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ABSTRACT ~

Accelerated formation and accumulation of advanced glycation end-products occur under circum-
stances of increased supply of substrates such as hyperglycaemic or oxidative stress and in age-related
and chronic diseases like diabetes mellitus, chronic renal failure, neurodegenerative diseases, osteoar-
thritis and also non-diabetic atherosclerosis and chronic heart failure. Advanced glycation end-products
accumulation occurs especially on long-lived proteins such as collagen in the skin and in vascular base-
ment membranes leading to vascular damage. Adequate renal clearance capacity is an important factor
in the effective removal of advanced glycation end-products. The Autofluorescence Reader was developed
as a marker, representative for tissue advanced glycation end-products accumulation, easily applicable
in a clinical setting, initially for predicting diabetes related complications. Studies have already shown
a relationship between skin autofluorescence and diabetes complications, as well as its predictive value
for total and cardiovascular mortality in type 2 diabetes. Moreover skin autofluorescence was demon-
strated to be superior to Haemoglobin Alc and other conventional risk factors. Advanced glycation end-
products have been proposed as a novel factor involved in the development and progression of chronic
heart failure. Assessment of advanced glycation end-products accumulation in end-stage renal disease
and undergoing renal replacement therapies patients has become of great importance. Cardiovascular
and connective tissue disorders are very common in patients with end-stage renal disease, and the ac-
cumulation of advanced glycation end-products is significantly increased in these patients. Mortality is
markedly increased in patients with decreased kidney function, particularly in patients with end-stage
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renal disease. Skin advanced glycation end-products levels are strong predictors of survival in haemodi-
alysis patients independent of other established risk factors. The Autofluorescence Reader may be useful
as a clinical tool for rapid assessment of risk for advanced glycation end-products related long-term com-
plications, not only in diabetes, but in other conditions associated with advanced glycation end-products

accumulation as well.

Keywords: advanced glycation end-products, skin autofluorescence, metabolic stess,

his review focuses on the relation-

ship between advanced glycation

end-products (AGEs) accumulation

and long-term complications in pa-

tients with diabetes and end-stage
renal disease (ESRD) treated by dialysis and the
clinical relevance of assessing AGEs accumula-
tion in these patients. Recent proof of their in-
volvement in the pathophysiology of chronic
heart failure (CHF) and their use as an indirect
measure for oxidative stress in a clinical setting
is also emphasized.

BACKGROUND

GEs are a heterogeneous group of com-

pounds derived from non-enzymatic glyca-
tion of proteins, lipids and nuclear acids thro-
ugh complex and sequential reactions known
as the Maillard reaction (1). Most of the resear-
ch concerning this topic was done in the last
two decades.

These versatile molecules play a major path-
ogenic role in many chronic diseases related to
aging, diabetes, progression of diabetes compli-
cations and are of great interest to nephrolo-
gists (because of their nephrotoxic potential)
and more recently to cardiologists (2,3).

Glycation depends on glucose concentra-
tion in the initial stages of the Maillard reaction
and this explains its enhancement in diabetes
mellitus - due to the availability of high quanti-
ties of glucose (4). Baynes and colleagues noted
the importance of oxidizing conditions and re-
active oxygen species in the formation of glyco-
xidation products, an important class of AGEs
that accumulate in tissues, of which the most
studied are CML (carboxymethyl-Lysine) and
pentosidine (5). Maillard products are also for-
med via lipid-derived intermediates, resulting
in advanced lipoxidation products (ALEs) (6).
Dyslipidemia is a common phenomenon in
diabetes and AGEs and ALEs may be formed at
the same time in the atherosclerotic plaques of

chronic kidney disease

diabetic patients. Lipids are also an important
source of protein modifications (Figure 1).

Decreased clearance of serum AGEs may
further increase tissue AGEs accumulation.
Age, the status of oxidative stress, inflamma-
tion, liver and kidney function, nutrition and
diet also influence AGEs accumulation (7).

