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Stellingen behorende bij het proefschift 
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Hemodijalysis Patients 

Stefan Arsov 

1. Hemodialysis is a life threatening therapy for a life threatening condition. (This 

thesis book) 

2. Skin autofluorescence is a mirror of dermal tissue. (This thesis book) 

3. Skin biopsies for assessment of skin AGEs are useless. (This thesis book) 

4. The AGE Reader is a simple tool to use, but the results are not simple. (This 

thesis book) 

5. It is advisable to measure skin AGEs in hemodialysis twice a year. (This thesis 

book) 

6. Slight overweight does not harm health. (This thesis book) 

7. All you need is love. But a little chocolate now and then does not do harm. 

8. My reins shall rejoice. (Proverbs 23: 16 King James Version) 

9. Beauty is only skin deep. 

10. The human skin records the past as tree rings do. 

11. If we open a quarrel between past and present, we shall find that we have lost 
the future. (Winston S. Churchill) 

12. There are no positive or negative results; there are only correct and incorrect 
results. 
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Chapter 1 
Introduction 



Advanced glycation end-products in hemodialysis patients 

Chronic kidney disease ( CKD) is characterized by a progressive loss of renal function over 
a period of months or years. The progression of CKD may be so slow that symptoms 
do not appear until kidney function is less than one-tenth of its normal value. The first 
symptoms of CKD are unspecific and can vary from a loss of appetite to a feeling of general 
discomfort. CKD is often diagnosed during routine screening of people with high risk of renal 
dysfunction, such as elderly persons, patients with high blood pressure and patients with 
diabetes mellitus. This condition is also often identified after it manifests its complications, 
such as cardiovascular disease, anemia or pericarditis1 • The Center for Disease Control and 
Prevention found that 16.8% of Americans, that are over 20 years of age suffer from CKD2• 

CKD is categorized according to its severity: stage 1 is the mildest stage of CKD and stage 5 
the most severe. This score is based on the level of the glomerular filtration rate (GFR) that 
has been normalized to the body surface area. GFR is the volume of fluid filtered from the 
renal glomerular capillaries into the Bowman's capsule per unit of time. The normal GFR is in 
range of 100-130 ml/min/1.73m2• There are several different ways to estimate GFR. A simple 
serum creatinine is the easiest and most widely used marker of GFR. However just serum 
creatinine measurement is not very precise way of estimating GFR therefore creatinine 
clearance is also used. Creatinine clearance is the ratio between serum creatinine and urine 
creatinine excretion during a defined time period usually 24 hours, the equation is given 
below. However the main drawback of using creatinine clearance to estimate GFR is the 
time duration need to do the measurement therefore sometimes just single measurement 
of serum creatinine is used after correction for different variables such as, age, gender and 
body weight3 

C t. . 
l 

Urine Creatinine ConcentrationX Urine Flow (ml /min) 
rea mine c earence = . . . 

Plasma Creatmme Concentration 

The two mildest stages (stages 1 and 2) in which estimated (e)GFR is still above 
60 ml/minute/1.73 m2, require additional evidence for kidney dysfunction other than a 
decreased eGFR. Kidney dysfunction can be demonstrated biochemically in blood, plasma 
or urine, histologically in renal tissue biopsies, and finally in vivo with imaging techniques. 
The other commonly used marker of kidney dysfunction beside eGFR is albuminuria. In a 
large prospective study it was proven that level of albuminuria was a strong predictor of 
cardiovascular mortality and morbidity in subjects with albuminuria4

• Stages 3, 4 and 5 of 
CKD are defined by eGFR levels that are below 60, 30 or 15 mUminute/1.73 m2

, respectively1
• 

Stage 5 of CKD is also known as End-Stage Renal Disease (ESRD).The annual incidence 
of ESRD in the United States in the past 30 years has increased 4 fold (Figure 1 ). During that 
period the incidence of ESRD in certain population groups has changed dramatically; the 
incidence of ESRD in patients older than 75 increased 30 fold whereas the incidence of ESRD 
in patients with diabetes mellitus or hypertension increased 15 and 25 fold respectively. As 
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a result the total ESRD population has a high percentage of co-morbidities. Together with 
the cancer population ESRD has become the biggest burden on the health care system5• 

Adjusted Incident rates of ESRD 
& annual percent change 
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Figure1. The incidence of End-Stage Renal Disease in the United States on the left axis with bars 

are given the rates per million population on the right axis with • are given one-year percent 

changes4 

Subjects suffering from ESRD can only survive when they receive renal replacement 
therapy. There are three major types of renal replacement therapy: hemodialysis (HD), 
peritoneal dialysis and kidney transplantation. This thesis will focus on HD, the most 
frequently used method (around 70%) of renal replacement therapy. 

The Principles of Hemodialysis 

Dialysis is an artificial detoxification process whereby the solute composition of solution 
A (blood) is altered by exposing this solution to a second solution B (dialysis solution), 
through a semipermeable membrane. Conceptually, one can view the semipermeable 
membrane as a polymer sheet perforated by tiny holes or pores. Water molecules and low 
molecular weight solutes that are present in the two solutions can pass the membrane pores, 
but larger molecules such as proteins cannot. Solutes that can pass through the membrane 
pores are transported by two different mechanisms, diffusion and ultra-filtration: 

- Diffusion is the movement of solutes as a result of random molecular motion. 
The diffusion is a movement of a molecule from regions of higher concentration 
to regions of lower concentration. Larger molecules move slower than smaller 
molecules. The larger molecules, even those that can fit easily through the 
membrane pores, will diffuse through the membrane slowly because they are 
moving at low velocity and colliding less frequently with the membrane. 
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- Ultrafiltration occurs when water is pushed by either a hydrostatic or an osmotic 
force through a semipermeable membrane. In this case a concentration gradient is 
not necessary. The solutes that pass through the membrane are swept along with 
the water; a process called "solvent drag'� 

Dlalysate 

Blood 

Figure 2. The working principle of Hemodialysis5 

In clinical use, the box containing the two solutions in Figure 2 becomes the dialyzer, 
containing blood and the dialysis solution. The dialysis solution consists of highly purified 
water in which sodium, potassium, calcium, magnesium, chloride, bicarbonate, and dextrose 
have been administered. Low molecular weight waste products that accumulate in the 
uremic blood are absent in the dialysis solution. For this reason, when uremic blood is 
exposed to the dialysis solution via the membrane in the absence of ultrafiltration, the flux 
rate of these solutes from the blood to dialysate is initially much larger than the back-flux 
from dialysate to blood. Eventually, if the blood and dialysate were left in static contact with 
each other, the concentration of permeable waste products in the dialysate would become 
equal to that in the blood, and no further net removal of waste products would occur. 
Transport back and forth across the membrane would continue, but the rates of transport 
and back-transport would be equal. Therefore, such concentration equilibrium is prevented 
in practice. The concentration gradient between blood and dialysate, and thus the diffusion, 
is maximized firstly by continuously refilling the dialysate compartment with fresh dialysis 
solution and by replacing dialized blood with undialyzed blood. Secondly, the direction of 
dialysis solution flow is chosen opposite to the direction of blood flow. The purpose of this 
"countercurrent" flow is to maximize transport of waste products over the membrane by 
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maximizing the concentration difference between the blood and dialysate in all parts of 
the dialyzer. Ultrafiltration will of course further increase the removal of waste products7• 

Initiation of Hemodialysis in End Stage Renal Disease 

In an adult ESRD patient HD is usually started when the eGFR has reached a level 
of approximately 1 O ml/minute/1.73 m2 (stage 5). However, it has been advised that the 
evaluation of the need for HD should begin at higher eGFR, probably somewhere around 
15-20 ml/minute/1.73 m2 because individuals, especially those with co-morbidities, appear 
to be extra vulnerable to ESRD7• 

A restriction of the use of the CKD score as an indicator for the start of the HD treatment 
is that it is only based on the eGFR; the CKD score does not take into consideration whether 
the patient has problems with CKD complications such as hyperkalemia or fluid overload. 
For example patients of advanced age and cognitive impairment may be poorly compliant 
with taking high-dose diuretics or potassium lowering agents. Patients with advanced 
cardiac disease and low eGFR may have trouble with removing the excess fluid from their 
bodies, which accumulates as a result of the reduced renal excretion. Once these patients 
are on HD treatment, frequent dialysis therapy prevents potassium and fluid disbalance7• 

The survival of the ESRD patient depends greatly on their nutritional status and serum 
albumin levels at the time of HD initiation. Patients that started early on HD (at higher eGFR 
levels) have a better nutritional status and higher serum albumin levels than those that 
start later. Protein intake starts to decrease already in early stages of CKD (when eGFR is still 
above 25 ml/min/1.73m2). Several studies have demonstrated that an early initiation of HD 
results in decreased hospitalization and mortality ratess-11• However, survival may mistakenly 
appear to be prolonged in patients who initiate HD early if survival is measured from the 
time of initiation of HD. The patients that start earlier with HD have higher eGFR, however 
their eGFR still drops while they are on HD. In the period that these patients are on HD and 
still have higher eGFR than the patients that started with lower eGFR the hospitalization 
and mortality rate are lower than in the patients that have started HD with lower eGFR. 
However, it has been proven that when the eGFR of the "early starters" drop to the levels of 
"late starters" the hospitalization and mortality rates of "early starters" become equal to the 
rates of "late starters"12;13. This means that hospitalization and mortality rates depend on 
the level of eGFR, not on the time of HD initiation. The statistical error that gave the false 
impression that initiation of HD a higher level of eGFR lead to reduced hospitalization and 
mortality rates is known as the "lead time bias'� 

Advanced Glycation End-Products 

The solutes that need to be removed by HD in case of ESRD are so-called uremic 
toxins. Depending on the molecular size and properties the uremic toxins can be divided 
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into 3 major classes: small solutes (< 500 D), middle molecules (� 500 D), and solutes with 
known or likely protein binding. The standard HD removes mostly small solutes and middle 
molecules toxins 14• The removal of uremic toxins by HD depends on the percentage of the 
"free"fraction of the uremic toxin in plasma. Substances that are tightly bound to proteins 
with a low free fraction in the plasma will be removed only to a negligible extent by HD7

• 

Advanced Glycation End-products ( AGEs) are metabolic end products that belong 
to the protein-bound uremic toxins15 meaning that only the "free" AGEs fraction can be 
removed by standard HD technics. 

Figure 3 shows the various pathways that may lead to AGEs formation. Briefly, AGEs 
accumulation results from hyperglycaemia, hyperlipaemia, oxidative stress, and decreased 
kidney clearance of AGEs precursors 16• Classically, AGEs formation has been described as a 
non-enzymatic reaction between proteins and glucose 17• Glucose binds with proteins and 
forms chemically reversible early glycation products that undergo a slow and complex 
rearrangement to eventually form AGEs. In addition to the formation of glucose-protein 
intermediates, AGEs are also formed through lipid-derived intermediates, resulting in 
advanced lipoxidation products18• Widely studied AGEs are pentosidine, carboxymethyl
lysine, and carboxyethyl-lysine, which result from oxidation of carbohydrate- and lipid
derived intermediates. 

i Utnds i j 

�� l 
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Figure 3. Pathways of Advanced Glycation End-Product formation 18 

After AGEs have been formed, they may be removed by the kidney or they accumulate 
in tissue where they cross-link with polymers e.g. collagen or interact with specific receptors, 
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inducing tissue stiffening of blood vessels and skin. As a consequence of poor kidney 
function the highest AGEs levels are observed in ESRD patients19

• Moreover, current HD 
techniques are unfortunately only able to clear a portion of the AGEs from plasma20

• 

During a long-term follow-up, skin AGE levels proved to be strong predictors of 
survival in HD patients21 , independently of other established risk factors like age, existing 
cardiovascular diseases, serum albumin, and (-reactive protein. Part of the AGEs possesses 
autofluorescent properties that can be measured in the skin using optical techniques. 

The measurement of skin AGEs with the AGE Reader 

Skin AGEs can be measured with the AGE Reader. DiagnOpticsTechnologies B.V., a spin
off company of the University Medical Center Groningen, the Netherlands, has developed 
this instrument (figure 4). This diagnostic device consists of a box with a built in light source 
and spectrometer. The measuring unit is connected to a personal computer via a USB 
connection. A special software program performs a completely automatic measurement 
of the autofluorescent properties of the skin of the forearm. 

Figure 4. The current version of the AGE Reader as validated device with 
CE certification since 200621 

The working principle of the AGE Reader is as follows: a blacklight tube with a peak 
wavelength of 370 nm illuminates approximately 4 cm2 of the skin of the volar side of the 
forearm. A non-contact optical fiber detects the emission as well as the reflection of the 
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excited light at an angle of 45°. Using a spectrometer and computer software, the intensity 
spectrum is analyzed. Skin AF is calculated from these results as 

AF =  fem x lOO 
] exc 

, ( 1 ) 

where /ex,is the reflected excitation light from a light source in the 300-420 nm range with 
a peak intensity around 370 nm and /em is the emitted light from the skin, the average light 
intensity as measured in the 420-600 nm range. Skin AF is expressed in arbitrary units (AU), 
using the multiplier of 100 to yield manageable values. Besides the Skin AF measurement, a 
diffuse reflection spectrum in the excitation range is obtained by normalizing the measured 
spectrum to a spectrum measured on a white reflection standard. To obtain a reflection 
spectrum in the visible range, a white emitting diode (LED) has been added as illumination 
source. Information on the diffuse reflection in the visible part of the spectrum has been 
used by the manufacturer to obtain additional information about the skin color, which is 
used to improve the accuracy and interpretation of the skin AF measurements. Initially, 
Skin AF results were applicable in Caucasian subjects only with a UV skin reflection > 10%. 
However, using a new algorithm, it was shown that results of Skin AF could at least be 
obtained to assess Skin AGEs independently of skin color for UV reflections above 6%23• The 
corrected skin AF value and UV reflectance are immediately calculated, stored and displayed 
by a special PC software program. 

The first validation studies performed by a prototype of the AGE Reader, the so
called Autofluorescence Reader (AFR) showed a good correlation between the Skin AF and 
the tissue levels of pentosidine, CML and CEL in DM patients and age-matched healthy 
controls24, as well as in patients suffering from ESRD21 • In a pooled analysis, also including 
a study by den Hollander et al in younger healthy controls25, tissue levels of pentosidine 
from dermal biopsies could explain 76% of the variation in skin AF values 16• These studies 
confirmed that the AGE Reader can be used to measure skin AGEs. 

Skin Autofluorescence and Kidney Disease 

Skin AF  was shown to be a strong and independent predictor of overall and 
cardiovascular mortality in a Dutch population of HD patients21 • Skin AF increased as eGFR 
decreased and was related to CVD history in CKD patients26• Increased Skin AF was also 
related to the presence of CVD in Asian (non-Caucasian) HD patients27• Diastolic dysfunction 
in HD patients, assessed using ultrasound Doppler imaging, was related with an increase 
in Skin AF as well28

• This is because conditions with a high level of AGEs lead to cardiac 
stiffness as a result of glycosylation of the heart. The cardiac stiffness leads to reduced 
cardiac compliance, the property of the heart to expand without an increase in pressure 
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when blood comes rushing into the ventricles. The reduced compliance results in elevated 
diastolic pressure in the ventricles what is the main characteristic of the diastolic dysfunction. 

Skin Autofluorescence and Diabetes Mel l itus 

Most of  the studies on AG Es have been performed in patients with diabetes. CKD is 
well known complication of diabetes, which implies that many subjects on HD are patients 
with diabetes. 

In diabetic patients the glucose metabolism is hampered, resulting in increased 
AGE formation. In a large group of patients with type 2 diabetes (n=973), Lutgers et al. 
demonstrated that their Skin AF was higher than in healthy control subjects. Skin AF was 
significantly higher in the type 2 diabetes group with both micro- and macrovascular 
disorders, as compared with the group without complications and the group with only 
microvascular complications29

• Samborski et al. confirmed the results of Lutgers et al, 
showing that Skin AF in patients with diabetes is significantly higher than in controls. 
Furthermore they found that there is a significant positive correlation between Skin AF and 
diabetes duration, and between Skin AF and glycated hemoglobin concentration (HbA 1 c)3°. 

In type 2 diabetic patients it was demonstrated that HbA 1 c assessments over time 
can predict the change in Skin AGE levels measured by Skin AF. Also, it was observed that 
the measurement of Skin AF is an independent predictor of the development of micro
vascular complications in type 2 diabetes31 • Monami et al. found that after adjusting for 
age and HbA 1 c, micro- or macrovascular complications of diabetes were still associated 
with higher Skin AF32

• 

Multiple regression analysis showed significant correlation of Skin AF with age, 
sex, diabetes duration, Body Mass Index (BMI), smoking, glycated hemoglobin-HbA 1 c, 
plasma creatinine, HDL cholesterol, and albumin-to-creatinine ratio in the type 2 diabetes 
group29

• Furthermore, Skin AF correlates with the severity of peripheral and autonomic 
nerve abnormalities in diabetes, even before being clinically manifest33 • In a follow-up 
study, the independent predicative value of Skin AF for macrovascular and microvascular 
complications was unequivocally demonstrated34;35• Moreover, it was shown that Skin AF 
provides additional information on the risk of subjects with diabetes compared to the 
existing risk analysis by the United Kingdom Prospective Diabetes Study (UKPDS) risk engine. 
This resulted in risk-reclassification of a substantial number of patients and identifying 
patients with particularly high risk for developing cardiovascular events34• 

Skin Autofluorescence and Other conditions 

Skin AF was higher in smokers than in non-smokers36;37• There is an interaction of 
smoking and gender, women seem to be more susceptible to the effect of smoking on Skin 
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AF than men37• Furthermore, Skin AF increased as a function of age21 ;37;3s_ Maury et al. found 
that Skin AF is higher in the patients with liver cirrhosis as compared to control subjects and 
that the icteric patients had lower Skin AF values than those without icterus39• 

It was also shown that Skin AF was elevated in stable coronary artery disease and that 
it was related to the serum level of the soluble receptor for AGEs40• Finally, Skin AF was also 
elevated in patients with ST-elevation myocardial infarction (STEM!), Skin AF was associated 
with inflammation and glycemic stress, and showed that it can predict future major adverse 
cardiac events i n  STEMI patients41 • 

Aim of the thesis 

This thesis is focused on behavior of AGEs in the skin of HD patients. Some of the 
questions that we have tried to address are: 

- Which method of measuring AGEs has greater clinical value, Skin AF or direct skin 
biopsies measurements? 

- How does the HD treatment affect the level of AGEs in plasma and skin measured 
by AF? 

- Does Hepatitis C infection result in increased AGEs accumulation in HD patients? 
- What is the accumulation rate of AGEs in the tissue of HD patients? 
- Can the rate of AG Es accumulation be used as a predictor of survival of HD patients? 
- Can AGE food intake and BMI influence the rate of AGEs accumulation in HD 

patients? 
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Abstract 

Chronic Kidney Disease ( CKD), especially in its end stage, is marked by extremely 
high cardiovascular rates of morbidity and mortality; hemodialysis patients have a 5-fold 
shorter life expectancy than healthy subjects of the same age. In CKD the metabolic 
products that accumulate in the body are so-called uremic toxins. These include Advanced 
Glycation End-products ( AGE). AGE levels are markedly increased in CKD patients not only 
because of impaired excretion but also because of increased production. AGE formation 
has initially been described as a non-enzymatic reaction between proteins and glucose 
in the so-called Maillard reaction, but they are also more rapidly formed during oxidative 
stress and subsequent formation of reactive carbonyl compounds like ( methyl)glyoxal. 
AGE accumulate in tissue where they cross-link with proteins e.g. collagen, inducing tissue 
stiffening of blood vessels and skin. They may also interact with receptor of AGE ( RAGE) and 
other receptors, which lead to activation of intracellular transduction mechanisms resulting 
in cytokine release and further tissue damage in CKD. The accumulation of AGE in the skin 
can be measured non-invasively using autoflorescence. The skin autofluorescence is a 
strong marker of cardiovascular mortality in CKD. The focus of this review is on the role of 
tissue and plasma AGE, and of skin autofluorescence as a proxy of tissue AGE accumulation, 
in the increase in cardiovascular disease in end stage renal disease ( ESRD). This review will 
also present the possibility of reducing the AGE accumulation in ESRD patients using the 
following five methods: 1 .  use of low AGE peritoneal dialysis solutions; 2. use of advanced 
hemodialysis techniques; 3. use of AGE reducing drugs; 4. optimizing the nutrition of 
hemodialysis patients; and 5. renal transplantation. 
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Introduction 

Advanced Glycation End-Products and Skin Autofluorescence 

in Chronic Kidney Disease: a Review 

Chronic Kidney Disease (CKD) encompasses a wide clinical spectrum of conditions, 
both in degree of renal function loss and in pathogenesis. The degree of renal function loss 
is currently divided in 5 CKD classes according to the level of the (estimated) glomerular 
filtration rate (eGFR). Mild CKD (CKD 1-2) is very common in elderly but may also be present 
in some primary glomerular diseases with other more prominent features like proteinuria. 
More advanced loss of renal function finally resulting in end-stage renal disease (ESRD) or 
CKD 5 is less common, with atherosclerosis-associated glomerulosclerosis and diabetic 
kidney disease as the most prominent causes. 

It is widely accepted that the focus of monitoring and treating CKD is on prevention 
of not only progressive loss of renal function, but also of the marked increase in cardiovascular 
disease (CVD) and death. The extremely high CVD rate in CKD 4-5 and dialysis patients 
forms the most impressive illustration: hemodialysis (HD) patients have a 5-fold shorter life 
expectancy than healthy subjects of the same age. The leading cause of death in patients 
with ESRD is CVD 1 • 

In CKD the metabolic products that accumulate in the body are so-called uremic toxins. 
These include Advanced Glycation End-products (AGE)2. AGE levels are not just markedly 
increased in CKD patients due to increased production, they are also due to impaired 
excretion3• Classically, AGE formation has been described as a non-enzymatic reaction 
between proteins and glucose in the Maillard reaction4• Glucose binds with proteins and 
forms chemically reversible early glycation products that undergo a slow and complex 
rearrangement eventually forming AGE. In addition to the formation from glucose-protein 
intermediates, AGE are also formed through lipid-derived intermediates, resulting in 
advanced lipoxidation products5• Furthermore, rapid formation of AGE via another pathway 
involving reactive carbonyl compounds like (methyl)glyoxal (so-called dicarbonyl stress) 
occurs during oxidative stress6• The glyoxalase system forms a defence mechanism against 
this pathway7. Finally, and of special interest in CKD, a source of AGE in humans is the intake 
of exogenous AGE from food and smoke8• When proteins with AGE linked to them are 
degraded to so-called glycation free adducts and glycation adduct residues of proteins, 
especially the former are subsequently excreted via the kidney3. In the case of renal failure, 
this excretion mechanism fails or is overridden. AGE will further accumulate in tissue where 
they cross-link with proteins e.g. collagen, inducing tissue stiffening of blood vessels and 
skin. They may also interact with receptor of AGE (RAGE) and other receptors, via activation 
of intracellular transduction mechanisms resulting in cytokine release and further tissue 
damage in CKD9• 

The focus of this review is on the role of AGE, and of skin autofluorescence (SAF) as 
a proxy of tissue AGE accumulation, in the increase in CVD in more advanced stages of 
CKD Moreover, it will propose that the role of AGE and SAF is not restricted to the classical 
examples of AGE-associated CKD. For a long time, it has been well accepted that diabetic 
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nephropathy is the classical model for demonstration of the pathogenic role of AGE. 
However, more recently it has become evident that AGE accumulation also has a role in 
progression of CKD and in CVD in non-diabetic kidney disease. This will be discussed in the 
following paragraphs. 

Plasma Advanced Glycation End-Products in Chronic 

Renal Failure 

Galli et al. showed progressively higher levels of plasma pentosidine, assessed using 
high performance liquid chromatography comparing matched groups of healthy controls, 
CKD, and hemodialysis (HD) patients, respectively. Within the HD group, a negative 
correlation existed between the level of plasma pentosidine and dialysis frequency. They 
also proved that protein-leaking HD reduces the level of plasma pentosidine. In renal 
transplantation patients plasma pentosidine were similar to those in healthy controls 1°. 

Galli's data are in line with those of other groups, showing that AGE indeed accumulate 
in non-diabetic uremic patients, despite their normal serum glucose levels. In lower CKD 
classes, a relation between AGE levels, (NE-carboxymethyl-lysine-CML), and renal function is 
also evident, both in selected groups and in the community11• Among dialysis patients, both 
diabetics and non-diabetics have high plasma pentosidine and CML levels. Unfortunately, 
current hemodialysis (HD) techniques are only able to clear a portion of AGE from plasma 12• 

Hou et al. propose that AGE and RAGE may contribute to amplification of inflammation in 
non-diabetic CKD1 3• Uribarri et al. showed that AGE intake contributes to the level of plasma 
AGE levels in CKD patients14

• 

However, one should be aware that the impact and resulting damage of all these 
factors that accelerate plasma AGE levels increase are strongly dependent on the behaviour 
of the molecules and tissues to which the AGE link. The degree of AGE accumulation and 
resulting damage will be more evident in tissues with slow turnover. In fact, in the commonly 
used plasma/serum compartment for taking AGE samples, AGE link to proteins with a high 
turnover rate. Several studies support that plasma/serum AGE may be a poor mirror of AGE 
dependent tissue damage1 5-1 7• Although the levels of plasma AGE are very high in ESRD 
patients, SAF as a mirror of dermal tissue AGE accumulation qualifies as a better marker of 
tissue damage than plasma AGE in these patients. Ueno et al. reported that in ESRD patients, 
both SAF and serum pentosidine correlated with carotid intima-media thickness, and SAF 
also inversely correlated with endothelial progenitor cells, while such a relation was absent 
for serum pentosidine. In multiple regression analysis, SAF, but not serum pentosidine and 
intima-media thickness, was related to endothelial progenitor cells1 7• Another example of 
this dissociation between AGE in plasma and long-lived tissues is a study by Hartog et al. in 
which plasma AGE and diastolic function were not related, while a strong relation existed 
with SAF. In this study the diastolic dysfunction of HD patients, assessed using ultrasound 
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Doppler imaging, was related with the increase in SAF 1 5• Furthermore in another study, 
serum CML did not correlate with CVD in a large group of HD and peritoneal dialysis (PD) 
patients, whereas SAF did1 6• 

The Measurement of Skin Advanced Glycation End

Products Using Skin Autofluorescence 

SAF can be measured with the AGE Reader (DiagnOpticsTechnologies BV, Groningen, 
the Netherlands). The AGE Reader is a desk-top device that uses the characteristic fluorescent 
properties of certain AGE to quantify the level of AGE accumulation in the skin. In short, 
the AGE Reader illuminates a skin surface of 4 cm2 guarded against surrounding light, 
with an excitation light source with a peak excitation of 370 nm (ultraviolet A). Emission 
light (fluorescence in the wavelength of 420-600 nm) and reflected excitation light (with a 
wavelength of 300-420 nm) from the skin is measured with a spectrometer. SAF is calculated 
as the ratio between the emission light and reflected excitation light, multiplied by 100 
and expressed in arbitrary units (AU). In validation studies using skin biopsies taken from 
the site of SAF measurements, a strong correlation was found between SAF and the skin 
contents of the fluorescent AGE ,pentosidine, as well as with the non-fluorescent AGE, NE
(carboxymethyl)-lysine (CML), and NE-(carboxyethyl)lysine (CEL) 1s-20• One of these validation 
studies was performed in HD patients 19• Furthermore a combined analysis performed on the 
three studies showed that 76% of the variance in SAF may be explained by the associated 
pentosidine levels21 • 

Meerwaldt et al. showed an intra-individual Altman error percentage of 5.03% with 
SAF measurements taken over 1 single day, and an Altman error percentage of 5.87% for 
seasonal variation 18• Similar results were reported in stage Ill CKD patients by McIntyre et al.22. 

