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ABSTRACT

Background: There are many different theories on atherosclerosis pathophysiology. The
dominant one is endothelial function disorder resulting from the existence of risk factors
such as dyslipidemia, diabetes, smoking, and high blood pressure and
hyperhomocysteinemia bacterial and viral infections. The inflammation is an important
parameter for CKD appearance and evolution too. In this review we will summarize the
most recent evidence that inflammation and endothelial dysfunction are implicated in the
enhanced cardiovascular risk experienced by individuals with CKD, we will not discuss
the role of dialysis or transplantation in the propagation of cardiovascular risk.

Literature Review: Electronic medical databases were searched using as key - words
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the terms: “atherosclerosis”, “hemodialysis patient”, “end stage renal disease”, “Chronic
Inflammation”, “Endothelial Dysfunction”. The search was conducted in English
language. All studies referred to the correlation of the key terms were included and
highlight the Inflammation and Endothelial Dysfunction in the Initiation and Propagation
of Cardiovascular Disease in patients with Chronic Kidney Disease.

Conclusions: The presence of enhanced CV risk in patients with CKD is well known but
the mechanisms by which it occurs are less clear. The endothelium is a complex, multi-
functional organ with a variety of vascular homeostatic functions and ED has been
shown to result in the initiation and propagation of atherosclerosis. Causes of ED are
numerous but inflammation and oxidative stress are clearly highly implicated,;
albuminuria (even at levels thought to be well below previous definitions of abnormal)
may contribute to the inflammatory process, as might dyslipidemia (though a
combination of traditional and no-traditional pathways).

Keywords: Atherosclerosis; hemodialysis patient; end stage renal disease; chronic
inflammation; endothelial dysfunction.

1. INTRODUCTION

Cardiovascular disease (CVD) results from the formation of occlusive atherosclerotic
plaques in the circulation. While it was previously thought that such plaques were inert
collections of lipids and fibrous tissue it is now accepted that the atherosclerotic process is
one in which inflammation is implicated [1]. It has also been observed that individuals with
Chronic Kidney Disease (CKD) are at increased risk of cardiovascular events and share
traditional risk factors such as diabetes and hypertension which explain only in part the
increased cardiovascular risk. It has been proposed that the inflammatory response, through
the initiation and propagation of endothelial dysfunction, may be a cause and consequence
of both CVD and CKD. In this review we will summarize the most recent evidences that
inflammation and endothelial dysfunction are implicated in the enhanced cardiovascular risk
experienced by individuals with CKD. However, we will not discuss the role of dialysis or
transplantation in the propagation of cardiovascular risk.

2. INFLAMMATION AS A PROMOTER OF ENDOTHELIAL DYSFUNCTION

The endothelium is a single layer of cells that separates the vessel wall from the blood
stream. It is now accepted that far from being an inert barrier the endothelium has a number
of vital homeostatic roles. In response to potential damage the endothelium is frequently
activated as a protective response, the result of this activation is reduced vessel dilation and
increased adhesion of leukocytes and platelets. Prolonged activation of the endothelium can
be described as endothelial dysfunction (ED), as the normal homeostatic functions of the
endothelium are disrupted [2].

The relationship between ED and inflammation is complex. In the ‘response to injury’
hypothesis, inflammation is one of several factors which can contribute to ED, and in turn ED
results in atherosclerosis and inflammation. As a result inflammation is an important factor
that not only initiates ED but also propagates and is a consequence of ED [3-5]. In a number
of animal models signs of inflammation are seen in tandem with lipid accumulation in the
vessel wall, leukocytes have been found to localize in early plaques and while the healthy
endothelium does not usually support the binding of these cells, experimental models have
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shown that they can be encouraged to do so in the context of an atherogenic diet [6]. When
leukocytes have bound to the endothelium they have then been shown to invade the intima
via a number of chemo attractant molecules, such as Monocyte Chemo attractant protein-1
(MCP-1). The leucocytes are then able to participate in and perpetuate a local inflammatory
response [7-9]. Because of its location measurement of endothelial function was traditionally
complex and involved invasive methodology, however, recent advances have led to a
number of different methods of assessing endothelial function, these have been described in
a recent detailed review by Lekakis et al. [10] and are summarized in Table 1. They include,
flow mediated dilatation (FMD), pulse wave analysis, arterial tonometry and a variety of
biomarkers.