In spite of their enormous heterogeneity in
terms of structure, all known AGEs lead to a
common consequence and that is the cross-
linking of proteins (through the formation of
specific covalent and translational bonds), with
the resultant alteration of protein structure and
resistance to proteolysis, in the end leading to
tissue remodelling (8).

AGEs can link to any type of proteins and
form stable and irreversible bonds. Their bio-
availability depends on the half-life time of
those proteins. Skin collagen and lens have a
very long half-life thus being the most likely
sites for AGEs accumulation. Bonds to other
types of proteins with shorter half-lives are un-
stable leading to AGEs degradation followed by
renal excretion of AGEs-moieties (9). The accu-
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FIGURE 1. Simplified representation of the complex Maillard
reaction and formation of advanced glycation endproducts

CEL = carboxyethyllysine; MOLD = methylglyoxal lysine dimer; DOLD =
3-deoxyglucosone lysine dimer; CML = carboxymethyllysine; GOLD =

glyoxal lysine dimer
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mulation of AGEs (via glycation, glycoxidation,
lipoxidation or generation of carbonyl com-
pounds) is known as carbonyl stress, a pheno-
menon that has been observed in both diabe-
tes and uraemia and has also been proven to
play a role in the accelerated atherosclerosis
and vascular dysfunction (3,10) even indepen-
dently of these conditions (11).

AGEs exert their effects via receptors, with a
proven pathogenic significance, as they medi-
ate cellular responses through the generation of
oxygen-free radicals (12). Previous studies ide-
ntified several distinct AGEs-specific receptors
(RAGE) which include macrophage scavenger
receptor and receptors type | and Il (13). The
relationship between AGEs and their receptors
is of great importance as they play both positive
and negative roles in the action and fate of
ACEs. AGE-R1 (14) and lysozyme (15) recep-
tors are the major degrading mechanism for
AGE-modified tissues and cell components.
The best characterized pro-inflammatory AGEs
receptor, so far, is a member of the immuno-
globulin superfamily, a multiligand receptor
called RAGE; it appears to activate a stress re-
sponse leading to inflammation and cellular
dysfunction, promoting multiple signaling path-
ways that generate reactive oxygen species
(ROS).

The AGE-RAGE interaction could also play a
role at the sites of inflammation, as suggested
by the evidence that phagocytes in such loca-
tions generate CML through myeloperoxidase
(16). This pathway, which is independent of
glycaemic control, might explain the presence
of AGEs in atherosclerotic lesions as well as in
patients with inflammatory conditions such as
rheumatoid arthritis.

Trying to better understand AGEs involve-
ment in vascular dysfunction, a “two hit” mod-
el emerged which involves an initial AGE-RAGE
interaction, leading to cell activation and infla-
mmation, followed by lipoprotein accumulati-
on, with the maintenance of the inflammatory
status and further acceleration of atheroscle-
rosis (17). Still the complexities of this system
are not yet fully understood.

Assessment of AGEs accumulation

Evaluation of ACEs and their accumulation
has been difficult because their structure is
complex and heterogeneous. Reproducibility
of many assays, used so far, is rather poor. Im-
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portantly, the sites where chronic complica-
tions develop in diabetes and CKD are also
those where long-lived proteins are present
(e.g. glomerular basement membrane, crystal-
line lens). It seems therefore appropriate to
prefer assays of tissue AGEs accumulation rath-
er than plasma samples.

Meerwaldt et al. reported on a rapid, non-
invasive measurement of skin autofluorescence
(AF), used to assess AGEs accumulation, based
on the fluorescent proprieties of some AGEs
called Autoflorencence Reader (AFR) (18). The
technique has been validated against measure-
ments of AGEs in skin biopsies, obtained from
the same skin spot, taken from healthy sub-
jects, patients with diabetes mellitus as well as
haemodialysis patients. Skin AF correlates with
skin levels of CML, pentosine, carboxyethylly-
sine (CEL). It proved to have good reproduct-
ibility, to be time efficient and more practical in
daily patient care (19).

