in progressive constriction of the vessel’s flux. This phenomenon can lead to
complications such as thrombosis or rupture of the atheroma plaque which results in occlusion of down-
stream vessels. Reducing the risk factors which contribute to the atherosclerosis pathogenesis such as en-
dothelial dysfunction, increase in platelets activity, dyslipidemia, immunological and inflammatory factors
as well as tobacco contributes to the reduction of atherothrombotic episodes with impact on the patient’s

quality of life
N
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INTRODUCTION diabetes contribute to vascular inflammation, en-
dothelial dysfunction, platelets activation, vessel con-
striction and heightened thrombotic risk, conditions

which are involved in the PAD pathogenesis in diabetic

Diabetes mellitus is a significant risk factor for PAD,
followed by smoking, old age, dyslipidemia and hyper-

tension. Diabetes mellitus is characterized by a chronic
hyperglycemic status, insulin resistance and dyslipi-
demia (1). Metabolic changes which are at the base of

patients (2).
PAD prevalence is significantly higher among dia-
betes patients compared to the general population. In
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the diabetic population the association of the diabetic
neuropathy underestimates the PAD prevalence due
to the less severe symptoms. The PAD pathogenesis at
diabetic patients is identical to non-diabetic patients,
the difference being that PAD in the case of diabetics is
potentiated by the presence of diabetes itself (3).

PAD patients show change in lipidic metabolism
which involves increased levels of triglycerides, cho-
lesterol, lipoprotein (a), apolipoprotein B and VLDL in
conjunction with decrease in lipoproteins with defen-
sive roles such as HDL, apolipoprotein A-l and apolipo-
protein A-ll, phenomenon which contributes to the
increased risk of cardiovascular disease. Lipoprotein
(a) is an independent risk factor for PAD. This is genet-
ically determined. In the Quebec Cardiovascular Study
the risk of intermittent claudication was double for
men which presented high concentration of lipopro-
tein (a) compared to women (4).

Optimization of the glycemic control for diabetes
patients also maintains a normal plasmatic concentra-
tion of cholesterol and triglycerides (5). The dyslipi-
demia in diabetes mellitus is represented in particular
by hypertriglyceridemia and not by hypercholester-
olemia which is the frequent cause for nondiabetic pa-
tients (6). A particularity of the dyslipidemia associat-
ed with diabetes is the change in qualitative proprieties
of lipoprotein in the case of a normal lipid profile,
which could explain the heightened vascular affection
for diabetes patients. The lipoprotein (a) also partici-
pates in the atherogenic process.

DYSLIPIDEMIA

In diabetes mellitus the insulin deficit or insulin re-
sistance determine the reduction of the lipoprotein li-
pase (LPL) activity which leads to the decrease of the
chylomicrons catabolism and VLDL particles as well as
to the conversion rate of VLDL— LDL. The consequence
of heightened activity of the hormone-sensitive lipase
adipocyte (HSL) contributes to an increase of the free
fatty acids levels at hepatic level and also contributes
to the increase of apoprotein B100 and VLDL synthe-
sis. The activity of the cholesterol esters transfer pro-
tein (CETP) is also increased. Insulin resistance deter-
mines the reduction of LDL receptors which leads to
reduction in LDL catabolism hence further contribut-
ing to the appearance of hypertriglyceridemia (7).
Small and dense particles of LDL in high concentration
reduce the LDL receptors affinity thus increasing the
oxidation susceptibility. LDL has a major contribution
in the acceleration of atherogenesis for diabetic pa-
tients. A 10% increase in LDL levels is associated with a
20% increase in risk of cardiovascular events.

In diabetic population the decrease of HDL is seen
with a frequency of 30% in comparison 15% for nondi-
abetics. Increased HDL catabolism is caused by the in-
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crease in the activity of cholesterol ester transfer pro-
tein (CEPT) due to hyperglycemia, as well as due to the
increased activity of the hepatic lipase (HL). A choles-
terol value greater than 150 mg/dl (3.9 mmol/l) shows
a heightened incidence of atherosclerosis.