Table 1. Methods of measuring endothelial function in the clinic

Technique Description Shortcomings
Direct coronary Coronary angiography with Invasive
measurement pharmacological stimuli to assess

vasodilation [11]
MRI/PET coronary Allows quantification of myocardial Expensive
imaging function and micro vascular function[12]

PET is the method of choice for

myocardial blood flow assessment
Venous occlusion Measurement of muscular blood flow by  Invasive
plethysmography assessment of tissue volume change

induced by the inflation of a cuff

proximally [13]

Flow mediated Vessels are imaged after induced Significant inter and
dilation hyperaemia and diameter measured intra operator
before and after removal of hyperaemia  variability
[14]

Pulse wave analysis  Non-invasive arterial waveform imaging Little data available yet
to measure the augmentation index (the  on relationship with

difference between the 1% and 2™ treatment and clinical
systolic peak) outcomes
Peripheral artery After induced hyperaemia the digital Yet to be validated in
tonometry pulse wave amplitude is measured [15] large cohorts

3. CHRONIC KIDNEY DISEASE AND ENDOTHELIAL DYSFUNCTION

It is well described that individuals with CKD are at enhanced cardiovascular risk [16]. While
a number of traditional cardiovascular risk factors may co-exist in individuals with CKD (for
example diabetes, hypertension and hyperlipidemia) it is clear that not all the cardiovascular
risk experienced by these individuals can be attributed to these risk factors [17,18]. An
explanation for this is that there are non-traditional or novel risk factors, for the development
of CVD in CKD that have not previously been considered. These proposed novel risk factors
include albuminuria, anemia, inflammation, abnormal calcium/phosphate metabolism,
oxidative stress, malnutrition and ED (which may be the consequence as well as the cause
of a number of the other novel risk factors). We will now focus on several significant putative
risk factors for ED in CKD; albuminuria decreased nitric oxide activation, dyslipidemia and
oxidative stress.
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4. ALBUMINURIA AND ENDOTHELIAL DYSFUNCTION IN CKD

Albuminuria has been associated with cardiovascular diseases in both diabetic and non-
diabetic patients; the association has been shown to be independent of traditional risk
factors such as smoking and hypertension [19-21].

This association has been seen when micro albuminuria is present and the
pathophysiological basis of the association is not clearly understood. It has been suggested
that rather than being a causative association albuminuria reflects generalized ED, itself a
cardiovascular risk factor [22]. As the renal endothelium influences the glomerular capillary
barrier it is plausible that renal ED may be involved in the development of albuminuria [23].

A defect in the endothelial surface layer (ESL) has been suggested as a mechanistic link
between widespread vascular dysfunction and albuminuria in CKD. Albuminuria in the
glomerulus could show damage in the endothelial glycocalyx that alters the micro vascular
permeability of the multiple capillary beds. Similar phenomenon has been observed not only
in diabetes but also in ischemia-reperfusion injury and infectious disease [24].

During glomerular injury filtration of low-molecular-weight proteins increases and larger
proteins start to penetrate the glomerular filtration barrier leading to proteinuria causing
overload of the proximal tubule, chronic hypoxia and inflammation induced by a
glomerulotubular feedback loop.- Production of cytokines, chemo attractants and matrix
proteins by tubular epithelial cells may stimulate interstitial inflammation and scarring [25].

To explore the associations a number of studies have been conducted. In two different
cohorts of renal patients (one with nephropathy caused by type-2 diabetes but normal renal
function and one with advanced CKD), higher degree of albuminuria was strongly associated
with increased levels of PTX3, an inflammatory mediator structurally linked to CRP and
serum amyloid P. PTX3 has been shown to be elevated in prevalent HD patients as
compared with healthy individuals and has been identified as a novel mortality risk factor in
incident dialysis patients, independent of traditional risk factors and CRP [26].

The Framingham Offspring cohort study enrolled 3294 participants (53% women) with
mean age 61 demonstrate that TNFR2 (TNFa receptor) was associated with measures of
kidney function and albuminuria, suggesting that TNF-alpha pathway may potentially be a
key player in the mediation of inflammation in kidney disease [27].

Stehouwer et al. [23] hypothesized that ED and chronic inflammation explained the
association between microalbuminuria and mortality; to address this they followed 328 type
2 diabetics for a mean of 9 years (using von Willebrand factor (vWF), soluble E selectin and
soluble vascular cell adhesion to assess ED and C-reactive protein and fibrinogen as
markers of inflammation). They found that individuals with markers of both ED and
inflammation were at increased risk of death, the presence of such markers were also
strongly associated with the development of increases in, urinary albumin excretion during
follow up; traditional risk factors were also associated with increases in markers of both ED
and inflammation. As a result of their findings they concluded that traditional risk factors may
contribute to ED and inflammation and microalbuminuria and consequently increase
cardiovascular risk.

Another study to explore the relationship between ED and albuminuria involved 94 diabetic
subjects, again with VWF being used as a measure of ED; patients were divided into groups
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dependent upon their baseline urinary albumin excretion and were followed up for 9 up to 53
months. Outcomes related to urinary albumin excretion, cardiovascular event rates and
death were collected. The results demonstrated that there was a relationship between
increased urinary albumin excretion, cardiovascular events and ED in patients with type 2
diabetes, ED was strongly related to the development of microalbuminuria and the
occurrence of cardiovascular events [28].