Mechanisms of cellular damage induced by
AGEs

Several mechanisms link AGEs accumula-
tion to cellular dysfunction. AGEs formation
leads to structural and functional alterations of
intra- and extra-cellular proteins (7,20). This
first effect was noticed in a large variety of pa-
thological conditions. Cross-linking of collagen
proteins contributes to the rigidity and loss of
elasticity of tissues and increased resistance to
proteolysis (21,22), inhibition of tissue remod-
eling and thickening of capillary basement
membrane leading to widespread alterations
such as glomerular sclerosis. Increased AGEs
formation is related to diminished arterial elas-
ticity in diabetics (23). AGEs formed on vascu-
lar matrix proteins mediate defective endothe-
lium-dependent vasodilatation by quenching
nitric oxide (24). Lipoprotein modifications,
induced by AGEs, have an important contributi-
on to the dyslipidaemia, frequently observed in
diabetic patients (25). AGEs formed on the ma-
trix components of the vascular wall can trap
altered lipoproteins, leading to impaired cho-
lesterol efflux and lipoprotein accumulation
(26).

The second important effect of AGEs accu-
mulation is the induction of oxidative stress.
AGEs attachment to sites on various cells results
in the generation of oxygen free radicals by
depletion of cellular antioxidant defense mech-
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anisms, such as vitamin C and glutathione (27,
28). In diabetes, persistent hyperglycaemia ca-
uses increased production of free radicals thro-
ugh autoxidation of glucose and non-enzymat-
ic protein glycation and increased flux of
glucose through the polyol pathway (29). Oxi-
dation of plasma lipids may stimulate auto-oxi-
dative reactions of sugars, enhancing damage
to both lipids and proteins, reinforcing the cy-
cle of oxidative stress. The effect of advanced
glycosylation on lipid oxidation was first show-
ed by Bucala et al. (30).

Consequences of AGEs accumulation in
atherosclerosis and their clinical implication

A fundamental observation linking AGEs to
atherosclerosis is their identification in the ath-
erosclerotic plaques of patients with diabetes
or renal disease (31,32) but also in non-diabet-
ic patients with coronary artery disease (33).
Vlassara and Bierhaus emphasized, in some of
their studies, AGEs’ role in accelerating athero-
sclerosis (34,35). Pathophysiological mechani-
sms, as described before, include cross-linking
of the proteins leading to arterial stiffness; the
interaction with AGEs receptors leads to focal
adhesion molecules and cytokine expression
and atheromatous plaque formation (36). All
these actions are of great importance in the
promotion of endothelial dysfunction.

Glycoxidation of LDL makes it less recog-
nizable by the native LDL receptor, resulting in
delayed clearance and increased LDL-C levels.
This promotes LDL uptake by scavenger recep-
tors on macrophages and smooth muscle cells,
eventually leading to foam cells formation (37).
AGEs may also modify HDL, altering its athero-
protective effects (38) and stimulate pro-infla-
mmatory and pro-thrombotic mediators throu-
gh glycated LDL.

The finding that AGEs have a potential role
in atherosclerosis is strengthened by the results
of experimental animal studies. It has been
shown that direct intravenous infusion of gly-
cated albumin in euglycaemic rabbit’s results in
enhanced expression of adhesion molecules
and thickening of the intima (36) and that local
application of AGE — Bovine serum albumin
(BSA) to the vessel wall resulted in enhance-
ment of intimal hyperplasia of the carotid ar-
tery (39). All these observations are supported
by interventional studies on animals proving
that by diminishing the AGEs burden with the
use of an AGEs inhibitor or cross-link breaker

(e.g. aminoguanidine and Alagebrium) the ath-
erosclerotic process can be attenuated (40,41).

Although most of experimental and inter-
ventional studies were performed on diabetic
models, AGEs have been shown to be involved
in atherosclerosis, beyond diabetes and renal
disease. Due to the fact that AGE’s can now be
easily and non-invasively measured by using an
AF Reader, in contrast to all other currently
available biomarkers for oxidative stress, AGE
might become suitable as an indirect measure
for oxidative stress in a clinical setting.

