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Abstract 
 

Hemodialysis (HD) is the most frequently used treatment for end-stage 
renal disease. Despite all efforts to improve the outcomes, the mortality of 
patients on HD is still high, and this especially is related to cardiovascular 
diseases (CVD). Glucose degradation products accumulate in plasma and 
tissue as a result of oxidative stress in these patients. Such accumulation is 
strongly related to the risk of developing CVD. Tissue deposits of advanced 
glycation end products (AGE) can be easily assessed by a skin 
autofluorescence (SAF) technique. SAF is one of the strongest prognostic 
markers of mortality in HD patients. The aim of this thesis is to examine 
whether intervention on HD treatment can reduce the load of AGE of these 
patients. 

The aim of the first study was to investigate whether changes in SAF appear 
after a single HD session and if they might be related to changes in plasma 
AF. Skin and plasma AF (PAF) were measured before and after HD in 35 
patients on maintenance HD therapy. Median dialysis time was 4 h (range 
3-5.5). SAF was measured noninvasively with an AGE Reader, and plasma 
AF was measured before and after HD. The HD patients had on average a 
65% higher SAF value than age-matched healthy persons (P < 0.001). PAF 
was reduced by 14% (P < 0.001), whereas SAF was not changed after a 
single HD treatment. No significant influence of the reduced PAF on SAF 
levels was found. This suggests that the measurement of SAF can be 
performed during the whole dialysis period and is not directly influenced 
by the changes in plasma AF during HD.  

In study 2 different dialysis filters were compared to clarify whether using a 
high-flux (HF) dialyzer favors plasma or SAF removal compared to low-flux 
(LF) dialyzer. Twenty-eight patients were treated with either an HF-HD or 
LF-HD but otherwise unchanged conditions in a cross-over design. SAF 
was measured non-invasively with an AGE reader before and after HD. 
PAF was determined as total and non-protein-bound fractions. Corrections 
for hemoconcentrations by volume changes were made using the change in 
serum albumin. Paired and non-paired statistical analyses were used. The 
different treatments did not change SAF after LF- and HF-dialysis. Total, 
free, and protein-bound PAF were reduced after a single LF-HD by 21%, 
28%, and 17%, respectively (P<.001). After HF-HD total and free PAF was 
reduced by 5% and 15%, respectively (P<.001), while protein-bound values 
were unchanged. The LF-HD resulted in a more pronounced reduction of 
PAF than did HF-HD (P<.001). Serum albumin correlated inversely with 
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PAF in HF-HD. There was no significant change in SAF after dialysis, 
either with LF or with HF dialysis. Although only limited reductions in PAF 
were observed, these were more pronounced when performing LF dialysis. 
These data are not in overwhelming support of the use of HF dialysis in the 
setting used in this study. 

In the third study the effect on SAF was investigated using either glucose-
containing or glucose-free dialysate. SAF and PAF were measured in 
patients on HD during standard treatment with a glucose-containing 
dialysate (n=24). After that, the patients were switched to a glucose-free 
dialysate for a 2 week period, and new measurements were performed on 
PAF and SAF.  

There was an increase of pre-dialysis SAF measured at the beginning of the 
study compared with the values one month later (as in study 4). By 
comparing pre- and post-dialysis values there was a significant decrease of 
SAF only when using glucose-free dialysate. Free PAF decreased 
independently whether glucose-containing or glucose-free dialysate was 
used. The important finding was that increase in SAF seemed possible to 
slow down using glucose-free dialysate.  

Study 4 was performed to investigate whether there are seasonal variations 
in SAF on a HD population. SAF was measured non-invasively with an AGE 
Reader in patients on HD at different seasonal periods during one year 
such as February-May (N=31), May–August (N=28), August–March 
(N=25). SAF was measured before HD. Paired statistical analyses were 
performed between each two periods.  Unexpectedly there was at a median 
6% increase in SAF during the winter (p=0.004) and a 11% decrease from 
4.0 to 3.5 arbitrary units of the SAF during the summer (p<0.001). The 
study concluded that SAF shows seasonal variation. The cause of these 
changes could not be clarified. A beneficial effect may be due to extended 
exposure to sunlight during the summer and/or to different dietary intakes 
during the seasons. 

In conclusion, these interventional studies confirmed that PAF is lowered 
by dialysis. SAF was only decreased by HD when using glucose-free 
dialysate. SAF was not influenced by a single HD, with glucose-containing 
dialysate, independent of using HF or LF filters. These data favor glucose-
free dialysate as a possible measure to slow down the progress of tissue 
AGE compared to glucose-containing dialysate. Longitudinal studies will 
help to clarify this issue further.  



 
 

v 
 

Summary in Swedish/  
Sammanfattning  på svenska 

Hemodialys (HD) är den mest använda behandlingen för njursvikt i 
slutstadium (ESRD). Trots all utveckling är dödligheten hos patienter i HD 
fortfarande hög, framför allt relaterat till hjärt-och kärlsjukdomar (CVD). 
Glukosnedbrytningsprodukter ansamlas i plasma och vävnad till följd av 
oxidativ stress hos dessa patienter. Ackumulationen är starkt relaterad till 
risken att utveckla hjärt-kärlsjukdom. Inlagringar av advanced glycation 
end products (AGE) i vävnaden kan mätas non-invasivt med en teknik som 
mäter hud autofluorescens (SAF). SAF är en av de starkaste prognostiska 
markörerna av dödlighet hos HD-patienter. Syftet med denna avhandling 
är att undersöka om intervention med HD behandling kan minska 
belastningen av AGE mätt med SAF hos dessa patienter. 

Syftet med studie I var att undersöka om SAF förändras efter en enda HD 
behandling och om det kan relateras till  förändringar i plasma AF. Hud 
och plasma AF mättes före och efter HD i 35 patienter med kronisk HD. 
Median-dialystid var 4 timmar (range 3-5,5). I samtliga studier (I till IV) 
mättes SAF non-invasivt med en AGE-reader. PAF mättes före och efter 
HD. Patienter hade i genomsnitt 65 % högre värde för SAF än 
åldersmatchade friska personer (P < 0,001). PAF minskade med 14 % (P < 
0,001), medan SAF inte ändrades efter en HD-behandling. Den minskade 
PAF nivån förändrade inte SAF efter HD. Detta indikerade att mätningen 
av SAF kan utföras under hela HD och inte direkt påverkades av 
förändringarna i PAF.  

I studie II jämfördes dialysfilter 'high-flux' (HF) med 'low-flux' (LF) för att 
klargöra om den större porstorleken hos HF gynnar avlägsnande av PAF 
eller SAF jämfört med low-flux (LF) filter. 28 patienter behandlades med 
HF-HD eller LF-HD med i övrigt oförändrade villkor i en cross-over design. 
SAF mättes icke-invasivt med en AGE-reader före och efter HD.  

Totala och icke-proteinbundna fraktioner av PAF analyserades. 
Förändringen i serum albumin användes för korrigering av ändrade 
blodkoncentrationer som uppstår på grund av volymförändringar. De olika 
behandlingarna ändrade inte SAF efter LF- eller HF-dialys. Totalt, fritt och 
proteinbundet PAF minskades efter en enda LF-HD med resp. 21 %, 28 % 
och 17 % (P<0,001). Totalt och fritt PAF minskade med resp. 5 % och 15 % 
(P<0,001) efter HF–HD, medan den proteinbundna värden var 
oförändrade. LF-HD resulterade i en mer uttalad minskning av PAF 
jämfört med HF-HD (P<0,001). Det fanns en omvänd korrelation för 
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serumalbumin med PAF i HF-HD. Det hittades ingen signifikant 
förändring i SAF efter HD, varken med LF eller med HF dialys. Det 
observerades bara en begränsad minskning för PAF, mer uttalad under LF-
HD. Dessa resultat ger inget starkt stöd för användning av HF-HD för 
påverkan av AGE enligt den approach som användes i denna studie. 

I studie III undersöktes effekten av glukoshaltigt eller glucosfritt 
dialyskoncentrat (dialysat) på SAF. SAF och PAF mättes hos patienter på 
HD under standardbehandling med dialysat som innehöll glukos (n = 24). 
Därefter byttes patienterna under en 2 veckors period till glukosfritt 
dialysat och nya mätningar utfördes på PAF och SAF. 

Mätt vid studiestart ökade SAF före dialysen (som i studie IV) jämfört med 
mätningar en månad senare. SAF-värdet efter glukoshaltiga 
dialysatbehandlingen var högre. SAF efter dialys med glukosfritt dialysat 
minskade signifikant med 12%. Fri PAF minskade oberoende om 
glukosinnehållande eller glukosfritt dialysat användes. Det viktiga fyndet 
var att det verkade möjligt att fördröja ökning av SAF om glukosfritt 
dialysat används. 

I studie IV undersöktes om grillsäsongen försämrar SAF och om det finns 
årstidsvariationer av SAF i en HD population. SAF hos HD-patienter 
mättes 4 gånger under ett år från februari-maj (N = 31), maj-augusti (N = 
28), augusti-mars (N = 25). SAF mättes innan HD. Parade statistiska 
analyser utfördes mellan varje två perioder. Det fanns en genomsnittlig 
ökning med 6% av SAF under vinterperioden (p = 0,004). Under 
sommaren minskade SAF med 11% från 4,0 till 3,5 AU (p < 0,001). I 
studien konstateras att det finns årstidsvariation av SAF. Orsaken till dessa 
förändringar kunde inte klarläggas. En gynnsam effekt kan bero på 
förlängd exponering för solljus under sommaren och/eller olika 
kosthållning under årstiderna. 

Sammanfattningsvis visade dessa interventionsstudier att PAF sänks av 
dialys emedan SAF endast kunde reduceras med HD om glukosfritt dialysat 
användes. Detta kan vara en möjlig åtgärd för att bromsa utvecklingen av 
vävnads AGE och kardiovaskulär sjukdom. Säsongsbetingade faktorer kan 
påverka SAF signifikant.  
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Abbreviations 
 
 
 

AGE advanced glycation end products 
AU arbitrary unit 
CEL N-ε-(carboxyethyl)-lysine 
CKD chronic kidney disease 
CML N-ε-carboxy-methyl-lysine 
eGFR estimated glomerular filtration rate 
ESRD end-stage renal disease 
GF glucose-free 
GFR glomerular filtration rate 
GPD glucose degradation products 
HD hemodialysis 
HDF hemodiafiltration 
HF high- flux 
HF-HD high- flux hemodialysis 
KUF ultrafiltration coefficient 
LF low- flux 
LF-HD low-flux hemodialysis 
MW molecular weight 
PAF plasma autofluorescence 
PD peritoneal dialysis 
RAGE receptor of AGE 
RRT renal replacement therapy 
SAF skin autofluorescence 
SNR/SRR Svenskt njurregister/ Swedish renal registry 
UF ultrafiltration 

 
 
 
 
 
 

  



 
 

viii 
 

 
 
 

Original Papers 

 

This thesis is based on the following papers: 

 
 

1. Graaff R, Arsov S, Ramsauer B, Koetsier M, Sundvall N, Engels GE, 
Sikole A, Lundberg L, Rakhorst G, Stegmayr B: Skin and plasma 
autofluorescence during hemodialysis: a pilot study. Artif Organs 
2014, 38(6):515-518. 

2. Ramsauer B, Engels G, Arsov S, Hadimeri H, Sikole A, Graaff R, 
Stegmayr B: Comparing changes in plasma and skin autofluorescence 
in low-flux versus high-flux hemodialysis. Int J Artif Organs 2015, 
38(9):488-493. 

3. Ramsauer B, Engels GE, Graaff R, Sikole A, Arsov S, Stegmayr B: 
Skin- and plasma autofluorescence in hemodialysis with glucose-free 
or glucose-containing dialysate. Submitted for publication 

4. Ramsauer B, Graaff R, Sikole A, Trajceska L, Arsov S, Hadimeri H, 
Stegmayr B: Skin autofluorescence, a measure of cumulative 
metabolic stress and advanced glycation end products, shows seasonal 
variations in dialysis patients. Submitted for publication 

  



 
 

1 
 

Introduction 

Kidney function and Renal failure 

The kidneys are paired organs with a weight about 120 -200 g each. Despite 
their small size, they receive a 5th of the cardiac output (heart’s blood flow), 
which is a sign of their importance for homeostasis. They have a number of 
various functions. The fluid ultrafiltrate daily produced is about 180 liters; 
by reabsorption this results in about 2 liters of urine for excretion. Under 
this concentration process, molecules are reabsorbed and secreted to the 
ultrafiltration. By excretion, the kidneys clean the blood from waste products 
with different molecular size like urea and products from protein catabolism 
like advanced glycation end products (AGE). Because of the filtration of 
useful nutrients and electrolytes in the ultrafiltrate reabsorption counteracts 
this loss. Besides these functions, kidneys produce hormones like 
erythropoietin for hematopoiesis and renin which is an important 
contributor in blood pressure regulation. Together with the lungs the 
kidneys maintain the acid-base regulation. 

Deterioration of kidney function happens with age but also as a consequence 
of several diseases. Chronic kidney disease (CKD) may result in a progressive 
deterioration of renal function over a period of months or years. A number of 
diseases, for example, glomerulopathies (primary or subsequent to systemic 
diseases), diabetes mellitus, hypertension or post renal obstruction can cause 
CKD. The loss of renal function causes metabolic acidosis, renal anemia, 
disturbance in electrolyte balance, and mineral and bone disorder (MBD). 
The progress of the disease can be insidious, and symptoms may appear 
when kidney function is reduced to 10–20% of the normal. The kidney 
function can be measured by glomerular filtration rate (GFR), the rate of 
filtered waste products and fluid through the kidneys. The normal range for 
GFR is typically over 100 ml/min per 1.73 m2 body surface area. GFR can be 
measured with renal clearance techniques, using, for example, iohexol as an 
exogenously applied marker. Plasma GFR can be calculated with 
considerable accuracy by concentration changes of the substance. In daily 
clinical practice, the most frequently used markers are Cystatin C (a protein 
with renal elimination) or creatinine. These markers also allow an estimation 
of glomerular filtration rate (eGFR). The loss of kidney function is 
accompanied by decreasing GFR. Renal failure or end-stage renal disease 
(ESRD) is defined as GFR <15 ml/min per 1.73 m2. 

According to KDIGO (kidney disease improving global outcome), CKD is 
defined as abnormalities of kidney structure or function, present for more 
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than three months, with implications for health and is classified based on 
cause of the disease, GFR category, and albuminuria category (Figure 1). 