Albuminuria is also connected with CKD without diabetic etiology. A prospective study
performed in 1375 non diabetic and 1056 diabetic type | subjects during the 7-year follow-up,
shown that clinical proteinuria predicts the incidence of stroke, as well as serious CHD
events (CHD death or nonfatal MI), both in nondiabetic and NIDDM subjects. CVD mortality
and atherosclerotic vascular disease events were higher in nondiabetic and NIDDM subjects
with clinical albuminuria (>300 mg/L) than in those without proteinuria. The implication of
these findings in the studied subjects is that increased urinary protein excretion rate may be
the reflection of widespread vascular damage. Albuminuria is not only the complication of
some serious disease but could be the reflection of underlying disorder itself. In this study
were found statistically significant associations between albuminuria and history of
hypertension and elevated levels of triglycerides and total and decreased levels of HDL
cholesterol [29].

These studies suggest that albuminuria and ED are intimately related and that the
relationship is complex, ED being both a potential initiator and propagator of albuminuria but
in addition that albuminuria also serves as a marker of ED.

5. NITRIC OXIDE AND ED IN CKD

Oxidative stress is the imbalance between the production of reactive oxygen species and
their clearance, such imbalance results in free radical and peroxide production which result
in cellular damage [30]. In combination with these reactive oxygen species and free radicals,
nitric oxide (NO) contributes to the atherosclerotic process involving the endothelium with
reduced NO bioavailability being associated with increased cardiovascular risk [31-33].

It is not clear by what mechanism this effect takes places, it is possible that reduced NO
production (via decreased NO synthase (NOS), itself a consequence of the NOS inhibitor
asymmetric Dimethylarginine (ADMA), decreased availability of the NOS substrate L-
arginine or increased concentration of oxygen radical species that inactivate NO may explain
the reduced bioavailability of NO [34-38].

Wever et al. [39] hypothesized that NO production was reduced in individuals with CKD, in a
group of 33 patients (7 of whom had CKD, 7 had familial hypercholesterolemia, 14 healthy
controls and 5 healthy smokers) they measured whole body NO production by giving an
infusion of (15N2)-arginine and then measured isotopic plasma enrichment of (15N)-
citrulline. They found that whole body NO production was significantly lower in patients with
CKD than healthy controls, it was also lower in those with familial hypercholesterolemia than
healthy controls though this did not reach significance.

The formation of advanced glycation end products (AGES) in response to oxidative stress
have been implicated as inhibitors of NOS, as AGEs are known to accumulate in CKD Weiss
et al. hypothesized that AGE excess in CKD resulted in ED via reduced NOS [40]. In a
cross-sectional study of patients with various stages of CKD and a group of matched healthy
controls AGEs were measured in serum and Laser Doppler was used to measure
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microcirculatory blood flow in hyperemia. They found that individuals with CKD had
increased circulating AGEs and decreased endothelial reactivity; they also found that AGE-
rich sera from individuals with CKD inhibited NOS expression; from these findings they
concluded that AGEs are influential in the pathogenesis of CVD in patients with CKD [41]. In
animal work Vaziri et al. [42] tested the hypothesis that CKD results in oxidative stress via
NO inactivation which could be ameliorated by anti-oxidant treatment. By performing either
sham nephrectomy or nephrectomy on male rats and feeding them either an anti-oxidant rich
diet or a normal diet and then measuring a variety of markers of NOS activity. They found
that CKD (in the rats who had undergone 5/6 nephrectomy) was associated with decreased
tissue NO production and reduced NOS proteins in the renal and cardiac tissues, the anti-
oxidant therapy resulted in improved tissue NO production in the CKD subjects. From these
findings it is suggested that CKD might result in oxidative stress which in turn results in NO
inactivation and that anti-oxidant therapy might increase NO availability, however, these
findings have not been reproduced in human.

6. DYSLIPIDAEMIA AND OXIDATIVE STRESS AND ED IN CKD

Dyslipidemia is a traditional risk factor for CVD but is increasingly considered as also being a
non-traditional risk factor that results in ED, it has been reported that ED was independently
related to dyslipidemia in type 2 diabetics [43]. The size of lipid particles and their
susceptibility to oxidation has been proposed as a mechanism for ED, in a study of patients
with type 2 diabetes and a control group, the diabetic patients had a greater concentration of
smaller, dense particles and the rate of oxidation was also greater [44]. When endothelial
function was measured using a brachial artery vasodilation method these changes were
associated with ED.

In a study to investigate the role of chronic versus acute hyperlipidemia in ED de Man et al.
gave a group of patients with dyslipidemia treatment with high dose Atorvastatin and a group
with normolipidemia a high dose infusion of artificial triglycerides and then measured
endothelial function using forearm blood flow response [45]. They found that in the patients
with chronic dyslipidemia had evidence of ED that was normalized after 6 weeks of high
dose statin treatment; artificially induced dyslipidemia did not alter the endothelial function of
the control subjects, from these findings the authors concluded that only chronic
dyslipidemia results in ED.