Skin Autofluorescence in Chronic Renal Disease 

As previously mentioned above, the behaviour and levels of AGE in the human body 
are not only dependent on factors like glycaemic and oxidative stress as accelerators of 
formation of AGE, but also on the presence of intact mechanisms for excretion of AGE free 
adducts and peptides, which are mainly excreted by the kidney. Thus, loss of renal function 
in progressive CKD strongly affects these excretion mechanisms, and partly explains the 
increase in plasma and tissue AGE levels in CKD. SAF increased as eGFR decreased and was 
related to CVD history in CKD patients23 • In diabetic nephropathy, increased glycaemic stress 
may contribute to higher plasma and tissue AGE levels, while in CKD, low-grade oxidative 
stress is commonly present and enhances AGE formation regardless of diabetic condition. 
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Skin Autofluorescence in End-Stage Renal Disease 

With Renal Replacement Treatment 

Additional important factors that increase SAF once renal replacement treatment has 
started are derived from factors associated with the renal replacement treatment itself, such 
as the dialysis vintage and the length and amount of glucose exposure in peritoneal dialysis 
(PD) patients. McIntyre et al. reported that there is not a difference in the level of SAF in 
hemodialysis and peritoneal patients24• Previously, we found a connection between SAF and 
the presence of diabetes in HD patients1 9;25• Furthermore, the level of SAF of diabetic HD 
patients is  higher than that in diabetic patients with similar age that are not on dialysis26• 

This indicates that ESRD is a separate contributor of AGE accumulation in these patients. 
Further support has been previously published showing the correlation between SAF and 
HD vintage1 9;25• 

Skin Autofluorescence is a Strong Predictor of 

Cardiovascular Mortality in Chronic Kidney Disease 

The Diabetes Control and ComplicationsTrial - Epidemiology ofDiabetes Interventions 
and Complications (DCCT-EDIC) research, has revealed that the reduction in the risk of 
progressive nephropathy resulting from intensive therapy in patients with type 1 diabetes 
persist for at least several years after the end of treatment, despite increasing hyperglycemia. 
In addition, intensive therapy during the DCCT also reduced the risk of cardiovascular events 
by about SO % in type 1 diabetic patients 11 years after the end of the trial. In another DCCT
EDIC substudy on biochemically assessed AGE levels in skin biopsies, the higher levels of 
AGE were found to be independent predictors of worse renal and cardiovacular outcome27• 

These clinical studies strongly suggest that so-called "glycemic memory" causes chronic 
abnormalities in diabetic vessels that are not easily reversed, even by subsequent, relatively 
good control of blood glucose. Among various biochemical pathways implicated in diabetic 
vascular complications, the process of formation and accumulation of AGE and their mode 
of action are most compatible with the theory "glycemic memory"28• 

McIntyre et al. reported in a cohort of 1707 patients with CKD class 3 that a large 
number of cardiovascular and renal risk factors were associated with SAF, such as eGFR, 
hemoglobin, age, smoking, total cholesterol, diastolic blood pressure, c-Reactive Protein, 
waist to hip ratio, albuminemia, pulse wave velocity, diabetes and uremic acid22• In other 
studies, SAF also tends to be associated either to risk factors of cardiovascular mortality or 
to direct evidence of cardiovascular damage. Carotid artery intimal-medial thickness was 
correlated positively with SAF29

• Skin autofluorescence was also inversely and independently 
associated with circulating endothelial progenitor cells in ESRD patients17

• It has been 
reported that endothelial progenitor cells have the ability to repair cardiovascular damage30• 

In CKD children, tissue accumulation of AGE was observed, aggravated as eGFR declined 
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and related to early cardiovascular changes and some biochemical CVD risk markers31 • 

The clinically most relevant data on the impact of the accumulation of AGE on the 
cardiovascular system in ESRD patients come from studies that investigated the influence 
of SAF on cardiovascular morbidity and mortality. Our group was the first to shown that 
SAF was strong and independent predictor of overall and cardiovascular mortality in ESRD 
patients 1 9• Increased SAF was also related to the presence of CVD in Asian (non-Caucasian) 
HD patients23• Also, a single point SAF measurement is a good predictor of mortality in 
diabetic patients. Diabetic patients have a higher risk for increased AGE accumulation and 
mortality than healthy persons26• Nevertheless, the presence of diabetes in HD patients 
did not confer an increased hazard in the multivariate Cox Regression analyses, which was 
supported by previous studies1 9;32• The explanation for this phenomenon can be that the 
dialysis procedure interferes much more with the morbidity of the patients and the effect 
of diabetes is only marginal. 

Jiang et al. recently reported on SAF levels a large cohort of 2388 maintenance dialysis 
patients (613 PD and 1775 HD)16• SAF was measured with the AGE Reader. In PD, SAF was 
strongly correlated with the duration of PD and glucose exposure dose, and independently 
associated with CVD. In multivariate analysis glucose exposure dose and SAF were the 
strongest risk factors for CVD in PD, after adjustment for age, gender, and other classic- or 
uremic-related risk factors. According to Receiver Operator Characteristic (ROC) curve for 
presence of CVD, the best cutoff point of SAF was determined to be 2.75 AU. Remarkably, 
this level is the same as used by Lutgers et al. in models for CVD risk reclassification for 
elderly type 2 diabetes patients33 • 

Opportunities for reversibil ity of the Advanced 

Glycation End-Products Accumulation 

Use of low Advanced Glycation End-Products Peritional dialysis Solutions 

During manufacturing, heat is commonly used for sterilization of the PD solutions 
causing most standard glucose based PD solutions to contain AGE34 • The duration of PD and 
the glucose exposure dose are independently associated with the level of SAF in PD patients. 
Moreover, as reported above, the glucose exposure dose and SAF are the strongest risk 
factors for CVD in PD16• The substitution of glucose with other substances such as icodextrin, 
a starch-derived branched water-soluble glucose polymer has led even to higher levels of 
SAF in the PD patients35. 

The problem of increased AGE accumulation as a consequence of the PD treatment 
might be resolved by use of PD solutions with neutral pH and low AGE content. The use 
of PD solutions with neutral pH and low AGE content results in lower AGE accumulation, 
less peritoneal membrane fibrosis and vascular sclerosis36• Such PD solutions are available 
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for more than 1 O years on the market; however, the first PD solution of this type has only 
been just recently approved by the FDA in the USA34• Evidence exist that use of PD solutions 
with neutral pH and low AGE content can result in significant improvement in patient and 
technique survival without any measurable change in peritonitis incidence37• 

Use of Advanced Hemodialysis techniques 

The HD vintage in several studies has been proven to be a contributor to higher levels 
of SAF, suggesting that ESRD and the HD treatment itself can contribute to AGE formation 
1 9;25• The use of different HD techniques to ameliorate the AGE accumulation in HD patients 
has been investigated for some time. A comparison of the removal of free plasma AGE and 
AGE peptides by low, high, and super flux HD showed that all modalities can effectively 
remove free plasma AGE during a single HD session. However, plasma protein-bound 
AGE did not decrease during a dialysis sessions, neither with high flux nor with low flux 
HD membrane. Super flux has been suggested to be a modality capable of reducing AGE 
peptides in the long term38-4°. Another study showed that long-term HD with protein
leaking membrane also reduces predialysis protein-bound and free plasma AGE levels41 • 

Also, single dialysis session with on-line hemodiafiltration ( HDF) results in lower plasma 
AGE than with those treated with conventional low and high flux HD. The long term use of 
HDF provides lower predialysis plasma AGE levels compared with those treated with low 
and high flux HD42• 

Other factors can reduce the level of plasma AGE in HD patients. The material 
from which the dialyser is made has an influence on the level of plasma AGE. The use of 
polysulfone membranes appear to result in lower levels of plasma AGE than using non
polysulfone membranes, such as modified or unmodified cellulose membranes43• Also, the 
use of Vitamin E-coated HD membrane resulted in reduction of plasma AGE levels44• The 
use of ultrapure HD fluid appears to results in lower plasma levers in HD patients. Several 
studies showed that ultrapure dialysate decreases plasma levels of AGE in HD patients45;46• 

The reduction of plasma AGE by use of ultra pure dialysate is achieved regardless of dialyzer 
membrane type47• The mechanisms of the reduction of plasma AGE by use of ultrapure 
dialysate is still unknown. Furthermore, one study demonstrated that a daily HD ( 2h, 6 times/ 
week) regimen can effectively lower the levels of plasma AGE observed in a standard HD 
( 4h, 3 times/week)48• 

Therefore, we can conclude that reduction of the AGE accumulati.on can be achieved 
by using advanced HD techniques which use membranes that have large pores such as 
super flux, HDF or protein leaking HD. The reason is that these techniques are able to filter 
protein-bound AGE. Also, the use of more biocompatible membranes and ultra-pure HD 
fluid can reduce the AGE accumulation, most likely by reducing the level of inflammation 
and immune response. The use of more frequent HD regime such as daily or home dialysis 
can achieve better removal of plasma AGE and thus lower AGE accumulation. It would be 
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important to obtain clinical data on the effects of such alternative HD techniques on CVD 
events and mortality. So far, such data are still lacking. 

Use of Advanced Glycation End-Products Reducing Drugs 

The use of many herbal medicines and experimental drugs has shown a reduction of 
AGE accumulation49-56• Also, many conventional drugs are useful in the reduction of AGE. SAF 
levels can be reduced by using angiotensin receptor blockers and statins in PD patients35• 

A calcium channel blocker, azelidipine, has shown to be able to reduce the level of plasma 
AGE in hypertensive CKD patients57 • In a single-center, randomized, 2-month, open-label, 
intention-to-treat, crossover study, sevelamer carbonate, a calcium based phosphate 
binding drug, was used. Sevelamer blocks the absorption of ingested cytotoxic AGE in the 
gut. Sevelamer reduced the level of plasma AGE, lipids, and inflammation in diabetic CKD 
patients in absolute and relative terms when compared with the standard treatment of 
calcium carbonate58• 

It appears that there are many promising drug treatments and what is even better 
that already existing approved drug, like Sevelamer can be used in the reduction of the 
AGE accumulation in patients with CKD. 

Optimizing the Nutrition of Hemodialysis Patients 

Some controversy remains on the relationship between AGE intake and plasma AGE 
in humans59-62• Uribarri et al.1 4  first showed that AGE intake correlates with circulating AGE 
levels in renal failure patients. However, a single point measurement of SAF did not correlate 
with the AGE intake of elderly healthy subjects63• The relationship between Body Mass 
Index ( BMI) and SAF was also studied. It was found that a single measurement of SAF had a 
positive correlation with BMI in healthy subjects64, whereas BMI and SAF did not correlate 
in HD patients1 9• 

There is still controversy if a reduction in AGE accumulation can be achieved by 
reduction of AGE food intake in HD patients. Also, it appears that the nutrition state 
measured by BMI has some role in the accumulation of AGE in HD patients. 

Renal Transplantation 

Renal transplantation in theory should be the ultimate treatment of CKD and therefore 
result in total reversibility of AGE accumulation. Indeed, the levels of protein-bound 
pentosidine in plasma in renal transplant patients are at the level of healthy subjects1 0• 

However, our findings showed that SAF of renal transplant patients is still increased when 
compared to patients with the same age. J:\lso, the SAF was associated with several risk 
factors for CVD and chronic renal transplant dysfunction in patients with renal transplant65• 

This indicates that a complete reversibility may not easily be obtained because AGE 
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accumulation in skin and other tissues with slow turnover is not easily reversible. Moreover, 
on-going oxidative stress due to immunosuppressive treatment, episodes of rejection, and 
infections may be on-going stimuli for continued AGE accumulation. A latter study showed 
that SAF remains a very strong determinant of ( still markedly increased) mortality and graft 
function loss66• Thus, renal transplantation is remarkably an incomplete solution, and a dire 
need for slow tissue AGE reversibility remains. 

Clin ical  Perspectives 

SAF is a proven marker of CVD mortality in CKD. Nevertheless, clinical nephrologists 
often state that cardiovascular risk in CKD patients is so high that new risk markers will 
not change their already intensive treatment policy, and thus SAF or AGE markers have 
little to add. This may indeed be true for ESRD or HD/PD patients, but it is not valid for the 
quantitatively important groups of patients with CKD. Availability of tools to select persons 
in the very prevalent lower CKD classes but at the highest CVD risk is, in our opinion, of major 
importance in order to focus the conventional CVD preventive treatment. Secondly, newer 
approaches, such as illustrated by the sevelamer, may still make a difference even in CKD 
stage IV-V and HD/PD patients and renal transplant patients. Thirdly, the patients in CKD 
stage IV-V with the highest SAF levels may be those that qualify for priority renal transplant. 
And finally, the fact that SAF is a very simple tool to provide more insight into the role of 
AGE ( dependent mechanisms) in development of CVD also counts. 

Future Prospects 

More frequent and repeated measurement of SAF in CKD patients can give insight on 
many factors that influence the AGE accumulation in these patients. In earlier stages of CKD, 
more focus is needed on therapeutic options aiming at reduction of AGE accumulation. An 
obvious possible line of further research can be the influence of drugs such as sevelamer on 
the accumulation of AGE measured by repeated SAF measurement. Also, the influence of 
different diets like low AGE diet or optimal nutrition level on the rate of AGE accumulation 
in early stages of CKD should be investigated.  In ESRD, the influence of different renal 
substitution methods such as super flux HD, HOF, protein leaking HD, daily and home HD 
or use of ultra pure fluid on the rate of increase of SAF warrant further investigation. 

Conclusions 

AGE, especially those that are tissue-bound, are not just an important marker of 
patients' outcome in CKD but also a major contributor to the underlying condition. Therefore, 
they should be monitored regularly and carefully. Today, there are many methods of tissue 
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AGE reduction, like use of modern PD and HD techniques, AGE reducing drugs, dietary 
interventions and renal transplantation 

Confl ict of interest Statement 

Authors' conflict of interest disclosure: Andries J. Smit and Reindert Graaff are 
founders and shareholders of DiagnOptics Technologies BV, The Netherlands, which 
develops the AGE reader (http://www.diagnoptics.com). The other authors have no conflicts 
to declare. 

Research funding: Stefan Arsov has received financial support from Fresenius Medical 
Care, Germany, a producer of renal dialysis equipment from their Nephrocore Exchange 
Program. The other authors have no conflicts to declare. 

Employment or leadership: None declared 
Honorarium: None declared 

31  



Advanced glycation end-products in hemodialysis patients 

Reference List 

1. U.S.Renal Data System U2. Annual Data Report: Atlas of Chronic Kidney Disease and 
End-Stage Renal Disease in the United States. National Institutes of Health, National 
Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD 2009; 

2. Van holder R, Meert N, Schepers E, Glorieux G. Uremic toxins: do we know enough to 
explain uremia? Blood Purif2008; 26: 77-81 

3. Agalou S, Ahmed N, Babaei-Jadidi R, Dawnay A, Thornalley PJ. Profound mishandling 
of protein glycation degradation products in uremia and dialysis. J Am Soc Nephrol 
2005; 16: 1471-1485 

4. MonnierVM, Cerami A. Nonenzymatic browning in vivo: possible process for aging of 
long-lived proteins. Science 1981; 211: 491-493 

5. Thorpe SR, Baynes JW. Maillard reaction products in tissue proteins: new products and 
new perspectives. Amino Acids 2003; 25: 275-281 

6. Thornalley PJ, Rabbani N. Highlights and hotspots of protein glycation in end-stage 
renal disease. Semin Dial 2009; 22: 400-404 

7. Kumagai T, Nangaku M, Kojima I et al. Glyoxalase I overexpression ameliorates renal 
ischemia-reperfusion injury in rats. Am J Physiol Renal Physiol 2009; 296: F912-F921 

8. Uribarri J, Cai W, Sandu 0, Peppa M, Goldberg T, Vlassara H. Diet-derived advanced 
glycation end products are major contributors to the body's AGE pool and induce 
inflammation in healthy subjects. Ann N Y  Acad Sci 2005; 1043: 461-466 

9. Koyama H, Nishizawa Y. AG Es/RAGE in CKD: irreversible metabolic memory road toward 
CVD? Eur J Clin Invest 201 O; 40: 623-635 

10. Galli F. Protein damage and inflammation in uraemia and dialysis patients. Nephrol 
Dial Transplant 2007; 22 Suppl 5: v20-v36 

11. Semba RD, Fink JC, Sun K, Bandinelli S, Guralnik JM, Ferrucci L. Carboxymethyl-lysine, 
an advanced glycation end product, and decline of renal function in older community
dwelling adults. Eur J Nutr 2009; 48: 38-44 

12. Henle T, Deppisch R, Beck W, Hergesell 0, Hansch GM, Ritz E. Advanced glycated end
products (AGE) during haemodialysis treatment: discrepant results with different 
methodologies reflecting the heterogeneity of AGE compounds. Nephrol Dial 
Transplant 1999; 14: 1968-1975 

13. Hou FF, Ren H, Owen WF, Jr. et al. Enhanced expression of receptor for advanced 
glycation end products in chronic kidney disease.) Am Soc Nephrol 2004; 15: 1889-1896 

14. Uribarri J, Peppa M, Cai W et al. Dietary glycotoxins correlate with circulating advanced 
glycation end product levels in renal failure patients. Am J Kidney Dis 2003; 42: 532-538 

15. Hartog JW, Hummel YM, Voors AA et al. Skin-autofluorescence, a measure of tissue 
advanced glycation end-products (AGEs), is related to diastolic function in dialysis 
patients. J Card Fail 2008; 14: 596-602 

32 



Advanced Glycation End-Products and Skin Autofluorescence 

in Chronic Kidney Disease: a Review 

16. Jiang J, Chen P, Chen J et al. Accumulation of tissue advanced glycation end products 
correlated with glucose exposure dose and associated with cardiovascular morbidity 
in patients on peritoneal dialysis. Atherosclerosis 2012; 224: 187-194 

17. Ueno H, Koyama H, Fukumoto S et al. Advanced glycation end products, carotid 
atherosclerosis, and circulating endothelial progenitor cells in patients with end-stage 
renal disease. Metabolism 2011; 60: 453-459 

18. Meerwaldt R, Graaff R, Oomen PH et al. Simple non-invasive assessment of advanced 
glycation end product accumulation. Diabetologia 2004; 47: 1324-1330 

19. Meerwaldt R, Hartog JW, Graaff R eta/. Skin autofluorescence, a measure of cumulative 
metabolic stress and advanced glycation end products, predicts mortality in 
hemodialysis patients. J Am Soc Nephrol 2005; 16: 3687-3693 

20. den Hollander NC, Mulder DJ, Graaff R eta/. Advanced glycation end products and the 
absence of premature atherosclerosis in glycogen storage disease la. J Inherit Metab 
Dis 2007; 30: 916-923 

21. Smit AJ, Gerrits EG. Skin autofluorescence as a measure of advanced glycation 
end product deposition: a novel risk marker in chronic kidney disease. CurrOpin Nephrol 
Hypertens 201 O; 19: 527-533 

22. McIntyre NJ, Fluck RJ, McIntyre CW, Taal MW. Skin autofluorescence and the association 
with renal and cardiovascular risk factors in chronic kidney disease stage 3. Clin J Am 
Soc Nephro/ 2011; 6: 2356-2363 

23. Tanaka K, Tani Y, Asai J et al. Skin autofluorescence is associated with renal function 
and cardiovascular diseases in pre-dialysis chronic kidney disease patients. Nephrol 
Dial Transplant 2011; 26: 214-220 

24. McIntyre NJ, Chesterton LJ, John SG et al. Tissue-advanced glycation end product 
concentration in dialysis patients. Clin J Am Soc Nephrol 201 O; 5: 51-55 

25. Arsov S, Graaff R, Morariu AM et al. Does hepatitis C increase the accumulation of 
advanced glycation end products in haemodialysis patients? Nephrol Dial Transplant 
201 O; 25: 885-891 

26. Meerwaldt R, Lutgers HL, LinksTP eta/. Skin autofluorescence is a strong predictor of 
cardiac mortality in diabetes. Diabetes Care 2007; 30: 107-112 

27. Genuth S, Sun W, Cleary P et al. Glycation and carboxymethyllysine levels in skin 
collagen predict the risk of future 10-year progression of diabetic retinopathy and 
nephropathy in the diabetes control and complications trial and epidemiology of 
diabetes interventions and complications participants with type 1 diabetes. Diabetes 
2005; 54: 3103-3111 

28. Yamagishi S, Matsui T, Ueda S, Nakamura K, Imaizumi T. Advanced glycation end 
products (AGEs) and cardiovascular disease (CVD) in diabetes. Cardiovasc Hematol 
Agents Med Chem 2007; 5: 236-240 

33 



Advanced glycation end-products in hemodialysis patients 

29. Lutgers HL, Graaff R, de VR, Smit AJ, Dullaart RP. Carotid artery inti ma media thickness 
associates with skin autofluoresence in non-diabetic subjects without clinically 
manifest cardiovascular disease. Eur J Clin Invest 201 O; 40: 812-817 

30. Dzau VJ, Gnecchi M, Pachori AS, Morello F, Melo LG. Therapeutic potential of endothelial 
progenitor cells in cardiovascular diseases. Hypertension 2005; 46: 7-18 

31. Makulska I ,  Szczepanska M, Drozdz D, Polak-Jonk isz D, Zwol inska D. Skin 
autofluorescence as a marker of cardiovascular risk in children with chronic kidney 
disease. Pediatr Nephrol 2012; 

32. Gerrits EG, Lutgers HL, Smeets GH et al. Skin autofluorescence: a pronounced marker 
of mortality in hemodialysis patients. Nephron Extra 2012; 2: 184-191 

33. Lutgers HL, Gerrits EG, Graaff R et al. Skin autofluorescence provides additional 
information to the UK Prospective Diabetes Study (UKPDS) risk score for the estimation 
of cardiovascular prognosis in type 2 diabetes mellitus. Diabetologia 2009; 52: 789-797 

34. Himmele R, Jensen L, Fenn D, Ho CH, Sawin DA, Diaz-Buxo JA. A new neutral-pH low
GDP peritoneal dialysis fluid. Perit Dial Int 2012; 32: 444-452 

35 . Macsai E, Benke A, Cseh A, Vasarhelyi B. Factors influencing skin autofluorescence of 
patients with peritoneal dialysis. Acta Physiol Hung 2012; 99: 216-222 

36. Kawanishi K, Honda K, Tsukada M, Oda H, Nitta K. neutral solution low in glucose 
degradation products is associated with less peritoneal fibrosis and vascular sclerosis 
in patients receiving peritoneal dialysis. Perit Dial Int 2012; 

37. Lee HY, Choi HY, Park HC eta/. Changing prescribing practice in CAPO patients in Korea: 
increased utilization of low GDP solutions improves patient outcome. Nephrol Dial 
Transplant 2006; 21: 2893-2899 

38. Klemm A, Franke C, Busch M et al. Influence of hemodialysis membrane permeability 
on serum levels of advanced glycation end products (AGEs) and homocysteine 
metabolites. Clin Nephrol 2004; 61: 191-197 

39. Stein G, Franke S, Mahiout A et a/. Influence of dialysis modalities on serum AGE levels 
in end-stage renal disease patients. Nephrol Dial Transplant 2001; 16: 999-1008 

40. van TA, Schalkwijk CG, TeerlinkT et al. Influence of different haemodialysis modalities 
on AGE peptide levels: intradialytic versus long-term results. Nephron Clin Pract 2005; 
100: c1-c7 

41. Tessitore N, Lapolla A, Arico NC et al. Effect of protein leaking BK-F PMMA-based 
hemodialysis on plasma pentosidine levels. J Nephrol 2004; 17: 707-714 

42. Lin CL, Huang CC, Yu CC, Yang HY, Chuang FR, Yang CW. Reduction of advanced 
glycation end product levels by on-line hemodiafiltration in long-term hemodialysis 
patients. Am J Kidney Dis 2003; 42: 524-531 

43. Slowik-Zylka D, Safranow K, Dziedziejko V, Ciechanowski K, Dziewanowski K, Chlubek 
D. The effect of dialysis membrane type on plasma concentrations of pentosidine, a 
marker of carbonyl stress, in hemodialyzed patients. Pol Arch Med Wewn 2009; 119: 
614-620 

34 



Advanced Glycation End-Products and Skin Autofluorescence 

in Chronic Kidney Disease: a Review 

44. Baragetti I, Furiani S, Vettoretti S eta/. Role of vitamin E-coated membrane in reducing 
advanced glycation end products in hemodialysis patients: a pilot study. Blood Purif 
2006; 24: 369-376 

45. Furuya R, Kumagai H, Takahashi M, Sano K', Hishida A. Ultrapure dialysate reduces 
plasma levels of beta2-microglobulin and pentosidine in hemodialysis patients. Blood 
Purif 2005; 23: 311-316 

46. Gerdemann A, Wagner Z, Solf A eta/. Plasma levels of advanced glycation end products 
during haemodialysis, haemodiafiltration and haemofiltration: potential importance 
of dialysate quality. Nephrol Dial Transplant 2002; 17: 1045-1049 

47. lzuhara Y, Miyata T, Saito K et al. Ultra pure dialysate decreases plasma pentosidine, a 
marker of "carbonyl stress'� Am J Kidney Dis 2004; 43: 1024-1029 