Consequences of AGEs accumulation in
cardiovascular disease (CVD) and their
clinical implication

There are several reasons that point to a link
between accumulation of AGEs and CHEF, in-
cluding the high prevalence of heart failure and
diastolic dysfunction in those conditions associ-
ated with increased AGEs accumulation, such
as diabetes and chronic kidney disease (CKD).
The involvement of AGE’s in diabetic cardiomi-
opathy has been shown in recent studies (11).

Two pathways involving AGEs may lead to
heart failure. One is the interference with ma-
trix proteins (matrix collagen, elastin, laminin)
leading to alterations of structure (fibrosis in-
duction) and function (hydrophobicity, charge,
elasticity and turnover) (11,42). The second
pathway is through AGE-RAGE interactions,
leading to multiple vascular and myocardial al-
terations with negative impact on heart compli-
ance (e.g. via calcium metabolism) (43,44). Ac-
cumulation of AGEs also leads, indirectly, to
endothelial dysfunction, increased thromboge-
nicity and accelerated atherosclerosis and, as a
result, to coronary perfusion abnormalities. An-
other potentially important link between AGEs
and CHF is the contribution of renal hypoper-
fusion and function loss as a perpetuating fac-
tor in heart failure, through decreased clear-
ance of circulating and renal AGEs.

Preliminary evidence for AGEs involvement
in the development of cardiac dysfunction
originates from two trials in heart failure pa-
tients - DIAMOND (45) and PEDESTAL (46),
trials confirming an improvement in diastolic
function and a significant reduction of the left
ventricular mass following treatment with Al-
agebrium (ALT-711) an AGEs cross-link breaker.

Clinical data on circulating AGEs levels re-
main limited and have not provided yet con-
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vincing proofs. Latest studies have revealed
that patients with type 2 diabetes and coronary
heart disease have higher AGEs levels than pa-
tients with diabetes alone (47). It is known that
plasma AGEs are related to severity and prog-
nosis of CHF but it is the tissue levels of AGEs
that directly reflect the cross-linking of intersti-
tial and intracellular proteins and the receptor
interactions. Thus skin AF, as a marker of tissue
AGEs, can better represent tissue function and
the overall negative impact of AGEs accumula-
tion (11). Additionally strong associations be-
tween tissue accumulation of AGEs and colla-
gen specific fluorescence in skin, myocardium,
aortic plaques, and also with carotid to femoral
pulse wave velocity was described in diabetic
patients (48).

Up to date studies highlighted AGEs invol-
vement and the implication of their evaluation
in patients with coronary heart disease, either
in acute clinical circumstances or in every day
practice. It has been recently demonstrated
that skin AF is elevated in patients with coro-
nary artery disease and is associated with se-
rum levels of neopterin (a monocyte activation
marker), and with the soluble isoform of the
receptor for AGEs (49). Skin AF is a predictor of

5-year coronary heart disease and mortality in
diabetes (12). Indeed, tissue AGEs measured
with the AFR independently predict future
CVD in patients with diabetes and renal failure
(47,50). More recent studies focused on search-
ing an association between AF and carotid inti-
ma-media thickness (IMT), independently of
traditional vascular risk factors and diabetes.
Results showed that skin AF provided addition-
al information for identifying subjects with the
highest IMT, beyond risk stratification based on
commonly used risk scores alone. IMT is posi-
tively related to skin AF, independently of clini-
cal factors, (apo)lipoproteins and metabolic
syndrome, suggesting that skin AF reflects sub-
clinical atherosclerosis. Increased skin AF may
be a marker for early abnormalities involved in
atherosclerosis development (51). In patients
with acute ST-elevation myocardial infarction
(STEMI), skin AF is significantly higher compa-
red with patients with stable coronary artery di-
sease, independent of diabetes and smoking.
Recently published results show that elevated
skin AF observed in STEMI patients is associat-
ed with inflammation and glycaemic stress, and
predicts future major adverse cardiac events
(52).