Very interesting was the randomized trial “Study of Heart and Renal Protection” (SHARP)
[46]. The aims of these studies were to determine the benefits of lowering LDL cholesterol in
the prevention of vascular events (non-fatal myocardial infarction or coronary death, non-
haemorrhagic stroke or any arterial revascularization procedure) among patients with
advanced CKD and to test the hypothesis that lowering LDL cholesterol might reduce the
rate of loss of renal function. The study was performed on a total of 9,438 CKD patients, of
whom 3,056 were on dialysis. Mean age was 61 years, two thirds were male, one fifth had
diabetes mellitus and one sixth had vascular disease. In order to achieve a safety average
absolute reduction in LDL cholesterol of 1 mmol/L low dose of statin (simvastatin 20 mg
daily) combined with the cholesterol-absorption inhibitor ezetimibe or placebo was used for
an average of about 4.4 years. This study suggests that use of LDL-cholesterol-lowering
therapy in patients with chronic kidney disease would safely reduce the incidence of major
atherosclerotic events in a wide range of patients with advanced chronic kidney disease.

Other studies to investigate the potential benefits of the treatment of dyslipidemia in the
setting of ED have been carried out; in a study of Fenofibtrate versus Atorvastatin it was
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found that both drugs improved endothelial function, with no significant difference between
them, the beneficial effects were independent of lipid lowering [47]. Another study by
Hamasaki et al. [48] considered the effect of cholesterol lowering therapy on vascular re-
modelling and endothelial function in patients with normal or mildly diseased coronary
arteries. They found that patients who had successful treatment of dyslipidemia had an
increase in the vessel lumen area which was related to both reduction in atherosclerotic
plague size but also to increase in vessel lumen related to vascular re-modelling, the authors
suggested that this re-modelling may arise as a result of improved endothelial function.

Lipid oxidation has been implicated in ED via a mechanism of the release of soluble cell
adhesion molecules (CAMs) and VWF. In order to evaluate the relationship between lipid
oxidation and the inflammatory state in CKD Bolton et al. conducted a cross-sectional study
of individuals with CKD and angina and a group of healthy controls [49]. They measured a
variety of adhesion molecules, VWF, circulating levels of cytokines and CRP; endothelial
function was assessed using a forearm FMD technique. In contrast to other research they
found that ED was not related to lipid oxidation and concluded that the role of lipid oxidation
in the development of ED had been previously overstated. In fact ED was more severe in
patients with CKD than angina and was associated with increased acute phase proteins and
cytokines.

Other work has considered the role that inflammation plays in the initiation and propagation
of ED, in CKD there is an increased plasma concentration of cytokines and chemokines
(resulting from increased production and decreased clearance). Oberg, et al. [50] measured
a number of biomarkers of inflammation and oxidative stress (CRP, IL-6, plasma protein free
carbonyl group content and plasma free F2-isoprostane content) in a group of patients with
CKD 3-5 and a group of matched healthy controls. They found that there was evidence of
oxidative stress and inflammation in patients with CKD but that this did not correlate with
degree of renal impairment, there was a correlation between CVD and inflammation in
patients with CKD and that there was an inverse correlation with angiotensin blocker and
statin use in this group, oxidative stress was present in those individuals with diabetes and
dyslipidemia as has previously been shown.

7. STRATEGIES FOR INTERVENTION IN RELATION TO REDUCTION OF
INFLAMMATION/ED IN CKD

Given that inflammation and ED appear to have a significant role in the initiation and
propagation of CV disease, strategies to reduce inflammation and ED would be potentially
very beneficial. However, apart from the management of traditional risk factors (control of
hypertension, diabetes, smoking cessation and lipid lowering) there is little evidence for
other interventions (though as we have seen there is overlap between traditional and novel
risk factors with many traditional risk factors having their effect via an inflammatory
pathway). Table 2 summarizes some potential targets for intervention; however, much of the
evidence for these targets comes from dialysis populations which are not analogous to CKD
populations.
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Table 2. Targets for intervention to reduce inflammation in CKD

Intervention Example Proposed mechanism of action

Renal ACEI/ARB By reducing proteinuria these agents have been shown
Angiotensin to improve both cardiovascular and renal outcomes
Aldosterone beyond the blood pressure lowering effect [51-53].
blockade

Anti-oxidants  Vitamin E, Vitamin E is a potent anti-oxidant with anti-inflammatory

Acetylcysteine

Treatment of
periodontal
disease

Vitamin D Paricalcitol

receptor
activation

Statines

The blockade
of aldosterone

Spironolactone
or eplerenone

together with
and ACEI or
ARB

Monocyte

chemotactic

protein-1 and

endothelin

antagonists

properties and has been shown in patients on dialysis
to improve cardiovascular outcomes [54-55].
Acetylcysteine is another anti-oxidant that may reduce
pro-inflammatory cytokine release (IL-6) and CRP
levels [56].