48. Floridi A, Antolini F, Galli F, Fagugli RM, Floridi E, Buoncristiani U. Daily haemodialysis 
improves indices of protein glycation. Nephrol Dial Transplant 2002; 17: 871-878 

49. Lee AS, Lee YJ, Lee SM et al. An aqueous extract of Portulaca oleracea ameliorates 
diabetic nephropathy through suppression of renal fibrosis and inflammation in 
diabetic db/db mice. Am J Chin Med 2012; 40: 495-510 

50. Yan SJ, Wang L, Li Z et a/. Inhibition of advanced glycation end product formation by 
Pu-erh tea ameliorates progression of experimental diabetic nephropathy.J Agric Food 
Chem 2012; 60: 4102-411 0 

51. Liu IM, Tzeng TF, Liou SS, Chang CJ. Angelica acutiloba root alleviates advanced 
glycation end-product-mediated renal injury in streptozotocin-diabetic rats. J Food 
Sci 2011; 76: H165-Hl 74 

52. Cai Q, Li BY, Gao HQ et al. Grape seed procyanidin b2 inhibits human aortic smooth 
muscle cell proliferation and migration induced by advanced glycation end products. 
Biosci Biotechnol Biochem 2011; 75: 1692-1697 

53. Maeda S, MatsuiT, Takeuchi M eta/. Pigment epithelium-derived factor ( PEDF) inhibits 
proximal tubular cell injury in early diabetic nephropathy by suppressing advanced 
glycation end products ( AGEs)-receptor ( RAGE) axis. Pharmacol Res 2011; 63: 241-248 

54. Brignardello E, Runzo C, Aragno M et al. Dehydroepiandrosterone administration 
counteracts oxidative imbalance and advanced glycation end product formation in 
type 2 diabetic patients. Diabetes Care 2007; 30: 2922-2927 

55. Brownlee M, Vlassara H, Kooney A, Ulrich P, Cerami A. Aminoguanidine prevents 
diabetes-induced arterial wall protein cross-linking. Science 1986; 232: 1629-1632 

56. Chandra KP, Shiwalkar A, Kotecha J eta/. Phase I clinical studies of the advanced glycation 
end-product ( AGE)-breaker TRC4186: safety, tolerability and pharmacokinetics in 
healthy subjects. Clin Drug lnvestig 2009; 29: 559-575 

57. Nakamura T, Sato E, Fujiwara N et al. Calcium channel blocker inhibition of AGE and 
RAGE axis limits renal injury in nondiabetic patients with stage I or II chronic kidney 
disease. Clin Cardio/ 2011; 34: 372-377 

35 



Advanced glycation end-products in hemodialysis patients 

58. Vlassara H, Uribarri J, Cai W et al. Effects of sevelamer on HbA 1 c, inflammation, and 
advanced glycation end products in diabetic kidney disease. Clin J Am Soc Nephrol 
2012; 7: 934-942 

59. Sebekova K, Somoza V, Jarcuskova M, Heidland A, Podracka L. Plasma advanced 
glycation end products are decreased in obese children compared with lean controls. 
Int J Pediatr Obes 2009; 4: 112-118 

60. Maza MP, Bravo A, Leiva L eta/. Fluorescent serum and urinary advanced glycoxidation 
end-products in non- diabetic subjects. Biol Res 2007; 40: 203-212 

61. Schwenger V, Morath C, Schonfelder K et al. An oral load of the early glycation 
compound lactuloselysine fails to accumulate in the serum of uraemic patients. 
Nephrol Dial Transplant 2006; 21: 383-388 

62. Vlassara H ,  Cai W, Crandall J et al. Inflammatory mediators are induced by dietary 
glycotoxins, a major risk factor for diabetic angiopathy. Proc Natl Acad Sci U S  A 2002; 
99: 15596-15601 

63. Jochemsen BM, Mulder DJ, Van Doormaal JJ eta/. Relation between food and drinking 
habits, and skin autofluorescence and intima media thickness in subjects at high 
cardiovascular risk. Journal of Food and Nutrition Research 2009; 48: 51-58 

64. Corstjens H, Dicanio D, Muizzuddin Neta/. Glycation associated skin autofluorescence 
and skin elasticity are related to chronological age and body mass index of healthy 
subjects. Exp Gerontol 2008; 43: 663-667 

65. Hartog JW, de Vries AP, Bakker SJ et al. Risk factors for chronic transplant dysfunction 
and cardiovascular disease are related to accumulation of advanced glycation end
products in renal transplant recipients. Nephrol Dial Transplant 2006; 21: 2263-2269 

66. Hartog JW, Gross S, Oterdoom LH et al. Skin-autofluorescence is an independent 
predictor of graft loss in renal transplant recipients. Transplantation 2009; 87: 1069-
1077 

36 







Chapter 3 
Rate of accumulation of advanced g lycation end-products: 

repeated skin biopsies and skin  autofluorescence 

measurements i n  d iabetic hemodia lysis patients 

Stefan Arsov1 , Pavlina Dzekova1 , Lada Trajceska1 , Wim van Oeveren2, Andries .:J. Smit3, 

Bernd Stegmayr4, Casper Schalkwijk5, Aleksandar Sikole1 , Reindert Graaff6 and Gerhard 
Rakhorst7 

1 Dept. of Nephrology, Clinical Centre, Skopje, Macedonia 
2 Dept. of Cardiopulmonary Surgery, University Medical Center Groningen, The 
Netherlands 
3 Dept. of Internal Medicine, University Medical Center Groningen, The Netherlands 
4 Dept. of Nephrology, University Hospital, Umea, Sweden 
5 Dept. of Internal Medicine, University Hospital Maastricht, The Netherlands 
6 University Medical Center Groningen Staff, The Netherlands 
7 Dept. of Surgery, University Medical Center Groningen, The Netherlands 

To be submitted 



Advanced glycation end-products in hemodialysis patients 

Abstract 

Objectives: To measure the rate of accumulation of different Advanced Glycation 
End-products (AGEs) in the skin of diabetic hemodialysis (HD) patients over a period of one 
year and to find the factors that influence this process. 

Methods: Twenty-two diabetic HD patients were enrolled in this study. Skin biopsies 
were taken from 14 patients twice with an interval of one year. The amount of pentosidine, 
carboxymethyl-lysine (CML) and carboxyethyl-lysine (CEL) in the skin biopsies was measured 
biochemically. Skin autofluorescence (AF) was measured non-invasively to determine the 
AGEs accumulation in the skin. Dietary records from the HD patients were obtained to assess 
the calorie, protein and AGEs intake. Furthermore, Body Mass Index (BMI), as a measure of 
nutritional state, was obtained. 

Results: The pentosidine, CML and CEL content of the biopsies correlated with Skin 
AF, but all four variables were not significantly different between the two time points. We 
found that the independent predictors of the one year increase of pentosidine were: one 
year increase of Skin AF and the Skin AF value at the first time point. The independent 
predictors of the one year increase of CML were: one year increase of Skin AF, the Skin AF 
value at the second time point and the 4th quintile of BMI. The independent predictors of 
the one year increase of CEL were the one year increase of Skin AF and the 4th quintile of 
BMI. Neither the amount of AGEs measured in the skin biopsies nor their one year increase 
correlated with the intake of AGEs, proteins and calories. 

Conclusions: Biochemically determined skin AGEs of the diabetic HD patients did 
not show a significant increase in one year time. The rate of Skin AGEs accumulation is 
independently associated with Skin AF rate of increase and nutritional state. 
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Introduction 

Rate of accumulation of advanced glycation end-products: repeated skin biopsies 

and skin autofluorescence measurements in diabetic hemodialysis patients 

Advanced glycation end-products (AGEs) are formed during glycemic and oxidative 
stress and the accumulation of these products is increased in diabetes, renal failure and 
chronic inflammatory conditions 1. AGEs are associated with the development of long-term 
complications of ESRD2 • Skin AGEs levels are strong and independent predictors of the 
progression of kidney impairment in patients with diabetes3;4• 

There are many different AG Es. Some of the most studied AG Es are NE-carboxymethyl
lysine (CML), NE-carboxyethyl-lysine (CEL), pentosidine, 3-deoxyglucosone-(DG)-imidazolone 
and pyrraline. Some of the AG Es are flu_orescent (pentosidine) while others are not (CEL, 
CML). 

Skin Autofluorescence (AF) is a non-invasive method to measure the level of AGEs in 
tissue5• The level of Skin AF at a given moment is an independent predictor of the overal l  
and cardiovascular disease (CVD) mortality in HD patients6• An association between Skin 
AF accumulation and vintage of the HD treatment has been shown6•9, however to our 
knowledge no prospective study to directly measure the change in tissue AG Es over time in 
HD patients has ever been done. We believe that the changes in the tissue AG Es over time 
should be highest in HD patients with Diabetes. 

The aim of this study is to measure the rate of accumulation of different AGEs in 
the skin of diabetic hemodialysis (HD) patients, directly from biopsies and by means of 
measurements of Skin AF over a period of one year, and to find the factors that influence 
their rate of accumulation. 

Methods 

Twenty-two diabetic HD patients from the Department of Nephrology in Skopje, 
Macedonia were enrolled in a European collaborative clinical prospective study on Skin 
AGE accumulation. Skin biopsies of all 22 diabetic HD patients were taken at the start of the 
study, however of only 14 patient a second sample was taken after one year. Furthermore, 
their Skin AF was measured twice also at one year interval. Routine blood examinations were 
done, as wel l  as plasma, markers of oxidative stress, inflammation, endothelial activation 
and cellular injury. The study protocol was approved by an Ethics Committee, and written 
informed consent was obtained from each patient. The following exclusion criteria were 
used: less than 3 months on HD; acute il lness or hospitalization three weeks prior to the 
start of the study; neoplasm; previous kidney transplantation. 

Patient characteristics 

The presence of CVD, hypertension and diabetes were defined using the following 
criteria: A patient was considered to have CVD when signs of coronary heart disease, 
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peripheral vascular disease, or cerebrovascular disease were demonstrated, (International 
Classification of Diseases, Tenth Revision, Clinical Modification codes 120, 121, 163, 170, and 
173)1°. 

Hypertension was defined as a sys�olic blood pressure of >140 mmHg or a diastolic 
pressure of >90 mmHg mepsured on at lehst three different occasions 1 1 • Also patients under 
antihypertensive medication were regarded as hypertensive patients. 

Diabetes was defined by conventional American Diabetes Association criteria 12•  

HD vintage was defined as the duration of the period between the initiation of long
term HD treatment and the start of the study. 

Dialysis treatment 

All patients underwent HD treatment three ti�es per week with a median session 
duration of 4 hours. The duration of the HD session yvas individually adjusted, according to 
Kidney Disease Outcomes Quality Initiative guidelines, to maintain an equilibrated KtN > 1.2. 
The patients were dialyzed with a non-glucose containing bicarbonate dialysis solutions 
{Aminal 100B + Aminal 1 00CK, Alkaloid, Skopje, Macedonia) using one of the available 
low-flux polysulfone {F l 0 HPS-surface area 2.2 m2, Fresenius, Bad Homburg, Germany) or 
polyamide {Poliflux 6L-surface area 1.4 m2, Gambro, Lund, Sweden) dialyzer membranes. 
The blood flow of the HD device was aimed to be at 300 ml/min and the dialysate flow was 
500 ml/min. Patients received standard medical care as appropriate for HD patients. 

Skin Biopsies 

From the 169 prevalent HD  patients in the Department of Nephrology in Skopje, 
Macedonia 41 (24 %) were with diabetes. We found 22 diabetic HD volunteers that were 
willing to participate in our study, provided that the biopsies were taken from the shoulder 
region and not from the forearm in order not to influence the vascular anastomosis and 
prevent the possible infection in that region. At two time points one year apart, full-thickness 
excision skin biopsies (:::::SXS mm) were taken from the scapular region under 2% lidocaine 
local anesthesia. The skin samples were frozen in liquid nitrogen and subsequently stored at 
-80 °C. Approximately, one year later second skin biopsies were taken in the same manner 
from the opposite scapular region. 

Pentosidine levels in the tissue biopsies were measured by high performance liquid 
chromatography {HPLC)1 3

• Tissue proteins were hydrolysed in 6 N HCL. Separation was 
done with a run-to-run time of 30 min, on a Cl 8 Allspehere ODS-I I column with a citric 
acid acetonitrile buffer. Detection of pentosidine was based on its own fluorescence 
characteristics using fluorimetric detection (Ex = 325 nm, Em = 385 nm). This detection 
enables sensitive and specific determination of pentosidine with a detection limit of 2.2 
nmol/L or 0.02 pmol/mg. CML and CEL were determined by stable-isotope-dilution liquid 
chromatography tandem mass spectrometry {SLC/MS)14• CML and CEL were liberated from 
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plasma proteins by acid hydrolysis after addition of deuterated CML and CEL as internal 
standards. Chromatographic separation was performed by gradient-elution reversed
phase chromatography with a mobile phase containing 5 mmol/L nonafluoropentanoic 
acid as ion-pairing agent. Mass transitions of 205. 1 �s4.1 and 219. 1 �s4.1 for CML and 
CEL, respectively, and 209.1 �aa.1 and 223. 1 �as. 1 for their respective internal standards 
were monitored in positive-ion mode. The measurements were normalized to the amount 
of lysine as a marker of the protein content of the skin sample. These measurements were 
done at University Medical Center Maastricht. 

Skin Autofluorescence 

Skin AF of the forearm was measured using an AGE Reader (DiagnOpticsTechnologies 
BV, Groningen, The Netherlands). The AGE-Reader illuminates a skin surface of approximately 
4 cm2with excitation light mainly between 350 and 420 nm (peak excitation approximately 
370 nm). The measured Skin AF is the average reflected light intensity between 420 - 600 
nm, divided by the amount of reflected light between 300 - 420 nm, multiplied by 100, Skin 
AF = reflected light (420 - 600 nm) / reflected light (300 - 420 nm) * 100. In order to correct 
Skin AF as a function of skin colour, reflection measurements with a white LED were obtained 
with the AGE Reader as well. Skin AF is measured in arbitrary unites (AU). The measurements 
were performed in triplicate at room temperature in a room with windows covered by 
curtains to avoid disturbances by sun illumination (semi-dark). The median value of the 
triple measurement was used for further analysis. We used AGE Reader software version 2.3 
that included correction for dark skin color1 5 • Skin AF measurements we done twice with a 
period of one year between them. 

Biochemical blood analyses 

The routine monthly analysis that was performed less than 15 days from the 
day of Skin AF measurements was used in our study. The following routine laboratory 
parameters were used: urea, creatinine, sodium (Na+), potassium (K+), calcium (Ca++), 
phosphates, hemoglobin concentration, platelets count, alkaline phosphates (AP), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), gamma glutathione-5-transferase 
(y-GST), lactate dehydrogenase (LDH), plasma total proteins, plasma albumin, direct and 
total bilirubin, uric acid and hepatitis-B-virus surface antigen (HBsAg). All these values were 
applied in the statistical analysis of the results. 

Additional blood analysis of the concentration of Superoxide Dismutase (SOD), 
Myeloperoxydase (MPO), high sensitive (-Reactive Protein (hs-CRP), von Willebrand Factor 
(vWF), Inter-Cellular Adhesion Molecule 1 (ICAM-1) and Heart-type Fatty Acid Binding Protein 
(H-FABP) in blood plasma were performed. The methods used in the additional analysis have 
been previously described in detail16• 
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The blood samples for the additional bJood analysis were taken on the day of the Skin 
AF measurements. All blood samples were taken from the arterial line of the vascular access 
at the end of the HD session. In a previous study we have confirmed that the concentrations 
of the measured plasma markers are not affected by the HD session therefore they were 
allowed to be measured at the end of the HD session 9. 

Nutritional Records 

Two dietary records, one in autumn and one in spring, from the diabetic HD patients 
were obtained to assess the calorie, protein and AGE intake per year and to investigate 
the existence of possible seasonal variation. The dietary records from these patients were 
obtained for 7 consecutive days. The method of calculation the amount of AG Es in the food 
was recently submitted for publication. The amount of calories and proteins was calculated 
using tables from The United States Department of Agriculture Nutrition's Database 17• 

Body Mass Index (BMI), as a measure of nutritional state, was calculated as a ratio of dry 
weight in kilograms (end-dialysis weight) to height squared (in square meters)1 8• 

Statistical Analyses 

Comparisons between the variables were performed with paired or independent 
Student t-test depending of the relation between the variables. If the data were skewed 
a log

1 0  
transformation was used. The correlations were analyzed with Spearman rank 

method. Multiple linear regression analysis was used to find the independent factors of AGE 
accumulation. In the linear multiple regression models we used only the variables that had 
p < 0.10 in the univariate analysis. Two-tailed p < 0.05 was considered significant. Data are 
shown as mean ± standard deviation. 

Results 

The mean age of the 22 diabetic HD patients at the start of this study was 60 years 
(range 43 - 82). The mean HD vintage was 5.1 years (range 1.1 - 20.8). The weekly average 
dialysis duration was 12.2 hours (range 9 - 15). Seven diabetic HD patients (32 %) had CVD. 
The patient characteristics are listed in Table 1. From the additional blood analysis SOD, 
MPO, ICAM-1, hs-CRP and H-FABP were higher than the reference values at the start of the 
study; the values are listed in Table 2. 
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Table 1 .  Characteristics of all 22 diabetic HD patients at the beginning of the study 

Variable 

Gender {Male) 
Age (years) 
Smokers 

CVD history 
HbSAg 

Hypertension 
HD vintage (years) 

Average weekly duration of the HD treatment (hours) 

15 (68%) 
60.3±9.2 
2 (9%) 
7 (32%) 
2 (9%) 

4 (18%) 
5.10±5.04 
12.2±0.46 

CVD- Cardiovascular Disease; HbSAg- Hepatitis B Surface Antigen; HD- Hemodialysis 

Table 2. Additional Blood analysis at the beginning of the study 

Variable Reference Value This study 

SOD (ng/ml) 48±235 480 ± 260 
MPO (ng/ml) 43.80± 23.3036 600 ± 306 

hs-CRP (µg/ml) <5 12 ± 26 
ICAM-1 (ng/ml) 0.111± 0.01 737 2.3 ± 0.8 
vWF (%pool} 50-166% 140 ± 52 

H-FABP (ng/ml} 4.4±3.938 37±34 

SOD- Superoxide Dismutase; MPO- Myeloperoxydas; ICAM-1 - Inter-Cellular Adhesion Molecule- 1 ;  hs-CRP- High 

Sensitive (-Reactive Protein; H-FABP- Heart-type Fatty Acid Binding Protein; vWF-von Willebrand Factor 

AGEs Content and Skin Autofluorescence 

Using paired t-test we compared the pentosidine, CML and CEL content of the diabetic 
HD patients at 12 month interval. The pentosidine, CML and CEL were not significantly 
different between the time points. Also the Skin AF did not significantly change in the 
period of 12 months between the time points as shown in Table 3. The levels of pentosidine, 
CML and CEL at the first time point correlated with each other; the strongest correlation 
was between pentosidine and CML {R = 0.939 p < 0.0001}, the less strong correlation was 
between CML and CEL {R = 0.852 p < 0.001) and the weakest was between pentosidine 
and CEL (R = 0.688 p < 0.001 ). At the second time point also the strongest correlation was 
between pentosidine and CML {R = 0.883 p < 0.001} the second also was between CML 
and CEL {R = 0.641 p = 0.02) whereas the correlation between pentosidine and CEL was 
not significant. 
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In the univariate linear regression we found that pentosidine, CML and CEL correlate 
with the Skin AF at the start of the study (R = 0.547 p = 0.02, R = 0.534 p = 0.02 and R = 0.443 
p = 0.04, respectively). Multivariate linear regression analysis showed that independent 
markers of the level of pentosidine at the start of the study were: Skin AF and LDH, (R = 
0.781; p = 0.01 ). Independent predictors of CML at the start of the study were: Skin AF and 
MPO (R = 0.694; p = 0.01) whereas the independent predictor of CEL at the start of study 
was Skin AF and 4th Quintile of BMI (R =0.639; p =0.02). 

Table 3. Advanced Glycation End-Products at 2 time points 12 months apart 

Pentosidine CML CEL Skin AF (nmol/mmol (nmol/mmol (nmol/mmol (AU) Lysine) Lysine) Lysine) 

Time Point 1 43.7±29.1 942±362 337±74.4 3.20± 0.93 
Time Point 2 37.4±12.1 874±175 327±66.5 3.50±0.76 
p-value T-test 0.449 0.526 0.659 0.093 (paired) 

CML- Carboxyymethyl-lysine; CEL- Carboxyethyl-lysine; AF- Autoflorescence 

Furthermore, linear multiple regression analysis of the factors that influence the one 
year increase of pentosidine, CML and CEL was performed. We found that independent 
predictors of the one year increase of pentosidine were: one year increase of Skin AF and 
Skin AF at the first time point (Table 4). The independent predictors of the one year increase 
of CML were: one year increase of Skin AF, Skin AF at the second time point and 4th quintile 
of BMI (Table 5). The independent predictors of the one year increase of CEL were the one 
year increase Skin AF and 4th Quintile of BMI (Table 6). 

AGEs content and nutritional analysis 

The daily AGE intake 8.7 ± 3.6 MU/day of the autumn record did not significantly differ 
from the value in the spring record, 9.6 ± 3.4 MU/day. The protein intake was 1.5 ± 0.9 and 
1.4 ± 0.7 g/kg of body weight per day respectively, which was slightly above the upper limit 
of the KDOQI guidelines which recommend a protein intake of 1.2 to 1.3 g/kg body weight 
per day 1 9• Furthermore, the calorie intake of 26.4 ± 7.3 in the first record and 27.3 ± 5.4 Kcal/ 
kg body weight per day in second record were slightly below KDOQI guidelines of 30-35 
Kcal/kg bodyweight per day for HD patients 1 9• 

The pentosidine, CML and CEL content of the skin biopsies did neither correlate with 
the AGE, protein and calorie intake at the first nor at the second time point. Furthermore, 
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the one year increase of pentosidine, CML and CEL of the skin biopsies did not correlate 
with the AGE, protein and calorie intake 

Table 4. One year increase of skin Pentosidine (nmol/mmol Lysine) and demographic, 
biochemical and other parameters of diabetic hemodialysis patients 

Univariate Analysis Multivariate Analysis 
Variable 

R value p-value R value p-Value 

One year increase of Skin AF 0.728 0.017 0.687 0.003 
CVD -0.627 0.039 

Skin AF T1 0.796 0.006 0.598 0.007 
Skin AF T2 -0.648 0.043 

BMI 4th Quintile -0.646 0.032 
Glucose -0.673 0.023 

LDH 0.682 0.021 
vWF 0.655 0.040 

hs-CRP -0.682 0.021 

AF- Autofluorescence; CVD- Cardiovascular Disease; BMI- Body Mass Index; LDH-Lactate Dehydogenase; vWF- von 

Willenbrand Factor; hs-CRP- High Sensitive (-Reactive Protein; 

Table s. One year increase of skin NE-carboxymethyl-lysine (nmol/mmol Lysine) and demo
graphic, biochemical and other parameters of diabetic hemodialysis patients 

Univariate Analysis Multivariate Analysis 
Variable 

R value p-value R value p-Value 

One year increase of Skin AF 0.721 0.019 0.641 0.001 
CVD prevalence -0.689 0.019 

Skin AFT2 0.625 0.053 0.444 0.007 
BMI 4th Quintile -0.595 0.053 -0.437 0.014 

Trombocites -0.848 0.033 
LDH 0.711 0.014 

hs-CRP -0.710 0.014 
SOD 0.553 0.078 

AF- Autofluorescence; CVD- Cardiovascular Disease; BMI- Body Mass Index; LDH- Lactate Dehydogenase; hs-CRP

High Sensitive (-Reactive Protein; SOD- Superoxide Dismutase; 

47 



Advanced glycation end-products in hemodialysis patients 

Table 6. One year increase of skin NE-carboxyethyl-lysine (nmol/mmol Lysine) and demo
graphic, biochemical and other parameters in diabetic hemodialysis patients 

Variable 
Univariate Analysis Multivariate Analysis 

R value p-value R value p-Value 

One year increase of Skin AF 0.799 0.006 0.893 0.007 
Skin AF T1 0.762 0.010 

BMI 4th Quintile -0.643 0.033 -0.677 0.030 
LDH 0.745 0.009 

ICAM-1 0.619 0.042 
vWF 0.642 0.045 

AF- Autofluorescence; BMI- Body Mass Index; ICAM-1 - Inter-Cellular Adhesion Molecule-1 ;  vWF- von Willebrand 

Factor; 

Nutritional Analysis 

The daily AGE intake 8.7 ± 3.6 MU/day of the autumn record did not significantly differ 
from the value in the spring record, 9.6 ± 3.4 MU/day. The protein intake was 1.5 ± 0.9 and 1.4 
± 0.7 g/kg of body weight per day respectively, which was slightly above the upper limit of 
the KDOQI guidelines which recommend a protein intake of 1.2 to 1.3 g/kg body weight per 
day22• Furthermore, the calorie intake of 26.4 ± 7.3 in the first record and 27.3 ± 5.4 Kcal/kg 
body weight per day in second record were slightly below KDOQI guidelines of 30-35 Kcal/ 
kg bodyweight per day for HD patients22• The AGE intake as well as the protein and calorie 
intake was not significantly different between the autumn and spring records. Therefore, 
we can conclude that the food intake was rather stable during the year. 

Patients '  Mortality 

In the time period of 36 months of follow-up 9 diabetic HD patients died (41 %): 6 from 
CVD, 3 from non-CVD (infections and liver failure). Univariate Cox regression analysis was 
applied to overall mortality, using all clinical, demographical, biochemical and nutritional 
parameters, and the Skin AF and skin biopsies AGEs measurements. The variables that had 
a p s 0.10 in the univariate Cox regression analysis were included i.n the multivariate Cox 
regression. In the multiple Cox regression analysis of mortality the Skin AF at the start of the 
study, one year increase of Skin AF and hs-CRP appeared to be the independent predictors 
(Table 7). 
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Discussion 

Rate of accumulation of advanced glycation end-products: repeated skin biopsies 

and skin autofluorescence measurements in diabetic hemodialysis patients 

In the present study we measured skin AGEs directly using HPLC and SLC/MS, as well 
as with Skin AF at one year interval in diabetic HD patients. To our surprise we did not note 
a significant change in level of skin AGEs as determined from the biopsies and Skin AF 
between the measurements at one year interval in our group of diabetic HD patients. This 
can be due to the small size of the group. 