LDL OXIDATION

LDL increase in conjunction with HDL decrease rep-
resents important risk factors for atherosclerosis. The
antiatherogenic effect of HDL is due to reverse trans-
port of cholesterol from tissues to liver, as well as due
to LDL protection from oxidation through the antioxi-
dative enzyme paraoxonase (PON1). HDL level has a
reverse proportional relation with cardiovascular risk.
Values over 75 mg/dl (1.9 mmol/l) are associated to a
low risk of cardiovascular complications and athero-
sclerosis.

Chronic hyperglycemia determines the glycosylation
of apo B100 from LDL's structure resulting in glycosylat-
ed LDL which become sensitive to oxidation and which
gain atherogenic properties. Plasmatic LDL contains an-
tioxidants which are dissolved in lipidic core such as vi-
tamin E, beta carotene and ubiquinone which them-
selves can be oxidized hence they lose their protective
role and they gain pro-oxidizing effects.

The oxidizing effects change of LDL is associated
with a heightened affinity for macrophage scavenger
receptors (CD 36 or scavenger receptor B is the most
important) from which it bounds at arterial wall level.
LDL cholesterol intake by macrophages is initially an
adaptive response which prevents the endothelial in-
jury by the LDL. However, cholesterol accumulation in
foam cells leads to mitochondrial dysfunction, apopto-
sis and necrosis resulting in activation of cellular pro-
teases, proinflammatory cytokines and prothrombotic
molecules (8). As a result, the chemotaxis for mono-
cytes is increased through activation of 1 monocytic
integrin, the production of nitric oxide is reduced and
the platelet aggregation is increased. Hence the in-
creased level of oxidized LDL correlates with the ather-
osclerosis lesions severity which determines the role
which it takes in the atheroma plaque instability (9).

Oxidized LDL cause changes at the surface level of
endothelial cells, heightens susceptibility to apoptosis
of smooth muscle cells, promotes inflammation
through the cytokines released from macrophages
and oxidized LDL antibody formation (10). Oxidized
LDL antibodies titer can be used as both as a athero-
sclerosis predictor and as a plaque stability marker
(11).

Certain receptors can have effect on macrophage
differentiation such as peroxisome proliferator-acti-
vated receptor gamma (PPAR-y) or glitazone receptor.
This effect can have clinical implications, such as that
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thiazolidinediones (for example rosiglitazone), used
on type |l diabetes patients for increase the insulin
sensibility, and activates PPAR-y hence affecting the
atherosclerosis process.

Lipoprotein (a) promotes atherosclerosis and
through bounding to the apo (a) molecule, a protein
with a similar structure as the plasminogen, could in-
terfere with fibrinolysis. It also inhibits the transforma-
tion of plasminogen into plasmin favoring thrombus
creation. Lipoprotein (a) can lead to forming of foam
cells through macrophage bounding (12).

For diabetic dyslipidemia the ADA recommended
value of LDL to be below 100 mg/dl (2.60 mmol/I), HDL
above 45 mg/dl (1.15 mmol/l) for men and over 55 mg/
dl for woman, total cholesterol under 185 mg/dl (4.8
mmol/I) and triglycerides under 150 mg/dl (2.7 mmol/l).

PATHOGENESIS OF ATHEROSCLEROSIS

The atherosclerosis pathogenesis includes several
factors such as: the aforementioned dyslipidemia, and
diabetes, endothelial dysfunction, inflammatory or
immunological factors, smoking as well as plaque rup-
ture. Genetic predisposition also plays a role in plaque
formation.