Periodontal disease is prevalent in patients with CKD
and has been postulated as a driver of chronic
inflammation and endothelial dysfunction though no
large randomised control trials have been conducted in
patients with CKD [57].

Vitamin D deficiency thought to have haemodynamic
and pro-inflammatory effects, paricalcitol has been
shown to reduce inflammation and improve
cardiovascular end point in patients on dialysis (thought
there was no improvement in endothelial function) [58].
Reduce CRP levels, are connected with reduced
mortality levels in CKD patients that are due to
cardiovascular complications [59].

Have beneficial effects in patients with proteinuria,
although the potential risk of hyperkalemia is increased
[60].

Drugs that may lower proteinuria independent of the
RAAS action emerge as potential alternatives [25].

8. CONCLUSIONS

The presence of enhanced CV risk in patients with CKD is well known but the mechanisms
by which it occurs are less clear. The endothelium is a complex, multi-functional organ with a
variety of vascular homeostatic functions and ED has been shown to result in the initiation
and propagation of atherosclerosis. Causes of ED are numerous but inflammation and
oxidative stress are clearly highly implicated; albuminuria (even at levels thought to be well
below previous definitions of abnormal) may contribute to the inflammatory process, as
might dyslipidemia (though a combination of traditional and no-traditional pathways).

There are a number of limitations to many of the studies described here, many of the
measures of endothelial function are putative, invasive or suffer from poor reproducibility,
and many biomarkers of inflammation such as cytokines are unstable and difficult to

2575



British Journal of Medicine & Medical Research, 4(13): 2568-2580, 2014

measure in routine clinical practice. While statin use and angiotensin blockade has been
shown to improve endothelial function in some studies no randomized controlled trials have
been conducted with the specific aim of trying to demonstrate an improvement in endothelial
function resulting from one treatment intervention or another. An additional limitation is that
many of these interventions have known and well understood effects on traditional risk
factors as well as on some non-traditional inflammatory risk factors. Thus documenting
would be challenging. The future direction of research in this area is likely to require such
studies to take place to result in patient benefit from what is currently a very interesting and
promising area.

Atherosclerosis is a progressive disease characterized by the deposition of lipids and fibrous
elements and is a common complication of the uremic syndrome because of the coexistence
of a wide range of risk factors. Inflammatory process is also involved in the development of
CKD. The inflammation under uremic conditions could be produced by oxidative stress,
coexistent pathological conditions as well as factors that are due to renal clearance
techniques.

The treatment of chronic inflammation in CKD is of high importance for the development of
the disease as well as for the treatment of the endothelial dysfunction. The treatment factors
focus on to prevention of the action of inflammatory cytokines that have the ability to activate
the mechanisms of inflammation [61].

CONSENT

Not applicable.

ETHICAL APPROVAL

Not applicable.

ACKNOWLEDGEMENTS

Without any sources of funding.

COMPETING INTERESTS

Authors have declared that no competing interests exist.
REFERENCES

1. Pant S, Deshmukh A, Gurumurthy GS, Pothineni NV, Watts TE, Romeo F, Mehta JL.
Inflammation and Atherosclerosis--Revisited. J Cardiovasc Pharmacol Ther; 2013.
(Epub ahead of print)

2. Endemann DH, Schiffrin EL. Endothelial Dysfunction. Journal of the American Society
of Nephrology. 2004;15(8):1983-1992.

3. Tuttolomondo A, Di Raimondo D, Pecoraro R, Arnao V, Pinto A, Licata G.
Atherosclerosis as an inflammatory disease. Curr Pharm Des. 2012;18(28):4266-88.

4, Sata M, Saiura A, Kunisato A, Tojo A, Okada S, Tokuhisa T, Hirai H, et al.
Hematopoietic stem cells differentiate into vascular cells that participate in the
pathogenesis of atherosclerosis Nature Medicine. 2002;8:403-409.

2576



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

British Journal of Medicine & Medical Research, 4(13): 2568-2580, 2014

Ross R. Atherosclerosis—an inflammatory disease. The New England Journal of
Medicine. 1999;340(2):115-126.

Libby P, Ridker PM, Maseri A. Inflammation and Atherosclerosis. Circulation.
2002;105(9):1135-1143.

Becker LC. Yin and Yang of MCP-1. Circulation Research. 2005;96:812-814.

Autieri M. Pro- and Anti-Inflammatory Cytokine Networks in Atherosclerosis. ISRN
Vascular Medicine; 2012. Article ID 987629. doi:10.5402/2012/987629

Boyle JJ. Macrophage activation in atherosclerosis: pathogenesis and pharmacology
of plague rupture. CurrVascPharmacol.2005:3(1):63-8.