 

 
 

 

CKD is an increasing international problem. In the Global Burden Disease 
2010 study, between 1990 and 2010 the number of deaths from CKD 
augmented with 82%, and CKD has the third largest increase among the top 
25 causes of death (rank 18). CKD is estimated to occur in about 10 % of the 
population, and ESRD is the tip of the iceberg. 

ESRD is defined as stage 5 (according to G5 in Figure 1) with GFR < 15 
ml/min per 1.73 m2. It was estimated 2008 that more than 1.4 million 
worldwide received renal replacement therapy (RRT), with the incidence 
increasing by 8% annually (White et al., 2008). 
  

Figure 1 CKD definition (modified from (KDIGO, 2013). 
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ESRD and renal replacement therapy (RRT) 

There are three principal options to treat ESRD 

1. Kidney transplantation. In this case, a kidney from a deceased or a 
living donor is transplanted into a patient with mal- or non-
functioning kidneys. Despite the need of lifelong immunosuppressive 
therapy, this procedure is associated with the highest quality of life 
and the lowest long time mortality among those treatments. 

2. Peritoneal dialysis involves the patient’s peritoneum as a membranous 
barrier across which solutes and fluid can be removed from the blood. 
Dialysis fluid (mostly glucose-containing) is filled into the abdominal 
cavity. After some hours, it is flushed out again and wasted, containing 
ultrafiltrate and uremic solutes. Thereafter, a refilling is repeated, and 
so on.  

3. Hemodialysis is an extracorporeal treatment option to remove solutes 
and toxins from the blood circulation. 

 

 
Figure 2 Ratio of the different RRT in Sweden (TX = kidney transplantation, PD = 
peritoneal dialysis, HD = hemodialysis; data from the Swedish Renal Register 
SNR/SRR). 
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In Sweden, the prevalent number of patients receiving RRT has increased 
from 3800 to 9600 during the last 25 years. The ratio between the 
treatments has not changed; about 55 % are transplanted, 35 % receive HD 
and 10 % receive PD (Figure 2, all data taken by direct research from 
SNR/SRR database). 

Hemodialysis (HD) 

HD is the most used dialysis method worldwide as well in Sweden, where 
about 78 % of all dialysis patients are treated with HD. Most of the patients 
are treated in dialysis departments, but about 4 % of the Swedish patients 
perform dialysis in their home (home HD). 

History of dialysis 

The term dialysis was used in 1854 by Thomas Graham, a chemist working at 
Glasgow University for describing “the method of separation by diffusion 
through a septum of gelatinous matter”. He dialyzed urine in a vessel so-
called by him a dialyzer, and could separate crystalloids through a 
semipermeable membrane (Graham, 1861). The first extracorporeal dialysis 
in animals was performed by John J. Abel (Abel et al., 1914). The first 
attempts of dialysis in human patients were conducted by G. Haas (Haas, 
1926). He performed six treatments, each lasting about 30 min. The duration 
was limited because of the toxicity of hirudin that had been used as 
anticoagulant, and Haas discontinued his experiments (Haas, 1928). In 1937, 
Thalheimer used the combination of heparin and cellophane for successful 
dialysis of uremic dogs after nephrectomy, a further step towards dialysis 
nowadays (Cameron, 2016). 

In 1943 W. Kolff and co-workers treated the first patient, a 29-year-old 
woman with acute kidney disease who died after twelve dialysis sessions 
(Kolff et al., 1997).  After 15 more attempts without success, in 1945 a female 
patient with acute renal failure recovered after dialysis and regained kidney 
function (Gottschalk and Fellner, 1997). 

In 1946-47 Nils Alwall in Lund Sweden developed an artificial kidney where 
negative pressure could be applied to the dialysis fluid reservoir. With this 
the dialyzer made controlled ultrafiltration possible, an improvement 
regarding the fluid access of patients with acute kidney disease.  

Around the same time in 1946 Gorden Murray, a Canadian surgeon, 
developed an artificial kidney and performed successful dialysis treatment 
with complete recovery of the patient. There was no support and acceptance 
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for the artificial kidney at the Toronto hospital (McKellar, 1999). At this time 
only acute renal failure was treated. Only a limited number of treatments 
were possible because dialysis needed a surgical access that destroyed the 
patients’ veins. 

Thereafter Scribner and Quinton introduced a functioning arteriovenous 
shunt where subcutaneous Teflon tubes inserted in the radial arteria and a 
suitable vein were connected after dialysis with a Teflon loop (Quinton et al., 
2004). This “Scribner shunt” made it possible to treat chronic uremia by 
intermittent HD (Scribner et al., 1998). Six years after this shunt operation, 
James Cimino and Michael Brescia developed a native fistula by connecting 
surgically a vein and an arteria, a technique which is still frequently used in 
dialysis patients (Brescia et al., 1966). 

Physiologic Principles of Hemodialysis 

The role of dialysis treatment is to substitute the loss of renal function by 
cleansing the blood of waste products like electrolytes, acids, and excess 
water. The modern “artificial kidney”, the dialysis filter or dialyzer, contains 
numerous hollow fibers in a cylindrical casing presenting a semipermeable 
membrane. This membrane divides blood with waste products on one side 
from the clean dialysis bath on the other side. The underlying physical 
transport mechanisms are diffusion, convection, and for fluid removal 
ultrafiltration (UF). 

Diffusion 

Diffusion is the movement of molecules from a region of higher 
concentration to a region with lower concentration across a semipermeable 
membrane. The rate of transport depends on the molecular weight of a 
solute. The larger a molecule is the lower is the transport rate because they 
are moving slowly and infrequently collide with the membrane of the 
dialyzer. Transport occurs in both directions. Depending on the solute 
concentration in the dialysate waste products such as urea, creatinine or uric 
acid are removed from the blood, while a metabolic acidosis will be adjusted 
by bicarbonate moving in the reverse direction (Figure 3)(Sam, 2014). Using 
countercurrent flow, meaning that blood flow is opposite to dialysis solution 
flow, the concentration difference of waste products is maximized in all parts 
of the dialyzer (Daugirdas, 2015). 
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Figure 3 Summary of the diffusion of common substances between the dialysate and 
the blood (modified from (Sam, 2014)) 

Ultrafiltration 

Ultrafiltration is another mechanism to transport solubles across 
semipermeable membranes. The force behind ultrafiltration is either a 
difference in hydrostatic or osmotic pressure across the membrane of the 
dialyzer. In peritoneal dialysis (PD) osmotic force is the main principle, 
whereas in HD it is the trans-membrane pressure (TPM) difference. Small 
water molecules are forced to pass to the dialysate compartment of the 
dialyzer by negative TMP. Solutes that can pass easily through the 
membrane pores follow the water in nearby original concentrations, a 
process called solvent drag (Daugirdas, 2015). 

Dialyzers (dialysis filters) 

Modern dialyzers are capillary dialyzers. They consist of about 14,000 hollow 
fibers with a diameter of about 200 µm with a wall thickness of 5-40 µm for 
each fiber. The effective surface area of dialysis filters is about 1 – 2 m2 
(Figure 4). 
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Low-Flux (LF) versus High-Flux (HF) filters  

Dialyzers can be classified by the size of their pores in the capillaries as low-
flux (LF) or high-flux dialyzers. One classification by FDA (U.S. Food and 
Drug Administration) is defined by the ultrafiltration coefficient (KUF) for 
hydraulic permeability for water of the membrane (FDA, 2015). High-flux 
filters have a KUF ≥ 8 ml/h x mmHg. A more rigid definition used in the 
HEMO-study demands a KUF of ≥ 14 ml/h x mmHg and a β-2-microglobulin 
clearance > 20 ml/min (Eknoyan et al., 2002). 

Composition of the dialysate. 

The dialysate used in modern dialysis machines is blended from a 
concentrate. During a treatment lasting 4 hours (with a typical dialysis flow 
of 500 ml/min) at least 120 liters dialysis fluid are necessary. The 
concentrate is diluted by water which is purified by reverse osmosis and by 
passing several filters. However, this fluid can contain pro-inflammatory 
endotoxins and bacterial fragments. An ultrapure dialysate is obtained by 
passing a final ultrafilter before entering into the dialyzer (Sam et al., 2006). 
The final dialysate ready for use contains sodium (135-145 mmol/L), 
potassium (0-4 mmol/L), chloride (102 – 104 mol/L), calcium (1.25 – 1.75 
mmol/L), magnesium (0.5 – 1 mmol/L), bicarbonate (30 – 39 mmol/L) and 
glucose (100 mg / L) (Figure 3)(Böhler, 2015). 

Glucose concentrations in the dialysate have varied over time. In the early 
days of HD glucose concentrations could be up to 1800 mg/L. The reason 
was that this high concentration was also used as osmotic agent for 
ultrafiltration of fluid from the patient (Kolff et al., 1997). This is the same 

 
 
Figure 4 Capillary dialyzer a) with connections for blood left and right, for dialysate 
from the sides b) cross section of a dialyzer with single capillaries, modified from 
(Geberth and Nowack, 2014).  
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principle used nowadays in dialysis fluid used intra-abdominally to remove 
fluid from patients that perform PD. By developing more robust HD 
membranes ultrafiltration was possible using higher transmembrane 
pressures. The use of glucose in the dialysate decreased dramatically. Still 
the optimal concentration of glucose to be used in the dialysate was unclear. 
It was discussed whether glucose-free dialysate could induce hypoglycemia 
in diabetic patients or result in greater amino acid losses caused by a 
catabolic state. Regarding glucose-containing fluid there were concerns 
when using containers for preparation of dialysate in a specific room 
centrally to be distributed to the various machines. That central fluid tank 
containing glucose concentrates could promote bacterial and fungal growth 
(Parsons and Davidson, 1979). The development of dialysis machines that 
could prepare their own dialysates allowed more continuous preparations of 
dialysis fluid, including specific on-line fluid for hemofiltration (see below), 
and there was less risk for bacterial contamination. This safety was improved 
by specific filters in the dialysate line of the dialysis machines and was 
developed by Falkenhagen et al. (Stegmayr and Klinkmann, 2015). 

At present most dialysates contain 100 mg/dL (about 5.5 mmol/L), ranging 
from 0 - 200 mg/L. It has not been investigated whether glucose levels in the 
dialysate are linked to inflammation (Sharma and Rosner, 2008, Locatelli et 
al., 2015).   

Backfiltration 

Backfiltration is the movement of water and substances from the dialysate to 
the blood. Movement of substances along the concentration gradient, so-
called backdiffusion, and convective pressure depend on the pressure across 
the dialysis membrane. In the dialysis filter, the hydrostatic pressure is high 
in the blood entering the dialyzer, and that favors the ultrafiltration in 
direction of the dialysate compartment (Rangel et al., 2011).  

The hydrostatic pressure drops along the dialysis filter membrane. At the 
same time, the colloid osmotic (oncotic) pressure increases on the blood side 
due to hemoconcentration that includes albumin. Both factors can 
contribute to fluid and solute flow in the opposite direction (Figure 5).  

Backfiltration is less of a problem in LF dialysis membranes. In contrast, 
high permeable membranes, developed with new materials with the 
intention to improve biocompatibility, and a larger pore size to allow a better 
removal of middle sized molecules result in a higher Kuf. One problem is that 
if the dialysate used is not ultrapure, endotoxins and bacteria can be 
backfiltered from the dialysate into the blood (Santoro and Guadagni, 2010). 
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Hemofiltration and Hemodiafiltration (HDF) 

The cleansing of blood by hemofiltration depends on connective mass flow. 
No dialysate is necessary; the solutes are dragged together with the flow of 
water through the high permeable membrane. The driving force is a negative 
hydrostatic pressure across the membrane. This treatment requires large 
amounts of sterile isotonic infusion fluid to compensate for the fluid loss 
from the patient. Hemofiltration is better in the removal of solutes with 
higher molecular weight but less efficient for small substances. 
Hemofiltration is mostly used as continuous renal replacement therapy in 
intensive care units (Kotanko et al., 2015). 

To combine the advantages of both HD and hemofiltration, HDF is another 
treatment option. Removal of small substances is achieved by diffusion, and 
large solutes are removed by convection. The first clinical experience was 
done about 40 years ago in Germany (Ledebo, 2013). To show a survival 
benefit for the treated patient, a high fluid volume exchange was suggested 
(15-24.9 L) (Canaud et al., 2006). A study from Spain from 2013 showed that 
lower mortality was seen only in patients who had large substitute volumes 
(mean 23.7 L) (Maduell et al., 2013). However, the outcome of that study 
was questioned due to the selection of patients with good vessel function 
(AV-fistula) in the HDF group. 

According to the Dialysis Outcomes and Practice Patterns Study (DOPPS), 
the acceptance of HDF has increased during the last decade. The use of HDF 
has doubled in Europe, from 12 % in 2008 to 27 % in 2014 (Karaboyas et al., 
2015). In Sweden HDF treatment is common and in 2015 about 55 % of all 
HD patients were treated by HDF. 

Figure 5  Backfiltration: hydrostatic pressure along a HF dialyzer membrane. 
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Treatment strategies for HD 

The decision to start HD treatment depends primarily on signs and 
symptoms that are associated with uremia like fluid overload, fatigue, 
pruritus, anorexia, nausea, refractory hyperkalemia and acidosis. Dialysis is 
initiated mainly when GFR is between 5 ml/min and 10 ml/min. Studies 
showed that there was no benefit in morbidity if starting already when the 
patient had better kidney function (Cooper  et al., 2010, Tattersall et al., 
2011).  

The most conventional dialysis treatment is 4 hours each time and 3 times a 
week. There are other options for dialysis like the frequent dialysis (5–7 
days/week), with different durations (between less than three h and more 
than five h). Such treatments showed statistically significant improvements 
in quality of life, but also significant reductions of left heart ventricular mass 
(Culleton et al., 2007) and intradialytic blood pressure, as well as the need 
for less medications (The FHN Trial Group, 2010). Another option is dialysis at 
home with long dialysis sessions (for example, 6-8 hours at night, 3–6 
nights/week). Currently it is not clear if these alternatives are superior to the 
conventional 4-hour treatment 3 times/week. Prospective trials are 
recommended to determine the effect of long time and frequent HD on 
mortality (Daugirdas et al.). However, in 2002 it was demonstrated that 
patients receiving frequent short dialysis (2 hours and 6 times/week) 
suffered from a significant lower level of glycation-related substances and 
had a better control of advanced glycation end products (AGE). This was 
postulated to be due to the more intensive dialysis treatment (Floridi et al., 
2002). 