Study .Popul.atlon Measurements End-point Results
investigated
Little et al. (45) 23 Patients with ~ Interventional LVM ALT-711 improved DF
DIAMOND study DHF ALT-711 DF (echo); decreased LVM
ALT-711 improved DF
Thohan et al. (46) 22 Patients with ~ Interventional LVM (echo); decreased LV mass
PEDESTAL study  SHF and DHF ALT-711 DF (echo)
Trend to improved SF
Meerwaldt et al. llgl\l/)la:}lfi::i ‘;ﬁg‘ Skin-AF CVD mortality Skin-AF is associa.ited with
(47) CV mortality
B kin-AF is a st
Skin-AF is a strong
?é[g)e rwaldt et al. 109 HD patients Skin-AF Omvgifilh(tzv predictor of mortality in
y ESRD patients
169 patients with 1 year Skin-AF is higher in STEMI
Mulder et al (52) STEMI and stable Skin-AF incidence of all and is predictive of future
CHD cause mortality ~ cardiovascular events
Skin-AF is an independent
Development redictor for the
Gerrits et al. (57) 73 type 2DbM Skin-AF of DPM P(Zleveloprnent of
patients - ]
complications microvascular
complications
Skin-AF is higher in patients
63 patients with . with CHD and is associated
Mulder et al. (49) slzable CHD Skin-AF with sRAGE and neopterin
levels

TABLE 1. Most relevant studies on the role of AGEs and skin-AF in cardiovascular disease

DHF = dyastolic heart function; ALT-711 = Alagebrium; LVM = left ventricular mass; DF = diastolic function; SHF =
systolic heaert function; SF = systolic function; DM = diabetes mellitus; Skin-AF = skin autofluorescence; CVD =
cardiovascular disease; CV = cardio-vascular; HD= heart disease; ESRD = end stage renal disease; STEMI = ST-
elevation myocardial infarction; CHD = coronary heart disease; SRAGE = serum AGE specific receptors.
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Additionally, skin AF was associated with in-
flammatory markers, including C reactive pro-
tein (CRP) (53) and leukocyte count, suggesting
a possible role in the process of plaque rupture.
This is further supported by previous reports
from the same authors, showing that skin AF is
strongly related to skin accumulation of prima-
ry oxidative stress derived AGEs (54) and inver-
sely correlated with plasma vitamin C levels, in
subjects with renal failure (55).

These results highlight that skin AF is a mea-
sure of (long-term) metabolic burden and is
strongly associated with the presence of CHF
and cardiac mortality, superior to other mea-
sures of metabolic stress (e.g. HbATC) (56). To
better highlight this a table with the most rele-
vant studies is presented below (Table 1). Skin
AF and AGEs/ALEs accumulation may under-
line the effect of a common pathway and was
more strongly associated with CHF and mortal-
ity compared with traditional risk factors, in-
cluding smoking, already proven to be a mark-
er of exogenous AGEs accumulation (57).

Consequences of AGEs accumulation in
diabetes and in the development of
nephropathy and their clinical implication

Patients with diabetes have significantly hi-
gher AGEs levels than the normal population,
as a result of glycaemic stress. AGEs have a well
established role in the pathogenesis of diabetic
macro as well as microvascular complications.
The relationship between hyperglycaemia and
AGEs is confirmed by the tissue content of
AGEs and the serum level of haemoglobin Alc
(HbA1C) and fructosamine - biomarkers of time-
integrated glucose concentration (58,59). Se-
rum AGEs levels are higher in both type 1 and
type 2 DM, are already increased early in the
disease by approximately 1.5 fold, and are as-
sociated with the severity of retinopathy and
nephropathy and also with coronary heart dis-
ease in type 2 diabetes mellitus patients (60).

Skin AF seems to be related to microvascu-
lar complications in diabetes (60) as well. Mul-
tiple regression analysis showed significant cor-
relation of skin AF with age, sex, diabetes
duration, body mass index (BMI), smoking,
HbA, , plasma creatinine, HDL cholesterol,
and albumin-to-creatinine ratio (62). Recent
studies focused on the relationship between
skin AF and the outcome of type 2 diabetes
patients. Lutgers et al. were the first showing
evidence that skin AF is an independent pre-

dictor of the development of microvascular
complications in a well-controlled type 2 dia-
betes population (57). Increased AF values
were associated with the presence of microal-
buminuria even after correction for age, A1C,
triglycerides, and LDL. Thus, skin AF is superior
to many other commonly used risk predictors
- like diabetes duration and HbA _in type 2
diabetes.