Endothelial disfunction

The endothelium represents an interface between
blood and other tissue and has a role in the mainte-
nance of vascular tonus and permeability as well as
providing equilibrium between fibrinolysis and throm-
bosis. Imbalance of these functions can be involved in
atherosclerosis. Besides diabetes, HTA and smoking
the endothelial disfunction is caused by other factors
such as increased homocysteine, reduction in nitric
oxide synthesis and oxidized LDL participation (13). In
atherosclerosis the endothelial dysfunction is an initial
step in atherosclerosis and has a vasoconstrictor sta-
tus, heightened vascular permeability for lipoproteins,
and reduction of the triglyceride rich lipoproteins ca-
tabolism as well as a hyper coagulant status (14).

The role of inflammation

Histological observation shows inflammation since
the early stages of atherosclerosis. The macrophages
which have oxidized LDL intake release cytokines, in-
tercellular adhesion molecule (ICAM-1), and mono-
cyte chemotactic protein (MCP-1) and stimulate
growth factors. MCP-1 promotes cellular adhesion to
the endothelium (15). In normal physiological condi-
tions MCP-1 is inhibited by the nitric oxide thus the
atherogenic process is also inhibited. IL-1, IL-3, TNF-a
are cytokines and stimuli for smooth muscular cells
proliferation. TNF-a increases the permeability of en-
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dothelial cells, contributes to the forming of foam cells
and induces macrophage differentiation. IL-1 and
TNF-a present atherogenic effects.

IL-8 produced by neutrophils induces the prolifera-
tion and migration of endothelial cells and smooth
muscle cells. The proinflammatory cytokine IL-1B has
a major role in the appearance of atherosclerosis
plague. Proinflammatory cytokines induce cellular
proliferation, production of oxygen reactive species,
growth factor expression and stimulates matrix metal-
loproteinases (16).

IL-4 and IL-10 are antiatherogenic.

Increased C reactive protein represents an impor-
tant marker in the atherosclerosis pathogenesis, since
it can induce the expression of adhesion molecules in
endothelial cells (16).

Lipoprotein associated phospholipase A2 (Lp-PLA2)
is an enzyme secreted by macrophages which main-
tains the inflammation at skin level.

Homocystein

Homocystein in high concentrations which isn’t
caused due to genetic defects is associated with en-
dothelial injury, reduced production of nitric oxide and
hypercoagulation.

Hypertension

Hypertension represents a risk factor for athero-
sclerosis through its potential of increasing the arterial
wall tension which can affect the repair process of ar-
terial walls and contributes to aneurysm forming. Fur-
thermore, the modified endothelium of hypertensive
patients produce angiotensin Il and endothelin with
which have a vasoconstrictor role and the possibility of
platelet aggregation and thrombosis (17). Angiotensin
2 stimulates lipooxygenase activity and LDL oxidation
which contributes to local inflammatory response.

Angiotensin 2

Angiotensin 2 is correlated with atherosclerosis
progression, especially when associated with hyper-
lipidemia. The macrophages from atherosclerotic le-
sions contain high quantities of angiotensin 2 which
induces proliferation of smooth muscle cells as well as
extracellular matrix production.

Smoking

Smoking changes the endothelium through the dim-
inution of nitric oxide production, vasoconstrictor ef-
fect, increased level of fibrinogen and reduced fibrinol-
ysis. Furthermore smoking causes increase in LDL
oxidation and decrease the activity of the paraoxonase
enzyme which protects against LDL oxidation (18).



Diabetes impact on atherogenesis

Many studies show that a high concentration of in-
sulin precedes the development of arterial lesions and
contributes to the atherogenic effect alongside the dys-
lipidemia associated with diabetes. The insulin resistant
state is either due to the increase of free fatty acids, IL-6
and TNF-a cytokines and the growth of hyperglycemic
hormones such as cortisol, catecholamine, growth hor-
mone and glucagon, either due to changes in the insulin
receptor. Increase for circulating peptides such as amy-
lin and leptin or reduction for peptides such as adi-
ponectin and ghrelin are associated to the insulin resist-
ance state. Insulin resistance is most often associated
with obesity, dyslipidemia, arterial hypertension and
cardiovascular complications (19).