Measure of adequacy of HD treatment 

A simple calculation as a measurement of dialysis efficacy is the urea 
reduction ratio (URR) (Owen et al., 1993). Thereby the aim is that a standard 
dialysis session should reduce the urea level in blood by 70% (KDOQI, 2006). 
In the meantime, it is recommended to phase out URR in preference of more 
precise methods (Daugirdas et al., 2015). Kt/V, normalized treatment ratio, 
is another method that takes into account the intradialytic urea generation 
and ultrafiltration (Gotch, 2000). K is the urea clearance of the used dialysis 
filter, t (time) is the duration of dialysis, and V is the distribution volume of 
urea (approximately the total body water of the dialysis (Gotch, 2008, 
Lowrie et al., 1999).  
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StdKt/V is an accepted measure of dialysis that evaluates the efficacy of the 
dialysis performed over the whole week, which gives the opportunity to 
compare different dialysis modalities like PD, HD, and frequent HD (Gotch, 
2008) (Figure 6). It should also consider the effect of residual urine function 
that is usually missing for the HD concept while it is included in most PD 
programs (Gotch, 1998). In the case of residual kidney function (Kru), the 
urea clearance can be measured. Methods have been developed to combine 
Kt/V and residual kidney function. There is a strong correlation between 
residual kidney function and survival (Termorshuizen et al., 2004). Methods 
for measuring residual kidney function include urine collection for 
calculating urea and/or creatinine clearance or the use of exogenous 
filtration markers like iohexol (Daugirdas et al., 2015). 

Urea is a good representative for small solutes. It is easily measured, and it 
moves freely by diffusion across the dialysis membrane and among body 
compartments. Also it is not bound to macromolecules (Daugirdas et al., 
2015). Beside the small solutes, there are also larger molecules and protein-
bound uremic toxins (Vanholder et al., 2003). The removal of larger 
molecules is mostly determined by the dialysis membrane and mode of 
dialysis. Besides the dose of dialysis (Kt/V), it was previously suspected that 
type of dialysis membrane was of importance for the mortality of the patients 
(Hakim et al., 1996). Leypoldt calculated the removal of middle molecules by 
using the total cleared volume of vitamin B12 (TCVB12) for comparing 
different membranes. The conclusion was that dialyzers with high calculated 

Figure 6 The effect of the dose and frequency of dialysis, compared with 
continuous ambulatory peritoneal dialysis (reprinted with permission from Elsevier) 
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middle molecule removal reduced the risk in HD patients (Leypoldt et al., 
1999). Despite this, some large randomized trials failed to show that HD or 
HDF with high-flux membranes generally improves patient's survival 
(Leypoldt et al., 2012). More recent studies may indicate an advantage for 
subgroups with intensive HDF (Grooteman et al., 2012, Ok et al., 2013, 
Maduell et al., 2013). 
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Uremic Toxins and Advanced Glycation End Products (AGE) 

In the course of CKD a variety of substances, depending on glomerular 
filtration and tubular secretion, accumulate in the body fluid compartments 
leading to uremia. Besides this, the endocrinal function of the kidney is 
impaired and, e.g., results in disturbances of vitamin D metabolism and 
erythropoiesis. Bergström and Furst described uremia as a syndrome 
characterized not only by the inability to excrete waste products, electrolytes 
and water, but they also stressed the importance of the kidneys as endocrine 
organs (Bergstrom and Furst, 1978). They suggested, in analogy to Robert 
Koch’s postulates, that there must be a causative relationship between an 
uremic toxin and the uremic syndrome. The toxin should be measurable in 
biological fluids and plasma, and tissue concentrations should be higher in 
uremic than in non–uremic patients. High concentrations should be related 
to uremic syndrome and toxic effects should be found in in vitro systems or 
experimental animals. These criteria are precised and completed by Massry:  
a reduction of the level of a putative toxin must result in some measurable 
amelioration of the uremic manifestations (Glassock and Massry, 2012). The 
Uremic Toxin Work Group established by the European Society for Artificial 
Organs (ESAO) applied similar criteria to identify possible uremic toxins 
(Vanholder et al., 2001). 

Some of those metabolic products have adverse effects on body cells and 
organ systems, with increasing concentration in the body. These substances 
cause recognizable disturbances, with symptoms that are described as 
“uremic syndrome”. The substances responsible for the malfunctions are 
called “uremic toxins". Uremic toxins have been categorized as such 
(Glassock):  

i. Small water – soluble compounds (urea as prototype), non-protein-
bound, molecular weight (MW) <500 Dalton. 

ii. Protein-bound solutes (indolic and phenolic compounds as 
prototype, MW<500 Dalton). 

iii. Larger middle molecules (ß2 microglobulin as prototype, MW > 500 
Dalton and <12000 Dalton) 

iv. High molecular weight compounds (MW > 12000 Dalton). 

A paper published by the European Uremic Toxin Work Group (EUTox) 
provided a list with about 90 different uremic toxins (Vanholder et al., 
2003). Forty-five of these substances (50%) were small free water–soluble 
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compounds, and 25 compounds were in the group of protein-bound solutes, 
most of them with a MW lower than 500 Dalton. Two of these (Leptin and 
Retinol-binding protein) had a higher MW and were classified as middle 
molecules. Thus, 68 of all identified uremic toxins were molecules with a 
MW below 500 Dalton, the group with larger middle molecules (MW >500 
and < 12000 Dalton) comprised 10 substances while 12 were high molecular 
weight compounds with a MW > 12000 Daltons). For all compounds, normal 
and uremic concentrations were reported. Divergent reports of solute 
concentration in the literature can lead to incorrect interpretations of the 
pathophysiological role of uremic solutes. Misinterpretations can also occur 
when choosing solute concentrations for in vitro tests or for the comparison 
of different studies reporting concentrations (Vanholder et al., 2007). An 
update of these inventories was done in 2012 and 32 further substances were 
added to the list of uremic toxins (Duranton et al., 2012). 

Urea is used as a marker for dialysis adequacy. It is used to calculate Kt/V 
and is applied as a marker for solute removal and retention in dialysis 
patients (Vanholder and Ringoir, 1992). High urea blood concentrations may 
not correlate with poor outcome; however, low serum concentrations may be 
related to low protein intake and may correlate negatively with prognosis 
while high levels can be due to better protein intake and thereby reflect 
adequate protein intake (Bergstrom, 1995). 

Urea kinetic modeling can be used as principal tools to estimate the correct 
dialysis dose. However, it is not representative for the removal of several 
other water-soluble compounds, e.g. guanidines (Eloot et al., 2005) or for 
the clearance of middle molecules (Locatelli et al., 2009). 

The removal of lipophilic protein-bound uremic toxins like cresol or indoles 
is hampered during dialysis (Lesaffer et al., 2000) and is entirely different 
compared with small water-solute compounds. There is no correlation with 
the removal of urea or creatinine (Vanholder et al., 1992). Convective dialysis 
methods may be more efficient compared with diffusive approaches (Meert 
et al., 2009, Meert et al., 2010). 

Advanced glycation end products 

In 1912, L.C. Maillard investigated the reaction between glucose and glycine 
on heating (Maillard, 1912). The “Maillard reaction” produces the brown 
pigment that gives the color to heat-processed food at temperatures of about 
100 - 225 °C by broiling, frying, roasting and boiling (Goldberg et al., 2004). 
Besides color, the taste and aroma of these reaction products are important 
for the quality of food (van Boekel, 2006). 
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In 1987 Cerami and co-workers related the chemical attachment of glucose 
to proteins and nucleic acid to aging. They described that these substances 
are mostly yellowish brown and fluorescent, many are able to cross-link 
adjacent proteins. They proposed the name “advanced glycosylation end 
products” (Cerami et al., 1987). Glycosylation refers in biology to the 
enzymatic attaching of glycans to proteins or lipids at defined sites of the 
molecules (Sharon, 1986). In contrast, the expression “glycation” refers to a 
non-enzymatic, haphazardous process, impairing the functioning of 
biomolecules; the term glycation is used nowadays for development of 
advanced glycation end products (AGE). 

The first step in generating AGEs is building a Schiff base by reaction of the 
aldehyde group of a reducing sugar and an amino group of a protein 
(Figure.7) (Gkogkolou and Böhm, 2012). Subsequently the Schiff base can 
react in different ways (Chu and Yaylayan, 2008). Important for the building 
of AGE is the Amadori rearrangement. Hereby, a hydrogen atom is moving 
from the nearby hydroxyl group in the molecule to the double bond nitrogen 
of the protein, leaving a ketone (Figure 7, Amadori product). The reaction to 
these glucose degradation products is still reversible. Schiff’s bases and 
Amadori products can undergo many other degradation reactions 
(Pischetsrieder, 2000). They can react irreversibly with amino acid 
molecules in proteins or peptides and form protein adducts and protein 

 
Figure 7 Schematic presentation of biochemical reactions leading to advanced 
glycation end products (AGE) (Gkogkolou and Böhm, 2012). 
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cross-links (Paul and Bailey, 1996). Advanced glucose end products are built 
by non-enzymatic reactions of amino groups in proteins, lipids and nucleic 
acids with reducing sugars such as glucose.  

High reactive carbonyl compounds including glyoxal, methylglyoxal or 3-
deoxyglucusone are formed as intermediate molecules of glucose 
autooxidation, lipid peroxidation or the polyol pathway.  

The formation of one of the most investigated AGEs, N-ε-carboxy-methyl-
lysine (CML, Figure 8), is, for example, caused by glyoxal (Al-Abed and 
Bucala, 1995), while methylglyoxal is the reactive carbonyl compound for 
generation of N-ε-(carboxyethyl)-lysine (CEL) (Ahmed et al., 1997). Another 
often investigated AGE is pentosidine. Like pyrraline (Portero-Otin et al., 
1995), the formation of pentosidine (Dyer et al., 1991) is caused by 3-
deoxyglucusone (3DG) as well.  

Another pathway, besides the classical Maillard reaction, leading to AGEs is 
oxidative stress. Oxidative stress is an imbalance between the production of 

reactive oxygen species (ROS) and detoxification of reactive intermediates by 
antioxidant defenses (Betteridge, 2000). Triggered by oxidative stress, many 
AGEs are generated by a combination of glycation and oxidation to so-called 
glycoxidation products (Baynes, 1991). There may be other precursors like 
lipid and amino acid oxidation products playing a role in forming AGEs 
(Thorpe and Baynes, 2003). 

 
Figure 8 Structure of the AGES pentosidine,  N-ε-carboxy-methyl-lysine (CML),  N-
ε-(carboxyethyl)-lysine (CEL) and  pyrraline. 
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Exogenous AGE 

Besides the endogenous formation of AGE as described above, there are also 
exogenous sources such as tobacco smoke (Nicholl and Bucala, 1998) or 
food-derived AGEs (Goldberg et al., 2004). A significant correlation between 
dietary AGE content, CRP and serum AGEs (measured as ELISA using an 
antibody against CML) was found in healthy individuals (Uribarri et al., 
2005). 

Restriction of dietary AGEs intake was associated with a decrease in serum 
AGE levels (Macías-Cervantes et al., 2015). Aqueous extracts of tobacco and 
tobacco smoke contain glycotoxins which react with proteins and exhibits a 
specific fluorescence when cross-linked. Increased glycotoxin exposure may 
contribute to the increased incidence of atherosclerosis in smokers (Cerami 
et al., 1997). 

The AGEs detected in tissues can be categorized as: 

1. Fluorescent cross-linking AGEs like pentosidine and crossline 
(Obayashi et al., 1996). 

2. Cross-linking AGEs such as imidazolium dilysine cross-links, alkyl 
formyl glycosyl pyrrole (AFGP) cross-links and arginine-lysine 
imidazole (ALI) cross-links. 

3. Non-cross linking AGEs such as pyrraline and CML (Ahmed, 2005). 

AGEs and atherosclerosis 

While enzymatic cross-linking is necessary for normal connective tissue 
function, non-enzymatic cross-linking of AGEs with protein is observed 
during normal aging. Accumulation of AGE in collagen is associated with 
changes in mechanical strength, solubility, ligand binding and conformation, 
and is believed to be responsible for the development of diabetic 
complications (Reiser et al., 1992). Cross-linking of collagen in the arterial 
vessel wall alters vascular structure and is one cause of vascular stiffness 
(Kohn et al., 1984, Hoshino et al., 1995). Reactive structures in the vessel 
wall, generated by AGEs can bind low-density lipoprotein and evoke stiffness 
in the arterial wall by trapping more LDL (Aronson, 2003). 
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AGEs and the Kidney 

Kidney function is important for the excretion of AGE. In patients with 
diabetes and normal renal function serum, CML and fluorescent AGEs were 
not increased. In contrast, levels were higher in patients with impaired renal 
function (Wagner et al., 2001). In patients with ESRD and dialysis much 
higher AGE serum levels were found (Papanastasiou et al., 1994, Gerdemann 
et al., 2000, Miyata et al., 1996). Besides lower levels of urinary AGE in 
patients with impaired renal function, a significant correlation of AGE level 
and serum creatinine was found (Turk et al., 2004).  

The renal catabolism of pentosidine (radioactive labeled) was studied in a rat 
model. The results suggested that pentosidine is filtered through the 
glomeruli. It is reabsorbed and catabolized to an important part in the 
proximal renal tubule (Miyata et al., 1998). 

Chronic renal failure and worsening of renal function decreased clearance of 
glycation free adducts (glycated single amino acids) while the concentration 
in plasma increased. Developing ESRD resulted in high concentration of 
glycation free adducts, 18-fold higher in PD and up to 40-fold on HD 
(Thornalley, 2006). 

Uremia results in an increase of oxidative and carbonyl stress. Plasma of 
uremic patients contains low molecular weight AGE precursors like 
methylglyoxal or 3DG, both reacting with amino groups and forming AGEs 
(Raj et al., 2000). β2-microglobulin, the main component of dialysis-related 
amyloidosis, is modified by 3DG representing carbonyl stress (Niwa et al., 
1996).  

In ESRD patients close to the start of dialysis therapy, the level of 
pentosidine in plasma was associated with inflammation and malnutrition 
(Suliman et al., 2003). However, as in another study on HD patients 
(Schwedler et al., 2002), the serum levels of AGEs were not associated with 
mortality in these patient groups. 

 

Pathogenetic role of AGEs in other diseases 

Several studies showed the association of AGEs with development of diabetic 
retinopathy (Beisswenger et al., 1995, Stitt et al., 2002, Stitt, 2003). Vascular 
endothelial cell growth factor (VEGF) is upregulated by AGEs and stimulates 
angiogenesis and neovascularization, being involved in proliferative 
retinopathy (Hirata et al., 1997). AGEs are involved in the development of 
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diabetic cataract (Pollreisz and Schmidt-Erfurth, 2010). Beside eye diseases 
diabetic neuropathy and impaired diabetic wound healing are also associated 
with effects of hyperglycemia like glycation (Münch et al., 2012). 