In validation studies using skin biopsies taken from the site of Skin AF measurements, 
a strong correlation was found between Skin AF and the skin contents of pentosidine, CEL 
and CML in healthy subjects, glycogen storage disease and in HD patients5;6;20• In our study 
the skin levels of pentosidine, CEL and CML measured at the scapular region correlated only 
slightly weaker with Skin AF measurement at the forearm than in the studies mentioned 
above. The only weaker correlation between Skin AF and direct skin AGEs measurements 
at different locations than at the same location suggests that the skin AGEs accumulation 
is relatively uniform on the body. 

Furthermore, we found that the one year increase of CML and CEL is influenced by 
the BMI, the 4th quintile of BMI (22.1 - 25.9 kg/m2) resulted in lower one year increase of the 
Skin AGEs. This is in agreement with the results of a previous study in which we found a 
relationship between BMI and the one year increase of Skin AF, which can be represented 
by a U-shaped curve with the lowest point at a BMI of 24.3 kg/m2

• These two studies indicate 
that there is an optimal level of BMI around the WHO upper limit that results in lowest rate 
of AGEs accumulation. 

The mean daily AGE intake of 9.6 MU/day in the present study was 40% lower when 
compared to the AGE intake of HD patients in a study in the United States who had an 
average AGE intake of 16 MU/day21 • Vlassara et al22 and Negrean et al 23 described prospective 
studies using a low AGE diet of 3 - 4 MU/day and a high AGE diet of 15 - 16 MU/day. In this 
regard the daily AGE intake of our study group was intermediate to those studies. 

Some controversy remains on the relationship between AGE intake and plasma AGE 
in humans22;24-26• Uribarri et al2 1 first showed that AGE intake correlates with circulating AGE 
levels in renal failure patients. Others found that a single point measurement of Skin AGEs, 
u�ing Skin AF, was not correlated with the AGE intake of elderly healthy subjects27• In a 
recent study in our Skopje dialysis center we found that the one year increase of Skin AF 
had a borderline negative correlation with AGE and calorie intake. In the present study the 
AGEs in the skin measured by HPLC and (SLC/MS) did not correlate with the AGE, protein 
and calorie intake in diabetic HD patients. 

Limitations 

The number of diabetic HD patients on which skin AGEs measurements were 
performed was only 22; therefore the power of the study was limited. A low number of 
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recruited d iabetic HD patients could be expected due to the invasive nature of the skin 
AGEs measurements. 

The assessments of the d ietary intake were performed at two time points with 
6 months interval and were not performed at the same time as the Skin AF and AGEs 
measurement. We assumed that no seasonal changes in the dietary intake of AGE, calories 
and proteins were present. 

Conclusions 

Skin AG Es of the diabetic HD patients measured by Skin AF and direct AG Es methods 
did not show a significant increase in one year time. The rate of Skin AGEs accumulation is 
independently associated with Skin AF, the rate of increase of Skin AF and nutritional state 
(BMI). 
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Advanced glycation end-products in hemodialysis patients 

Abstract 

Background and objectives: Tissue advanced glycation end products (AGE) a re 
products of cumulative metabol ic and oxidative stress and inflammatory reactions. AGE 
contr i bute to the card iovascu la r  comp l ications of haemodia lys is (HD) patients .  Sk in  
autofluorescence (AF) is related to the accumulation of AGE, and is one of the strongest 
prognostic markers of morta l i ty in these patients. The a im was to i nvestigate whether 
changes in Sk in AF could be observed after a s ing le HD treatment. 

Design, setting, participants & measurements: A cl in ica l  prospective interventional 
study was performed on 35 patients on maintenance HD therapy (9 women and 26 men, 
median age 68 years, range 33-83) at the Un iversity Hospital in  Umea. Median d ia lysi s  time 
was 4 hours (range 3-5 .5). Skin and Plasma AF measurements were performed before and 
after HD. 

Sk in AF was measured non- i nvas ively with an AGE Reader before and  after H D  
treatment using dialysate that conta ined 5 mmol/1 of glucose. Plasma A F  was measured at 
460 nm after excitation at 370 nm.  

Results: The HD  patients had on average a 65% h igher  Skin AF va lue  than age
matched healthy persons (p < 0.00 1 ) .  Plasma AF was reduced by 1 4% (p  < 0.001 ), whereas 
Skin AF was not changed after a s ing le HD treatment. 

Conclusions: This  study showed that although Plasma AF decreased s ign ificantly 
after a single HD session, this did not lead to instant differences in the card iovascular risk 
marker Skin AF. Nevertheless, adequate HD remains important also from the point of view 
of clearance of solutes that otherwise contribute to the progression of card iovascula r  
morbid ity. 
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Introduction 

Skin AF, a Measure of Cumulative Metabolic stress and AGEs, i s  not 
changed by the decrease in plasma fluorescence during haemodialysis. 

Advanced g lycation end products (AGE) are products of cumulative metabol ic and 
oxidative stress and inflammatory reactions. AGE accumulation i n  t i ssue i s  thought to 
contribute to the chron ic compl ications of diabetes and end stage renal  d isease (ESRD), 
such as dia lysis amyloidosis and card iovascular d iseases 1 •8• 

AGE accumulates in the body as a result of a combination of hyperglycaemia, oxidative 
and carbonyl stress, and decreased renal  clearance of AGE precursors. The carbonyl stress 
theory formulates that i ncreased oxidation of carbohydrates and l ipids and/or inadequate 
detoxification of carbonyl compounds may contribute to the formation of AGEs. AGEs act 
d i rectly to induce cross- l inking of long-l ived proteins such as col lagen to promote vascular 
stiffness and thus a lter vascular structure and function. I nteraction with receptors, such as 
the receptor for AGE (RAGE), induces intracel lular s ignal l ing that leads to enhanced oxidative 
stress and elaboration of key pro-inflammatory and prosclerotic cytokines8• 

Well-function ing kidneys are important organs that contribute i n  the e l imination 
of AGE, whereas AGE a re s i gn ifi cantly i ncreased i n  u raemia even in the absence of 
hyperglycaemia. The increased accumulation of AGE that is found i n  HD patients is related 
to the lack of both breakdown and removal of AGE by the impaired kidneys9• Therefore, a 
progressive chronic kidney disease wil l increase the risk for accumulation of such substances. 
The consequence of such retention wi l l  be a progressive damage of e.g. vascula r  cel l s  
such as endothel ia l cel l s, and subsequent a progress of atherosclerosis  and cardiovascular 
d iseases: , 0-1 2• 

Tissue autofluorescence has shown to be related to the accumulation of AGE in the 
skin 1 3• Unti l recently, skin AGE could only be determined from biopsies. Nowadays, a new 
non-invasive optical tool, the AGE Reader (DiagnOptics, Gron ingen, The Netherlands) is 
avai lable to measure skin autofluorescence (Skin AF), which makes it possible to recognize 
the state of increased ski n  AGE non-invasively14: 15. 

In a study by Meerwa ldt et a l .  in patients on haemod ia lys i s  it was shown with 
a prototype of the AGE Reader that, after th ree yea rs fol low up, Sk in AF was a strong 
i nd�pendent p red i ctor of overa l l  and  ca rd iovascu la r  morta l ity, as were p re-exist i n g  
cardiovascular d isease, CRP and s-albumin. Skin A F  was a stronger predictor of cardiovascular 
mortal ity than of overa l l  mortal ity5. The prototype of the AGE Reader, the AF Reader (AFR) 
was val idated by comparing Skin AF values with AGE content measured in extracts from skin 
biopsies of control and diabetic subjects 1 5, as wel l as from dialysis subjects5• I n  these stud ies 
the fluorescent AGE pentosidine, as wel l  of the non-fluorescent AGEs carboxy(m)ethyl lys ine, 
CML and CEL, were s ign ificantly related to Skin AF. I n  a later combined analys is, Skin AF 
appeared to be related to 76% with dermal pentosidine 1 6• Therefore, Skin AF i s  expected to 
measure main ly tissue-bound AGEs, leaving only a restricted influence for other variables. 

Plasma AGE, low molecule weight AGE peptides in pla�ma, may be one of these 
remaining ·variables; plasma AGE show autofluorescence in  the same range (ex: 370 nm, em: 
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440 nm) and have increased val ues in patients on haemodia lysis, as compared to controls3' 

1 7• These strongly increased va l ues of the c ircu lating  AGE pentosid ine and other AGE in  
haemodia lysis patients are a consequence of the mentioned lack of remova l3' 1 8-21 • Henle et 
al . showed that plasma autofluorescence and plasma AGE levels were significantly decreased 
after haemodia lysis22 • Therefore, our hypothesis was that the response on haemodialysis 
can be used to investigate the influence of changes in  plasma autofluorescence on Skin AF. 

Objectives 

The a im of the present interventional study was to i nvestigate whether changes in  
Skin AF could be observed after a s ing le haemodialysis session. 

Material and Methods 
Study design 

A consecutive, prospective interventional study was performed at the haemodialysis 
centre at Norrlands Un iversity Hospital, Umea. Measurements of Skin AF with an AGE Reader 
and sampl ing of blood plasma were performed before and after a dia lys is sess ion. 

AGE Reader 

Three measurements of Skin AF at s l ightly different skin site·s on the forearm were 
performed at room temperature with the AGE Reader both before and after h�emodia lysis 
in a room with windows covered by curta ins to avoid d i rect sun i l lumination (semi-dark 
envi ronment) .  The AGE Reader (DiagnOpticsTechnologies BV, Groningen, The Netherlands) 
i l luminates a skin surface of ~ 4 cm2, guarded against surrounding l ight, with a l ight source 
that main ly provides excitation l ight a round a peak wavelength of 370 nm (range 350 - 420 
nm) .  Reflected l ight from the sk in and autofluorescence a re measurrd s imu ltaneously, 
using a bui lt-i n  AvaSpec 2048 spectrometer (Avantes, Apeldoorn, The Nether lands) with in  
the instrument. Sk in  AF  was based on the  ratio of  the  average l ight intensity pe r  nanometre 
in the range between 420 and 600 nm and the average l ight intensity per nm in the range 
between 300 and 420 nm (AF in a rbitrary units (AU)). Version 2.3 of the AGE Reader software 
has been used to work out the measurements. In th is  version, the effect of skin colour has 
been compensated for in the calculation of Skin AF23 • 

Plasma Autofluorescence 

Advanced g lycation end products (AGE) were determined i n  fresh frozen p lasma 
samples. Plasma samples were taken before and after d ialysis according to a protocol of 
Schwedler et al.20• Plasma samples were 50 times d i l uted in phosphate buffered sa l ine. 
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Skin AF, a Measure of Cumulative Metabolic stress and AGEs, is not 
changed by the decrease in plasma fluorescence during haemodialysis. 

Plasma fluorescence, P lasma AF, was measured at 460 nm after excitation at 370 nm,  us ing 
a FLUOstar Optima plate-reader {BMG Lab Technolog ies, Durham, USA) . 

Ethical considerations 

All patients were informed and volunteered of free wil l . The local eth ics com mittee 
approved the study. 

Demography 

Th is study included 35 patients, from which data of Skin AF and P lasma AF were 
avai lable both before and after haemodia lysis. The age range for the 26 men {67.6 ± 1 1 .5) 
was not d ifferent from that of the nine women {59.6 ± 1 4.8). Both groups d id not d iffer as 
wel l  in their HD vintage {30.3 ± 1 8.4 months for men and 40.2 ± 34.2 months for women). 
Age adjusted comparison with control va lues was appl ied as wel l, us ing publ ished resu lts 
of AGE Reader measurements on hea lthy controls, giving the expected va lue of Skin AF for 
subjects with the same age as the patients in the present study24• 

The need for haemodia lysis was caused by diabetic nephropathy for 7 patients (3 with 
diabetes mel l itus type 1 and 4 with type 2), hypertension and/or reno-vascu lar  disease for 8 
patients, primary glomeru lar d isorders for 8 patients, and by other reasons for the rema ining 
12 patients. Other demographic find ings of the patients were 3/34 current tobacco users 
{9%, data of 1 miss ing) and 20/33 previous tobacco users (57%, data miss ing in 2), none 
with hepatitis B or C, eight with a previous myocard ia l  infarction (23%), 5 with a p revious 
stroke { 1 4%), 1 8  with a h istory of cardiovascular d isease (5 1 %), 14 with d iabetes mel l itus 
{40%), 29 with hypertension (9 1 %, data missing in 3) and three with a prior kidney transplant 
(9%). Median duration of haemodia lysis was 22 months (range 1 - 1 06) . Four  patients were 
treated with the low fl ux fi lters FX 1 0  (Fresenius, Bad Homburg, Germany) and one  with 
Polyflux 1 7L (Gambro, Hech ingen, Germany), wh i le 30 were treated with h igh fl ux fi lters 
FX80 (n=l 5, Fresenius, Bad Homburg, Germany), Polyflux 1 40H (n=7) or Polyflux 21 OH (n=8, 
Gambro, Hech ingen, Germany) . Median d ia lysis t ime was 4 hours (3-5 .5 hours). All patients 
were dialysed us ing 5 mmol/1 g l ucose in the dia lysate (Biosol A201 .25 g lucose 5 and Biosol 
A301 .25 g lucose 5), provided by Meda AB, Solna, Sweden. The dia lysate had been ster i l ized 
by heat. All patients were offered a l ight meal during dia lysis. 

Statistical Analysis 

For Skin AF, median va lues for each triple measurement were used. After us ing the 
Kolmogorov-Smirnov test, comparison between groups was performed with Student's T 
test for normal distributions, and Pearson's correlation coefficient was used. Pai red statistical 
analysis was made by the pa i red Student's T test for normal ly d istributed data. 
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SPSS statistical software (version 1 9.0; SPSS, Inc., Chicago, IL) was used for the analysis; 
a two-ta i led p less than 0.05 was considered sign ificant. 

Results 

Before dialys is, patients had Skin AF va lues that were 1 .64 t imes h igher than for age
matched healthy persons (p < 0.001 ), as shown in Figure 1 ,  which is 65% h igher on average. 

Analyses of the whole g roup revealed that haemodia lys is resu lted in a non-sign ificant 
reduction in Skin AF from 3.99 ± 0.7 to 3.88 ± 0.7 after dia lysis (p = 0.1 9), as shown in  Figure 2. 
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Fig. 1 :  Skin AF of each patient before haemodialysis as a function of age; the central l ine shows the 
mean value and the soft lines the standard deviation for the healthy age-matched persons (data for 

healthy persons derived from 24). 

Plasma AF was reduced from 65262 ± 1 2398 AU (arbitrary un its) before start of dialysis 
to 56438 ± 9049 after haemodialysis, which was a reduction of 1 4% (Figure 3, p < 0.001 ). The 
urea reduction dur ing haemodialyses in these patients was at a median 70%. 

No correlation was found between the decrease in Skin AF and the decrease in Plasma 
AF (R2 = 0.004; p = 0.72). 
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Before After 

Fig. 2: Boxplot for Skin AF before and after haemodialysis. The paired test showed no significant 

difference (p = 0.1 9). 

No effects of gender were observed in the reduction of Skin AF and Plasma AF. Women 
had sign ificantly lower values of Skin AF than men, 3.5 ± 0.6 versus 4.2 ± 0.7 (p = 0.006) 
before haemodialysis, also after correction for age (p < 0.05), for which the resu lts i n  healthy 
controls were used as g iven by the slope for control subjects in Figure 1 .  This lower level for 
women was also found after haemodialysis (p < 0.05). 
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Fig. 3: Boxplot for Plasma AF before and after haemodialysis . The paired test showed a 
s ign ificant d ifference (p < 0.001 ) .  

Discussion 

To our knowledge, th i s  is the fi rst intervention study that  investigates the effect of 
haemodialysis on changes in Skin AF and Plasma AF in comparable wavelength ranges. The 
present study showed that the measured value of Skin AF was not s ign ificantly reduced by 
the s ign ificant changes of 1 4% in  Plasma AF. It confirms that Skin AF is strongly correlated 
with the amount of skin AGE 1 6• 

The strong correlation found between Skin AF and mortal ity by Meerwaldt et a l .5, 

i nd icates that Skin AF i s  ma in ly related to the more permanent accumulat ion of AGEs. 
Notable was that earl ier results by Schwedler et al .  and Busch et al .did not find a relation with 
mortal ity based on c ircu lating (plasma) AGE in HD patients20'2 1 • Also Nienhuis et a l ., studying 
patients with systemic lupus erythematosus, noted that the conclus ions for circu lating AGE 
differ from that for accumulated AGE va l ues in  tissue25 . 

With respect to the plasma fluorophores i n  blood vessels it should be noted that they 
contribute to a much smaller extent to the measured autofluorescence at the skin surface a s  
compared to  fluorophores that have leaked out  of these blood vessels. Th is is in agreement 
with the results of a study by De Jager et al , who studied the difference in response between 
patients with d i abetes and contro ls  in the fi rst ten m inutes after i njection of sod i um 
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fl uorescein into the circu lation26 • I t i l lustrates that a large part of the fluorophores rema in  
hidden with in  the  blood Jessels because of  strong l ight absorption by haemoglobin27• 

The present resu lts show that the reduction in Plasma AF after HD  does not lead to 
s ign ificant changes in  Skin AF with the type of treatment used in  this study. Thi s  ind icates 
that the AGE present in the extravascular space is not s ign ificantly reduced either due  to 
only a negl ib le amount of soluble AGE or due to an additional s l ight i ncrease of AGE du ring 
HD e.g. by the food that the patients eat during the HD procedure. 

The 1 4  o/o reduction of P lasma AF by haemodia lys i s  i s  s ign ificantly less tha n  the 
removal achieved of  water soluble products, such as urea. Henle et  a l .22 showed that h igh  
flux haemo1ialysis reduced fluorescent peaks present i n  plasma of  about 30%. However, 
those data also showed a less than expected clearance of AGE products from plasma than if 
the products would have been tota l ly unbound. This indicates that a larger part of the AG Es 
present in plasma are protein bound28• Therefore a removal wi l l  probably need prolonged 
and frequent sessions of standard haemodialysis to lower these compounds further. Another 
option would be the add ition of adsorption devices to the haemodia lysis system .  

The present study showed that the skin autofluorescence level was s ignificantly h igher 
in haemodia lysis patients compared to age matched healthy controls24• Such increased levels 
were also found in  other groups of d ia lysis patients5; 29-33_ 

Because Skin AF is a prominent marker for cardiovascular risk especially in haemodia lysis 
patients5, it is important to continue to investigate if any i ntervention may improve this 
variab le. Further research shou ld focus on the i nfl uence of variables such as  d i a lys i s  
modal ities and food intake. 

I n  conclus ion, th i s  study showed that Sk in AF, a marker of CVD r isk which is h i gh  
in  haemod ia lys i s  patients, was not s ign ificantly reduced after a s i ng l e  haemod ia lys is .  
Nevertheless, the reduction of AGE by adequate haemodialysis remains important from 
the point of view to min im ize and even reverse the retention of solutes that contribute to 
the progression of card iovascular morbid ity in these patients. 
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Abstract 

Advanced Glycation End-products are u remic toxins that accumulate progressively 

in hemodialysis patients. The a im of thi s  study was to assess the one year i ncrease of Skin 

Autofluorescence (t.AF), a measure of Advanced Glycation End-products accumulation and 

plasma markers, as  predictors of morta l ity in hemodialysis patients. 

1 69 Hemodialys is  patients were enrol led in  this study. Skin Autofluorescence was 

measured twice, one year apa rt us ing an AGE Reader. Besides rout ine blood chemistry, 
additiona l  p lasma markers i nc lud ing  Superoxide Dismutase, Myeloperoxydase, I nter

Cel lular Adhesion Molecule 1 ,  (-Reactive Protein, Heart-type Fatty Acid B inding Protein, and 
von Wil lebrand Factor were measured at basel ine. The mortal ity of hernodialysis patients 

was followed for 36 months. 

Skin Autofluorescence va lues of the hernodia lysis patients at the two time points were 

significantly h igher (p < 0.00 1 ) than those of healthy subjects of the same age. Mean one 
year t.AF of hemodialysis patients was 0. 1 6 ± 0.06 which was around 7-9 fold h igher than one 

year t:,.AF in healthy subjects. Multivariate Cox regression showed that age, hypertension, one 

year t.AF, (-Reactive Protein, I nter-Cel lu lar Adhesion Molecule 1, and Heart-type Fatty Acid 
Binding Protein were independent predictors of overa l l  mortal ity. Hypertension, one year 

t.AF, (-Reactive Protein, and Hea rt-type Fatty Acid B inding Protein were also independent 

predictors of card iovascular mortal ity. 

on·e year t.AF and plasma Heart-type Fatty Acid B inding Protein, used separately and 

in combination, a re strong predictors of overall and card iovascular mortal ity i n  hemodialysis 

patients. 
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Introduction 

I ncrease in Skin Autofluorescence and  release o f  Heart-type Fatty Acid 

Binding Protein in plasma Predicts Mortality of Hemodialysis Patients 

Hemodia lys is (HD) patients in the USA have a 5-fold shorter l i fe expectancy than 
healthy subjects of the same age; their average expected rema in ing l ifetime i s  6 years. The 
leading cause of death in patients with End-Stage Renal Disease (ESRD) i s  Card iovascular 
DiseasEl, (CVD), and i n  the USA this is responsible for 40% of overal l  morta l ity1 • 

(nflammation, endothe l ia l  dysfunction, protein-energy wasting, volume overload 
and oxidative stress a re h igh ly prevalent in  HD patients and play an important role  in the 
development of CVD in  these patients2• Advanced Glycation End-products (AG Es) are u remic 
toxins that accumulate progressively i n  HD patients. AGEs levels are markedly i ncreased in  
HD patients not only because of increased production by oxidative stress, but a lso because 
of impaired excretion3 • AGEs cross-l i nk  with proteins of tissues with a s low protein turnover, 
such as col lagen of the dermis and blood vessel wal ls. AG Es are considered to be biomarkers 
of long term increased inflammatory, oxidative and metabolic stress 1 • 

The measurement of Skin Autofluorescence (AF) is a non-invasive method to assess 
the level of AGEs that a re present in  tissue2• A single time point measurement of Skin AF 
has proven to be an i ndependent pred ictor of cardiovascular morta l ity in HD patients3• I t 
was shown that the Skin AF value in  HD patients is h igher than that of healthy subjects and 
that Sk in AF correlates with HD vintageH. Therefore, it i s  expected that AGEs accum ulation 
in the skin progresses rather rapidly i n  HD patients. However, to our knowledge, repeated 
measurements of Skin AF to assess the increase of Skin AF (6AF) over a period of t ime 
in  HD patients have never been reported. We hypothesize that the measurement of the 
progression of AGEs accumulation in  the skin may contribute to better understand ing of 
the high mortal ity of HD patients. 

The aim of this study was to assess in HD patients the one year 6AF and various plasma 
markers, as predictors of overa l l  and CVD morta l ity. 

Materials and Methods 

1 69 HD patients were enrol led i n  a c l in ica l  prospective study on Skin AF as a marker 
of AGE accum u lat ion and morta l ity. The i r  Ski n AF was measu red and  rout i ne  b lood 
exam inations  were taken, as  wel l  a s  Skin AF and plasma markers of oxidat ive stress, 
inflammation, endothel ia l activation and cel lu lar  injury. The study protocol was approved 
by an Eth ics Committee, and written i nformed consent was obta ined from each patient. 
The fol lowing exclus ion criteria were used: less than 3 months on H D; acute i l l ness or 
hospital ization three weeks pr ior to the start of the study; neoplasm; previous kidney 
transplantation. The mortal ity of HD patients was followed for a period of 36 months after 
the first Skin AF measurement. 
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Dialysis Treatment 

Al l patients underwent HD treatment three times per week with a median session 
duration of 4 hours. The duration of the HD session was individual ly adjusted, accord ing to 
Kidney Disease Outcomes Qual ity I n itiative gu idel ines, to maintain  an equi l ibrated KtN > 1 .2. 
The patients were dialyzed with a non-g lucose conta in ing bicarbonate d ialys is solutions 
(Am ina !  1 00B + Amina I 1 00CK, Alkaloid, Skopje, Macedonia) us ing low-flux polysulfone 
(F 1 0  HPS-surface area 2 .2  m2, Fresen ius, Bad Homburg, Germany) or polyamide (Pol ifl ux 
6L-su rface area 1 .4 m2, Gambro, Lund, Sweden) d ialyzer membranes. The blood flow of the 
HD device was aimed to be at 300 ml/m in and the dia lysate flow was 500 ml/min .  Patients 
received standard medica l care as appropriate for HD patients. 

Patient Characteristics 

Hypertension was defined as a systol ic blood pressure of > 1 40 mmHg or a d iastol ic  
pressu re of >90 mm Hg measured on at least three different occasions. I n  add ition, patients 
u nder antihypertensive medication were regarded as hypertensive patients. 

Diabetes was defined by conventional American Diabetes Association criteria7• 

HD vintage was defined as the duration of the period between the in itiation of long
term HD treatment and the sta rt of the study. 

Causes of death were classified as card iovascular mortal ity (myocard ia l  i nfarct ion, 
sudden death, stroke, and congestive heart fai lure) or non-cardiovascular  death (neoplasm, 
infection etc.) accord ing to The I nternational Classification of Diseases cod ing criteria8• 

Advanced Glycation End-Products 

Skin AF was measured using an AGE Reader (DiagnOpticsTechnologies BV, Groningen, 
The Netherlands) . The AGE-Reader i l luminates a skin surface of approximately 4 cm2 with 
excitat ion l ight ma in ly between 350 and 420 nm (peak excitation approximately 370 
nm). The measured Skin AF is the average reflected l ight intensity between 420 - 600 n m, 
d ivided by the amount of reflected l ight between 300 - 420 nm, mu ltipl ied by 1 00 ,  Skin AF 
= reflected l ight (420 - 600 nm) / reflected l ight (300 - 420 nm) * 1 00. Skin AF is measured in 
a rbitrary unites (AU). The measurements were performed in tr ipl icate at room temperature 
i n  a room with windows covered by curta ins  to avoid sun i l l umination (semi-dark) .  The 
median va lue of the triple measurement was used for further ana lysis. We used AGE Reader 
software version 2.3 that i ncluded correction for dark skin color9 • 

Since the coefficient of variation for the AGE Reader has been addressed in severa l 
studies3:1 0:1 1 , i n  which it varies between 5 and 8% we used pai red statistics and 1 69 patients 
to achieve an  expected power of more than 80%. Pa i red statistics was also used to reduce 
the i nterference of confound ing variables su�h as co-morbid ities, l ife style and other  
demographic factors as many of  them do not change in  time. Skin AF was  measured during 
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dia lysis at two time points in the same HD patients: at the beginn ing of the study and after 

one year (median :  372 days, range: 370-374 days) . 