Multiple studies have shown that AGEs are
important factors in the pathogenesis of ne-
phropathy. CML, pyrraline and pentosidine
have all been found in increased quantities in
kidneys of patients with diabetes mellitus with
or without CKD (63). AGEs accumulation is re-
lated to the severity of diabetic nephropathy -
this was first described by Monnier at al. (64).
Beisswenger et al. have shown that AGEs ac-
cumulation precedes and correlates with early
manifestations of renal disease (56).

In both type 1 and type 2 diabetic popula-
tions, studies showed correlations with creati-
nine levels. The highest AF values were obser-
ved in diabetic patients on haemodialysis
treatment. In this group of patients, AF values
correlated with age, markers of metabolic bur-
den like A1C, triglycerides, LDL and dialysis
vintage.

Consequences of AGEs accumulation in
ESRD and their clinical implication

Since AGEs levels are increased in plasma
and collagen of normoglycaemic uremic patie-
nts, this abnormality cannot be credited as a
result of only the increased glycation of prote-
ins. Four sources are incriminated for AGEs ac-
cumulation in ESRD patients without diabetes:
1. Oxidative stress, having as contributors:

age, inflammation, infections, bio-incom-

patibility of the dialysis membrane (65) or
reduced antioxidant activity. ESRD is a con-
dition of increased (intracellular) oxidative
stress, indicated by increased lipid peroxi-
dation and a decrease in the ratio of oxi-
dized glutathione to reduced glutathione

(66) even before the start of renal replace-

ment therapy (67). Patients with CKD, and

in particular those on renal replacement
therapy, are subject to a tremendous degree

of metabolic stress (68).

2. Carbonyl stress derived from the oxidation
of sugars and lipids or reduced detoxifica-
tion of carbonyl compounds such as glyoxa-
lase 1 or aldose reductase.
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3. Reduced kidney excretion of AGEs precur-
sors, due to a decrease in glomerular filtra-
tion, leading to AGEs accumulation and de-
creased tubular catabolism. This occurs yet
before actual nephron loss, as it is demon-
strated by kidney tubular accumulation of
AGEs in experimental proteinuria, despite
relatively well-preserved kidney function
(69).

4. Metabolic burden, due to reduced lipid
clearance and/or insulin resistance; this sti-
mulates de novo AGEs formation (70).

Incresed AGEs levels have been attributed
to both impaired renal clearance and increased
endogenous AGEs formation, but recent data,
show that diet, as well, has an important role in

AGEs accumulation, acting as a source of AGEs.

Dietary AGEs are believed to sustain circulating

levels and toxicity in proinflammatory and pro-

oxidative conditions of CKD and dyalisis pa-
tients (71). Dietary AGEs content is an impor-
tant contributor to excess serum AGEs levels in
patients with renal failure, independently of
other diet constituents, as some studies have
shown. Interventional studies illustrate indi-
cates that a reduction in dietary AGEs content
can be obtained safely without compromising
the content of obligatory nutrients as no corre-
lation between serum AGEs levels and dietary
protein, fat, and carbohydrate intake was ob-
served (72). Other studies investigated the role
of dietary AGEs in inflammation and potentially

CVD in CKD, highlighted that restriction of

AGEs in the diet reduces kidney lesions in aging

and some of them even proposed dietary mod-

ifications as part of the multifactorial approach
needed to improve CKD patients’ life quality

(73).

The mechanisms by which AGEs may indu-
ce tissue damage and long-term complications
are those involved in the development of ac-
celerated atherosclerosis and CHF in patients
without renal failure.