Insulin resistance has proatherogenic effects
through the proliferation potentiation of vascular
smooth muscle cells and the synthesis of PAI-1 from
these cells. These proatherogenic effects of insulin are
mediated through the MAPK pathway (mitogen acti-
vated protein kinase) which shows that these changes
of the vascular endothelium is caused by the blocking
of signaling pathway of IRS 1/ IRS 2 (insulin receptor
substrate) — PI3K (phosphoinositide 3-kinase). From a
physiological perspective, insulin has vasodilation and
antiatherogenic effects mediated through the PI3K sig-
naling pathway (20).

Accelerated atherosclerosis in obese patients is
caused by the increase of IL-6, IL-18 and TNF-a cy-
tokines, the increase of the procoagulant factors fi-
brinogen, PAI-1, factor VII, VIIl — Von Willebrand factor,
decrease of fibrinolytic factors, increase in small and
dense LDL, increase of VLDL and apolipoprotein B and
decrease of HDL and apolipoprotein A (21).

Tissue factor

The tissue factor initiates the coagulation, increase
platelet activity and contributes to the forming of
thrombosis after plaque rupture (22).

Endothelin-1

Endothelin-1 contributes through its vasoconstrictor
state to atherosclerosis pathogenesis. Furthermore, LDL
oxidation causes an increase in the production and po-
tentiation of endothelin 1 vasoconstrictor effects.

Adhesion molecules

Adhesion molecules are surface glycoproteins
which mediates leucocyte adhesion to the endotheli-
um. In atherosclerotic lesions there are high quantities
of ICAM-1 and VCAM-1. These are reduced by the
a-tocopherol (vitamin E) through the reduction of B1
and B2 expression as well as by L-arginine which is the
precursor of nitric oxide. Their increase is stimulated
by androgens (23).
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Sanguine flux

Disturbances in the sanguine flux can change the
normal functioning of endothelial cells in such way
that it also affects the atheroprotective function.
These disturbances are mediated by the diminishing
of nitric oxide from endothelial cells (20).

Other mechanisms proposed for atherosclerosis
pathogenesis include mitochondrial DNA damage, ge-
netics, and chronic infections such as Chlamydia pneu-
moniae, cytomegalovirus, coxsackie B virus and Heli-
cobacter pylori.

HISTOPATHOLOGY

Atherosclerosis lesions involve the arterial intima.
Initially focal thickening of the intima appear through
accumulation of foam cells and extracellular matrix.
Accumulation of lipids leads to the forming of fatty
streaks. Furthermore, biglycan, which is a typical der-
matan sulfate proteoglycan present in the atheroscle-
rotic arteries intima, can bound lipoproteins such as
VLDL and LDL. Later, the smooth muscle cells from
deep layers of fatty streaks can become susceptible to
apoptosis and associates with increased accumulation
of macrophages which are predisposed to calcification
thus, contributing to the progression of fatty streaks
and atherosclerosis plaque. Fatty streaks with con-
junctive tissue deposits, heightened number of
smooth muscle cells and extracellular lipid deposits,
progress towards the fibrous plaque. Complex plaques
have a large lipidic core and inside this core calcifica-
tion and hemorrhage can occur.

CONCLUSIONS

Plaque vulnerability appears when the stenosis ob-
structs 70-80% from the luminal diameter and it be-
comes manifested. Decrease in blood flow causes PAD
specific symptoms with intermittent claudication.

Patients with diabetes mellitus are asymptomatic
or have mild symptoms which hinder the discovery of
atherosclerotic lesions while at the same time increas-
ing the evolution potential towards more severe forms
of PAD, up until amputation.

Control of the factors that contribute to the devel-
opment and progression of atherosclerosis in diabetic
patients will reduce the risk of PAD complication and
improve the quality of life.
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