Biochemical Blood Analyses 

Blood sampl ing for routine blood analysis  was performed monthly. Additiona l  blood 

samples were taken on the day of the fi rst Skin AF measurement for determination of the 
markers of oxidative stress, inflammation, endothelial activation and heart and kidney i njury. 

All blood samples (3 ml)  were taken from the arterial l ine of the vascular access. 
For each subject the routine month ly ana lysis  that was performed closest to the 

day of first Skin AF measurement was used in our study. The following routine laboratory 

parameters were used: u rea, creatin ine, sod ium (Na+), potass ium (K+), ca lc ium (Ca++), 

phosphates, hemoglobin concentration, platelets count, alkaline phosphates (AP), aspartate 

aminotransferase (AST), a lan ine aminotransferase (ALT), gamma g lutath ione-5-transferase 

(y-GST), lactate dehyd rogenase (LDH), plasma tota l proteins, plasma a lbumin, d i rect and 

total bi l i rubin, and u ric  acid. 

Addit iona l  blood ana lys is of the concentrat ion of superoxide d i smutase (SOD),  

myeloperoxydase (MPO), inter-cel lu lar  adhesion molecu le 1 (ICAM-1 ), c-reactive p rote in 
(hs-CRP), heart-type fatty ac id b ind ing protein (H-FABP) and von Wi l lebrand factor (vWF) 

in blood plasma were performed. The methods used in the additional ana lysis have been 
previously described in deta i l6• 

Statistical Analyses 

Comparisons between the normal ly d istr ibuted variables measured over time  were 

performed with paired and group comparisons were made with independent Student t-test. 

If a non-normal ly d istributed variable was involved in the comparison then non-parametric 

methods were used. Cox regression and Kaplan-Meier curves were used to determine the 

influence of AG Es accumulation and other variables on the overa l l  mortal ity of HD patients. 

In the multiple Cox reg ression models we used only the variables that had p < 0. 1 0  in  the 

un ivariate analysis. SPSS statistical software (version 1 6.0 SPSS, I nc., Chicago, I L) was used; 

two-tailed p < 0.05 was considered sign ificant. Data are shown as mean ± standard deviation, 

unless specified otherwise. 

Results 

The mean age of the 1 69 HD patients at the start of this study was 56 years (range 

23 - 82). The mean period on HD (HD vintage) was 8.7 years (range 0.4 - 27.9). The weekly 

average dialys is t ime was 1 2.3 hours (range 9 - 1 5) .  Diabetes was present in  41 (24%) HD  

patients. The characteristics of a l l  HD patients (Table 1 )  arid  diabetic HD patients (Ta ble 2) 

are l i sted separately. In the time period of 36 months of follow-up 49 HD patients d ied (29 
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%): 32 from CVD, 1 5  from non-CVD (infections, l iver fai lure etc.) and 2 from unknown causes. 
During the follow-up period 4 patients received a kidney transplant and 2 patients moved 
to other HD centers. 

Table 1 .  Demograph ic and c l in ical parameters of the a l l  hemodia lysis patients at the start 
of the study 

Va riable 

Gender (Male) 
Age (years) 
Smokers 

Consumed Alcohol 
Body Mass Index (kg/m2) 

CVD 
Diabetes 

Hypertension 
HbSAg 

HD vintage (years) 
Average weekly duration of the HD treatment (hours) 

(VD-Cardiovascular Disease; HbSAg-Hepatitis B Surface Antigen; HD-Hemodialysis 

Al l HD Patients 
(N = 1 69) 

1 04 (61 %) 
56 ± 1 3  
1 7  ( 1 0%) 
24 ( 1 4%) 
23.2 ± 4.8 
3 1  ( 1 8%) 
41 (24%) 
34 ( 1 8%) 
1 9 ( 1 1 %) 
8.7 1 ± 6.3 
1 2.3 ± 0.86 

Table 2. Demographic and cl in ical parameters of the d iabetic hemodialysis patients at the 
start of the study 

Variable 

Gender (Male) 
Age (years) 
Smokers 

Consumed Alcohol 
Body Mass Index (kg/m2) 

CVD 
Hypertension 

HbSAg 
H D  vintage (years) 

Average weekly duration of the HD treatment (hours) 

(VD-Cardiovascular Disease; HbSAg-Hepatitis B Surface Antigen; HD-Hemodialysis 
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Diabetic HD Patients 
(N = 41 ) 

27 (66%) 
60 ± 1 1  
3 (7%) 
7 ( 1 7%) 

23.8 ± 5.0 
1 2  (29 %) 
1 0  (24%) 
7 ( 1 7%) 

5 .87 ± 4.6 
1 2.3 ± 0.83 



I ncrease in Skin Autofluorescence and release of Heart-type Fatty Acid 

Binding Protein in plasma Predicts Mortality of Hemodialysis Patients 

Skin Autofluorescence and Plasma Markers 

Skin AF va lues of the HD patients at the two time points were s ignificantly h igher (p 

< 0.001 ) than those of healthy subjects of the same age from our previous study6 • I n  the 

un ivariate analysis at basel ine, diabetic HD patients demonstrated elevated Skin AF values as 

compared to non-diabetic patients (3.49 ± 0.98 versus 3.20 ± 0.87 AU; p < 0.05). Furthermore, 

Skin AF at basel ine correlated with age {R = 0.28; p < 0.05) and HD vintage (R = 0.32; p < 

0.05). Us ing the va riables that had a p ::;; 0. 1 O in the un ivariate ana lysis, the independent 

markers of Skin AF at the start of the study appeared to be diabetes, age and HD vintage. 

Using a paired t-test we found a sign ificant increase of Skin AF in the measurements, 

which were one yea r  apart: (3.24 ± 0.87 vs. 3 .39 ± 0.76; p = 0.03) as shown in Figure 1 .  The 

mean one year !:,.AF (AF2 - AF l )  was 0 . 1 6 ± 0.06. In the un ivariate analysis the one yea r !:,.AF 

correlated with HD vintage (R = 0.22; p < 0.05) and the level of MPO (R = 0.25; p < 0.05). 

Diabetic HD patients had borderl ine h igher one year !:,.AF than non-diabetic HD patients 

(0. 1 4  ± 0.55 vs. 0.25 ± 0.55 AU; p = 0.097). In the mu ltiple l inear regression ana lysis we 

included HD vintage, MPO plus the presence of CVD morbid ity and diabetes, wh ich s howed 

p < 0.1 0 in the un ivariate ana lysis. We found that MPO at the start of the study was the sole 

independent predictor of the one year !:,.AF. 

Skin Autofluoresence in Hemodialysis Patients 

5 . 

4,5 

4 

3,5 

3 

:2,5 

2 1 
1 .5 i 
d---

Ref. Value 

- ---, 
At baseline After 3 72 days 

Figure 1 .  The Skin AF of the HD patients at basel ine and after 372 days and in healthy controls. 
The Skin AF of HD patients at the two time points was sign ificantly (p < 0.00 1 )  higher than in 

the healthy controls of the same age from our previous study which was 2.2 arbitrary un ites, the 
reference line (6) .  * p < 0.05 pai red t-test. 

The levels of the addit ional plasma markers are g iven in Table 3. SOD, MPO, ICAM-1 , 

hs-CRP and H-FABP were s ignificantly higher than their reference values for healthy subjects, 

except vWF that was with in  the reference range. 
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Table 3. Additional  B lood Analysis at start of the study 

Parameter 

SOD (ng/ml) 
MPO (ng/ml) 

ICAM-1 (ng/ml) 
hs-CRP (µg/ml) 
H-FABP (ng/ml) 
vWF (% pool) 

Reference Value 

48 ± 2 927 

43.8 ± 23.328 

0. 1 1 1  ± 0.0 1 729 

<5 
4.4 ± 3 .930 

55-200 

Value 

540 ± 41 0  
594 ± 290 
2 . 1 2 ± 0.88 
1 2.6 ± 42 
60.7 ± 1 9  
1 23 ± 57 

SOD-superoxide dismutase; MPO-myeloperoxydase; ICAM-1 inter-cel lular adhesion molecule 1 ;  hs-CRP-c-reactive 

protein; HFABP-heart-type fatty acid binding protein; vWF-von Willebrand factor 

Patient's Overall and Cardiovascular Mortality 

In the univariate Cox regress ion analysis of overa l l  and CVD mortal ity we used a l l  
c l in ical , demograph ical and biochemical  parameters and Skin AF. I n  the un ivariate Cox 

regression analysis of overall and CVD mortality, diabetes and several other parameters 

were found to be s ignificant. In the multivariate Cox regression analyses with a cut off of p 

< 0.05 al l  the variables were included that had a p :s; 0. 1 0  in the un ivariate analysis. I n  those 

analyses diabetes was included, but it was neither found to be an  independent marker of 

overa l l  nor of CVD mortal ity. In the mu ltiple Cox regression analysis of overa l l  mortal ity the 

age, hypertensicn, one year tJ.AF, hs-CRP, ICAM-1 and H-FABP (given with their hazard ratios 

and confidence interva ls in  Table 4) appeared to be the independent predictors. F igure 2 

shows that if one year tJ.AF of a HD  patient is larger than the median va lue, the l i kel ihood 

of overa l l  mortal ity i s  s ignificantly increased (Log Rank Ch i-Square p = 0.00 1 )  compared to 

the HD patients with one year tJ.AF that is smal ler than its median va lue. 

Table 4. Cox Regression of HD Patient Overa l l  Mortal ity 

Univariate Analysis Multivariate Analysis 
Characteristics Hazard Ratio p-value Hazard Ratio p-value 

(95% Cl) (95% Cl) 

Age 1 .05 ( 1 .02-1 .07) <0.001 1 .04 ( 1 .00- 1 .08) 0.04 

Male 1 .76 (0.95-1 .07) 0.07 
CVD History 2.90 ( 1 .60-5.28) <0.01 

Diabetes 2.73 ( 1 .55-4.82) <0.001 

Hypertension 2.35 ( 1 .3 1 -4.22) <0.001 2.59 ( 1 . 1 3-5 .93) 0.02 

HbSAg 2.95 ( 1 .47-5 .92) <0.01 

HD Vintage 0.95 (0.9 1 - 1 .00) 0.06 ---·---· -· ·- -- --·-··--------·-- --------· -·---- - · ------------·-
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Annual t:,.AF 
hs-CRP 
ICAM-1 

SOD 
MPO 

H-FABP 
Albumin 

I ncrease in Skin Autofluorescence and release of Heart-type Fatty Acid 

Binding Protein in plasma Predicts Mortal ity of Hemodialysis Patients 

2.0 1 ( 1 . 1 0-3.67) 0.02 2.52 ( 1 .35-4.7 1 )  <0.001 
1 .0 1  ( 1 .0 1 - 1 .02) <0.001 1 .02 ( 1 .00- 1 .03) 0.01 0 

1 .70 ( 1 .36-2 . 1 5) <0.001 1 .97 ( 1 .26-3.07) <0.001 
1 .66 ( 1 .01 -2.72) 0.04 
1 .00 ( 1 .00-1 .00) <0.001 
1 .0 1  ( 1 .0 1 -1 .02) 0.1 0 1 .02 ( 1 .00-1 .03) 0.03 
0.93 (0.87-0.98) 0.006 

(VD-Cardiovascular Disease; HbSAg-Hepatitis B Surface Antigen; HD-Hemodialysis; AF-Autofluorescence; hs-CRP

C-Reactive Protein; ICAM-1 -lntercellular Adhesion Molecule-1 ; SOD-Su peroxide Dismutase; MPO-Myeloperoxidase; 

H-FABP-Heart type-Fatty acid binding protein. 

1 ,  
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Figure 2. The overal l  mortality of hemodialysis (HD) patient as a function of the one year increase 
of Skin Autofluorescence; The HD patients that had higher than median one year increase of Skin 

Autofluorescence had significantly (p = 0.00 1 )  higher overal l  mortality compared to HD patients that 
had lower than median one year  increase of Skin Autofluorescence; >t:,.AF: above median one year 

increase of Skin Autofluorescence, <t:,.AF: below median one year increase of Skin Autofluorescence. 

I n  the m u lt ivar i ate Cox reg ress ion ana lys is  of CVD morta l ity the  i ndepe n d e nt 
predictors were hypertension, one year t:,.AF, hs-CRP and H-FABP (Table 5) .  Figure 3 shows 
that if H-FABP of HD patients is larger than the median value, the l ikel ihood of CVD morta l ity 
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is s ign ificantly increased (Log Rank Ch i-Square p=0.02) compared to HD patients with 
H-FABP smal ler  than its median va lue. 

Table 5. Cox Regression of HD Patient Cardiovascular Mortal ity 

U nivariate Analysis 
Multivariate 

Analysis Characteristics Hazard Ratio p-value 
Hazard Ratio 

p-value 
(95% CI) 

(95% Cl) 

Age 1 .05 ( 1 .02-1 .08) <0.001 

Male 2.44 ( 1 .05-5 .64) 0.04 

CVD H i story 2.33 ( 1 .07-5 .42) 0.03 

Diabetes 2 . 1 7 ( 1 .06-4.46) 0.03 

Hypertension 3 . 1 1 ( 1 .53-6.30) <0.001 3.54 ( 1 .32-9.5 1 )  0.02 

HbSAg 2.74 ( 1 . 1 2-6.69) 0.03 

HD Vintage 0.93 (0.87-0.99) 0.03 

Annual t:,.AF 2.99 ( 1 .43-6.29) <0.001 3.01 ( 1 .47-6 . 1 7) <0.001 

hs-CRP 1 .01  ( 1 .0 1 - 1 .02) <0.001 1 .02 ( 1 .0 1 - 1  .04) <0.001 

MPO 1 .00 ( 1 .00- 1 .00) <0.001 

H-FABP 1 .0 1  ( 1 .00-1 .02) 0.02 1 .02 ( 1 .00- 1 .04) <0.001 ------·-· 
Albumin 0.90 (0.84-0.97) <0.001 

(VD-Cardiovascular Disease; HbSAg-Hepatitis B Surface Antigen; HD-Hemodialysis; AF-Autofluorescence; hs-CRP-

(-Reactive Protein; MPO-Myeloperoxidase; H-FABP-Heart type-Fatty acid binding protein. 
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Figure 3. The cardiovascular mortal ity of hemodialysis (HD) patient as a function of the Heart

type Fatty Binding Protein; The HD patients that had higher than median Heart-type Fatty Binding 

Protein had sign ificantly (p=0.02) higher cardiovascular mortal ity compared to HD patients that 

had lower than median Heart-type Fatty Binding Protein; >H-FABP: above median Heart-type Fatty 

Binding Protein, <H-FABP: below median Heart-type Fatty Binding Protein. 

The present resu lts showed that h igher va lues of H-FABP and one year  flAF ind icate 
higher risk of overa l l  and cardiovascular morta l ity. The combined use of one year flAF and 
H-FABP as pred ictors of  the card iovascu la r  mortal ity was tested. The fou r  g roups with 
d ifferent combination of above and below median va lues of H-FABP and one year Skin 
flAF were createsd. The mortal ity rates of the groups were significantly (p = 0.0 1 )  different. 
The group of HD patients with values of H-FABP and Skin flAF below their medians had the 
lowest cardiovascular morta l ity, whereas the g roup with va l ues of H-FABP and Skin tJ.AF 
above thei r medians had h ighest card iovascu lar moral ity. The card iovascular mortal ity of 
the two other groups was in between .  In addition to the separate use the combined use of 
one year flAF and H-FABP as pred ictors of the cardiovascu lar morta l ity risk i s  a l so possib le 
as shown by the Kaplan-Meier curves i n  Figure 4. 
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Figure 4. Cardiovascular mortal ity of Hemodialysis patient (HD) as a function of Heart-type Fatty 

Acid Binding Protein (H-FABP) and one year  increase of Skin Autofluorescence (Skin l'::.AF). In  

addition to the separate use the combined use of one year t::.AF and H-FABP as predictors of the 

cardiovascular mortal ity risk i s  possible. ; >H-FABP: above median Heart-type Fatty Binding Protein, 

<H-FABP: below median Heart-type Fatty Binding Protein.; >l'::.AF: above median one year increase 

of Skin Autofluorescence, <l'::.AF: below median one year increase of Skin Autofluorescence. 

Discussion 

Our study shows for the fi rst t ime that in  HD patients the rate of one year  /lAF and 

H-FABP are predictors of  overa l l  and CVD mortal ity. As  far  as we know th i s  is the fi rst study 

that analyzes the progress ion of AGE accumulation in  HD patients over a yea r, with a fol low 

up on mortal ity for 36 months. The mean one year t.AF of 0.1 6 AU was in  l ine with the results 

from our previous retrospective baseline study6, where we estimated the average i ncrease of 

Skin AF in HD patients with CVD to be in the range from 0.21 to 0.34 AU per year depend ing 

on the  presence or  absence of d iabetes. The H D  patients i n  our  study had a 7-9 fold h igher  

one year /lAF than healthy subjects, which showed an i ncrease of  0.01 7-0.023 AU per  year, 

as found previously6;9• The sole independent predictor of one yea r  flAF in our study was 

MPO, an oxidative stress marker. Th is ind icates that the major contributor of one yea r  flAF 
is the level of oxidative stress in the HD patients. 
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In the present study we found that at basel ine the level of Skin AF is i nfluenced by 
the presence of age, d iabetes and HD vintage. The relationship between the age of HD  
patients a nd  Skin AF was a l ready known. Ou r  data also confirmed the connection between 
Skin AF and the presence of d iabetes in HD patients3;6• Furthermore, the level of Skin AF of 
diabetic HD  patients is h igher than the level of Skin AF in prevalent diabetic patients with 
s imi lar  age 1 2• This ind icates that ESRD is a separate contributor of AGEs accumulation in  
these patients. Add it ional proof for th i s  is the correlation between Sk in AF and HD vintage, 
a finding that was a l so publ ished before3;6• 

The higher one yea r fJ.AF indicated an increased rate of AGEs accumulation i n  the 
skin of HD patients than in  hea lthy subjects, probably as a result of the increased oxidative 
stress, inflammation, endothel ia l  activation and heart injury, either due to the rena l  fai lu re 
and/or to the HD  treatment itself. Th is assumption is strengthened by the elevated levels  
of the measured p lasma markers of oxidative stress (SOD and MPO), inflammation (hs-CRP), 
endothel ia l activation (ICAM-1 )  and cel lu lar injury (H-FABP) found in this study. Impa i red 
excretion of AGE free adducts and AGE peptides du r ing hemodia lys i s  m ay a l so  have 
contributed. 

The mortal ity rate (overa l l  and CVD) in the follow-up period was comparable to the 
mortal ity rates of other reports 1 3. Compared to other studies, the novel finding i s  that the one 
year fJ.AF can predict mortal ity of HD patients. Meerwaldt et a l .  found that a single point Skin 
AF measurement was a good pred ictor of mortal ity in HD3 and diabetic 1 2  patients. Diabetic 
patients have a h igher risk for increased AGE accumulation and mortal ity than hea lthy 
persons 1 2 • Nevertheless, the presence of diabetes in  the studied group of HD patients did 
not discrim inate an i ncreased hazard in  the multivariate Cox Regression ana lyses; p revious 
stud ies3;1 4  a lso came to the same conclusion. This may be due to the fact that the d ia lysis 
procedu re interferes much more with the morbid ity of the patients and the effect of 
diabetes is only marg ina l .  I n  the present study, the one year fJ.AF proved to be a s ign ificant 
independent pred ictor of overa l l  and CVD mortal ity regardless of the presence or absence 
of diabetes. 

H-FABP was an independent pred ictor of overa l l  but especial ly of CVD morta l ity in HD 
patients. Others demonstrated that H-FABP is a strong predictor of mortal ity in  patients with 
cardiovascular  disorders; acute pulmonary embolism 1 5, chronic pulmonary hypertens ion 16, 

acute coronary synd rome1 7;1 8, acute chest pain 1 9 and chronic heart fai lure20• H-FABP is a very 
sensitive marker of a cute myocardia l21 ;22;23 and kidney damage24;25, and is now known also to 
contribute to a more accurate prediction of the three-years-su rviva l of HD  patients maybe 
because the HD treatment itself caused myocard ia l  damage26• 

F ina l ly, ou r  study d id  not on ly fi nd that one yea r  fJ.AF and  p l a sma H-FABP  a re 
independent pred ictors of overal l  and cardiovascu lar morta l ity in HD patients. I n  add ition 
to the separate use the combined use of one year fJ.AF and H-FABP as  pred ictors of the 
cardiovascular mortal ity risk i s  a lso possible. The reason for this can be that one yea r  fJ.AF 
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and H-FABP are the result of two d ifferent phenomena, oxidative stress and organ damage, 
respectively. 

Conclusions 

One year AAF and plasma H-FABP, used separately and in combination, proved to be 
strong predictors of overal l  and CVD morta l ity in  HD patients. 

Limitations 

It should be noted that a la rge part of AGEs present in the human body a re non
fluorescent. However, previous results showed that Skin AF may function as a marker of 
the AGE pool, based on the strong correlations with both fluorescent and non-fl uorescent 
skin AGE levels measured by conventional biochemical means in skin biopsies of HD and 
diabetes patients2;3. Another l imitation of our  study is that we cannot exclude the influence 
of fluorophores other than AGEs on Skin AF measurements. Despite major improvements 
that have been made i n  measuring Skin AF i n  persons with dark skin, sti l l  no measurements 
a re possible in persons with skin reflectance <6% (approximately Fitzpatick type VI skin 
color, the darkest skin color type) . I n  our study g roup we had a very small number of darker 
skin patients. 
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Advanced glycation end-products in hemodialysis patients 

Abstract 

Background: Hepatitis C may cause increased levels of oxidative stress that contribute 
to accumulation of Advanced Glycation End-Products (AGEs), which increase the r isk of 
card iovascu la r  d isease (CVD) . The a im of th i s  study was to determ ine the influence of 
Hepatitis C on AGE accumulation in hemod ialysis patients. 

Methods: AGEs accumulation was measured by means of Skin Autofluorescence (AF) 
in 92 hemodialysi s  (HD) patients and 93 age-matched healthy controls. In the HD patients 
CVD-related biochemical variables were also measured. The HD  patients were tested for 
Hepatitis C Virus (HCV) antibodies and al located to a HCV+ or HCV- group. 

Results: Skin AF of the healthy subjects was lower than skin AF in the H D  patients 
(3. 1 3±0.95 vs. 2.2±0.47; p<0.001 ) . We calculated the average increase of skin AF in the healthy 
subjects to be 0.0 1 7 AU per year, being 1 4  times lower than in HD patients with CVD only 
and 20 times lower than in HD patients suffering from combined CVD and Diabetes Mel l itus 
(DM). Multivariate regression analysis showed that AGEs accumulation in HD patients can 
be described by the independent effects of age, DM, CVD and HD vintage. Although ICAM-1 
and l iver enzymes were elevated i n  HCV+ HD patients, level s  of oxidative stress markers and 
skin AF were not s ign ificantly d ifferent between HCV+ and HCV- HD patients. 

Conclusions: AGEs accumulation was h igher in the HD patients than in the healthy 
controls. AGEs accumulation did not differ in HCV+ and HCV- HD patients. This might be due 
to the fact that hepatitis C did not cause oxidative stress in  our HD population. Independent 
markers of AGEs accumulation were age, HD  vintage, DM and CVD, but not hepatitis C. 
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Introduction 

The close interaction between rena l  and  card iovascular function makes patients 

who suffer from chronic renal d isease 1 0  to 20 times more susceptible for developing 

cardio-vascular disease (CVD) in comparison to a healthy population 1
;
2

• Hemodialys is (HD) 

treatment of End Stage Renal Disease patients (ESRD) even increases this risk, for example 

by the HD related blood-material interactions, hemodynamic instabi l ities and in itiation of 

anemia. Because of the high prevalence of CVD in HD patients (± 40%), CVD has become 

the major cause of hospital ization of HD patients, thus reducing the l ife expectancy of these 

patients dramatically3. H igh prevalence and high incidence of cardiovascular mortal ity in 

HD patients are of multi-factorial origin. Disturbances in the balance between oxidants and 

antioxidants, the carbohydrate and l ipid metabol ism, the immuno-inflammatory system 

and malnutrition are a l l  thought to play a major role in a cascade of organ dysfunction 

resulting in patient death4
• 

Another compl icating factor in the HD treatment is the high prevalence of hepatitis 

C virus (HCV) infection among the HD population. It is estimated that the world-wide 

prevalence of HCV is around 3 % or 200 mi l l ion people5, whereas the percentage  of HCV+ 

patients in the HD population is much higher than in the genera l  population and can vary 

from 5-25 % in USA and Western Europe, up to 80 o/o in the middle East 6• The association 

between the prevalence of HCV and overal l  morta l ity of HD patients has been proven by 

others1
•
9

• In a meta-analysis study HD patients with HCV appeared to have an adjusted 

relative risk of a l l-cause mortal ity of 1 .34 ( 1 . 1 3-1 .59) 1 0
• Apart from this finding it should be 

noted that the relation between CVD and HCV in HD patients is sti l l  not ful ly establ ished, 

as some researchers had contradictory findings1 1-14_ 

AGEs are formed during glycemic and oxidative stress, with increased levels in Diabetes 

mell itus (DM), renal failure and chronic inflammatory conditions 1 5• AGE accumulation affects 

the blood vessels and is connected with the development of CVD1 6
• Skin Autofluorescence 

(AF) is a non-invasive method to estimate the AGE accumulation in the body1 7 , which has 

shown to be a strong non-invasive CVD risk marker in HD patients 1 8 and has therefore 

· been used in the present study. The aim of this study was to determine the influence of 

hepatitis C on AGE accumulation and other cardiovascular risk parameters in HD patients. 

Furthermore we assessed other factors that possibly influenced AGEs accumulation in our 

patient population. 

Subject and Methods 

Ninety-two patients with ESRD were enrolled in a clinical cross-sectional study on AGE 

accumulation and CVD risk assessment in HD patients. The study protocol was approved 

by an Ethics Com mittee, and written informed consent was obtained from each patient. 

The following exclusion criteria were used: less than 3 months on HD; acute i l lness or 
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hospita l ization three weeks prior to the start of the study; neoplasm; kidney transplantation. 
The patients were assigned to one of the two groups: HCV+ and HCV-. The determin ing 

criterion for the presence of hepatitis C were the anti-hepatitis C v i rus antibodies measured 
by an ELISA Ortho HCV 3.0 SAVe kit (Ortho Diagnostics, Amersham, UK) as part of the routine 
blood ana lys is of the HD patients done on 6-weeks interva ls. Both groups were matched as 
well for age, sex and d ia lysis vintage. 