Advanced glycation end products (AGE) were found in the brain of patients 
suffering from Alzheimer disease and Pick’s disease and are suggested to 
contribute to neuronal dysfunction in these conditions (Münch et al., 1997b, 
Sasaki et al., 1998). Recently, AGEs in diets were postulated to be a risk 
factor of Alzheimer disease for an American population (Perrone and Grant, 
2015). The involvement of AGEs is also found in other neurological diseases 
like amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS) and the 
autosomal recessive triose phosphate isomerase (TPI) deficiency (Münch et 
al., 2012). 

 

AGE and hemodialysis (HD) 

Conventional HD (using modified cellulose membranes) showed only a slight 
decrease (14.7%) of plasma AGE during the dialysis session (Kalousová et al., 
2002). Another study showed a significant reduction of total plasma 
pentosidine using high-flux filters. The reduction was more pronounced in 
patients with diabetes (Henle et al., 1999). Comparing HD with PD, the level 
of plasma pentosidine was lower in the patients treated with PD. Skin 
pentosidine concentrations were similar in those two groups, but 
concentration in the peritoneum was significantly higher in patients with PD 
(Friedlander et al., 1995). Recently, it was shown, that a combination of HD 
and hemoperfusion showed significantly lower levels of serum AGEs than in 
the HD group alone (Zhang et al., 2015). 

 

AGE and peritoneal dialysis (PD) 

In PD, glucose solutions with concentrations as high as 4.25 % are used to 
create a high osmotic gradient. By the gradient ultrafiltration can be 
achieved. These high concentrated glucose solutions can harm the 
peritoneum and form AGEs with peritoneal proteins (Witowski and Jorres, 
2000). Glucose in solution is not a stable molecule. There are several 
spontaneous degradation processes. Those processes are forced in vitro, for 
example, during heat sterilization of PD solutions that form high reactive 
glucose degradation products (Pischetsrieder, 2000). Glucose degradation 
products (GPD) are, for example, 3–deoxyglucosone, glyoxal methylglyoxal, 
formaldehyde and acetaldehyde (Nilsson-Thorell et al., 1993, Linden et al., 
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1998). GPDs can significantly increase the forming of AGEs, possibly even 
more effective than glucose itself (Miyata et al., 2000). 

A strategy to increase biocompatibility and decrease the load of GDP in 
dialysis fluid is multi-chamber bags that allow sterilization of glucose at low 
pH, thus leading to less glucose degradation (Mittelmaier et al., 2012). 

The receptor of AGE 

Since AGEs lead to alterations and pro-inflammatory activities in the tissue, a 
receptor for these substances was postulated. This receptor of AGE (RAGE) 
was identified and cloned in the early 1990s (Neeper et al., 1992). It is 
described as a member of the immunoglobulin superfamily of cell surface 
molecules having an IgV domain, followed by two IgC domains as possible 
binding locations (Schmidt et al., 2000). Binding to RAGE results in an 
increase of NF-κB, a pro-inflammatory transcription factor (Brasier, 2006). 

RAGE is a receptor which, besides AGEs has several other ligands. RAGE 
interacts with β–sheet fibrils; this interaction with amyloid seems to be 
involved in Alzheimer’s disease (Yan et al., 2000).  

Another ligand, Amphoterin, is, among other things involved in regulating 
cell migration mediated by interaction with RAGE (Huttunen and Rauvala, 
2004).  

EN-Rage (Extracellular Newly identified RAGE-binding protein, also called 
S100A12, a calcium-binding protein) regulates monocyte migration. Like 
binding of AGEs, it drives pro-inflammatory gene transcription through NF-
κB, resulting in the release of pro-inflammatory cytokines like interleukin 1 
(IL-1) and tumor necrosis factor (TNF) (Leurs and Lindholm, 2013). The 
concentration of S100A12 was a predictor of all mortality (all-cause and 
cardiovascular) in HD patients (Nakashima et al., 2010). 

Soluble RAGE (sRAGE) is a secretory isoform of RAGE that is free 
circulating in the plasma. sRAGE, which has no transmembrane domain, 
functions as a decoy by binding and thus neutralizing ligands of RAGE 
(Geroldi et al., 2006). Reduced s-RAGE levels were associated with higher 
risk of carotid atherosclerosis in PD, particularly in patients with diabetes 
mellitus (Kim et al., 2012). Lower levels associated with increased risk were 
also seen in patients with rheumatoid arthritis and Alzheimer’s disease 
(Pullerits et al., 2005, Emanuele et al., 2005). In patients with ESRD, the 
levels of sRAGE were significantly increased compared with healthy subjects. 
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Whether the higher levels are a consequence of impaired kidney function or 
protective by upregulating sRAGE is yet unclear (Kalousová et al., 2006). 
 

Assessment and measurement of AGEs 

AGEs are molecules with a complex heterogeneous structure. Therefore, a 
global test for determination of AGEs in plasma does not exist. Several 
immunoassay tests have been used, such as ELISA for pentosidine (Taneda 
and Monnier, 1994) or CML (Reddy et al., 1995). In the meantime 
commercial ELISA kits (CML, CEL, methylglyoxal) are available. 

A more reliable but expensive method is liquid chromatography 
spectroscopic detection. In contrast to immunoassays, a quantitative 
assessment can be done (Thornalley et al., 2003). 

Fluorescence measurements were done to show age-related browning of 
collagen in humans with diabetes. A fluorescence maximum at 440 nm was 
observed when excited with UV light at 370 nm (Monnier et al., 1984). 
Diabetic complications like retinopathy nephropathy and arterial stiffness 
could be associated with collagen-linked fluorescence (Monnier et al., 1986). 
In a study investigating the association between pentosidine and the 
cumulative severity of diabetic complications, a high correlation between 
pentosidine and fluorescence at 440 nm (excitation 370 nm) was found (Sell 
et al., 1992). Comparing serum-AGEs by ELISA and fluorescence 
spectroscopy showed that high molecular mass proteins like albumin were 
mainly associated with total fluorescence. As an explanation, the linkage of 
pentosidine to high molecular weight proteins was proposed (Münch et al., 
1997a). Methods for assessment of AGEs in plasma by measuring 
fluorescence were described. AGEs can be measured as the total amount of 
fluorescent AGEs in plasma (Schwedler et al., 2002). The free (not protein-
bound) part of fluorescent AGEs in plasma can be determined after 
precipitation of proteins and extractions of lipids (Wrobel et al., 1997). 

 

Skin autofluorescence 

When studying the transcapillary and interstitial diffusion of fluorescein in 
diabetic patients and healthy subject, an unexpected higher background skin 
fluorescence level in the diabetic patients was found (Jager et al., 1997).  

This observation together with study results showing association of 
autofluorescence with the presence of AGE in other tissues like lens and 
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cornea (Abiko et al., 1999, Sato et al., 2001) led to the development of the 
autofluorescence reader (AFR) (Meerwaldt et al., 2005b).   

The AFR (mostly called AGE Reader) illuminates 1-4 cm2 of skin through the 
illumination window (Figure 9). The wave length of the excitation black light 
source is between 300 to 420 nm with a peak at 350 nm. Skin 
autofluorescence was measured in the range of 300–600 nm (black light 
off), using a fiber optic spectrometer. Autofluorescence (in arbitrary units, 
AU) was calculated by dividing the average light intensity emitted per nm 
over 420-600 nm range divided by the average light intensity emitted per 
nm over the 300-420 nm range (Meerwaldt et al., 2004) 

 

 
 

Validation of the autofluorescence reader against skin biopsies has been 
performed. Skin autofluorescence was measured and skin biopsies taken 
from the same site of the arm. These biopsies were analyzed for collagen-
linked fluorescence, for pentosidine (a fluorescent AGE), CML and CEL 
(nonfluorescent AGEs). A correlation was found between skin 
autofluorescence and pentosidine and collagen-linked fluorescence (Figure 
10), but as well as for CML and CEL. 

Figure 9 a) AGE Reader b) Schematic view and function of AGE reader (reprinted 
with permission from (Gerrits et al., 2009)) 
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Figure 10 The association of skin autofluorescence with pentosidine and collagen-
linked fluorescence. Modified and reprinted with permission from (Meerwaldt et al., 
2004) 

Limitations of skin autofluorescence can be the influence of other 
fluorophores than AGE (Mulder et al., 2006). The skin contains, for 
example, NAD(P)H with an excitation wavelength at 359 nm and an 
emission at 460 nm, while the reduced NADP+ has a peak absorbation at 259 
nm. It could be shown that the main part of the fluorescence at the 360 nm 
band is related to collagen linked fluorescence (Kollias et al., 1998). 

To correct the influence of skin color, an algorithm, considering the 
reflectance and emission spectra in visible and ultraviolet range was 
developed. A white light emitting LED, located directly under the detecting 
fiber of the AGE Reader, has been added to obtain a complete reflection 
spectrum of the skin. Data on the diffuse reflection in the visible part of the 
spectrum has been used to get additional information on the skin color 
(Koetsier et al., 2010b).  

Reference values or skin autofluorescence (SAF) in Caucasians were 
examined as a function of age, tobacco smoking and gender (Koetsier et al., 
2010a). A similar study was done to examine reference values for a Chinese 
population (Yue et al., 2011). 

A Japanese study found a difference of SAF at different arm locations 
(forearm vs. upper arm). The coefficient of variation of the mean SAF at the 
inside of the upper arm was significantly lower; thus measurements are 
recommended by the authors from this site (Nomoto et al., 2012). 
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A recent study compared SAF and AGEs (measured by mass spectroscopy) in 
the skin by using three specific excitation/emission wavelengths 
(335ex/385em, 370ex/440em, 440ex/520em). A better correlation with CML and 
CEL was seen at 440ex/520em, possibly reflecting collagen/elastin cross-
linked products in the skin. However, pentosidine correlated with 
370ex/440em as measured with the AGE Reader (Beisswenger et al., 2012). 

In the meantime, SAF has found acceptance as a clinical tool for non-
invasive assessment of AGEs. SAF has shown an association with long-term 
complications of diabetes mellitus and has been proposed as a cost-effective 
and reproducible test for diabetes screening (Fokkens and Smit, 2016). 

Skin Autofluorescence and Cardiovascular Disease (CVD) 

In several studies, SAF has been associated with CVD in diabetic and CKD 
patients. SAF was associated with multiple traditional (chronological age, 
diabetes, eGFR and history of CVD) and nontraditional (history of smoking, 
proteinuria) risk factors in patients at CKD stage 3 (McIntyre et al., 2011). 
SAF was regarded as a pragmatic and promising technology to provide 
information about vascular risk and arterial stiffness (Sell and Monnier, 
2012). 

Skin autofluorescence in renal disease and dialysis 

SAF has been shown as an independent and important predictor of 
cardiovascular mortality in HD patients. In a Cox regression, SAF became 
with an odds ratio (OR) a stronger predictor of 3-year overall mortality of 3.9 
than pre-existing CVD with OR 3.1 and CRP with OR 1.1. Related to the 
presence of CVD in HD the SAF value showed an OR of 8.8 (Meerwaldt et al., 
2005a). AGE accumulation in the tissue, measured as SAF, was associated 
with diastolic heart function in dialysis patients, while plasma AGE levels 
were not related to diastolic function (Hartog et al., 2008). In a study 
comparing age- and sex-matched subjects with ESRD patients, arterial 
stiffness was associated with SAF, age, systolic blood pressure and the 
presence of ESRD (Ueno et al., 2008). Comparing HD and PD the SAF 
values were increased in both groups. The autofluorescence levels were 
similar despite shorter time on dialysis in the PD group, a result related to 
the increased glucose exposure of PD patients (McIntyre et al., 2010). 

A review article published in 2014 comprises the currently available 
knowledge of AGEs and skin autofluorescence in renal disease (Arsov et al., 
2014). 
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With reduced kidney function an impaired clearance of various solutes 
develops. When reaching CKD stage 5, a renal replacement therapy is 
necessary for the survival of the patient.  The technique of dialysis is not 
optimal and various uremic toxins are retained in the body despite dialysis. 
This contributes to disturbance in progressive dysfunctions of various 
organs. Based on known risk factors the SAF, representing the tissue load of 
AGEs and glucose degradation products, is one of the most pronounced to 
predict morbidity (Meerwaldt et al., 2005a). Plasma GDPs like 
methylglycoxal or glycoxal may be intermediate products although no firm 
relation has been established. Standard HD seems less effective in removing 
GDPs and AGEs from plasma. It is unknown if HD can halt the progress of 
tissue damage due to AGE deposits and collagen cross-linking. It is 
important to clarify what impact dialysis has on these deposits and if 
variation in technique or daily life of the patient could help to impede the 
negative process caused by GDPs and AGEs. 
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Aims 

The aims of this thesis were to investigate if skin autofluorescence 
(SAF) and plasma autofluorescence (PAF) in a hemodialysis 
population could be improved using interventions on treatment 
modalities and environmental factors. 

The specific aims of each of these studies were: 

Study I The aim of the first study was to explore whether changes in 
SAF appeared after versus before a single HD session, and if 
these were related to changes in PAF. The intervention in this 
study was the HD treatment per se. 

Study II The aim of this study was to investigate if the outcome of SAF or 
PAF was altered differently comparing standard HD with a low-
flux dialyzer to dialysis with a high-flux dialyzer. 

Study III The aim of this study was to investigate whether SAF, reflecting 
the accumulation of AGEs, was influenced by the use of either 
glucose-free or glucose-containing dialysate. 

Study IV The aim of this study was to investigate if there is a seasonal 
variation in SAF in Northern Sweden that could be influenced 
by the change of nutritional habits.   
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Patients and methods  

Study 1 

Thirty-five patients (26 men and 9 women) on chronic HD were included in 
the study. Demographic and lifestyle data are summarized in Table 1. The 
mean age was 65.6 ± 13.9 and there was no age difference between men and 
women. 