Cardiovascular mortality is grossly elevated
in patients with CKD, and is associated with a
wide variety of structural and functional abnor-
malities. Mortality rates in haemodialysis pa-
tients are also markedly increased, despite cur-
rent measures to improve survival (74), thus,
assessment of AGEs accumulation in patients
with CKD and in those undergoing renal re-
placement therapies has become of great im-
portance. Several edifying studies have been
recently published. Skin AF levels are strong
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predictors of survival in haemodialysis patients
independent of other established risk factors.
Multivariate analysis of the results of recent
studies showed that skin AF is a stronger pre-
dictor of mortality than traditional risk factors,
such as smoking and lipid profile. Skin AF was
an independent and strong predictor of 3-year
overall and cardiovascular mortality (49). In
contrast to the data we have on tissue AGEs,
the relationship between serum AGEs and mor-
tality, in haemodialysis patients, is not that ob-
vious, mostly because serum AGEs measure-
ment needs different, and more complex
methods (70), and their levels fluctuate consi-
derably, under the influence of dialysis timing,
and exogenous sources such as absorption
from food, and smoking (75,76). A more re-
cent study found that skin AF and not serum
levels of specific AGEs, predicts composite car-
diovascular outcome (combination of cardio-
vascular death and events) in haemodialysis
patients (11).

High serum AGEs levels might even reflect
better nutritional support, associated with im-
proved survival (76). Patients with low serum
AGCEs levels were found to have high CRP and
low serum albumin levels (known predictors of
mortality in haemodialysis patients).

In peritoneal dialysis patients, on the other
hand, the causes of peritoneal membrane dys-
function, over time, are still vague; however,
the main trigger is thought to be the un-physio-
logical exposure of the peritoneal membrane
to glucose-containing dialysis fluids. The peri-
toneal membrane dysfunction is characterized
by vascular proliferation and extra-cellular stru-
ctural changes (77). AGEs-RAGE interaction in
human peritoneal mesothelium cells results in
overexpression of vascular and intercellular cell
adhesion molecules which may promote local
inflammation and injury (78).

Although AGEs accumulation has been
found to be an independent and strong predic-
tor of total and cardiovascular mortality in di-
alysis patients, larger studies on dialysis patients
are still needed to evaluate to what extent they
contribute to the development of ESRD cardio-
vascular morbidity and other complications. In
ESRD patients, not only cardiovascular compli-
cations are important to prognosis but also a
series of connective tissue complications such
as destructive spondyl-arthropathy, carpal tun-
nel syndrome, and lytic bone cysts. Accumula-
tion of amyloid deposits has been linked to
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ESRD-related connective tissue disease, and
beta2-microglobulin is a major component in
amyloid deposits (79,80). Serum AGEs levels
increase in dialysis patients with connective tis-
sue disorders. Interestingly, increased AGEs lev-
els have also been found on collagen samples
from carpal tunnel connective tissue in the ab-
sence of amyloid deposits (81).

Itis possible that AGEs may represent an im-
portant component of uremic toxicity contrib-
uting to accelerated atherosclerosis and con-
nective tissue disease in patients with ESRD.
Assessment of AGEs accumulation may help
tailor and monitor treatment and identify pa-
tients at risk of long-term complications. O

CONCLUSIONS

GEs may have a vital role in the normal ag-

ing process and in the evolution of the
complications of diabetes and CKD. They have
been implicated in the pathogenesis of long
term complications in diabetes. AGEs accumu-
lation is increased in patients with ESRD and
may, through several biochemical reactions,
add to the development of ESRD complicatio-
ns.

Skin AGEs accumulation can now be rapidly
noninvasively assessed using an AFR which
proved to be a strong and independent deter-
minant of total and cardiovascular morbidity
and mortality, both in patients on dialysis and
in diabetic patients. Assessment of AGEs accu-
mulation may facilitate treatment management
and further identify patients at risk of long-term
complications.

More and more, measuring skin AF pro-
vides an easily applicable and reproducible
tool to investigate the pathogenic effects of
AGEs in larger populations. Due to the fact that
AGEs can now be easily measured using the
AFR, in contrast to all other currently available
biomarkers for oxidative stress, they might be-
come suitable as an indirect measure for oxida-
tive stress in a clinical setting. 1
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