Ninety-three age-matched hea lthy control subjects were also enrol led in  this study. 
The controls were selected from a g roup of people that visited a genera l  practit ioners' 
office in the same area. The incl us ion criteria were: the control subjects had an overa l l  ASA 
(American Society of Anesthesiologists) 1 9  physical condition c lassification score of 1 or 2. 
Controls should have been reg istered at that general practitioner for more than a year. 

I n  the healthy controls the age, gender, smoking habits past and present and body-
mass index (BMI) were recorded, and skin AF was measured. 

Dialysis Treatment 

All patients underwent hemodia lys is (HD) treatment three times per week with a 
median session duration of 4 hours. The duration of the HD session was ind ividua l ly adjusted, 
accord ing to Kid ney Disease Outcomes Qua l ity I n it iat ive gu ide l ines20, to ma i nta i n  an  
equi l ibrated KtN > 1 .2. The patients were dialyzed with non-glucose conta in ing bica rbonate 
dialysis solutions and low-flux polysulfone (Fresen ius, Bad Homburg, Germany) or polyamide 
(Gambro, Stockholm, Sweden) d i a lyzer membranes. The device blood flow was 300 ml/ 
min and the d ia lysate flow was 500 ml/min .  Patients received standard med ica l  care as 
appropriate for HD patients. 

Patient Characteristics 

CVD, hypertension and Diabetes were diagnosed by independent specia l i sts, us ing the 
following criteria: A patient was considered to have CVD when a h istory of coronary heart 
disease, peripheral vascu lar d i sease, or cerebra-vascular d isease was present, (International 

Classification of Diseases, Tenth Revision, Clinical Modification codes 120, 12 1 ,  163, 1 70, and 173) 
21 

Hypertension was defined as  a systol ic blood pressure of > 1 40 mm Hg or a d iastol ic 
pressure of >90 mm Hg measured on at least th ree d ifferent occas ions22 • Also patients 
under antihypertensive medication were regarded as  hypertens ive patients. F ina l ly, when 
nephrosclerosis  was present we a l so considered hypertens ion to be the cause of ESRD. 

Diabetes was defined by conventional American Diabetes Association criteria23 . 
HD v intage was defi n ed a s  the  per iod between  the  i n it iat ion of long-term H D  

treatment and the t ime of the measurement. 
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Skin Autofluorescence 

Accumu lat ion of sk in AGEs was estimated from skin autofluorescence (AF) that 
was measu red us ing the AGE-Reader (D iagnOptics Technolog ies BV, G ron i ngen ,  The 
Netherlands) which was manufactured on the basis of the previously described prototype 1 8 •  

The AGE Reader has an improved spectrophotometer and a better ava i lable UV l amp, which 
has less excitation below 350 nm. Briefly, the AGE-Reader i l l um inates a skin su rface of 
approximately 4 cm2 with excitation l ight mainly between 350 and 420 nm (peak excitation 
approximately 370 nm). The measured skin AF is the average l ight intensity between 420-
600 nm, d ivided by that between 300-420 nm, mu ltipl ied by 1 00. Skin AF is measu red in  
arbitrary un its (AU). The measurements were performed in tripl icate at  room temperatu re 
in a semi-dark environment. 

Skin AF was measured in the HD patients during dia lysis. In a group of 24 HD patients 
skin AF was measured before and after dialysis. F inal ly, Skin AF was also measured in the 
control subjects. 

Biochemical Blood Analysis 

The sampl ing of routine blood analysis was done monthly before and after the HD 
session. Add itional blood samples were taken a t  the end of the HD session, on the day of the 
skin AF measurements, for determ ination of the oxidative stress, inflammation, endothel ia l  
activation and organ damage. I n  order to investigate the effect of the HD  treatment on the 
level of the measured markers, extra blood samples were taken from 24 patients before the 
same HD session. Albumin levels before and after the HD treatment were measured in order 
to correct for the possible hemoconcentration after the HD treatment. A l l  blood samples (3 
ml) were taken from the vascu lar  access. 

The fol lowing routi ne laboratory parameters were used in  our study: hemoglobin 
concentrat ion; platelets cou nt; a l ka l i ne  phosphates (AP); aspa rtate am inotran sferase 
(AST); a lan ine aminotransferase (ALT); gamma g lutath ione-5-transferase (y-GST); l actate 
dehydrogenase (LDH); p lasma tota l proteins ;plasma a lbumin; d i rect and tota l b i l i rub in; 
hepatitis-B-vi rus surface antigen (HBsAg) and uric acid. 

The concentration of Su peroxide dismutase (SOD), Myeloperoxydase (MPO), I nter
Cel lu lar  Adhesion Molecule 1 (ICAM- 1 ), (-reactive protein (CRP), and Heart-type Fatty Acid 
Binding Protein (H-FABP) in  blood plasma was measured, using the following methods: 

- Superoxide Dismutase (SOD), which cata lyzes the dismutation of the superoxide 
an ion (02--) i nto hyd rogen peroxide and molecular .oxygen, i s  one of the most 
important anti oxidative enzymes. In order to determine the SOD activity i n  plasma, 
the Water soluble tetrazo l ium 1 microtiter plate method24 was used. 
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- Myeloperoxidase (MPOJ, is a leukocyte-derived enzyme that catalyzes the formation 
of a reactive oxidant species l i ke hypochlorous acid (HOCI) and tyrosyl. Increased 
level of MPO is a s ign of increased oxidative stress. MPO was measured by ELISA 
(Hytest, Turku, F inland). 

- C-reactive Protein (CRP) i s  a n  acute phase plasma protein produced by the l iver 
and adipocytes. CRP i s  ma in ly used as a marker of inflammation. We used a h igh 
sensitivity CRP ELISA (Dakopatts, Glostrup, Denmark) .  

- Inter-Cellular Adhesion Molecule 1 (ICAM-1 )  is  a cel l  adhesion molecule. ICAM-1 is 
a l igand for the Lymphocyte Function-associated Antigen-1 (LFA-1 ), a part of the 
leukocyte integr in fami ly of molecules. When leukocytes a re activated they bind 
i ncreasingly to endothel ial cel l s  via ICAM-1 /LFA-1 and then transmigrate into the 
tissue. Plasma concentrations of ICAM-1 a re indicative of endothel ial activation. 
ICAM was measured by ELISA (R&D Systems Minneapolis ,USA) 

- Heart-type Fatty Acid Binding Protein (H-FABP) is a protein with a s ize of 1 5  kDa. 
H-FABP is abundantly expressed in cardiomyocytes, but also i n  d istal tubular cel ls  
of the kidney and skeletal muscle. H-FABP is used as a marker of kidney and heart 
i njury. H-FABP was measured by ELISA (Hytest, Turku, F in land) 

Statistical Analyses 

Comparisons between the four  g roups were performed with Student t-test. The 
skew-d ist�ibuted var iables were log transformed. The correlations were ana lyzed with 
Spearman rank method. Multivariate regression analyses were performed for determination 
of independent relationships between the r isk markers and the presence of CVD and, AGE 
accumulat ion and its potential causes. SPSS statistical software (version 1 4.0 SPSS, Inc., 
Chicago, I L) was used for the analys is; two-tai led P < 0.05 was considered s ignificant. Data 
a re shown as mean ± standard deviation. 

Results 

The 92 patients treated by maintenance hemodialysis were divided into two groups 
according to their anti HCV antibody status: an  HCV+ group of 48 patients and an HCV- group 
consist ing of 44 patients. The age of a l l  studied patients ranged from 21 to 86, with a mean 
of 58. The mean HD vintage was 4.28 years (range 0.25-8.92). The weekly average session 
of al l patients was 1 2.2 hours. 1 2  ( 1 3%) Were active smokers. The patient characteristics a re 
l isted i n  Table 1 .  
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Table 1 .  Demographic and cl inical parameters of the hemodialysis patients enro lled i n  the 
study 

Variable 

Gender (Male) 
Age (years) 
Smokers Current 
Diabetic 
CVD 
Average Weekly Duration of HD session (hours) 
Hemodialysis Vintage (years) 
Hypertension as a cause of ESRD 
Anti-HCV (+) 

HbSAg (+) 

N=93 

58 (61 %) 
58 ± 1 3  
1 2  ( 1 3%) 
32 (35%) 
23 (25%) 

1 2.2 ± 0.62 
4.28 ± 2.49 
26 (28%) 
48 (52%) 
1 3  ( 1 4%) 

ESRD= End-Stage Renal Disease; HbSAg= Hepatitis B Surface Antigen; HCV = Hepatitis C Virus 

The 93 age-matched controls subjects had an average age of 54± 1 7  years (vs. 56± 1 3  
for the H D  patients; p=0.83), 3 1  (33%) were smokers, 62 non-smoker from which 20 were 
ex-smokers, the average smoking vintage of combined current and ex-smokers was 20± 1 2  
years. The controls characteristics are l isted i n  Table 2. 

Table 2. Demograph ic  parameters and Sk in Autofluorescence resu lts of the healthy 
subjects. 

Variable 

Gender (Male) 
Age (years) 
Smokers (Current/Ex/Never) 
Average Smoking Vintage-Current and Ex (Years) 
Amount of Cigarettes (per day) 
BMI (kg/m2) 
Skin AF (AU) 

AF-Autofluorescence; BMI-Body Mass Index; 

93 

N=93 

48 (52%) 
54±1 7 

3 1 /20/42 (33/2 1 /45%) 
20±1 2 
2 1 ±9 

27.8±1 8 
2.2±0.47 
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HCV Status and Routine Biochemical Parameters 

The prevalence of CVD (p=0.0 1 )  and Diabetes (p<0.00 1 )  reduced with the i ncrease of 
the HD vintage, whereas the HCV prevalence increased (p< 0,00 1 ). Table 3 shows the results 
for the patients of both groups. The mean blood pressu re was lower ( 1 1 4±33 vs. 1 33±35 
mmHg, p=0.02) in the HCV+ HD g roup. Although the routine biochemical parameters 
hemoglobin, a lka l ine phosphatase, a lanine and aspartate amino-transferase, direct bi l i rubin, 
LDH, y-GST, plasma g lobul ins and ur ic acid were i ncreased in  the HCV+ HD patients, a l l  
measured values rema ined with in  the i r  reference ranges. 

The multiple reg ression ana lysis showed that HCV+ had d i rect effect on the fol lowing 
diagnostic parameters (given with their odds ratios and confidence intervals i n  brackets) : 
blood pressure 0.973 (0.95 1 -0.995, p=0.0 1 6), b i l i rubin d i rect 3.062 ( 1 .03-9. 1 3, p= 0.045), 
LDH 1 .02 ( 1 .0 1 - 1 .03, p=0.00 1 ), log (yGST) 1 2 .84 ( 1 .53- 1 07.44, p=0.0 1 9) and globinemia 1 .23 
( 1 .03-1 .46, p=0.023) . 

Skin Autofluorescence 

Skin AF in the H D  patients was h igher than in age-matched controls (3 . 1 3±0.95 vs. 
2.20±0.47 AU; p<0.001 ). There was no s ign ificant d ifference between skin AF va l ues of 
HCV+ and HCV- H D  patients (3 .20±0.96 vs. 3 .03±0.96 AU; p=0.39) as shown in Figure 1 .  
I n  the control group Skin AF correlated strongly with age (R=0.55; p<0.00 1 )  and smoking 
vintage combined for  current and ex-smokers (R=0.50; p<0.001 ) . In  the HD patients Skin 
AF correlated with age (R=0.24; p<0.05) and with HD vintage (R=0.22; p< 0.05). D iabetic HD 
patients had increased Sk in  AF compared to the non-diabetic (3 .48±0.95 versus 2.93±0.90 
AU; p=0.0 1 )  and patients with hypertension as a cause of ESRD had higher Skin AF than HD 
patients with other cause of  ESRD (3.28 ± 0.92 versus 2.8 1 ± 0.99 AU; p < 0.02). 

94 



Does Hepatitis C Increase the Accumulation of Advanced 

Glycation End-Products in Hemodialysis Patients? 

Table 3. Clin ical, demographic and biochemica l  parameters ofHCV + and HCV- hemodialysis 

patients 

Variable 

Demographic and Clinical 
Parameters 

Age (years) 

Sex-males 

Reference Values 

Avg .Weekly duration of the Hemodialysis treatment 
(hours) 

Hemodialysis Vintage (years) 

Hypertension as a cause of 
ESRD 

Mean Blood Pressu re (mmHg) 

Diabetes Mel l itus 

CVD 

Biochemical Parameters 

Routine Blood Analysis 

HbSAg (+) 

Hemoglobin (g/L) 

Ferritin (mg/L) 

Platelet count (1 0A9/L) 

Log Alkal ine Phosphatase (U/L) 

Log AST (U/L) 

Log ALT (U/L) 

Bi l i rubin Tota l  (mmol/L) 

Bi l i rubin Direct (mmol/L) 

LDH(U/L) 

Log y-GST (U/L) 

Plasma Proteins (g/L) 

Plasma Albumin (g/L) 

Plasma Globul ins (g/L) 

Uric Acid (mmol/L) 

Additional Blood Analysis 

Skin AF (AU) 

Log SOD (ng/ml) 

MPO (ng/ml) 

Log CRP (µg/ml) 

ICAM-1 (ng/ml) 

H-FABP (ng/ml) 

75- 1 35 

1 20-1 80 

0-300 

1 40-340 

1 .57-2. 1 0  

1 - 1 .53 

1 -1 .66 

6.8-20.5 

1 .5-6.8 

2 1 3-423 

0.96-1 .81 

63-83 

35-50 

27-35 

1 43-446 

2.1 0±0.45 

1 .68±0.2 1 

(unlogged 48±2)34 

43.80± 23.3035 

<0.69 (unlogged <5) 

0.1 1 1 ± 0.0 1 736 

4.4±3.937 

HCV+ HCV-

48 (52%) 44 (48%) 

56± 1 3  59±1 3 

28 (58%) 28 (64%) 

1 2.3±0.8 1 2. 1 ±0.3 

4.6±2.4 4.0±2.5 

1 3  (27%) 1 3  (30%) 

1 1 4±33 1 33±35 

1 9  (40%) 1 3  (30%) 

1 1  (23%) 1 2  (27%) 

7 (1 5%) 6 ( 1 4%) 

1 1 6±1 3 1 09±1 2  

436±261 496±263 

201 ±84 208±76 

2.1 0±0.27 1 .85±0.2 

1 .36±0.25 1 . 1 7±0. 1 6 

1 .44±0.3 1 1 .24±0.2 1 

7.25±1 .68 7.0±2.4 

3.41 ±0.75 3 .05±0.69 

281 ±82 1 98±71 

1 .62±0.37 1 .20±0.38 

7 1 .5±8.7 68±5.2 

36.5±5.0 36.3±5. 1  

35.7±7.2 3 1 .6±5 

434±76 385±82 

3.20±0.96 3 .03±0.96 

2.59±0.22 2.68±0.25 

674+31 1  598+248 

0.55±0.98 0.74±0.97 

2.20±0.81 1 .84±0.62 

36.7±21 .8 36.5±28.7 

p-Va lue 

0.255 

0.672 

0.092 

0.260 

0.820 

0.020 

0.383 

0.81 0 

0.999 

0.028 

0.450 

0.701 

0.001 

0.001 

0.001 

0.588 

0.037 

0.001 

0.001 

0.039 

0.905 

0.006 

0.01 3 

0.391 

0.067 

0.2 1 3 

0.262 

0.022 

0.975 

AF-Autofluorescence; ALT-Alanine aminotransferase; AST-Aspartate aminotransferase; CRP-C Reactive Protein; CVD
Cardiovascular disease; ESRD-End Stage Renal Disease; GST-glutathione 5-transferase; HbSAg-Hepatitis B Surface 
Antigen; H-FABP Heart-type fatty acid-binding protein; ICAM-1 -lntercellular Adhesion Molecule-1 ; LOH-Lactate 
Dehydrogenase; MPO-Myeloperoxidase; SOD-Superoxide Dismutase 
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Figure 1 .  The Skin Autofluorescence in  age-matched controls and hepatitis C+ and hepatitis C

hemodialysis patients. The skin autofluorescence is significantly lower in the controls compared 

with the hemodialysis patients in both groups * p<0.001 .  

Multivariate regress ion showed that AGE accumulation i n  H D  patients cou ld be 
described by the independent effects of age (p<0.05), diabetes (p<0.01 ) and HD vintage 
(p=0.03) with R2=0.23), whereas in the healthy subjects Skin AF could be described by age 
(p<0.001 )  and smoking vintage (p<0.001 ; R2=0.61 ). 

From the results of the control group, we fitted Skin AF from healthy subjects as a 
function of age (R=0.55; p=0.01 ). To calculate the additional Skin AF value of the HD subjects, 
we subtracted the values obtained from the fit of the controls as a function of age from 
the real measured value of a H D  subject. The additional Skin AF increase correlated with 
HD vintage only in CVD patients with diabetes and showed to be 0.34 AU per year for the 
diabetes patients (R = 0.70; p<0.0 1 )  as shown in Figure 2. A sign ificant trend of 0.02 1 AU 
per year for CVD patients without DM (R=0.54; p=0.05) was calculated. For the non-CVD 
patients no significant trend l ine was obtained. Furthermore, we calculated the average 
increase of Skin AF in healthy subjects to be 0.01 7 AU per year that was 14 times lower than 
in Hb patients with CVD only and 20 t imes lower than in HD patients with CVD and DM. 
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Skin Autofluorescence of Hemodialysis Patients with Cardiovascular 

Disease 

• 

- . .  -
0 

R = 0 . 5 36 ; p =0 . 0 5  

Hemodialysls Vintage - Years 

• C ard iovascular 
D isease  and D iabetes  

o O nly C ard iovascu lar 
D isease  

-Card iovascular 
D isease  and D iabe tes 

• • · O nly C ard iovascular 
D isease  

Figure 2. The Skin Autofluorescence difference between healthy controls and hemodia lysis 

patients with card iovascular d isease of the same age, given according to the duration of HD; 

Additional Biochemical Markers 

The measured values of SOD, MPO, ICAM- 1 , CRP and H-FABP were h igher than the 
normal reference va lues l i sted in  Table 3 .  Log SOD was near sign ificantly lower in  the HCV+ 
HD patients compared with HCV- (2.59±0.22 vs. 2.68±0.25 ng/ml; p=0.067) whereas ICAM-
1 was higher (2.20±0.8 1 vs. 1 .84±0.62 ng/ml; p=0.022). SOD, MPO and ICAM-1 were also 
included in  the mult iple regress ion analysis, but did not appear to be independent markers 
of the presence of the HCV infection. Also no s ignificant d ifferences were found between 
the HCV+ and HCV- patients with regard to the CVD markers. 

We questioned whether the used plasma markers were substantial ly affected by the 
proceed ing dialysis procedure itself. Therefore SOD, ICAM-1 , CRP and H-FABP were measured 
before and after a s ingle dialysis session. The MPO molecule is too large ( 1 40 kD) to pass the 
dialysis membrane. No s ign ificant changes in SOD, CRP, ICAM-1 and H-FABP were measured 
in these samples (see table 4) . 
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Table 4. Val idation study of the biochemical ma rkers in 24 patients. The markers were 
measured before and after a s ingle hemodia lys is session. 

Variable Before After p-value  

Skin AF (A.U.) 3 .0 1 ±0.89 2.94±0.90 0.89 
Log SOD (ng/ml) 2.67±0.28 2.66±0.28 0.95 
Log CRP (µg/ml) 0.73± 1 . 1 2  0.77±1 . 1 1 0.67 
ICAM-1 (ng/m l) 2.2±0.89 2.25 ± 0.94 0.3 1 
H FABP (ng/ml) 38 . 1 ±3 40.5±2 0.68 

AF-Autofluorescence; SOD-Superoxide Dismutase; CRP-C Reactive Protein; ICAM-1 -lnterce l lu la r  Adhes ion 
Molecule- 1 ;  H-FABP Heart-type fatty acid-binding protein. 

Discussion 

Our resu lts ind icate that hepatitis C prevalence increased with HD  vintage whereas 
diabetes and CVD preva lence dropped at the same time. Most l ikely the inverse association 
between HCV+ and the preva lence of CVD and diabetes was due of the high early mortal ity 
of CVD and d iabetes H D  patients. Th is h igher morta l ity was also i l lustrated by the AGE 
accumulation per year in  HD CVD patients, which was 1 4-20 folds higher than in  the healthy 
subjects. 

The AGE accumulation was h igher in the HD patients than in the healthy controls. 
The level of AGE accumulation in  HD patients was mostly due to their age, HD Vintage and 
diabetes, whereas i n  the hea lthy subjects it was due to the i r  age and smoking vintage. 
Although the level of enzymatic activity and ICAM were h igher in HCV+ than i n  HCV
patients, the AGEs accumulation did not differ between the HCV+ and HCV- patients. 

Skin AF, a marker of tissue AGE accumulation, was much higher in HD patients compared 
to the age-matched controls. Skin AF and AGE accumulation are markers of g lycemic and 
oxidative stress or of reduced clearance and have been found to be independent, strong 
pred ictors of CV morta l ity in  d iabetes and renal fai lure. A comparison of Skin AF in healthy 
subjects and HD patients was for the first time done by Meerwa ldt et a l . 1 8 , who found 2.5 
fold higher Skin AF in HD patients whereas J. Hartog et a l .25 and T.Matsumoto et a l .26 found 
1 .5 times higher va lues of Skin AF, which is s imi lar  to our study. I n  a l l  of these studies1 8'25'26 

Skin AF i n  HD patients was strongly correlated with age and HD vintage as in our study. We 
confi rmed the observation of Meerwa ldt et a l 1 8  that Skin AF correlates with the presence of 
diabetes. Moreover, we found that the AGE accumulation per year i n  HD patients was 1 4  to 
20 times higher than in  healthy su�jects depending of the presence of CVD and diabetes. 

HCV+ HD patients presented h igher enzymatic activity, but a l l  elevated parameters 
were with in reference va lue range except for ICAM-1 . Thi s  is l ine with the find ing of others 
on the progress of the HCV infection in  HD patients. Okuda K et a l .27 compared the progress 
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of Hepatitis C in H D  patients with non-uremic controls over a period between 4 and  23 
years. Dur ing the fi rst 4 years 25 % of the controls developed cirrhosis whereas the  HD 
patients d id not. Also, it i s  interesting that Okuda et a l .27 found that a l l  of the patients that 
were followed for more than 1 5  yea rs had asymptomatic HCV infection. These resu lts were 
confirmed by our  study as a l l  the HCV+ patients that were more than 9 years on H D  were 
having asymptomatic HCV infections. This means that the HCV infection is not a strong factor 
for development of a l iver dysfunction in  patients that were longer on HD. 

The most important factor for the AGE accumulation is the level of the oxidative stress 
for which we used the SOD and MPO as major markers. Akiyama et al. concluded that SOD 
is up-regulated and can thus be used as a marker of increased oxidative stress, especia l ly 
when leucocytes a re activated, l ike during HD treatment by the membrane28• The find ings of 
other studies on the oxidative stress in HCV+ HD  subject are controvers ia l .  There a re studies 
that found that the HCV infection i n  HD patients is responsible for increased29'30 oxidative 
stress, whereas others suggest that HCV infection can be even protective3 1 • However, those 
stud ies were either underpowered or d id not measure oxidative stress markers d i rectly. 
We found nearly s ignificant reduction in the level of SOD and no changes of MPO i n  the 
HCV+ HD patients which ind icated the low influence of HCV on oxidative stress. The AGE 
accumulation in our  study reflected the oxidative stress over a long period of t ime and 
ag reed with those resu lts, a s  it d id  not show differences between HCV+ and  HCV- H D  
patients either. To our knowledge, we were the first to investigate the influence of h epatitis 
C on AGE accumulation in HD patients. The studies that investigated the infl uence of HCV 
on circulatory AG Es in non-HD patients, did not show differences between healthy subjects 
and HCV+ patients32'33 as wel l . Regard ing HD patients, Nascimento et a l .30 found h igher levels 
of plasma pentos id ine in HCV+ compared to HCV- HD patients. I n  contrast, we d id not find 
higher AGE accumulation in  HCV+ compared to HCV- HD  patients. 

Lim itations of our study a re that we cannot exclude the influence of urem ic toxins 
or sk in fluorophores other than AGEs on sk in AF measurements. Furthermore, it shou ld 
be noted that most of AGEs present i n  the human body are nonfluorescent. However, 
previous resu lts showed that skin AF may function as a marker of the AGE pool, based on 
the strong correlations with both fluorescent and nonfluorescent sk in AGE levels measured 
by conventional biochemical means i n  skin biopsies of HD and d iabetes patients 1 7'1 8 

Our result of SOD, MPO and Skin AF measurement clearly showed that the oxidative 
stress was not h igher in the HCV+ HD patients. Additional resea rch on the influence of HCV 
on oxidative stress in HD patients is needed due to the confl icting resu lts between various 
studies. 

I n  conclus ion, AGE accumulation is h igher in  HD patients than in  healthy subjects, 
but does not d iffer between HCV+ and HCV- hemodialysis patients. This is probably a result 
of the s imi la r  level of oxidative stress between the HCV+ and HCV- patients. The major 
predictors of the AGE accumulation a re: the HD treatment itself, d iabetes, CVD and the age 
of the patient. HCV does not influence AGE accumulation in  HD patients. 
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Abstract 

Background and Aims: The level of Skin Autofluoresence (AF) at a g iven moment is 
an  independent predictor of mortal ity i n  Hemodia lys is (HD). patients. Skin AF i s  a measure 
of the accumulation of Advanced Glycation End-Products (AGEs). The a im of the study was 
to estimate the influence of nutrition on the one year increase of (LlAF) in  HD patients. 

Methods and Results: 1 56 HD patients were enrol led i n  this study. Skin AF, Body Mass 
Index (BMI), Superoxide D ismutase, Myeloperoxydase, (-Reactive Protein, I nter-Cel l u l a r  
Adhesion Molecule- 1 , von Wi l lebrand Factor and Heart-type Fatty Acid Binding Protein were 
measured four times at i ntervals of approximately ha lf a year. The data from the monthly 
routine blood analys is were a lso used. Dai ly calorie, protein and AGEs intake were assessed 
from food record ings over period of one week. 

A U-shaped relation was found between basel ine BMI and LlAF. The lowest point of the 
U-shaped curve is 24.3 kg/m2 • In the un ivariate ana lysis of the contributors to the one year 
LlAF we found that beside (BMI - 24.3)2, AGE and calorie intake as wel l a s  Myeloperoxydase 
and HD vintage were s ign ificant. The multivariate ana lysis the sole independent predictor 
of the one year LlAF was (BMI - 24.3)2 . 