 
    

 
N=35 

 
men (N=26) 

74 % 
women (N=9) 

26% 

Age (years) 65.6 ± 13.9 67.6 ± 11.5 59.6 ± 14.8 

HD vintage (month) 32.6 ± 23.3 30.3 ± 18.4 40.2 ± 34.2 

Kt/V 1.41 ± 0.35 1.36 ± 0.33 1.58 ± 0.34 

URR 0.71 ± 0.07 0.70 ± 0.07 0.75 ± 0.06 

Dialysis time/week (hours) 12.42 ± 2.60 12.73 ± 2.71 11.56 ± 2.14 

Lifestyle factors    

Current smokers 3 (8.6 %) 2 (missing 2) 1 

Current and previous 
smokers 

20 (57.1%) 15 (missing 2) 5 

Never used tobacco 11 (31.4 %) 7 4 

Alcohol use 13 (37.1 %) 10 (missing 4) 3 

Men did not differ from women regarding HD vintage , Kt/V , URR  or 
dialysis time/week. The reason for dialysis was hypertension and/or 
renovascular disease in 8 patients (23 %), primary glomerular disorders in 8 
(23 %), diabetes mellitus in 7 (20 %, 3 with diabetes type 1 and 4 with 
diabetes type 2), polycystic kidney disease in 4 (11 %), vasculitis in 2 (6 %), 
postrenal causes in 2 (6 %), and 4 with other or unknown causes (11 %). 
None of the patients had hepatitis B or C. Eighteen patients had a history of 
cardiovascular disease (51 %), among these 8 with myocardial infarction (23 
%) and 5 with previous stroke (14 %). Twenty-nine patients had 
hypertension (91 %) and 14 had diabetes mellitus (40 %) (Table 2). Three 
patients had a prior kidney transplant (9 %). 

 

Table 1. Age, dialysis data (as mean and standard deviation) and lifestyle factors 
(number of patients) of the dialysis population 
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 N=35 men (N=26) women (N=9) 

Main reasons for 
dialysis 

   

Primary glomerular 
disorders 

8 (22.9 %) 7 1 

Diabetes nephropathy 7 (20.0 %) 4 3 

Polycystic kidney disease 4 (11.4 %) 2 2 

Renovascular/ hypertensive 
kidney disease 

8 (22.9 %) 7 1 

Vasculitis 2 (5.7 %) 2  

Lithium nephropathy 1 (2.9 %)  1 

Interstitial nephritis 1 (2.9 %) 1  

Postrenal chronic kidney 
failure 

2 (5.7 %) 2  

Unknown 2 (5.7 %) 1 1 

Comorbidity    

Hypertension 29 (91.4 %) 23 (missing 2) 6 (missing 1) 

Diabetes mellitus  14 (40 %) 10 4 

Cardiovascular disease 18 (51.4 %) 13 5 

Myocardial infarction 8 (22.9 %) 6 2 

Previous stroke 5 (14.3 %) 3 2 

The dialysis treatments were done at the dialysis unit at Norrlands 
University Hospital, Umeå. All patients gave their informed consent. 
Patients who could not make a decision due to dementia, or were  suffering 
from an active inflammatory disease were excluded. 

The time/dialysis was at a median of 4 hours/session (range 3 - 5.5). 
Different dialyzers were used (FX 80 [n = 15] and FX 10 [n = 4], Fresenius, 
Bad Homburg, Germany; Polyflux 210H [n = 8], Polyflux 140H [n = 7] and 
17L [n = 1], Gambro, Hechingen, Germany). The dialysate was provided by 
MEDA AB (Solna, Sweden) using 5 mmol glucose/L in the dialysate, either 
with 2 mmol K+/L (Biosol A201.25 glucose 5)  or 3 mmol K+/L (Biosol 
A301.25 glucose 5). 

Table 2. Reasons for dialysis and comorbidities. (*Percentage calculated without 
missing values) 
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The AGE Reader (DiagnOptics Technologies BV, Groningen, The 
Netherlands) was used to assess SAF. The measurements were done at room 
temperature in a semi-dark environment (windows covered by curtains) to 
avoid direct sun illumination. Three measurements from slightly different 
sites of the same forearm were performed both before and after HD. Areas 
with scars due to former AV-fistula or AV-graft operations were avoided. A 
skin surface of ~4 cm2 was illuminated and guarded against surrounding 
light with a black light source that provides excitation light around a peak at 
370 nm (range 350- 420 nm). Reflected light from the skin and SAF were 
measured simultaneously using a built-in AVASpec 2048 spectrometer 
(Avantes Apeldoorn, The Netherlands) within the instrument (Figure 9, page 
22). SAF (in arbitrary units, AU) was calculated as the ratio of the average 
light intensity per nm over a 420 to 600 nm range divided by the average 
light intensity per nm over the 300 to 420 nm range. The used version 2.3 of 
the AGE Reader software compensates for the effect of skin color in the 
calculation of SAF. 

Plasma samples were taken at the start and the end of the dialysis according 
to a previously described protocol (Schwedler et al., 2002). The plasma 
samples were diluted 50 times in phosphate buffered saline. Fluorescent 
AGE intensity, plasma fluorescence was measured at 460 nm after excitation 
at 370 nm using an FLUOstar Optima plate reader (BMG Lab Technologies, 
Durham, NC, USA). PAF was calculated in arbitrary units (AU). To eliminate 
the effects of hemoconcentration due to ultrafiltration during dialysis, 
adjusted PAF was calculated based on the ratio of serum albumin after HD 
versus before HD. In contrast to Study 2 and paper 3 PAF was not corrected 
for dilution. 
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Study 2 

This study was designed as a cross-over, interventional study. Twenty-eight 
patients (20 men and eight women) on chronic HD were included. The 
median age of the patients was 69 years (range 37 – 83). The median vintage 
of dialysis was 38 months (range 6-107) (Table 3). 
 

Table 3. Demography, lifestyle factors and reasons for dialysis (study 2) 
 
The history of patients included diabetes mellitus (n=11, 39 %), hypertension 
(n=24, 86 %), cardiovascular disease (n=16, 57 %), myocardial infarction 

    

 
N=28 

 
Median (range) 

men (N=20) 
71 % 

Median (range) 

women (N=8) 
29% 

Median (range) 

Age (years)  69 (37 – 83) 69 (37 – 83) 67 (41 – 77) 

HD vintage (month) 38 (6 – 107) 30 (10 – 66) 46 (6 – 107) 

Lifestyle factors    

Current smokers 1 (3.6 %)  1 

Smokeless tobacco (snus) 2 (7.1 %) 2  

Current and previous 
tobacco users 

17 (60.7 %) 13 (missing 2) 4 

Never used tobacco 9 (32.1 %) 5 4 

Alcohol use 10 (37.1 %) 8 (missing 2) 2 

Reasons for dialysis    

Primary glomerular 
disorders 

6 (21.4 %) 5 1 

Vasculitis 2 (7.1 %) 2  

Diabetes nephropathy (DM) 5 (17.9 %) 2 3 

Renovascular/ hypertensive 
kidney disease 

5 (17.9 %) 4 1 

Polycystic kidney disease 3 (10.7 %) 2 1 

Lithium nephropathy 1 (3.6 %)  1 

Interstitial nephritis 1 (3.6 %) 1  

Postrenal chronic kidney 
failure 

2 (7.1 %) 2  

Unknown/other 3 (10.7 %) 2 1 
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(n=8, 29 %) and cerebrovascular stroke (n=4, 14 %). The reasons for dialysis 
are shown in Table 3. 

All patients were on chronic HD at the dialysis unit at Norrlands University 
Hospital, Umeå. Twenty-six patients were routinely treated with high-flux 
(HF) dialyzers. The filters used were FX80 (n=12, Fresenius Medical Care, 
Bad Homburg, Germany), Polyflux 140 H (n=5) or Polyflux 210H (n=9, 
Gambro, Hechingen, Germany). Two patients were treated with low-flux 
(LF) dialyzers, one with FX10 (Fresenius Medical Care, Bad Homburg, 
Germany) the other with Polyflux 17L (Gambro, Hechingen, Germany). The 
used dialysate contained 5 mmol glucose/L and either 2 mmol K+/L (Biosol 
A201.25 glucose 5) or 3 mmol K+/L (Biosol A301.25 glucose 5). The dialysate 
was not changed during the study.  

 
Figure 11. Design of the cross over study. 

 
The study was performed by changing after some weeks from the usual 
dialysis method to a dialysis with the alternative filter type (Figure 11). The 
LF dialyzer used in the study was the FX10 (UF coeff. 14 ml/*mmHg) and 
the HF dialyzer was the FX80 (UF coeff. 59 ml/h*mmHg, Fresenius Medical 
Care, Bad Homburg, Germany). For both dialyzers, the membrane material 
is Polysulfone® with an effective surface of 1.8 m2. 
For the dialysis, ultrapure water was used. In a first step tap water was 
processed by a reverse osmosis system that also contained charcoal filters 
(Lauer Aquaboss; Lauer, Wittlingen, Germany). In a second step ultrapure 
water was obtained by filtration with two DIASAFE®plus filters integrated 
into the Fresenius 4008 H dialysis device. Dialysis efficacy (URR and Kt/V) 
and dialysis time/week were similar in HF and LF (Table 4). The median 
dialysis time was 4 h (range 3–5.5 h) 3 times a week (range 2 -4). 
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SAF was achieved as a median of three measurements on the same forearm 
from slightly different sites at room temperature in a semi-dark 
environment. SAF was measured before and after every dialysis session by 
the AGE Reader (DiagnOptics Technologies BV, Groningen, The 
Netherlands). The AGE Reader illuminates a skin surface of ~4 cm2 with a 
UV-A light source providing excitation between 350 and 420 nm (peak 
wavelength 370 nm). SAF is measured in arbitrary units (AU), based on the 
ratio of the average light intensity per nm over 420 to 600 nm range divided 
by the average light intensity per nm over the 300 to 420 nm range. Version 
2.3 of the AGE Reader software was used. 

Plasma samples for analysis of plasma fluorescence and albumin 
concentration were taken at the start and the end of the dialysis and stored 
at -70ºC until further analysis. PAF was used to quantify AGEs in plasma. 
Light with a wavelength of 370 nm was used for excitation and emission was 
measured at a wavelength of 465 nm on a Tecan Genios microplate reader 
(Tecan Group Ltd., Männedorf, Switzerland). Total plasma AGEs were 
measured according to a modified protocol previously described (Schwedler 
et al., 2002). Plasma samples were diluted 50 times in phosphate buffered 
saline before measuring fluorescence as described above. For the non-
protein-bound fluorescence or free plasma fluorescence, plasma samples 
were precipitated by dilution 25 times in 0.15M trichloroacetic acid 
according to the modified protocol previously described (Wrobel et al., 
1997). After eliminating the precipitate by centrifugation, fluorescence of the 
supernatant was measured at an emission wavelength of 465 nm after 
excitation at 370 nm.  

To correct plasma fluorescence for the extent of hemoconcentration by 
ultrafiltration, the ratio of serum albumin after versus before dialysis was 
calculated. The plasma fluorescence values after dialysis were adjusted for 
this effect. This adjustment is necessary for protein bound and large 
molecules unable to pass the dialyzer membrane. 

 HF - dialysis LF – dialysis  

Kt/V 1.42 ± 0.37 1.46 ± 0.3 n.s 
URR 0.70 ± 0.08 0.71± 0.07 n.s 
Dialysis time/week (hours) 12.64 ± 2.50 12.82 ± 2.66 n.s 
 Table 4. Dialysis efficacy and treatment time 
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Bound fluorescence was calculated as the difference of total and free plasma 
autofluorescence after correction for the dilution (i.e., 50 times for total 
plasma fluorescence and 25 times for free plasma fluorescence). 

The prescribed dialysis dose was calculated (Table 4). URR was calculated by 
the difference in serum urea before versus after dialysis divided by the value 
at the start. Kt/V was calculated in accordance with clinical guidelines 
according to the two-compartment formula by Daugirdas (Daugirdas, 1993). 
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Study 3 

This study was designed as a longitudinal interventional study. Twenty-four 
patients (17 men and 7 women) were included.  All patients were treated with 
chronic HD at the dialysis unit at Norrlands University Hospital, Umeå, 
Sweden. The median age was 70.5 years (range 42 - 85) and the median 
vintage was 52.5 month (range 11 - 121). There was no difference between 
men and women for either parameter. The main reasons for HD were 
hypertension and/or renovascular disease (n=5), primary glomerular 
disorders (n=5), diabetes nephropathy (n=5, 2 with diabetes mellitus type 1, 
and 3 with type 2), polycystic kidney disease (n=2), postrenal cause (n=2) 
and other or unknown diagnosis (n=5). The history of patients included 
hypertension (n=20, 83%), diabetes mellitus (42 %) and cardiovascular 
disease (CVD) (n=9, 38%). CVD also included five patients who suffered 
from myocardial infarction (21 %) and one patient with stroke (4 %). 
Lifestyle factors included current or previous tobacco use (15/23, 63 % of 
whom 13% current users; missing information in 1) and alcohol consumption 
(wine and beer in 38 %) (Table 5) 

All patients were on chronic HD with the median treatment duration/session 
of 4 hours (range 3 – 5.5 hours). The prescribed dialysis dose did not differ 
between men and women. While most of the patients had dialysis with a 
high-flux dialyzer (FX80, Germany), two received dialysis with a low-flux 
dialyzers (FX10, Fresenius Medical Care, Bad Homburg). 
 
The study was designed as a longitudinal interventional study (Figure 12). All 
included patients were on chronic HD during standard treatment. The used 
dialysis concentrates contained five mmol Glucose/L in the final 
concentration (Biosol A201.25 glucose 5 and Biosol A301.25 glucose 5, 
MEDA AB, Solna, Sweden). Four weeks after the first measurement for SAF 
and PAF the patients were switched to a glucose-free dialysate (SK-F 209, 
K+ 2 mmol/l, Ca++ 1.5 mmol/l,  Mg++ 0.5 mmol/l, no glucose, Fresenius, 
Bad Homburg, Germany) for two weeks (six dialysis treatments). 
Measurements were performed on PAF and SAF both before and after 
standard HD (ST) and in the glucose-free (GF) dialysate period that began 
after four weeks with measurements after 1w of GF-HD (M1) and 2w of GF-
HD (M2). 
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N=24 

 

men (N=17) 

71 % 

women (N=7) 

29% 

Median Age (years) 70.5 (42 - 85)* 70 (50 – 85)* 72 (42 – 74)* 

HD vintage (month) 52.5 (11 - 121)* 52 (16 - 80)* 60 (11 - 121)* 

Kt/V 1.54 (0.90 - 2.40)* 1.49 (0.97 – 2.40)* 1.73 (0.90 - 1.80)* 

URR 0.74 (0.59 - 0.86)* 0.72 (0.59 - 0.86)* 0.77 (0.71 - 0.79) 

Lifestyle factors    

Current tobacco users 3 (13 %) 2  1 

Current and previous 

smokers 
15 (62.5%) 11 (missing 1) 4 

Never used tobacco 8 (33.3 %) 5 3 

Alcohol use 9 (37.5 %) 7 2 

Reasons for dialysis    

Glomerular disorders 5 (20.8 %) 4 1 

Renovascular/ 

hypertensive kidney 

disease 

5 (20.8 %) 4 1 

Diabetes nephropathy  5 (20.8 %) 3 2 

Polycystic kidney disease 2 (8.3 %) 1 1 

Postrenal chronic kidney 

failure 
2 (8.3 %) 2  

Unknown/other 5 (20.8 %) 3 2 

Comorbidities    

Diabetes mellitus 10 (41.7 %) 7 3 

Hypertension 20 (83.3 %) 15 5 

Cardiovascular disease  9 (37.5 %) 6 3 

Previous myocardial 

infarction  
5 (20.8 %) 5  

Previous stroke 1 (4.2 %) 1  

 

Table 5. Baseline data (study 3). * Median values and range are included . For the 
other parameters the number of patients (and %) are given. 
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Figure 12.  Study design: ST, M1, M2 measurements for SAF and PAF (ST = 
Standard HD; M1 = after 1w of GF-HD; M2 =  after 2w of GF-HD). 
 