Lekakis J, Abraham P, Balbarini A, Blann A, Boulanger CM, Cockcroft J, et al.
Methods for Evaluating Endothelial Function: a Position Statement from the European
Society of Cardiology Working Group on Peripheral Circulation. European Journal of
Cardiovascular Prevention & Rehabilitation. 2011;18(6):775—789.

De Bruyne B, Pijls NH, Barbato E, Bartunek J, Bech JM, Wijns W, Heyndrickx GR.
Intracoronary and Intravenous Adenosine 5¢-Triphosphate, Adenosine, Papaverine,
andand contrast medium to assess fractional flow reserve in humans. Circulation.
2003;107:1877-1883.

Terashima M, Nguyen PK, Rubin GD, Iribarren C, Courtney BK, Go AS, et al. Impaired
Coronary Vasodilation by Magnetic Resonance Angiography Is Associated with
Advanced Coronary Artery Calcification. JACC. Cardiovascular Imaging.
2008;1(2):167-173.

Wilkinson 1B, McEniery CM. Arterial Stiffness, Endothelial Function and Novel
Pharmacological Approaches. Clinical and Experimental Pharmacology & Physiology.
2004;31(11):795-799

Allan RB, Delaney CL, Miller MD, Spark JI. A comparison of flow-mediated dilatation
and peripheral artery tonometry for measurement of endothelial function in healthy
individuals and patients with peripheral arterial disease. Eur J Vasc Endovasc Surg.
2013;45(3):263-9.

Rubinshtein R, Kuvin JT, Soffler M, Lennon RJ, Lavi S, Nelson RE, Pumper GM, et
al. Assessment of endothelial function by non-invasive peripheral arterial tonometry
predicts late cardiovascular adverse events. Eur Heart J. 2010;31(9):1142-1148.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic Kidney Disease and the
Risks of Death, Cardiovascular Events and Hospitalization. The New England Journal
of Medicine. 2004;351(13):1296-1305.

Culleton BF, Larson MG, Wilson PWF, Wilson PW, Barrett BJ, Parfrey PS, et al.
Cardiovascular Disease and Mortality in a Community-based Cohort with Mild Renal
Insufficiency. Kidney International. 1999;56(6):2214—-2219.

Muntner P, He J, Astor BC, Folsom AR, Coresh J. Traditional and Nontraditional Risk
Factors Predict Coronary Heart Disease in Chronic Kidney Disease: Results from the
Atherosclerosis Risk in Communities Study. Journal of the American Society of
Nephrology. 2005;16(2):529-538.

Sukhija R, Aronow WS, Kakar P, Garza L, Sachdeva R, Sinha A, Mehta JL. Relation
of microalbuminuria and coronary artery disease in patients with and without diabetes
mellitus. Am J Cardiol. 2006;98(3):279-81.

Rein P, Vonbank A, Saely CH, Beer S, Jankovic V, Boehnel C, Breuss J, Risch L,
Fraunberger P, Drexel H. Relation of albuminuria to angiographically determined
coronary arterial narrowing in patients with and without type 2 diabetes mellitus and
stable or suspected coronary artery disease. Am J Cardiol. 2011;107(8):1144-8.
Donnelly R, Yeung JM, Manning GJ. Microalbuminuria: a common, independent
cardiovascular risk factor, especially but not exclusively in type 2 diabetes. Hypertens
Suppl. 2003;21(1):S7-12

2577



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

British Journal of Medicine & Medical Research, 4(13): 2568-2580, 2014

Clausen P, Jensen JS, Jensen G, Borch-Johnsen K, Feldt-Rasmussen B-elevated
urinary albumin excretion is associated with impaired arterial dilatory capacity in
clinically healthy subjects. Circulation. 2001;103(14):1869-74.

Stehouwer CDA, Gall MA, Twisk JWR, Knudsen E, Emeis JJ, Parving HH. Increased
Urinary Albumin Excretion, Endothelial Dysfunction, and Chronic Low-Grade
Inflammation in Type 2 Diabetes. Diabetes. 2002;51(4):1157-1165.

Salmon AH, Satchell SC. Endothelial glycocalyx dysfunction in disease: albuminuria
and increased microvascular permeability. J Pathol. 2012;226(4).

Toblli JE, Bevione P, Di Gennaro F, Madalena L, Cao G, Angerosa M, Understanding
the Mechanisms of Proteinuria: Therapeutic Implications, International Journal of
Nephrology Volume 2012 Article ID 546039, 13 pages.

Boehme M, Kaehne F, Kuehne A, Bernhardt W, Schroder M, Pommer W, et al.
Pentraxin 3 is elevated in haemodialysis patients and is associated with
cardiovascular disease. Nephrol Dial Transplant. 2007;22:2224—-2229.

Upadhyay A, Larson MG, Guo CY, Vasan RS, Lipinska |, O'Donnell CJ, et al.
Inflammation, kidney function and albuminuria in the Framingham Offspring cohort.
Nephrol Dial Transplant. 2011;26(3):920-926.