Conclusions: It appears that calorie, protein and AGE intake hard ly influence the one 
year !J.AF in HD  patients. However, BMI i s  a predictor of the one year LlAF which i s  a strong 
pred ictor of mortal ity of HD  patients. The BMI of HD  patients of around 24 kg/m2 resu lts in  
the lowest one year LlAF. 
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Introduction 

The influence of body mass index o n  the accumulation of 

advanced glycation end-products in hemodialysis patients 

Advanced Glycation End-products (AGE) a re a result of non-enzymatic g lycoxidative 
reactions a l so known as Ma i l l a rd reactions. AGE content of food can vary s ign ifi cantly1 • 

Prolonged admin istration of an AGE-rich diet in rodents resulted in higher level of circulatory 
AGE, decreased rena l  function2, diabetic compl ications3, endothel ia l  i nju ry4 and shortened 
l ife-span5 • Severa l of these effects were a l so reported to occur in obese subjects6 and i n  
patients with diabetes7• However, some controversy remains on  the relationship between 
AGE intake and plasma AGE in  humans8•1 1 •  

Reduced excretion of free AGE, AGE free adducts a n d  AGE peptides in  renal fa i lu re, 
and especial ly in End Stage Renal Disease (ESRD), may make this condition a human model 
in which the effects of h igher AGE supply from food becomes important in  enhancing AGE 
accumulation 1 2• Uriba rri et a l 1 3  first showed that AGE intake correlates with c ircu lating AGE 
levels in rena l  fai lure patients. 

Autofluorescence (AF) measurement is a non-invasive technique which can be used 
to assess the level of AGE i n  the skin 1 4

• The level of Skin AF at a given moment has shown to 
be an independent pred ictor of the mortal ity in Hemodia lysis (HD) patients 1 5• Recent resu lts 
showed that one year increase of Skin AF (.t.AF) i s  even stronger predictor of mortal ity of H D  
patients than a s ingle point measurement of Skin AF 1 6• A single point measurement of Sk in 
AF did not correlate with the AGE intake of elderly hea lthy subjects 1 7• A close interaction 
exists between AGE, protein and calorie intake and Body Mass I ndex (BMl) 1 • However, to 
our knowledge no prospective study to estimate influence of AGE intake and BMI on the 
accumulation of skin AGE (one year .t.AF) i n  HD patients has ever been performed. 

The aim of this study was to investigate the influence of nutrition and BMI on the rate 
of AGE accumulation of H D  patients. 

Methods 

I n  the study population Skin AF was measured at four timepoints with approximately 
a six month interval, the total duration of the study was 1 9  months. Apart of routine blood 
analysi s, also blood samples were taken to assess markers of oxidative stress, inflammation, 
endothe l i a l  activation and myoca rd ia l  damage. Furthermore, patients were asked to 
record their da i ly food intake over a period of a week. From these record ings dai ly calorie, 
protein and AGEs intake were calculated. This procedure was performed in  autumn  and 
was repeated after 6 months in  spring to find out whether their da i ly food intake changed 
during the seasons. The study protocol was approved by the hospita ls Eth ics Committee, 
and written informed consent was obtained from each patient. From a parent populat ion 
of 1 69 prevalent HD  patients at the Department of Nephrology in  Skopje us ing exclus ion 
criteria we have enrol led 1 56 HD patients in  this prospective study. Our exclusion criter ia 
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were: less than 3 months on H D; acute i l lness or hospital ization three weeks prior to the 
start of the study; neoplasm; previous kidney transplantation. 

Dialysis  Treatment 

All patients underwent HD treatment three t imes per  week with a med ian session 
duration of 4 hours. The duration of the HD session was ind ividually adjusted, accord ing to 
Kidney Disease Outcomes Qual ity I n itiative guidel ines, to maintain an equi l ibrated KW > 1 .2. 
The patients were dia lyzed with a non-glucose conta in ing bicarbonate d ialysis solutions 
(Amina I 1 00B + Amina I 1 00CK, Alka lo id, Skopje, Macedonia) and low-flux polysu lfone 
(Fl 0 HPS-surface a rea 2 .2  m2, Fresen ius, Bad Homburg, Germany) or polyamide (Pol ifl ux 
6L-su rface a rea 1 .4 m2, Gambro, Lund, Sweden) d ia lyzer membranes. The blood flow of 
the HD device a imed to be at 300 ml/min  and the dialysate flow was 500 ml/m in .  Patients 
received standard medical care as appropriate for HD patients. 

Patient Characteristics 

Hypertens ion was defined as a systol ic blood pressure of > 1 40 mmHg or a d iastol ic 
pressure of > 90 mm Hg measured on at least three d ifferent occasions. 

Diabetes was defined by conventional American Diabetes Association criteria 1 8• 

HD vintage was defined as the duration of the period between the in itiation of long
term HD treatment and the start of the study. 

Data Col lection 

Biochemical Blood Analyses 

The routine monthly blood ana lysis that was performed closest to the day of Skin AF 
measurements were used i n  our study. Addit ional blood analyses were also performed. 
Oxidative stress markers Superoxide D i smutase (SOD) and Myeloperoxydase (MPO), 
i nflammation marker (-Reactive Protei n  (hs-CRP), endothel ia l  activation markers von 
Wi l lebrand Factor (vWF) and Inter-Cel lu lar Adhesion Molecule-1 (ICAM-1 ), and myocardia l  
and kidney damage marker Heart-type Fatty Acid B inding Protein (H-FABP) were measured. 
The methods used in the addit ional analysis have been previously described in deta i l 1 9• 

The blood samples for the addit ional blood analyses were taken on the day of the Skin AF 
measurements. 
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The influence of body mass index on the accumulation of 

advanced glycation end-products in hemodialysis patients 

The two d ietary records, one in a utumn and  one in spring, from the HD patients 
were obta ined to assess the calorie, protein and AGE intake per day and to investigate the 
existence of possible seasonal variations. Patients were given instructions how to record 
their food intake and to estimate the portion s izes. It was emphasized to record the day and 
time when meals, snacks and beverages were taken, a description of food, d rinks, methods 
of preparations, m issed meals; amounts consumed in restaurants and  the amounts of 
consumed processed foods. The d ietary questionnaire was used to ca lculate the AGEs i ntake 
using the food content of e:N-carboxymethyl lysine as common AG Es marker, accord ing  to 
Goldberg et a l .1 • We adapted Goldberg's food content tables for local trad itional meals us ing 
the closest ana log of a certa in  local  traditional meal. The amount of calories and proteins 
was ca lculated us ing tables from The United States Department of Agriculture Nutrition's 
Database20• 

BM/ was ca lculated as a ratio of d ry end-d ia lysis  weight ( in ki lograms) to squared 
height ( in meters)21 • 

Advanced Glycation End Products Measurements 

Skin AF was measured using  a n  AGE Reader (DiagnOptics Technologies BV, Groni ngen, 
The Netherlands). This  device has been previously described in deta i l 1 4• Briefly, the AGE
Reader i l l um inates a sk in surface of a pproximately 4 cm2 with excitation  l i ght ma in ly 
between 350 and 420 n m  (peak excitation approximately 370 nm).  The measured skin 
AF is the average reflected l ight intensity between 420-600 nm, divided by the amount 
of reflected l i g ht between 300-420 nm, mu lt ip l ied by 1 00. Skin AF was measured i n  
Arbitrary Un ites (AU) using software version 2.3 that included correction fo r  skin color22• All 
measurements were performed in  tripl icate on the forearm on sl ightly different locations at 
room temperature in  a room with windows cowered by curta ins to avoid sun i l lumination. 
Skin AF was measured in  the HD patients during d ialysis at 4 time-points: at the beg inn ing 
of  the study and after 6 ,  13  and  1 9  months. The first and third t ime points were i n  winter 
and the·second and fourth were in summer. 

Statistical Analyses 

Comparisons between the variables were performed with paired or  independent 
Student t-test depending of the relation between the variables. If the data were not normally 
d istributed a 109 1 0  transformation was used to obta in  a normal distribution. The correlations 
were analyzed with the Spearman rank method. In order to find a non-l i near correlation 
between the va riables first we checked if there is  a correlation be�ween the variab le of 
interest and another U-shape transformed variable us ing the equation y = [var iab le -
variable(median)]2 . Then, if this correlation was s ign ificant using SPSS we obta ined the best 
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fitting val ues for the equation y = a [variable - b]2 + c, where a is a factor, b represents the 
value of the variable that corresponds to the lowest point of the U-shaped curve, and c i s  
the min imum. Mult iple l i near regression analys is was used to find the independent factors 
contributing to AGE accumu lation . Un less otherwise specified data a re shown as mean ± 
standard deviation. 

Results 

The age of the 1 56 HD patients was 56 years (range 1 9  - 84) . From them 97 (62%) were 
male, 31 (20%) had CVD, and  37 (24%) had d iabetes. The HD vintage of these patients was 
8.7 years (range 0.4 - 28). The patients' characteristics a re g iven in Table 1 .  During the 1 9  
months of fol low-up, 25 H D  patients d ied ( 1 6 %). During the fol low-up period 3 patients 
received a kidney transplant and  2 patients moved to other HD centers. Thus at 30 patients 
not all four Skin AF measurements were avai lab le however if two measurement one yea r  
apart were avai lable than  they were included in  the  ana lysis i f  not they were excluded. 

Table 1 .  The characteristics of al l 1 56 HD patients at the beg inn ing of the study. 

Var iable 

Age (yea rs) 
Gender (Male) 

Smokers 
CVD 

Diabetes 
Hypertens ion 

HD vintage (years) 
Average weekly du ration of the HD 

treatment (hours) 
Body Mass I ndex (kg/m2) 

SOD (ng/ml) 
MPO (ng/ml) 

hs-CRP (µg/ml) 
ICAM-1 (ng/ml) 
vWF (%pool) 

H-FABP (ng/ml) 

Reference Value 

1 8-25 
48 ± 245 

43.80 ± 23.3046 

<5 
0.1 1 1  ± 0.0 1 747 

50 - 1 66%48 

4.4 ± 3 .949 

Value 

56 ± 1 3  
97 (62%) 
1 2  (8%) 

3 1  (20%) 
37 (24%) 
33 (2 1 %) 
8.7 ± 6.6 

4. 1 ± 0.2 

23.6 ± 4.8 
540 ± 41 0  
594 ± 290 
1 2.6 ± 42 

2. 1 2  ± 0.88 
1 23 ± 57 
60.7 ± 1 9  

HD-Hemodialysis; SOD- Superoxide Dismutase; MPO- Myeloperoxydase; ICAM-1 - Inter-Cel lular Adhesion Molecule 

1; CRP- (-Reactive Protein; H-FABP- Heart-type Fatty Acid Binding Protein; vWF- von Wil lebrand Factor; 
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Skin Autofluorescence, Nutrition and 
Biochemica l  Analysis 

The dai ly AGE i ntake in  autumn, 9.34 ± 4.0 1 MU/day d i d  not s ign ificantly d iffer from 
its va lue in  spring, 9.89 ± 4.33 MU/day. The protein  intakes i n  autumn and spring were 1 .27 
± 0.69 and 1 .3 1  ± 0.60 g/kg of body weight per day respectively, which was a round the 
upper l imit of the KDOQI gu idel ines which recommend a protein intake of 1 .2 to 1 .3 g/kg 
of body weight per day23 • Furthermore, the calorie intakes of 30.4 ± 9.4 and 32.4 ± 7.9 Kca l/ 
kg of body weight per day, i n  autumn and in spring respectively, were also with in  KDOQI 
guidel ines of 30 - 35 Kca l/kg of body weight per day for HD patients below 60 years of age 
23• The AGE intakes as wel l  as the protein and calorie intakes were not s ign ificantly d ifferent 
between autumn and spr ing records. The protein, calorie and AGE i ntake corre lated with 
each other (R = 0.56 p < 0.0 1 ;  R = 0.36 p < 0.0 1 ;  R = 0.33 p < 0.0 1 ) . 

The level of SOD, MPO, hs-CRP, ICAM-1 and H-FABP at a l l  t imepoints were s ign ificantly 
higher than the reference va lues for healthy subjects. The values of the additiona l  b lood 
ana lysis at start of the study are shown in Table 1 .  

The BMI at the start of the study was 23.6 kg/m2 (range 1 4.3 - 47. 1 ) . Twenty-three ( 1 1 .6 
%) HD patients had a BMI < 1 8.5 kg/m2 and were considered to be underweight whereas 39 
( 1 9.6 %) had BMI > 25 kg/m2 and were considered overweight accord ing to WHO2 1 • Us ing 
a paired t-test we found that the BMI of the HD patients increased sign ificantly dur ing the 
course of the study (BMl 1 vs. BMl4; 23.6 ± 2 .8 vs. 24.2 ± 3 .0; p = 0.03) .  The mean one year  
i ncrease of BMI (BMl3 - BMl 1 or BMl4 - BMl2; i n  case both were avai lable an average was used) 
was 0.3 1 with a standard error of 0. 1 1 kg/m2• 

Us ing a pa i red t-test we found a s ign ificant /J.AF (/J.AF) in the measurements that were 
one year apart: AF 1 vs. AF3 (3.24 ± 0.87 vs. 3.39 ± 0.76; p = 0.03), and AF2 vs. AF

4 
(3.43 ± 0.83 

vs. 3.57 ± 0.88; p = 0.02). The combin�d one year /J.AF of both years, defined as the difference 
between the time points that were 1 2  months apart (AF3 - AF 1 or AF4 - AF2; in case both were 
avai lable an average was used) was 0.1 5 AU with a standard error of 0.09. 

We i nvestigated the presence of l i near  and non-l inear relationsh ips between BMI 
and nutrition, one year /J.AF and additional blood ana lys is parameters, because non-l i near  
relationships between BMI and various variables were found in previous studies24• We found 
a l inear relation between BMI and AGE, protein and calorie i ntake and one yea r  increase 
of MPO (R=0.239 p=0.0 1 ; R=0.239 p=0.0 1 ;  R=456 p=0.0 1 ;  R=0.228 p=0.03) . A non-l i near 
U-shaped relation was found between BMI and one year /J.AF. We fitted a U-shaped curve 
that describes the non-l i near  relationsh ip between BMI and one year  /J.AF, as shown i n  
Figure 1 ,  where the  U-shaped curve showed to have its lowest point a t  a BM I  of24.3 kg/m2• 
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Table 2. li near  and  Non-li near  Corre lat ion Between BMI  and  da i ly  food i ntake, Sk in 
Autofluorescence and Add itional  Blood Analysis 

Variable 

AGE I ntake per day 
Protein per day per body weight 
Calories per day per body weight 

Annual t:,.AF 
Annual t:,.SOD 
Annual t:,.MPO 
Annual t:,.CRP 

Annual t:,.ICAM-1 
Annual t:,.vWF 

Annual  t:,.H-FABP 

BMI (BMl-24.3)2 

R-value p-value 

R = 0.255 p = 0.003 
R = 0.226 p = 0.008 
R = 0.465 p < 0.001 

R-value 

NS R=0.236 

R = 0 . 1 82 
NS 

p =  0.043 
NS 
NS 
NS 
NS 

p-Value 

NS 
NS 
NS  

p=0.0 1 2 
NS 
NS 
NS 
NS 
NS 
NS 

AGE- Advanced Glycation End-products; AF- Autofluorescence; SOD-Su peroxide Disrnutase; MPO-Myeloperoxidase; 
CRP- (-Reactive Protein; ICAM-1 lntercel lular Adhesion Molecule- 1 ;  vWF-von Willebrand Factor; H-FABP- Hearth 
type Fatty Binding Acid Protein;  NS non-sign ificant 
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• 

0.0 ->-, ---
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Figure 1 .  Non-l inear relation between annual change of Skin Autofluorescence (AF) and Body Mass 

Index (BMI) 
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In the un ivariate ana lysis of the contributors to the one year  !::,.AF we found that besid e  
(BMI - 24.3)2, AGE a n d  calorie i ntake as  wel l  as MPO a n d  HD vintage were s ign ificant. I n  the 
multivariate analysis of the contributors to the one year !::,.AF a l l  the variables that had a p < 
0. 1 O in  the un ivariate analysis were used, plus the presence of CVD morbid ity and d iabetes 
at basel ine. The sole independent predictor of the one year t:,.AF was (BMI - 24.3)2 as shown 
in  Table 2. 

Discussion 

AGE, caloric and protein and intake do not influence the one year !::,.AF in HD patients. 
BMI i s  i n  a non-l inear way a pred ictor of the one year !::,.AF with the lowest increase at a BMI 
of around 24 kg/m2. 

The dai ly intake of AGE of the HD patients did not d iffer s ignificantly between autumn 
and  spring, with a mean  AGE  i ntake of 9.62 MU/day. This is 40% lower when compared to 
the AGE i ntake of HD patients i n  the United States who were reported to have an  average 
AGE intake of 16  MU/day1 3 • Vlassara et  a l 1 1 and Negrean et  a l25 described prospective stud ies 
using a low AGE diet of 3 - 4 MU/day or a h igh AGE diet of 1 5  - 1 6  MU/day. I n  this regard the 
da i ly AGE i ntake of our  study g roup was intermediate to those studies. 

The mean i ntake of proteins and calories per day correlated with the mean AGE i ntake 
per day. The reason for this was that the most energy-rich food conta ined the h ighest 
concentration of AGE per g ram.  Also protein r ich food has a h igh AGE content, whereas the 
food that was low in AGE content was also low in  protein content 1 • Th is  was also the reason 
why the protein, calor ie and AGE intake had a correlation with the BMI of the HD patients 
during the study. The correlation between nutrition and BMI is expected and wel l  known. 

I n  the present study Sk in AF of the HD  patients at a l l  t imepoints was h igher than 
Sk in AF of healthy volunteers of the same age 1 9, as reported earl ier by several g roups1 5:26;27• 

The resu lts of the one yea r !::,.AF of HD patients in th is study were s imi lar to the resu lts of a 
previous study which used only 2 time points to measure the one year t:,.AF 1 6• Earl ier studies 
found that a s ingle measurement of Sk in AF had a positive correlation with BMI i n  healthy 
subjects28 whereas BMI and Skin AF did not correlate hemodia lysis patients 1 5• I n  addit ion 
to these find ings, the present study found a non-l inear relationship between BMI and one 
year t:,.AF. 

Another important contributor for the AGE accumulation is the l evel of oxidative 
stress for which we used SOD and MPO as biochemical markers. Akiyama et a l .29 concluded 
that SOD is up-regulated i n  HD  patients, especial ly because of leucocyte activation by the 
dia lysi s  membrane and thus can be used as a marker of increased oxidative stress. Th is  i s  in  
l ine with our  findings; the measured va lues of SOD and MPO at a l l  t imepoints were h igher  
than reference values for control subjects, ind icating that the level of oxidative stress was 
increased in  our HD  population. 
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The morta l ity rate of H D  patients dur ing th i s  study was lower than the average 
mortal ity rate in Europe according to the ERA-EDTA regi stry30 due to sti l l  underdeveloped 
renal transplantation program in R.Macedonia. 

We also assessed the relationsh ip between the !:,.AF i n  time and the AGE intake. The 
one year !:,.AF had a borderl ine negative correlation with AGE and calorie intake. Previously, 
Jochemsen et a l 1 7  i nvestigated the relationship between nutrition includ ing AGE i ntake and 
Skin AF. They did not manage to find a relationship between the AGE intake and the Skin AF 
in  elderly healthy subjects at a g iven moment. I n  their study Skin AF correlated negatively 
with the calorie intake, a finding that is in l ine with our resu lts. In the multivariate analysi s  
(BMl - 24.3)2 was the so le independent predictor of the one year !:,.AF, a variable that is much 
easier to assess than calorie i ntake. 

The BMI of the majority of the HD patients was with in  the recommended range ( 1 8 -
25). The relationship between BMI and the one year !:,.AF is represented by a U-shaped curve, 
with the lowest point at a BMI of 24.3 kg/m2 • Remarkably, this level is close to the upper 
l imit of WHO recommended range. The reason for the U-shaped relation might be that HD 
patients with lower BMI a re relatively undernourished and can have h igher endogenous 
production of AGEs due to the increased level of inflammation and oxidative stress, whereas 
the HD patients above this level have larger exogenous AGEs intake. However it is important 
to notes that the opt imal level of BMI is close to the upper l imit of the recommended range, 
indicating that patients with s l ightly increased BMI can have reduced AGEs accumulation 
and better outcome. 

Conclusions 

It appears that calorie, protein and AGE intake hardly influence the one year !:,.AF in 
HD patients. However, BMI is a predictor of the one year !:,.AF which i s  a strong predictor of 
mortal ity of HD patients. The BMI of HD patients of around 24 kg/m2 resu lts in the lowest 
one year !:,.AF. 

Limitations 

The assessments of the dietary i ntake were performed at two t ime points with 6 
months interva l and were not performed at the same t ime as the Skin  AF measurement 
and biochemical ana lysis. We assumed that no seasonal changes in the d ietary i ntake of 
AGE, calories and proteins were present. Another l im itat ion of our study is that we cannot 
exclude the infl uence of fl uorophores other than AG Es on Skin AF measurements. 
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Chapter 8 
Genera l  d iscuss ion and futu re perspectives 



Advanced glycation end-products in hemodialysis patients 

In th is  study we invest igated the accumulation of Advanced Glycation End-products 

(AG Es) in Hemod ia lys i s  (H D) pat ients.  AGEs a re an i mportant p red ictor of outcome 

i n  H D  pat ients 1 :2 • I n  a l l  stud i es AGEs were measured i n  the sk in  us ing  AGE Reader. 

Additional ly measured were skin AG Es d i rectly from skin biopsies (h igh performance l iqu id 
chromatography and mass spectrometry), measuring pentosidine, NE-carboxymethyl-lysine 
(CML) and NE-carboxyethyl-lysine (CEL) .  In another study, plasma AG Es were also measured 

us ing plasma AF. 

8. 1 . The Autofluorecence as a Method of Measurement 

of Advanced Glycation End-Products in Plasma and Skin 

Skin Autofluorescence 

Skin AGEs in a l l  studies in this thesis were measured with the AGE Reader. The AGE 

Reader i s  a desk-top device that measures the Autofluorescence (AF) of the skin in order to 
quantify the level of AG Es accumulation.  In it ia l ly, Skin AF resu lts of the AGE Reader were 

appl icable only in Caucasian subjects with a UV skin reflection > 1 0%. However, us ing 

a new a lgorithm, it was shown that  resu lts of  Sk in  AF could be obta ined to assess Sk in  

AG Es independently of sk in  color for UV reflections above 6%3 • The resu lts of  the Skin AF 

measurements in this study were corrected us ing the new algorithm.  Furthermore, the 

measurements in th is  thesis were performed i n  Macedonia and Sweden on Caucas ian 
subjects. 

In previous va l idat ion stud ies us ing  sk in b iopsies taken from the s ite of Sk in  AF 

measurements, a strong correlation was found between Skin AF and the skin contents of 
the fl uorescent AGE pentos id ine, as wel l as with the non-fluorescent AG Es CML and CEL 4-6• 

One of these val idation stud ies was performed in HD patients5 • The results of Chapter 3 
provided further support for the relation between Skin AF and skin biopsy AGE levels. We 

performed repeated Skin AF and AGEs measurements of skin biopsies in  a H D  cohort and 

found that the rate of increase of Skin AF in HD patients had a strong correlation with the 

rate of i ncrease of sk in AGEs i n  the biopsies. The correlation between s ingle point Skin AF 

measurement and the sk in AGEs from biopsies was almost in l ine with the resu lts of previous 

studies, a lthough i n  our study Skin AF was measured on the forearm whereas the skin AG Es 

were measured in biopsies taken from the scapular reg ion. No effect of th is  d ifference of 
locations was observed. 

Plasma autofluorescence 

In Chapter 4 plasma AGEs were measured using AF. Plasma AF was measured at 460 

nm after excitation at 370 nm.  With respect to the plasma fluorophores in blood vessels  it 
should be noted that they contribute to a much smal ler extent to the measured Skin AF as 
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compared to fluorophores that have leaked out of the blood vessels. The la rge absorption 
of hemoglobin "hides" part of the fl uorescence of the fluorophores that a re with i n  the 
blood vessels7• These find ings a re in  l ine with our resu lts from Chapter 4, which showed 
that there is no s ign ificant contribution of the changes in Plasma AF on Skin AF dur ing a 
hemodialysis session. 

8.2. Skin Autofluorescence Measurements Have 

Greater Cl in ical Value Than Plasma Autofluorescence 
Measurements 

I n  a part of Chapter 2 we reviewed the current knowledge about plasma and skin 
AGEs in  Chronic Kidney Disease (CKD) . H igher levels of plasma pentosid ine a re present in 
CKD patients than i n  matched groups of hea lthy controls8• These data a re in  l ine with those 
of other groups for CML in the h igher CKD classes, defined by lower est imated Glomeru lar 
Fi ltration Rate (eGFR) i n  which Skin AF was independently associated by h igher levels of 
CML in  o lder commun ity-dwel l ing adu lts (mean ing those who a re not in  assisted l iv ing or 
nursing homes)9• Both d iabetic and non-diabetic patients in Stage 5 of CKD, a lso ca l led end
stage rena l  d isease (ESRD), have h igher levels of plasma pentosid ine and CML than patients 
in earl ier stages of CKD. Our resu lts presented in Chapter 4 confirm that plasma AGEs a re 
only sl ightly reduced by HD 1 0• 

The impact of AGEs-associated tissue damage is strongly dependent on the behavior 
of the proteins to which the AG Es a re l i nked. The degree of AG Es accumulation and resu lting 
damage is most evident i n  t issues with s low protein turnover. Several studies support 
that plasma or serum AGEs measurements a re a poor ind icator of AGEs dependent tissue 
damage; the c l in ica l ly most relevant damage occurs in  tissues with slow turnover, such as 
the dermis of the skin. Ueno et a l  reported that in ESRD patients both Skin AF and serum 
pentosidine correlated with carotid inti ma-media thickness. However, i n  mu ltiple regression 
analysis Skin AF was independently associated with intima-media thickness whereas serum 
pentosid ine was not1 1 . Another example of this d issociation between AGEs i n  plasma and 
long-l ived tissues is a study by Hartog et a l  in  patients with heart fa i lu re, in  which plasma 
AGEs and diastol ic function were not related, whereas a strong relation existed between Skin 
AF and diastol ic function 12• Furthermore, serum CML did not correlate with the presence of 
cardiovascular disease (CVD) in a l a rge group of HD and peritoneal dia lysis patients, whereas 
Skin AF did 1 3 • Therefore it can be concluded that Skin AF, as an ind icator of dermal t issue 
AG Es accumulation, qua l ifies as a better marker of tissue damage than circulating AG Es. 
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8.3 Can the Hemodialysis Treatment influence the Skin  

and Plasma Autofluorescence? 