SAF was measured with the AGE Reader (DiagnOptics Technologies BV, 
Groningen, The Netherlands, software Version 2.3). SAF was obtained as a 
median of three measurements (in a semi-dark environment at room 
temperature) along the same forearm at slightly different positions. Each 
patient was his/her control with the same conditions throughout the study 
except the dialysate. 

Plasma samples were collected before and after HD for the analysis of PAF 
and albumin concentration. The samples were kept at -70°C until analysis. 
Plasma AGEs were quantified using fluorescence with an excitation 
wavelength of 370 nm and an emission wavelength of 465 nm on a Tecan 
Genios microplate reader (Tecan Group Ltd., Männedorf, Switzerland).  The 
methods for measuring total and free PAF are described in detail in the 
methods part of Study 2. To adjust PAF for the effect of hemoconcentration, 
the ratio of change in serum albumin after versus before HD was used to 
calculate adjusted PAF values after dialysis. The bound plasma fraction was 
calculated as the difference between total and free PAF.  
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Study 4 

Study 4 was a longitudinal study that included 34 patients (24 males and 10 
females) on chronic HD at the dialysis unit at Norrlands University Hospital, 
Umeå, Sweden. The median age at T2 was 68.5 years (range 33 – 83). The 
median vintage of HD was 23.5 months (range 3 – 109 months).   The main 
reasons for HD were primary glomerular disorders for 8 patients, diabetes 
nephropathy for 9 patients (3 with diabetes mellitus type 1, and 6 with type 
2), polycystic kidney disease in 3, hypertension and/or renovascular disease 
for 8 patients, and other or unknown diagnosis for the remaining 6 patients. 
Measurements were done in February (T1), at the end of May (T2), at the 
end of August  (T3) and at the end of March one year later (T4). The number 
of patients varied slightly between the different periods because some of the 
patients discontinued treatment due to death or transplantation, while 
others started dialysis and were included during the study period. Thus, the 
study included 31 patients (22 men and 9 women) during the first period (T1 
to T2), 28 patients (20 men and 8 women) between T2 and T3, and 25 
patients (19 men and 6 women) between T3 and T4. Measurements at all 
four points in time were done in 23 patients. As shown in Table 6 the patient 
groups were comparable regarding lifestyle factors and comorbidities. 
The mean age (not shown in the table) increased from 65.7 ± 13.1 to 67.5 ± 
11.0 years, and the mean HD vintage increased from 33.5 ± 24.7 to 40.9 ± 
24.9 months. This effect depends mostly on the longer time on dialysis for 
each HD patient. 
The study was planned as a longitudinal study covering different seasons 
(winter/spring – summer – autumn/winter) for a period of 13 months. 
It was supposed that the oral intake of AGEs increases during the short 
summer period in Northern Sweden due to more intensive outdoor activities 
including frequent grilling and barbecuing (Figure 13). 
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Period T1-T2 

N=31 

Period T2-T3 

N=28 

Period  T3-T4 

N=25 

Patients with 

values in all 

periods 

N=23 

Median Age (years) 68 (33-83) 68 (33–83) 68(41–83) 68 (41 -83) 

Median HD vintage 

(month) 
21 (1-106) 32 (3-109) 44 (7-112) 41 (4-109) 

Kt/V (median-range) 
1.26 (0.69-

2.07) 

1.39 (0.82–

2.12) 

1.44 (0.71–

2.16) 

1.40 (0.82-

2.12) 

URR (median-range) 
0.69 (0.55-

0.82) 

0.72 (0.62-

0.83) 

0.72 (0.60-

0.95) 

0.71 (0.62–

0.83) 

Lifestyle factors     

Current tobacco users 2 (6 %) 2 (7 %) 2 (8 %) 1 (4 %) 

Current and previous 

smokers 
18 (62.5%) 15 (54 %) 13 (52 %) 11 (49 %) 

Never used tobacco 11 (36 %) 11 (39 % ) 10 (40 %) (44 %) 

Alcohol use 10 (32 %) 10 (36 %) 9 (36 %) 8 (35 %) 

Reasons for dialysis     

Glomerular disorders 8 7 5 5 

Renovascular/ hyper-

tensive kidney disease 
7 7 6 5 

Diabetes nephropathy 8 8 8 7 

Polycystic kidney 

disease 
2 3 2 2 

Unknown/other 6 5 4 4 

Comorbidities     

Diabetes mellitus 14 (45 %) 13 (46 %) 13 (52 %) 11 (48 %) 

Hypertension 26 (87 %) 23 (86 %) 21 (88 %) 19 (87 %) 

Cardiovascular disease 17 (55 %) 14 (50%) 13 (52 %) 12 (52 %) 

Previous myocardial 

infarction 
8 (26 %) 6 (21 %) 6 (24 %) 6 (26 %) 

Previous stroke 4 (13 %) 2 ( 7 %) 2(8 %) 2 (9 %) 

Table 6 Base data at for patients at T1 (for the period T1 –T2), T2 (for the period T1 
–T3), T3 (for the period T3 –T4) and for patients included in all measurements (T1 = 
Februar,  T2 = end of May; T3 = end of August; T4 end of March one year later) 
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SAF was measured with the AGE Reader (Diagnoptics Technologies BV, 
Groningen, The Netherlands, software version 2.3) that is described in more 
detail in the previous papers. Measurements were done before and after each 
dialysis. The median value of three measurements at different sites of the 
forearm, was used for each SAF. Previous studies, using the same HD 
setting, showed no difference in SAF before versus after dialysis. Thus, to 
obtain only one value for each point in time, the mean values of the SAF 
measured before and after dialyzes were used for analysis. 
 

 

 

 
Figure 13 Study 4 design: the change of SAF calculated for three periods (T1-T2, 
T2-T3, T3-T4). The overlying rectangle symbolizes the number of patients (n=23) 
participating in measurements at all points of time. 
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Statistical analysis 

SPSS statistical software (IBM SPSS Statistics 20.0) was used for the 
analyses. Median values and range are given for non-parametric 
calculations, and mean values ± standard deviation for parametric 
calculations. Whenever appropriate, paired statistical analysis was made by 
the dependent Student t-test and group comparisons were made using 
Student t-test. For non-normally distributed data, paired statistical analysis 
was made by Wilcoxon test and for independent samples Mann-Whitney-U 
test was used. Univariate correlation analyses were performed using the 
Spearman’s rank correlation coefficient. A two-tailed p-value of less than 
0.05 was considered significant. 

Ethical considerations 

The local ethics committee approved the studies (Dnr 08-023M). All 
participating patients were informed and gave their consent according to the 
information attached in the appendix. The patients were consecutively asked 
for participation and included in the corresponding study when they agreed.  

Patients who could not make a decision (e.g. due to dementia) for 
participating, refused to participate or were in a condition of an active 
inflammatory disease (increased C-reactive protein (CRP) from the baseline 
of the patient) were not included.   
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RESULTS 
 

Study 1 

If calculating the age-matched SAF values according to “Reference values of 
SAF” (Koetsier et al., 2010a) our HD population had higher values in SAF 
(3.99 ± 0.69 AU) compared with a healthy population (2.36 ± 0.27 AU, p = 
0.001, Figure 14). 

Figure 14. SAF of the HD patients related to age and marked by gender. The central 
line and the hatched lines represent age-matched healthy persons (regression model 
0.83 + 0.023*age, SD ± 18%) (Koetsier et al., 2010a) 

 

There was a difference between men and women as depicted in Figure 14. 
Women had a significantly lower SAF both before (p = 0.006) and after (p = 
0.018) HD compared with men. No gender-related differences were seen in 
PAF, change in PAF or change in SAF (Table 7). 
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N=35 

 
men (N=26) 

74 % 
women (N=9) 

26% 
 

SAF before HD (AU) 3.99 ± 0.69 4.17 ± 0.65 3.47 ± 0.54 p = 0.006 

SAF after HD (AU) 3.88 ± 0.71 4.05 ± 0.67  3.41 ± 0.63 p = 0.018 

Δ SAF (AU) - 0.11 ± 0.47 0.12 ± 0.52 0.06 ± 0.29 n.s. 

PAF before HD (AU) 
65262 ± 
12398 

65102 ± 
10615 

65708 ± 17197 
n.s 

PAF corr. after HD 
(AU) 

56438 ± 
9049 

56894 ± 
8749 

55171 ± 10279 
n.s 

Δ PAF corr. 
-11529 ± 

12105 
-11914 ± 

12731 
-10458 ± 

10790 
n.s 

 Table 7. Effects of gender on SAF, PAF and changes of SAF and PAF. 

      

 
start of 

HD 
end of HD 

Δ end - 
start 

 % Δ end - start 
 

SAF (AU) 
3.99 ± 
0.69 

3.88 ± 
0.71 

-0.11 ± 
0.47 

2.6% 
n.s 

PAF (AU) 
65262 ± 
12398 

53734 ± 
13872 

-8825 ± 
6602 

18 % 
p < 0.001 

PAF corr. 

(AU) 
 

56438 ± 
9049 

-11529 ± 
12105 

14 % p < 0.001 

Table 8. Changes in SAF and PAF (uncorrected and corrected for changes in     
Albumin). 

 

 

When analyzing the whole group for SAF, there was a non-significant 
decrease (-0.11 AU, 2.6 %) between the value at HD start (3.99 ± 0.69 AU) 
and HD end (3.88 ± 0.71) (Figure 15). 

PAF decreased significantly under dialysis. PAF was reduced by 18 %, from  
65262 ± 12398 AU before HD start to 53734 ± 13872 AU (p =0.001) at HD 
end. The reduction in the corrected values for the change of albumin was 14 
% (p = 0.001), the corrected PAF at the end of HD was 56438 ± 9049 AU 
(Table 8 and Figure 16). 
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Figure 15. Mean values and 95 % confidence interval (CI) for SAF before and after 
HD. 

Figure 16. Mean values and 95 % confidence interval (CI) for PAF at HD start and 
after HD (values uncorrected and corrected for changes in albumin).  
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There was a negative correlation between PAF at HD start and decrease of 
PAF (uncorrected values for ultrafiltration: r=-0.64, p < 0.0001 and 
corrected data adjusted for change of album: r = -0.37, p = 0.03). The 
removal of PAF was more pronounced with higher PAF values at start 
(Figure 17).  

 

 

 

There was a negative correlation between the duration of the dialysis session 
and the removal of plasma fluorescence, but only for the values corrected for 
the change of albumin (r = -0.43, p = 0.001).  

Forty-five percent of the patients had renal residual renal function, which 
was correlated with SAF (rho = - 0.34, p = 0.047) but not with PAF. 

There was no correlation between the change of SAF and PAF in this study 
population.  
  

Figure 17. Removal of PAF as a function of PAF at start of dialysis. 
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Study 2 

There was no correlation between SAF and PAF in the study population, 
either at the start or when analyzing data at the end of the dialysis treatment. 
There was no correlation between the change (after versus before) of the 
different PAF fractions (total, free, bound) and SAF. 

Start and end values of SAF, measured before and after LF-HD and HF-HD 
did not differ. There was no difference in the reduction of SAF (Δ SAF) 
between LF-HD and HF-HD (Table 9). 

 

 Start End p (end vs. start) 

Low-flux (LF) 4.14 (±0.80) 4.06 (±0.78) n.s. 

High-flux (HF) 3.95 (±0.61) 3.93 (±0.68) n.s 

p (HF vs LF) n.s n.s  

 Low-flux (LF) High-flux (HF)  

Δ SAF (AU) (end-
start) 

-0.083 (±0.567) -0.018 (±0.48375) n.s. 

n.s = not significant 
Table 9. LF-HD and HF-HD: SAF before start of HD and at the end of HD, decrease 
of SAF (Δ SAF) in arbitrary units (AU). 

 Start End Endcorr P Pcorr 

ΔPAF 
end 

versus 

start 

ΔPAF 

corr 
 

ΔPAF 
corr 
(%) 

 

Total 
1842 
(±208) 

1544 
(±132) 

1461 
(±183) 

<0.001 <0.001 
-298 
(±163) 

-380 
(±221) 

 
-21% 

 

Free 
572 

(±112) 
435 
(±37) 

412 
(±57) 

<0.001 <0.001 
-137 
(±86) 

-160 
(±97) 

-28% 

Bound 
1270 
(±178) 

1109 
(±121) 

1049 
(±144) 

<0.001 <0.001 
-161 

(±136) 

-221 
(±173) 

-17% 

corr = corrected by albumin ratio for the effect of ultrafiltration. 

Table 10. LF-HD: start values, end values (uncorrected and corrected for 
hemoconcentration. Differences for PAF (end – start,  ΔPAF). All values for total, free 
and bound PAF. 
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Removing PAF, LF-HD (Table 10) was more effective than HF-HD (Table 
11). This is shown for uncorrected values as well as for values corrected for 
hemoconcentration by adjusting for the change in albumin concentration 
(the albumin ratio). This effect was significant for all three components, the 
total (Figure 18), the free (Figure 19) and the bound (Figure 20) parts of PAF 
(p = 0.001). 

Total and free PAF were reduced by both therapy modalities, while bound 
PAF was only reduced by LF-HD. The highest reduction rate was achieved 
for free PAF (LF-HD: -28 %; HF-HD: -15 %), followed by total PAF (LF-HD: 
-21%; HF-HD: -5 %) and bound PAF (LF-HD: -17 %; HF-HD: +1 %).  

The proportion of free plasma fluorescence was approximately 31% versus 
the protein bound 69 %. 