Stehouwer CDA, Zeldenrust GC, den Ottolander GJH, Hackeng WHL, Donker AJM,
Nauta JJP. Endothelial dysfunction in non-insulin-dependent diabetes mellitus. The
lancet. 1992;340(8815):319-323.

Miettinen H, Haffner SM, Lehto S, Ronnemaa T, Pyo6rala K, Laakso M. Proteinuria
Predicts Stroke and Other Atherosclerotic Vascular Disease Events in Nondiabetic
and Non-Insulin-Dependent Diabetic Subjects, Stroke. 1996;27:2033-2039

Toren F, Nikki J. Holbrook Oxidants, oxidative stress and the biology of ageing Nature.
2000;408:239-247

Heitzer T, Schlinzig T, Krohn K, Meinertz T, Miunzel T. Endothelia Dysfunction,
Oxidative Stress, and Risk of Cardiovascular Events in Patients With Coronary Artery
Disease Circulation. 2001;104:2673-2678.

Hulsmans M, Van Dooren E, Holvoet P. Mitochondrial reactive oxygen species and
risk of atherosclerosis Curr Atheroscler Rep. 2012;14(3):264-76.

Lubos E, Handy DE, Loscalzo J. Role of Oxidative Stress and Nitric Oxide in
Atherothrombosis. Frontiers in Bioscience: A Journal and Virtual Library.
2008;13:5323-5344.

Davignon J, Ganz P. Atherosclerosis: Evolving Vascular Biology and Clinical
Implications. Role of Endothelial Dysfunction in Atherosclerosis. Circulation.
2004;109:111-27-111-32.

MacAllister RJ. Rambausek MH, Vallance P, Williams D, Hoffmann KH, Ritz E, et al.
Concentration of Dimethyl-L-Arginine in the Plasma of Patients with End-Stage Renal
Failure. Nephrology Dialysis Transplantation. 1996;11(12):2449—-2452.

Vaziri ND. Effect of chronic renal failure on nitric oxide metabolism. Am J Kidney Dis.
2001;38(4 Suppl 1):S74-9.

Chen GF, Moningka NC, Sasser JM, Zharikov S, Cunningham M Jr, Tain YL,
Schwartz IF, et al. Arginine and asymmetric dimethylarginine in puromycinamino
nucleoside-induced chronic kidney disease in the rat. Am J Nephrol. 2012;35(1):40-8.
Kari JA, Donald AE, Vallance DT, Bruckdorfer KR, Leone A, Mullen MJ, et al.
Physiology and Biochemistry of Endothelial Function in Children with Chronic Renal
Failure. Kidney International. 1997;52(2):468—-472.

Wever R, Boer P, Hijmering M, Stroes E, Verhaar M, Kastelein J, et al. Nitric Oxide
Production is Reduced in patients with Chronic Renal Failure. Arteriosclerosis,
Thrombosis and Vascular Biology. 1999;9 (5):1168-1172.

2578



40.

41.

42.

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

British Journal of Medicine & Medical Research, 4(13): 2568-2580, 2014

Weiss MF, Erhard P, Kader-Attia FA, Wu YC, Deoreo PB, Araki A, et al. Mechanisms
for the Formation of Glycoxidation Products in End-stage Renal Disease. Kidney
International. 2000;57(6):2571-2585.

Linden E, Cai W, He JC, Xue C, Li Z, Winston J, et al. Endothelial Dysfunction in
Patients with Chronic Kidney Disease Results from Advanced Glycation End Products
(AGE)-Mediated Inhibition of Endothelial Nitric Oxide Synthase Through RAGE
Activation. Clinical Journal of the American Society of Nephrology. 2008;3(3):691-698.
Vaziri ND, Ni Z, Oveisi F, Liang K, Pandian R. Enhanced Nitric Oxide Inactivation and
Protein Nitration by Reactive Oxygen Species in Renal Insufficiency. Hypertension.
2002;39(1):135-141.

Watts GF, O'Brien SF, Silvester W, Millar JA. Impaired Endothelium-dependent and
Independent Dilatation of Forearm Resistance Arteries in Men with Diet-treated Non-
insulin-dependent Diabetes: Role of Dyslipidaemia. Clinical Science (London,
England. 1996;91(5):567-573.

Tan KCB, Ai VHG, Chow WS, Chau MT, L. Leong L, Lam KSL. Influence of Low
Density Lipoprotein (LDL) Subfraction Profile and LDL Oxidation on Endothelium-
Dependent and Independent Vasodilation in Patients with Type 2 Diabetes. Journal of
Clinical Endocrinology & Metabolism. 1999;84(9):3212—-3216.