HD vintage has a positive correlation with Skin AF (Chapter 5 ,  Chapter 6), suggesting 
that ESRD and the HD  treatment itself contribute to AGEs formation.  I n  Chapter 4 we 
investigated the effect of mostly h igh flux HD  on Sk in AF, whereas i n  Chapter 5 the effect 
of low flux HD was stud i ed. These studies showed that the measured value of Skin AF was 
not significantly reduced neither by high flux nor by low flux HD. Nevertheless, s ign ificant 
changes of 1 4% i n  plasma AF by a s ingle HD  session were observed in Chapter 4. This 1 4  
% reduction i s  s ign ificantly less than the reduction of water soluble products, such as u rea. 
These data showed less than expected clearance of AGE products from plasma compared 
to products that were tota l ly unbound. This ind icates that a larger pa rt of the AGEs present 
in plasma is protein  bound. We can conclude that a s ingle HD session by commonly used 
methods of HD i s  not able to infl uence the l evel of plasma AF and Skin AF. 

In Chapter 2 we reviewed the current possibi l ities of plasma AGEs reductions us ing 
different methods of H D. We concluded that reduction of the AGEs accumulation can be 
achieved by using advanced HD techn iques which use membranes that have large pores 
such as super flux, hemodiafi ltration or prote in leaking membranes. The reason for the 
reduction of the AG Es a ccumulation by these techniques is their abi l ity to remove protein
bound AGEs however the main drawback of these HD techniques is the loss of essential 
proteins such as a lbumins . Other methods that can reduce the AGEs accumulation are the 
use of more biocompatib le membranes and u ltra-pure HD flu id. The reason for the reduction 
of AGEs accumulation by these methods is most l ikely their abi l ity to reduce the level of 
inflammation and immune response. F inal ly, use of more frequent HD regimes such as dai ly 
or home dialysis may a lso achieve better removal of plasma AGEs, and thus  reduce AGEs 
accumulation. However, because of the more general ised inflammatory reaction induced 
by the dia lysis procedure, a balance probably exists between this inflammatory response 
and the removal of free AGE and possibly AGE free adducts from the plasma compartment. 
Th is balance will determine the accumulation of AGE in the tissues with s low turnover such 
as the skin and vessel wal l .  

8.4 Does Hepatitis C Affect the Accumulation of 
Advanced Glycation End-Products in  The Skin  of 

Hemodialysis Patients? 

Due to the h igh prevalence of Hepatitis C i nfection of 52% in  the HD Center i n  Skopje 
we had a unique opportunity to study the influence of Hepatitis C on the AGEs accumulation 
in HD patients (Chapter 5). The Hepatitis C prevalence of HD patients i n  other countries is 
much lower14-17 • 
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Using s ing le t ime point measurements of Skin AF (winter 2007/2008) we d id  not 
observe h igher AG Es accumulation i n  HD patients with Hepatitis C than in patients without 
Hepatitis C. The stud ies that i nvest igated the infl uence of Hepatit is C Vi rus  (HCV) on 
circulatory AGEs in  non-HD patients, did not show differences between healthy subjects and 
HCV+ patients as wel l 1 8:1 9• Regard ing HD patients, Nascimento et al . found h igher leve ls  of 
plasma pentosid ine i n  HCV+ compared to HCV- HD patients20• I n  contrast, we d id not find 
higher skin AGE accumulation i n  HCV+ compared to HCV- HD patients. 

The reason for not find i ng  e levated Sk in AF in HD patients with Hepat it i s  C i n  
comparison with HD patients without Hepatitis C can be  found in  the progression o f  the 
nature of Hepatitis C vira l  (HCV) i nfection i n  HD patients. Okuda K et a l .  compared the 
progress of Hepatitis C i n  HD patients with non-uremic controls over a period between 4 
and 23 years. During the fi rst 4 years, 25 % of the controls developed cirrhosis whereas the 
HD patients d id not. Also, it i s  interesting that Okuda et a l .  found that al l of the patients 
that were fol lowed for more than 1 5  years had asymptomatic HCV infection21 • These resu lts 
were confirmed by our study as all HCV+ patients that were more than 9 years on HD had 
asymptomatic HCV infections. Th is suggests that the effect of the HCV infection was not 
severe and that HCV contributed only to a minor extent to the morbid ity of the patients 
that were longer on HD. 

For the purpose of our  studies we also d id repeated measurements of Skin AF i n  HD 
patients with and  without Hepatitis C at approximately six months i nterva ls, twice in  winter 
and twice in  summer. A portion of the results derived from these measurements a re not 
presented i n  the previous chapters. These resu lts showed sign ificantly h igher Skin AF va l ues 
in the summer Skin AF measurements as compared to the winter Skin AF measurements: 
winter 2007 /08 vs. summer 2008 (3.26 ± 0.8 1 vs. 3.48 ± 0.8 1 : p>0.0 1 ), and winter 2008/09 
vs. summer 2009 (3.38 ± 0.75 vs. 3 .60 ± 0.82; p>0.01 ) .  In Chapter 6 we found a s ignificant 
increase of Ski n  AF i n  the measurements which were one year apart. The mean one year 
i ncrease of Skin AF of both years was 0.1 7 ± 0.05. The new resu lts showed that there a re 
seasonal fluctuation which were defined as the addit ional half year increase above the 
expected value for a constant l inear increase [AF2-(AF3-AF 1 )/2-AFl or AF3-(AF4-AF2)/2-AF2] 
with a value of 0 . 1 9 ± 0. 1 0. We analyzed the factors that influenced the seasonal fluctuations 
of Sk in AF for the entire population, and after doing univariate regression analysis we found 
that s ignificantly higher seasonal fluctuations of Sk in AF in  HD patients with Hepatitis C than 
i n  HD patients without Hepatitis C (0.3 1 ± 0.62 vs. -0.03 ± 0.48; p = 0.0, ) .  I n  the multivariate 
regression model, we found that smoking, Hepatiti s  C and HD vintage a re independent 
predictors (R2 = 0.5 1 )  of seasonal fluctuations of Skin AF. In  figure 1 we graphical ly presented 
the impact of Hepatitis C on Skin AF in HD patients. The figure shows clearly that seasonal 
fl uctuations a re only present i n  patients with Hepatitis C; patients without Hepatitis C do 
not have seasonal fluctuations. It i s  worth noting that despite this seasonal fluctuation there 
were no sign ificant d ifferences between the Skin AF va lues of HD patients with and without 
Hepatitis C at any of the 4 time points or its increase per yea r. 
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Figure 1 .  The Skin AF at the four time points at HD patients with and without Hepatitis C. In 

Hepatitis Virus C+ patients there are seasonal fluctuations of Skin AF, a lower than expected 

increase even a decrease of Skin AF in winter and higher than expected increase in summer, 

compared to almost the l inear increase of Skin AF in Hepatitis Virus C- patients. 
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Because Hepatitis C is general ly not very common in HD patients in Europe, we did not 

include the seasonal fluctuations i n  the paper of Chapter 6. Nevertheless, we i nvestigated 
possible explanations for the phenomenon of seasonal fluctuation of Skin AF in HD patients 

with Hepatitis C. One explanation can be found in the seasonal fl uctuations of b i l i rubin as a 
results of sunl ight break down22 • The sunl ight breaks down bi l i rubin, hence h igher bi l i rubin 

in winter and lower bi l i rubin levels in  summer a re expected. Bi l i rubin shows high absorption 
at wavelengths of a round 450 nm23, where the measurement of AGEs reflected fl uorescent 
l ights takes place. Thus higher bi l i rubin can result in reduction of the measured Skin AF value 

and seasonal fluctuation in  the Skin AF values of HD patients with Hepatitis C. 

8.5. Skin Autofluorescence as a Predictor of Mortal ity in 

Hemodialysis Patients 

Meerwaldt et al were the fi rst to show that a s ingle point Sk in AF measurement was a 
strong and independent predictor of overal l  and card iovascular morta l ity in ESRD patients5• 

J iang et a l  recently reported a strong predictive power of Skin AF levels i n  a large cohort 

of maintenance d ia lysis patients (6 1 3  peritoneal d ia lysis and 1 775 HD) 1 3 • I n  Chapter 6 we 
compared the predicating power of a s ingle point measurement of Skin AF with repeated 

Skin AF measurements and found that repeated Skin AF measurements (one yea r  increase 
of Skin AF) are a stronger predictor of overa l l  and cardiovascu lar moral ity. It appears that 

more frequent measurements of Skin AF achieve stronger pred icting power of overa l l  and 

cardiovascular mortal ity i n  HD  patients. 

8.6. Does Nutrition influence the Accumulation of 

Advanced Glycation End-products in Hemodialysis  

Patients? 

I n  Chapter 3 and 7 we i nvestigated the influence of AG Es intake on the accumulation 

of AG Es in  HD patients, based on the observation of Uribarri et a l  24, who showed for the fi rst 

t ime that AGE i ntake correlates with plasma AGE levels in ESRD patients. We assessed the 

relationship between the rate of i ncrease of Skin AF in t ime and the AGE i ntake in the HD 

population in Skopje. The one year increase of Skin AF had a borderl ine negative correlation 

with AGE and calorie intake. The AGEs in  the skin biopsies did not correlate with the AGE 

intake in  the (diabetic) HD patients, which confirms that the effect i s  small and does not 
reach sign ificance for this smal l  group size. 

In Chapter 7 we assessed the relationsh ip between the one year i ncrease of Skin AF 

(�AF) and the nutritional state in HD patients, estimated by the Body Mass Index (BMl). I n  

the  multivariate analysis we found  that (BMI - 24.3)2 was the  sole independent predictor of 
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the one yea r  increase of Skin AF. Remarkably, the level of 24.3 kg/m2 is close to the upper 
l im it of the WHO recommended range. The reason for the U-shaped relation might be that 
HD patients with lower BMI are relatively undernourished and can have higher endogenous 
production of AGEs due to the increased level of inflammation and oxidative stress, whereas 
the HD patients above this level may have larger AGE levels because of (exogenous) AGEs 
intake. From our resu lts it can be concluded that the optimal BMI for HD patients is a round 
24.3 kg/m2 • 

8.7. Future Perspectives 

In  Chapter 2 we presented some possible directions for future research. More frequent 
and repeated measurement of Skin AF in  CKD patients can give ins ight in many factors 
that influence the AG Es accumu lation in these patients. An obvious possible line of fu rther 
research can be the infl uence of drugs such as sevelamer (a ca lc ium based phosphate 
b ind ing drug) in CKD, also in lower classes of CKD l i ke class 3, on the accumulation of AGEs 
measured by repeated Skin AF measurement. In ESRD the influence of different d ia lys i s  
methods such as super flux HD, hemodiafi ltration, protein leaking HD, da i ly and home HD 
or use of  u ltrapure flu id on the rate of  increase of  Sk in  AF warrants further investigat ion. 

Further questions also rose from the studies presented in  this book. What is the reason 
for stronger morta l ity predict ing power of Skin AF than of direct AGEs measurements? Why 
HCV infection has such a benign form in  HD patients compared to non-HD patients? Can 
optim ization of nutrition such as  optimal BMI or AGEs intake result in  a lower rate of AGEs 
accumulation? What are the contributions of exogenous intake and endogenous production 
of AGEs to the total rate of accumulation of AGEs? 

Skin AF is the fastest and easiest AG Es measurement due to its optica l and non-invasive 
nature. Skin AF also has a va lue outside of CKD. Of course, Skin AF measu rements can also 
be used in  other cond itions that are characterized by high oxidative and glycemic stress. 
Skin AF can be used in the general population for assessing the future risk of card iovascular, 
d iabeti c  and renal d isease. 

In conclusion, with respect to the findings in this thesis, we believe that non-i nvasive 
AGEs measurement wil l become a va luable diagnostic tool for HD patients. 
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Chron ic Kidney Disease (CKD) represents a serious hea lth and soc ia l  problem. I n  
th is thesis we focused o n  the fina l  stage of CKD, end-stage rena l  d i sease (ESRD). Subjects 
sufferi ng  from ESRD can on ly su rvive when they receive rena l  rep lacement therapy. 
Hemod ia lysis (HD), is the most frequently used method (around 70%) of rena l  replacement 
therapy. The solutes that need to be removed by HD in case of ESRD a re so-cal led u remic 
toxins. Advanced Glycation End-products (AGEs) are metabol ic  end products that belong 
to the group of protein-bound u remic toxins. AGEs accumulate in t issue where they cross
l i nk  with e.g. col lagen or interact with specific receptors, inducing tissue stiffening of blood 
vessels and skin. Current HD techn iques are unfortunately only able to clear a portion of the 
AGEs from plasma. Ski n AGE levels proved to be strong predictors of survival in HD patients. 
Skin AG Es can be measured by means of Skin Autoflourescence (AF). Th is dissertation a imed 
at resolving research questions, as  i ntroduced in Chapter 1 ,  finding factors that i nfluence 
the Skin and plasma AGEs and possible strateg ies in reducing the AG Es levels in HD patients. 

In Chapter 2 we reviewed the current knowledge about plasma and skin AGEs in CKD. 
From the current knowledge about plasma and Skin AGEs in CKD it was concluded that 
Skin AF, as an indicator of dermal tissue AG Es accumulation, qua l ifies as a better marker of 
damage of va rious tissues than c i rcu lat ing AGEs. The review also presented the poss ib i l ity 
of reducing the AGE accumulation in CKD patients us ing the fol lowing five methods: 1 .  Use 
of low AGE peritoneal d ialysis sol utions; 2. Use of advanced HD techn iques; 3 .Use of AGE 
reducing drugs; 4. Opt imizing the nutrition of HD patients; 5 .  Renal transplantation. 

The a im of Chapter 3 was to m easure the accumulat ion of different AGEs over a 
period of one year in the skin of d iabetic HD patients and to find the factors that influence 
their accumulation. The amount of the AG Es: pentosid ine, carboxymethyl-lysine (CML) and 
carboxyethyl-lys ine (CEL) in skin biops ies was measured. Skin AF measurement was used as 
an  add itiona l  method to estimate the AGEs accumulation in the skin .  Dietary records from 
the HD patients were obta ined to assess the calorie, protein and AGEs intake. Body Mass 
Index (BMI), as a measure of nutrit ional state, was ca lculated. Biochemical ly determ ined skin 
AGEs of the d iabetic HD patients did not show a s ign ificant increase in one year  t ime. The 
rate of Skin AGEs accumulation was independently associated with the rate of increase of 
Skin AF and nutrit ional state. 

In Chapter 4 we investigated whether changes in Ski n AF appear after a s ing le HD 
session and  i f  i t  could be  related to  changes in plasma AF. The study showed that although 
plasma AF decreased s ign ificantly after a s ingle HD session, this d id not lead to instant 
d ifferences in  the card iovascular r isk marker Skin AF. Nevertheless, adequate HD remains 
important a lso from the point of view of clearance of solutes that otherwise contribute to 
the progression of card iovascular morbid ity. 

Chapter 5 focused on the influence of Hepatitis C on AGE accumulation in HD patients. 
AGEs accumulation measured by means of Skin AF did not d iffer in HD patients with and 
without Hepatitis C. Th is might be due to the fact that hepatitis C d id not cause i ncreased 
oxidative stress in the studied HD popu lation. 
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In Chapter 6 we assessed the one year  increase of Skin AF in the total HD population as 
a measure of AGEs accumulation and various plasma markers, as predictors of morta l ity in 
HD patients. The mean one year increase of Skin AF of the HD patients was 0.1 6 ± 0.06, which 
was a round 7-9 fold higher than the one year increase of Skin AF i n  healthy subjects. One 
year increase of Skin AF and plasma Heart-type Fatty Acid Binding Protein, used separately 
and in  combination, proved to be strong predictors of overal l  and card iovascular morta l ity 
in hemodia lysis patients. 

The aim of Chapter 7 was to estimate the influence of nutrition on the rate of i ncrease 
of Sk in AF in H D  pat ients. Sk in  AF and BMI were measured fou r  t imes at i nterva l s  of 
approximately ha lf a year. Dai ly ca lorie, protein and AGEs intake were assessed from food 
record ings over period of one week. I t  appeared that calorie, protein and AGEs intake ha rdly 
influenced the one year increase of Skin AF in  HD patients. However, BMI is a pred ictor of 
the one year increase of Skin AF which is a strong predictor of mortal ity of H D  patients. The 
BMI of HD patients of around 24 kg/m2 resu lts in the lowest one year  increase of AF. 

I n  Chapter 8, the ma i n  i s sues i n  th i s  d i sse rtat ion were d i scussed i n  a b roader  
perspective and  future research suggestions were mentioned. Such as ,  frequent and  
repeated measurement of  Sk i n  AF  in  CKD patients can  g ive ins ight into many factors which 
influence the AG Es accumulation i n  these patients. One evident l ine of further resea rch 
should be a study of the i nfluence of drugs in CKD, including lower classes of CKD l i ke class 
3, on the accumulation of AGEs measured by repeated Skin AF measu rement. As for ESRD 
the influence of d ifferent d ia lysis methods (such as super flux HD, hemodiafi ltration, protein 
leaking HD, dai ly and home HD or use of u ltrapure flu id) on the rate of increase of Skin AF 
warrants further investigation .  

Further research questions that rose from the studies inc luded in  this book were a lso 
presented in Chapter 8. What i s  the reason for stronger mortal ity pred icting power of Skin 
AF than of d i rect AGEs measu rements? Why HCV infection has such a benign form in  HD 
patients compared to non-HD patients? Can optim ization of nutrition such as optima l  BMI 
or AGEs intake result in a lower rate of AGEs accumulation? What a re the contributions of 
exogenous intake and endogenous production of AGEs to the total rate of accumu lation 
of AGEs? 
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Chronische n ie ri n sufficientie vormt een ernstig soc iaa l  en gezondheidsprobleem.  
In d i t  proefschrift richten wij ons op het laatste stadium van chronische nier insufficientie, 
eindstadium n ierfalen {ESNF) .  Patienten die l ijden aan ESNF kunnen n iet overleven zonder 
n iervervangende therap ie. I n  d it proefschrift l igt de nadruk op hemodia lyse (HD), de 
meest gebru ikte vorm (rond 70%) van n iervervangende therap ie. De opgeloste stoffen 
d ie u it het b loed verwijderd moeten warden door m iddel  van H D  i n  geva l van ESN F 
zijn de zogenoemde u remische toxines. Advanced G lycation  End-products (AGEs) zijn 
meta bole eindproducten d ie behoren tot de groep van eiwitgebonden u remische toxines. 

AGEs stapelen zich i n  de weefsels, waa r  zij zich binden aan b ijvoorbeeld col lageen of aan 
specifieke receptoren .  Deze b ind ing induceert verstijving van de bloedvaten en de hu id .  
Helaas kan met de hu id ige d ia lysetechn ieken a l leen een deel  van de AGEs u it het plasma 

verwijderd warden. De hoeveelheden AGEs i n  de huid bleken een goede ind icator te zijn 
van de overleving van H D-patienten. De hoeveelheden AGEs i n  de huid kunnen gemeten 
warden door m iddel van een autofluorescentie (AF)-meting van de hu id .  Dit proefschrift 
beoogt de in  hoofdstuk 1 beschreven vragen te beantwoorden, namel ijk  welke factoren 
zijn van invloed zijn op de AF van de hu id en op de hoeveelheid AGEs in  het plasma, en hoe 
kan de hoeveelheid AGEs i n  HD-patienten verminderd warden. 

I n  hoofdstuk 2 geven we een overzicht van de huid ige kennis over AG Es in bloedplasma 

en in de huid bij patienten met chronische n ier insufficientie. Op grond van de bestaande 
kenn i s  kan geconc ludeerd warden dat de  h u id-AF, a l s  i nd icator van de hoeveel he id 

gestapelde AGEs i n  de h u id, een betere indicator is van weefselschade dan de hoeveelheid 
AGEs in  de circulat ie. U it de l iteratuur  komen de volgende vijf methoden d ie  gebru ikt 

zouden kunnen warden om AGE-stapel ing bij ESNF-patienten te verminderen, naar voren:  
1 .  Het gebruik van AGE-arme spoelvloeistoffen voor peritoneaaldialyse; 2 .  Het gebrui k van 
meer geavanceerde H D-techn ieken; 3. Het gebruik van AGE-verminderende medicatie; 4. 
Het optimaliseren van de voeding van HD-patienten; 5. N iertransplantatie. 

Het doe( van hoofd stuk  3 was om de stapel ing van versch i l lende AGEs in de hu id  

van HD-patienten met d i abetes mel l itus i n  een periode van 1 jaa r  te  meten en factoren te 
vinden die de stapel ing van die AGEs be"invloeden. De hoeveelheid van de AGEs pentosidine, 
carboxymethyl lys ine (CML) en carboxyethyl lys ine (CEL) i n  hu idb iopten werd gemeten .  

Daarnaast werd hu id-AF gebru ikt a l s  een aanvu l lende methode om de hoeveelheid AGEs 
in de huid te beoordelen. Dieetdagboeken van de HD-patienten werden gebru ikt om de 

calorie-, eiwit- en AGEs- i nname i n  te schatten.  Tevens werd de Body Mass Index (BMI) 
berekend, als maat voor de voed ingstoestand. De biochemisch gemeten hoeveelheden 
AGEs in de hu id van de patienten met diabetes mel l itus l ieten geen s ign ificante toename 
z ien over een periode van een jaar tijd. De toename in  hu id-AF en voedingstoestand zijn 
onafhankel ijke variabelen d ie van invloed zijn op de mate van stapel ing van AGEs in de hu id. 

I n  hoofdstuk 4 hebben we onderzocht of na een enkele keer d ialyseren veranderingen 

in  hu id-AF meetbaar zij n .  Daarnaast hebben we gekeken of veranderingen i n  hu id-AF 
gerelateerd zij n aan vera nder ingen in de p lasma-AF. U it de  stud ie  bleek dat hoewel 

de plasma-AF s ign ificant afnam na een enkele keer d ia lyseren, d it n iet le idde tot acute 

veranderingen in de cardiovascula ire r is ico-ind icator hu id-AF. N iettemin b l ijft adequate HD  
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belangrijk, ook vanu it het oogpunt van klaring van substanties die op andere wijze bijdragen 
aan de progressie van card iovascula i re morbid iteit. 

In hoofdstuk 5 lag de focus op de invloed van hepatitis C op de stapel ing van AGEs 
bij HD-patienten. Er was geen versch i l  in  stapel ing van AGEs, gemeten middels hu id-AF
metingen, tussen HD-patienten met hepatitis C en HD-patienten zonder hepatitis C. Wel l icht 
veroorzaakt hepatit is C geen verhoogde oxidatieve stress bij de onderzochte popu latie van 
HD-patienten, waardoor deze resultaten verklaard zouden kunnen warden. 

I n  hoofdstuk 6 onderzoeken we de toename van hu id-AF i n  een jaar en versch i l lend 
markers i n  het bloedplasma bij de HD-patientengroep als maat voor  AGE-stapel ing .  De 
AGE-stapel ing en de gemeten markers zijn ind icatoren van mortal iteit bij HD-patienten. 
De gemiddelde toename van hu id-AF in  een jaar i n  de gehele onderzochte populatie van 
HD-patienten bedroeg O, 1 6  ± 0,06. Dat is 7-9 keer zo veel als de jaar l ijkse toename van 
huid-AF bij gezonde proefpersonen. De jaarl ijkse toename van hu id-AF en de hoeveel heid 
Heart-type Fatty Acid Binding Protein in het plasma zijn sterke voorspellers van de algemene 
en cardiovascu la i re morta l iteit b ij HD-patienten wanneer deze voorspel lers ind ividueel 
gebru ikt worden, maar ook wanneer zij gecombineerd toegepast warden. 

Het doel van hoofdstuk 7 was een inschatting te maken van de i nvloed van voed ing 
op de toename van de  hu id-AF bij HD-patienten. De huid-AF en BMI werden vier keer 
gemeten met tussenpozen van ongeveer een half jaar. De dagel ijkse calorie-, eiwit- en AGE
inname werden gemeten op basis van voedingsdagboeken die een week lang bijgehouden 
werden. Het bleek dat calorie-, eiwit- en AGE-inname nauwel ijks van invloed waren op de 
jaarl ijke toename van hu id-AF bij HD-patienten. De BMI daarentegen bleek een voorspeller 
van de jaarl ijkse toename in  hu id-AF, en tevens een sterke voorspel ler van mortal iteit bij 
HD-patienten. Een BMI van rond 24 kg/m2 resulteert i n  de kleinste toename in hu id-AF i n  
een jaar bij HD-patienten. 

In hoofdstuk 8 worden de belangrijkste punten van d it proefschrift i n  een breder 
perspectief geplaatst en suggesties voor  toekomstig onderzoek worden gegeven .  Hogere 
absolute aanta l len metingen en meer frequente metingen van hu id-AF bij patienten met 
chronische n ierinsufficientie kunnen meer inzicht geven in de  vele factoren die de AGE
stapel ing bij deze patienten beYnvloeden. Een logische toekomstige onderzoeksvraag kan 
zijn wat de invloed is van medicatie bij chronische nierinsufficientie op de stapel ing van 
AGEs, ook bij lagere stadia van chron ische n ierinsufficientie zoals klasse 3. Ook vraagt de 
invloed van de versch i l lende dialysemethodes die gebruikt warden bij ESNF, zoals super-flux 
HD, hemodiafiltratie, protein leaking HD, dagelijkse thuisdialyse of het gebru ik van u ltra pure 
d ia lysevloeistof, op hu id-AF om nader onderzoek. De voor d it proefsch rift u itgevoerde 
stud ies brachten weer n ieuwe vragen naar  voren. Waarom is de voorspel lende waarde 
van huid-AF-metingen voor mortal iteit hoger dan de voorspel lende waarde van d i recte 
AGE-metingen? Waarom verloopt hepatitis C zo mi ld bij HD-patienten in vergel ij ki ng  tot 
patienten d ie geen H D  ondergaan? Kan voed ingsoptimal isatie, zoals optimal isatie van de 
BMI of optimal isatie van de AGE-inname, resulteren i n  lagere AGE-stapel ing? Wat zijn de 
bijdrages van exogene inname en endogene productie van AGEs op de totale  hoeveelheid 
AGE-stapel ing? 
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HD 
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UV 
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