 
 

 
 
 

 Start End Endcorr P Pcorr 

ΔPAF 
end 

versus 

start 

ΔPAF 

corr 
 

ΔPAF 
corr   

 

Total 
1664 

(±146) 
1581 
(±145) 

1587 
(±207) 

0.001 0.049 -83 
(±117) 

-77 
(±199) 

-5% 

Free 
551 

(±117) 
463 

(±42) 
465 

(±65) 
<0.001 <0.001 

-88 
(±86) 

-85 
(±101) 

-15% 

Bound 
1113 

(±154) 
1118 

(±155) 
1121 

(±186) 
n.s n.s 

5 
(±99) 

8 
(±144) 

+1% 

n.s non-significant; corr = corrected by albumin ratio for the effect of ultrafiltration. 
 
Table 11. HF-HD: start values, end values (uncorrected and corrected for 
hemoconcentration. Differences for PAF (end – start,  ΔPAF). All values for total, 
free and bound PAF. 
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kAU = arbitrary units x 1000;  corr = corrected by albumin ratio for the effect of ultrafiltration 

Figure 18. Total PAF: a) start and corrected end values with LF-HD and HF-HD. b) 
differences in removal of PAF comparing LF-HD and HF-HD 
 
 
 

 
kAU = arbitrary units x 100;, corr = corrected by albumin ratio for the effect of ultrafiltration. 

Figure 19. Free PAF: a) start and corrected end values with LF-HD and HF-HD. b) 
differences in removal of PAF comparing LF-HD and HF-HD 
 

With higher serum albumin levels the decrease of total (r=-0.39; P=0.043) 
and protein-bound PAF (r=0.50; p=0.006) was less, but only for HF-HD. 

The change in total PAF was correlated to the change in free PAF (r = 0.72, 
p<0.0001 for LF; r = 0.72, p<0.0001 for HF). The correlation coefficient for 
total PAF and protein-bound PAF was 0.60 (p=0.001) for LF-HD and 0.67 
(p< o.oo1) for HF-HD. 
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kAU = arbitrary units x 1000; corr = corrected by albumin ratio for the effect of ultrafiltration. 

There was no difference in dialysis time/session (hours) or dialysis 
time/week (hours). Dialysis efficacy (measured as URR and Kt/V) did not 
differ between the dialysis modalities. URR was the same for LF-HD and 
HF-HD (at a median 70%).  

There was no correlation between HD-vintage or age and SAF 0r PAF before 
the start of HD. The removal of PAF was not correlated to the duration of the 
dialysis sessions. 

Before LF-HD SAF was at a median 4.38 AU in diabetics while in non-
diabetics the median was 3.88 AU (p=0.046, Wilcoxon); patients with a 
history of CVD had a SAF at a mean of 4.46 AU while and those not suffering 
from CVD had 3.75 AU (p=0.015). 

 
  

Figure 20. Bound PAF: a) start and corrected end values with LF-HD and HF-HD. 
b) differences in removal of PAF comparing LF-HD and HF-HD.  
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Study 3 

Comparing the changes of SAF before and after dialysis, there was a non-
significant increase at ST (standard dialysis with glucose-containing 
dialysate). One week after using glucose-free (GF) dialysate (M1), SAF was 
reduced in a median by 6.7 % (p = 0.002) (Figure 21). At M2, one week later 
with GF dialysate, the reduction at a median of 0.6 % was not significant. As 
some of the groups were not normally distributed, non-parametric statistics 
was applied for calculation of significance (Table 12). 

 

Comparing pre-dialysis SAF values at ST, M1, and M2, there was a 
significant increase at a median of 4.8% between ST and M1 (p = 0.032) and 
9.1 % between ST and M2 (p = 0.048).  

When comparing the values achieved after HD with glucose-containing 
dialysate (ST) and GF dialysate at M1 and M2, the values did not differ 
significantly (Table 13). 

At all three points of time (ST, M1, M2) there was a strong correlation 
between the SAF values before dialysis and after dialysis. Such correlation 
was also found during the whole study period. Patients who had high SAF at 
the start of the study had high values at all measurements, and those with 
low SAF values remained low (rho > 0.67, p < 0.001). 

 Start End 
Δ end - 

start 
Δ % 

p (end vs.  
start) 

ST (mean ± SD) 3.95 (±0.61) 3.98 (± 0.65) 0.036 1.2 n.s.* 

M1 (mean ± SD) 4.17 (±0.63) 3.96(±0.65) -0.215 - 5.2 0.001* 

M2 (mean ± SD) 4.18 (±0.65) 4.10 (±0.70) 0.081 - 1.5 n.s* 

ST median 
(range) 

3.85 (3.04 - 
5.52) 

4.10 (2.86  - 
5.79) 

-0.003 0.0 n.s** 

M1 median 
(range) 

4.09 (3.42 - 
5.58) 

3.97 (2.89 - 
5.15) 

-0.279 - 6.7 0.002** 

M2 median 
(range) 

4.20 (2.86 - 
5.23) 

4.04 (2.88 - 
5.48) 

-0.032 - 0.6 n.s** 

*t - test; ** Wilcoxon signed ranks test 
Table 12. SAF (AU) before and after dialysis, difference of SAF before and after 
dialysis and percent change at time points ST, M1, and M2 
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The duration of HD sessions did not change during the observation period 
and was at a median 4 hours (range 3 – 5.5). There was no correlation 
between the duration of dialysis and the change in SAF. 

 

 
 

Figure 21. Median SAF (AU) before and after dialysis. Arrows symbolize increase 
() or decrease () during HD. 

 Δ M1-ST Δ M1-ST % Δ M2-ST Δ M2-ST % 

Before 
dialysis  

 (mean ± 
SD) 

0.22 

(± 0.50) 

6.4 % 

(p=0.04) * 
0.23 (± 0.33) 

6.4 % 

(p=0.034)* 

median 
(range) 

0.18 

(-0.93 – 1.32) 

4.8 % 

(p = 0.032)** 

0.33 

(-0.75 – 1.05) 

9.1 % 

(p = 0.046)** 

After 
dialysis 

(mean ± 
SD) 

- 0.03 (± 0.51) 
0.2 % 

n.s 
0.11 ( ± 0.38) 

3.1 % 

n.s 

median 
(range) 

- 0.17 

(-1.04–1.36) 

- 4.2% 

n.s 

0.11 

(-0.67 – 1.00) 

2.8 % 

n.s 
*t - test; ** Wilcoxon signed ranks test 

Table 13. Differences in SAF (AU) between the measurements at ST, M1, and M2. 
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PAF was significantly reduced in all plasma compounds after each dialysis, 
regardless if using glucose-containing or GF dialysate (p < 0.001). The same 
results were obtained after correction of PAF for hemoconcentration using 
the ratio of albumin after and before dialysis. 

Free PAF did not differ between ST, M1, and M2. Neither the pre-dialysis 
values nor the post-dialysis values (uncorrected and adjusted for the effect of 
ultrafiltration) showed a significant difference. 

Pre-dialysis values for total PAF showed no difference at ST versus M1 or 
M2. M2 values before dialysis were lower than M1 (p=0.019). 

The values after HD, corrected for hemoconcentration, were higher at M1 
compared with ST (p = 0.015) and M2 ( p= 0.001). The adjusted value at M2 
was not significantly lower than the adjusted values at ST (which is the 
dialysis with glucose-containing dialysate). 

Protein-bound PAF before dialysis did not differ between ST and M1. The 
concentration at M2 was lower than at ST (p=0.027) and M1 (p=0.005). The 
lowest values for protein bound PAF after dialysis were found at M2, two 
weeks after using GF concentrate as well for uncorrected as for PAF adjusted 
for the effect of albumin) (Table 14). 

Approximately 30 % of the total PAF is represented by free PAF while about 
70 % are protein bound before and after the dialysis (Table 15). The 
reduction of the free compound of PAF is about 20 % while protein bound 
PAF is reduced by 10 %. The reduction of total PAF is about 15 %. As the 
fraction of bound PAF is more than twice as large as the free PAF, more than 
50 % of the reduction of total PAF is represented by bound PAF. 

There was no correlation between the length of dialysis sessions and the 
reduction of total, free or bound PAF within the frame of this study. 

Values for SAF (before and after dialysis) did not correlate with the PAF 
values for any of the three compounds.  
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 N Total PAF SD Free PAF SD  Protein-bound PAF  SD 

ST Start 24 1841 ±298 584 ±170 1258 ±226 

ST End 24 1586 ±219 460 ±884 1126 ±163 

M1 Start 24 1858 ±263 558 ±109 1300 ±205 

M1 End 24 1644 a) ±182 454 ±49 1189 a) ±158 

M2 Start 21 1738 b) ±236 551 ±82 1187 a,b) ±222 

M2 End 21 1518 c) ±170 463 ±34 1056 a,b) ±162 

ST End adj 24 1519 ±262 440 ±94 1078 ±196 

M1 End adj 24 1633 a) ±253 453 ±79 1180 ±193 

M2 End adj 21 1410 c) ±205 430 ±52 980 ±173 

Δ ST 24 -255 ±170 -124 ±119 -131 ±130 

Δ M1  24 -214 ±132 -103 ±72 -111 ±119 

Δ M2  21 -219 ±170 -89 ±54 -131 ±164 

Δ ST adj 24 -322 ±221 -144 ±133 -178 ±151 

Δ M1 adj 24 -225 ±175 -105 ±85 -120 ±138 

Δ M2 adj 21 -328 ±244 -121 ±69 -206 ±212 

Δ % ST  24 -13.2 ±7.8 -18.7 ±12.4 -9.5 ±9.4 

Δ % M1  24 -11.0 ±6.1 -17.1 ±8.6 -7.8 ±9.3 

Δ % M2  21 -12.0 ±8.6 -15.1 ±7.5 -9.7 ±13.5 

Δ % ST adj  24 -15.9 ±10.9 -21.9 ±15.3 -13.6 ±10.8 

Δ % M1 adj  24 -11.9 ±8.4 -17.8 ±11.7 -8.9 ±10.0 

Δ % M2 adj  21 -18.1 ±12.7 -21.1 ±10.3 -15.8 ±16.5 

Table 14. Plasma autofluorescence (PAF) mean values and standard deviation (SD, 
kUnit/ml) in total plasma and as free- and protein bound. 
  

Δ = the difference in PAF as the subtraction of PAF at the End – Start value; adj= the value is adjusted to the 
change in plasma concentration by, e.g. fluid intake or removal by dialysis. A ratio is achieved between the 
plasma albumin concentration at end versus at start of HD. The PAF at end is corrected by dividing with this 
value; a) p<0.05 compared to March, b) p<0.05 compared to May 1, c) p<0.01 compared to May 1. 
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Free 

part of 
PAF 

Protein-
bound 
part of 

PAF 

Δ % free 
PAF 

under 
dialysis 

Δ % 
protein 
bound 

PAF 
under 

dialysis 

Fraction of 
the plasma-
bound part 

of reduction 

ST Start 31.7% 68.3%    

ST End 29.0% 71.0% -18.7% -9.5% 0.51 

M1 Start 30.0% 70.0%    

M1 End 27.6% 72.4% -17.1% -7.8% 0.52 

M1 Start 31.7% 68.3%    

M2 End 30.5% 69.5% -15.1% -9.7% 0.60 

ST END 

adj 
28.9% 71.1% -21.9% -13.6% 0.55 

M1 End 
adj 

27.7% 72.3% -17.8% -8.9% 0.53 

M2 End 
adj 

30.5% 69.5% -21.1% -15.8% 0.63 

Table 15. Distribution of the free and bound fraction of PAF (mean values in %). 
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Study 4 

SAF was measured at T1 (end of February), T2 (end of May), T3 (end of 
August) and T4 (March, 13 months after the first measurement). The 
number of patients differed slightly between the periods. Included in each 
measurement were patients who were on dialysis at two following 
measurements, i.e. February and May (n=31), May and August (n=28), 
August and March (n=25) (Table 16). 

 

 N Mean SD Median IQR  

T1 31 3.87 ± 0.61 3.97 1.09  

T2 31 4.10 ± 0.69 4.00 1.03  

Δ  T2 –T1 31 0.22 ± 0.40 0.24 0.49 p = 0.004 

Δ  % T2 –T1 31 0.061 ± 0.11 0.056 0.14  

T2 28 4.08 ± 0.67 3.99 0.95  

T3 28 3.67 ± 0.81 3.63 1.17  

Δ  T3 –T2 28 -0.41 ± 0.43 -0.43 0.45 p < 0.001 

Δ  % T3 –T2 28 -0.104 ± 0.12 -0.106 0.11  

T3 25 3.75 ± 0.78 3.63 1.03  

T4 25 3.93 ± 0.68 4.01 0.68  

Δ  T4 –T3 25 0.18 ± 0.47 0.17 0.71 n.s 

Δ  % T4 –T3 25 0.07 ± 0.17 0.042 0,18  

Table 16. Mean, median and change of SAF (AU) between the different periods (SD 
= standard deviation, IQR = interquartile range, T1 = February, T2 = May, T3 = 
August, T4=March (13 months after T1) 

Since SAF did not change significantly under one dialysis treatment  (Graaff 
et al., 2014), the mean of SAF before and after dialysis was calculated to 
obtain only one value for each of the four series. During the first period (T1 
to T2, winter – spring) SAF increased significantly with 5.6 % (p = 0.004). 
During the second period (T2 to T3, summer) SAF decreased by 10.6 % (p < 
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0.001). The increase of 4.2 % during the third period (T3 to T4, autumn - 
winter) was not significant (Table 16). 

An analysis of a subgroup of patients who participated in all four 
measurements is shown in Table 17. There was a significant increase at a 
median of 8 % (p = 0.004) between T1 and T2, a decrease at a median of 10 
% between T2 and T3 and no change between T3 and T4. The value for SAF 
at T1 (median 3.95) was not significantly different from the SAF value 
measured 13 months later (median 4.03, p= 0.57). 

SAF measured in women was significantly lower than SAF in men. The 
difference could be shown at all points of time. However, the change of SAF 
did not differ between men and women. 

The dialysis dose, prescribed as Kt/V increased over the time. There was a 
significant difference between Kt/V at T1 (median 1.24) and Kt/V at T4 
(median 1.58, p=0.16). The adjacent median values at T1 and T2, T2 and T3, 
T3 and T4, showed no significant difference. However, the increase in Kt/V 
was not correlated with SAF or the change of SAF at any point in time. 
 