De Man FH, Weverling-Rijnsburger AWE, van der Laarse A,Smelt AHM, Jukema JW,
Blauw GJ. Not Acute but Chronic Hypertriglyceridemia Is Associated With Impaired
Endothelium-Dependent Vasodilation: Reversal after Lipid-Lowering Therapy by
Atorvastatin. Arteriosclerosis, Thrombosis, and Vascular Biology. 2000;20(3):744—750.
BaigentC, Landray MJ, Reith C, Emberson J, Wheeler DC, Tomson C, Wanner C, et
al and on behalf of the SHARP Investigators' The effects of lowering LDL cholesterol
with simvastatin plus ezetimibe in patients with chronic kidney disease (Study of Heart
and Renal Protection): a randomised placebo-controlled trial. Lancet.
2011;377(9784):2181-2192.

Malik J, Melenovsky V, Wichterle D, Haas T, Simek J, Ceska R, et al. Both Fenofibrate
and Atorvastatin Improve Vascular Reactivity in Combined Hyperlipidaemia
(fenofibrate  Versus Atorvastatin  Trial — FAT). Cardiovascular Research.
2001;52(2):290-298.

Hamasaki S, Higano ST, Suwaidi JA, Nishimura RA, Miyauchi K, Holmes JDR, et al.
Cholesterol-Lowering Treatment Is Associated With Improvement in Coronary
Vascular Remodeling and Endothelial Function in Patients With Normal or Mildly
Diseased Coronary Arteries. Arteriosclerosis, Thrombosis, and Vascular Biology.
2000;20(3):737-743.

Bolton CH, Downs LG, Victory JG, Dwight JF, Tomson CR, Mackness Ml, et al.
Endothelial dysfunction in chronic renal failure: roles of lipoprotein oxidation and pro-
inflammatory cytokines. Nephrol Dial Transplant. 2001;16(6):1189-97.

Oberg BP, Mcmenamin E, Lucas FL. Mcmonagle E, Morrow J, lkizler A, et al.
Increased Prevalence of Oxidant Stress and Inflammation in Patients with Moderate to
Severe Chronic Kidney Disease. Kidney International. 2004;65(3):1009-1016.

Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, et al.
Effects of Losartan on Renal and Cardiovascular Outcomes in Patients with Type 2
Diabetes and Nephropathy. The New England Journal of Medicine.2001;45(12):861—
869.

Lewis EJ, Hunsicker LG, Clarke WR, Berl T, Pohl MA, Lewis JB, et al. Renoprotective
Effect of the Angiotensin-receptor Antagonist Irbesartan in Patients with Nephropathy
Due to Type 2 Diabetes. The New England Journal of Medicine. 2001;345(12):851—
860.

2579



53.

54.

55.

56.

57.

58.

59.

60.

61.

British Journal of Medicine & Medical Research, 4(13): 2568-2580, 2014

Parving HH, Lewis JB, Ravid M, Remuzzi G, Hunsicker LG. Prevalence and Risk
Factors for Microalbuminuria in a Referred Cohort of Type Il Diabetic Patients: A
Global Perspective. Kidney International. 2006;69(11):2057—-2063.

Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P. Vitamin E supplementation and
cardiovascular events in high-risk patients. The Heart Outcomes Prevention
Evaluation Study Investigators. N Engl J Med. 2000;342:154-160.

Singh U, Devaraj S, Jialal I. Vitamin E, Oxidative Stress and Inflammation. Annual
Review of Nutrition. 2005;25(1):151-174.

Tepel M, van der Giet M, Statz M, Jankowski J, Zidek W. The Antioxidant
Acetylcysteine Reduces Cardiovascular Events in Patients with End-stage Renal
Failure: a Randomized, Controlled Trial. Circulation. 2003;107(7):992-995.

Borawski J, Wilczynska-Borawska M, Stokowska W, Mysliwie M. The periodontal
status of pre-dialysis chronic kidney disease and maintenance dialysis patients.
Nephrol. Dial. Transplant. 2007;22(2):457-464.

Alborzi P, Patel NA, Peterson C, Bills JE, Bekele DM, Bunaye Z, et al. Paricalcitol
Reduces Albuminuria and Inflammation in Chronic Kidney Disease A Randomized
Double-Blind Pilot Trial. Hypertension. 2008;52(2):249-255.

Vander MD, Sherman PD, Luciano PD, Tsakopoulos M. Fundamentals of Renal
Physiology. Human Physiology-Human Functional Mechanisms-Volume 2. P. X.
Pashalidis Medical Publications, 8" edition. Athens, Greece. 2001;676-690.

Mehdi UF, Adams-Huet B, Raskin P, Vega GL, Toto RD. Addition of angiotensin
receptor blockade or mineralocorticoid antagonism to maximal angiotensin-converting
enzyme inhibition in diabetic nephropathy. Journal of the American Society of
Nephrology. 2009;20(12):2641-2650.

Zyga S, Kolovos P. Cardiovascular Disease and Chronic Inflammation in End Stage
Kidney Disease. International Journal of Caring Sciences. 2013;6:29-36.

© 2014 Zyga et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=435&id=12&aid=3765

2580