 N Mean SD Median IQR  

T1 23 3.88 ± 0.62 3.95 1.13  

T2 23 4.15 ± 0.68 4.02 0.85  

T3 23 3.77 ± 0.82 3.87 1.16  

T4 23 3.93 ± 0.71 4.03 0.74  

Δ  T2 –T1 23 0.27 ± 0.42 0.33 0.49 p = 0.004** 

Δ  % T2 –T1 23 0.07 ± 0.10 0.08 0.10  

Δ  T3 –T2 23 -0.38 ± 0.45 -0.43 0.45 p = 0.004** 

Δ  % T3 –T2 23 -0.09 ± 0.13 -0.10 0.13  

Δ  T4 –T3 23 0.16 ± 0.48 0.01 0.48 n.s 

Δ  % T4 –T3 23 0.07 ± 0.17 0.0 0,17  

Table 17 Mean, median and change of SAF (AU) between the different periods (SD = 
standard deviation, IQR = interquartile range, T1 = February, T2 = May, T3 = August, 
T4 = March (13 months after T1) for the subgroup of patients with measurements at 
all points of time. ** indicates significance. 
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Plasma levels of 25OH vitamin D were taken at T1, T3 and T4 and the weekly 
dose of alfacalcidol (1α-(OH)D3 vitamin) was registered continuously. 
Including the whole group of patients the increase of 25OH vitamin D level 
of at a mean 3.5% during the period T1 to T3 was not significant. During the 
period T3 – T4 there was a decrease in 25OH vitamin D at a mean of 6 % 
(p=0.003). For patients having measurements during the whole study 
(n=23), the increase of the plasma levels during summer was significant 
(p=0.048) followed by a decrease toward March of the next year (p = 0.002). 

Parathyroid hormone (PTH) did not change significantly, and the vitamin D 
administration by alfacalcidol was mainly unchanged during the study 
period (Table 18). There were no correlations between SAF, levels of 25OH 
vitamin D, PTH, and alfacalcidol intake.  

 

 

25OH vitamin D 
(nmol/L) 

alfacalcidol (1α- 
(OH)D3 vitamin 

(µg/week) 
PTH 

N 
Median 
(range) 

N 
Median 
(range) 

N 
Median 
(range) 

T1 28 45.5(27-86) 34 3.5 (0-14) 31 34 (11 – 81) 

T2 - - - - 29 31 (3 – 94) 

T3 31 55 (22 – 115) 33 4 (0-14) 31 
36 (3.6 – 

67) 

T4 26 45.5 (23 -92) 28 3 (0 – 9) 21 40 (14- 107) 

Table 18. 25OH vitamin D, alfacalcidol and parathyroid hormone (PTH) levels at T1, 
T2, T3 and T4. 

There was no correlation of SAF to age, use of antihypertensive drugs like 
beta-blockers, angiotensin receptor blockers, calcium channel blockers and 
ACE inhibitors, or use of statins. In a multi-regression analysis, the 
remaining factors for high SAF at T3 were male gender (p=0.008) and a 
lower increase of 25OH vitamin D levels during the summer period (p= 
0.033).  

SAF at T3 could be described as: 0.968 X gender (0 for women; 1 for men) - 
0.026 x (Δ vitamin D) + 3.299. According to the model, for men 0.968 AU 
has to be added to the intercept of 3.299. Every increase in one IU of 25OH 
vitamin D leads to a decrease of 0.026 AU. The intercept value represents 
women without any Δ vitamin D. The coefficient of determination, R2 in this 
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model is 0.444; about 45 % of the data variation is explained by the equation 
of the model.  
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DISCUSSION 

The aims of this thesis were to investigate if skin autofluorescence (SAF) and 
plasma autofluorescence (PAF) in a hemodialysis population could be 
improved using interventions on treatment modalities and environmental 
factors. 

The present thesis showed that SAF was significantly higher in patients 
suffering from ESRD, and especially in those with CVD compared to healthy 
controls. SAF was even worse among HD patients when the residual renal 
function decrease as  measured by urinary output (ml/24 hours) (Figure 22). 
Men had worse SAF values than women. These sex differences have not been 
previously reported. In our study population, compared to men the women 

were at a mean five years younger, 
had a higher dialysis dose 
measured as Kt/V, and none of the 
current tobacco users were women.  

An influence of food intake may 
play a role for SAF values when 
comparing different individuals. 
Thus, it is known that breakfasts 
that are rich in AGE result in an 
increase of SAF postprandial 
(Stirban et al., 2008).  

The motivation to use SAF in this 
study was based on the strong link between SAF values, AGE and CVD. SAF 
is used as a measure for CVD and overall prognosis especially in HD patients 
where it is one of the strongest risk factors for CVD and overall mortality 
(Meerwaldt et al., 2005a). It was the results of this study that especially 
motivated SAF as a tool for the work of this thesis. Previous validation 
studies using skin biopsies from the same site where SAF was measured 
verified strong correlations between SAF and AGEs to pentosidine as 
autofluorescent AGE, but also to the non-fluorescent AGEs CML and CEL 
(Meerwaldt et al., 2004) in the skin. SAF is used for the non-invasive 
measurements of assessing risks in diabetic patients and in those associated 
with vascular damage, neuropathy, and nephropathy (Bos et al., 2011).  

In CKD patients at stage 3 (KDIGO, 2013, Figure 1), SAF is higher in those 
with lower hemoglobin, diabetes mellitus, higher age, lower eGFR, and 
proteinuria (McIntyre et al., 2011, Tanaka et al., 2011). McIntyre et al. 

Figure 22 
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showed that the amounts of SAF were similarly increased in HD and PD 
patients although the PD group had a shorter dialysis vintage. SAF was 
correlated to vintage in PD patients, but not in HD patients (McIntyre et al., 
2010). Baseline SAF was a strong predictor of overall mortality besides other 
risk factors like serum albumin, serum phosphorus and pre-existing CVD 
(Meerwaldt et al., 2005a, Gerrits et al., 2012). CVD, measured as arterial 
stiffness, was correlated with increased SAF (Ueno et al., 2008). In patients 
with HD, the rate of increase in SAF was 7 to 9 times higher than in healthy 
patients (Arsov et al., 2013). Notably, in contrast to SAF the PAF level does 
not help to predict morbidity or CVD (Schwedler et al., 2002). 

The first study of this thesis focused on explore whether changes in SAF 
appeared after versus before a single HD session and if they were related to 
changes in PAF. For the first time in a large group of patients the present 
study showed that a single HD did not significantly alter SAF. Although 
significant, the reduction of total PAF after one dialysis was only 14% 
compared to a reduction of 70% for urea by the same dialyses. A limited 
reduction in PAF was also shown by others (Miyata et al., 1997b, Henle et al., 
1999), indicating that a large amount of the fluorescent products were linked 
to larger molecules than could be removed by the dialyzers used. This was in 
agreement with data by Miyata et al. who found that serum – albumin linked 
pentosidine, measured with an HPLC assay, was 95 % and the free 
compound was only 5 %. It was assumed that only the free compound was 
removed by more than 80 %  (Miyata et al., 1997b).  

The study showed that those with higher values had a better reduction than 
those with lower PAF values and a prolonged HD reduced PAF more than a 
short HD, as would be expected by dialysis principles. However, it was not 
evident that this would interfere with SAF in this dialysis setting since there 
was no correlation between the change in PAF and SAF after one HD 
session.  This could also indicate a firm binding of GDPs to the tissue. Since 
it was not possible to decide if a high-flux HD would influence the outcome 
differently than a low-flux HD this needed to be investigated. 

Therefore, the aim of the second study was to investigate if the outcome of 
SAF or PAF was altered differently comparing standard HD with either a 
low-flux dialyzer (LF) or a high-flux (HF) dialyzer in a cross-over setting. 

Background data confirmed previous findings such as that patients suffering 
from CVD had a higher SAF than patients without CVD.  We also confirmed 
that there was no correlation of previous CVD and PAF. Despite different 
pore size and clearance efficacy of larger molecules there was no significant 
difference in SAF before versus after HD using either a HF or LF dialyzer. In 
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this study PAF was also analyzed regarding free and protein bound 
compounds. Notably, the free PAF was about 30 % of the total PAF. This was 
a somewhat greater extent of free PAF than that found by Miyata et al. 
(Miyata et al., 1997b). These differences are probably due to a more 
unspecific measurement in our study.  

In contrast to what was expected, the free and protein bound PAF levels after 
LF-HD were most removed compared to HF-HD. This indicated that 
backfiltration was most probably of negative importance in retaining or 
reconstituting GDPs. In addition, with higher albumin levels less fluorescent 
substances were removed, indicating the importance of protein adherence. 
Thus, most fluorescent substances in plasma were apparently bound to 
albumin impeding their removal. 

Notably, another study showed a better removal of AGEs with HF 
polysulfone dialyzers in a single session compared with LF. Despite this, a 
reduction of free pentosidine could not be achieved after six weeks (Klemm 
et al., 2004). In comparing the effect of different dialysis membrane 
materials in patients with HD, there was no difference in pentosidine levels 
using HF AN69 filters or LF cellulosic filters. However, the levels were lower 
when using polysulfone filters (Jadoul et al., 1999). In our study, all LF and 
HF filters were of the same polysulfone type. 

The results of study 2 partly indicate a negative impact of backfiltration. 
Such phenomenon is known to be more extensive in HF compared to LF 
(Schneditz et al., 2013). Another reason for the poorer results of the HF 
dialysis may be that the dialysis fluid contained substances that had a 
negative impact on the GDPs. Such a substance could be the glucose added 
to the dialysis fluid, since glucose and oxidative stress are known to interfere 
with AGE production (Miyata et al., 1997a). Glucose in the dialysate has been 
used in most centers, including our dialysis center, for several years to 
prevent hypoglycemia and malnutrition. Therefore, the question arose in our 
research group of whether dialysis with glucose versus without glucose in the 
dialysate would cause different outcomes in PAF or SAF. 

Therefore, in the third study the aim was to investigate whether SAF, 
reflecting the accumulation of AGEs, was influenced by the use of either 
glucose-free or glucose-containing dialysate in a cross-over paired design. 

After measurement of SAF and PAF before and after a standard dialysis 
using glucose-containing dialysate, four weeks later the patients were 
changed to glucose-free (GF) dialysate that was used during two weeks. 
There was a non-significant increase in SAF after dialysis using the glucose-
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containing dialysate. In contrast, when using GF dialysate for one week there 
was a significant SAF reduction of 5.2 % after a single dialysis. At dialysis 
one week later the reduction of SAF was not significant. However, the 
protein bound PAF were reduced over time indicating the protein bound 
fluorescence may be beneficially altered by GF dialysis.  

If comparing SAF before dialysis there was an increase between the start 
(ST) and 1 week (M1) of GF dialysis. However, if glucose in the dialysate is 
considered to be a risk factor, then the value after the last glucose-containing 
dialysis should be considered. When this was the case, there was no 
significant rise in SAF until the start of M1. This is in contrast to study 4 
where a seasonal increase of SAF during this part of the year could be shown. 
Despite the expected seasonal increase of SAF, such an increase was not seen 
in SAF after initiation of GF dialysis. A possible connection between PAF and 
SAF may be indicated by the significant decrease of PAF concentrations in 
total PAF and in protein-bound PAF after using GF dialysate. This indicates 
that the protein bound parts are not as tightly bound as expected thus 
allowing GDPs to dissociate into the free fraction. Such dissociation may also 
have appeared in the tissue during the first week of GF dialysis when the 
dialysis induced a significant reduction of SAF. The limited reduction during 
the second week may be due to the residing GDPs that are more tightly 
bound to the tissue as AGE products.   

The lower level of PAF after 2 weeks with GF concentrate contributes to a 
lesser load of fluorescent substances into the intercellular space in the skin 
and other tissues. The results indicate that glucose degradation products are 
bound to tissue in different grades, from being in loose contact to being 
firmly bound and  irreversibly cross-linked within skin connective tissue. 
The lower concentration in the PAF over time with glucose-free dialysate 
leads to a lower burden of reactive glycation products and may support a 
possible lowering/removal over time of GDPs from the interstitial space.  

In general there was a poor decrease of the free PAF compared to urea 
clearance. This indicates that only a limited fraction of the fluorescent 
substances are small free soluble molecules such as unbound pentosidine. 
Interestingly the reduction of bound PAF is more than 50 % of all removed 
plasma fluorescence. This indicates, that during the HD removable PAF is 
deliberated from the bound part and dissociate into a free fraction that will 
be more easily dialyzed. By this the effective removal of free PAF is higher 
than the calculated 20 %. Despite this, free PAF did not reach the removal 
rate of 70 % which could be expected compared with the removal of urea. 
Since especially grilled food contains high amounts of AGEs (Uribarri et al., 
2005), we were anxious to investigate to what extent the extensive barbecue 
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season during June to mid-August (in northern Sweden) would influence 
SAF of HD patients. 

Therefore, aim of the fourth study was to investigate if there was a seasonal 
variation in SAF in Northern Sweden that could be influenced by the change 
of nutritional habits, or if there was a continuously stable increase of SAF 
over time. 

We assumed that outdoor activities, due to the short but intensive summer 
period are associated with intakes of more barbecued, AGE-rich food, and 
thus increasing AGE levels. The nutritional intake of AGE was associated 
with higher SAF (Uribarri et al., 2005), while vegetarian food is supposed to 
lower SAF in HD as being low-AGE containing diet (Nongnuch and 
Davenport, 2015). None of the patients that accepted to participate in the 
present study were vegetarian. 

There was a non-significant 2% increase in SAF over the 13 months 
investigation period. Such an increase is supposedly related to ageing and to 
the vintage of HD (Arsov et al., 2013). Unexpectedly there was a strong 
significant decrease, not increase, in SAF during the summer period. Instead 
there was an increase in SAF during winter, spring and autumn. Seasonal 
variations were found in Macedonian patients, but in contrast to our findings 
with higher levels of SAF in the summer period (Arsov, 2013).  

The increase of plasma 25OH vitamin D after the summer period was 
significant in the 23 patients who participated throughout the study. 
However, we found a significant inverse correlation between the change of 
vitamin D and SAF, i.e. a higher increase was associated with lower SAF.  

In a study of diabetes patients, there was a negative correlation of 25OH 
vitamin D and SAF, such as that a higher serum level of 25OH vitamin D 
corresponded with a lower SAF. However, in a study using oral substitution 
of vitamin D over six months, no change in SAF was found (Krul-Poel et al., 
2015).  

In our study, vitamin D substitution was given as alfacalcidol (1α-(OH)D3 
vitamin) with the dose not changing significantly during the observation 
period. Apparently, there are different physiologically effects of 25OH 
vitamin D and calcitriol (1,23 (OH)2 vitamin D). When studying vitamin D 
levels and mortality in HD patients, the magnitude of risk for mortality was 
significantly greater for patients who had lowered 25OH vitamin D levels 
than for those with lowered calcitriol levels (Wolf et al., 2007). In in vitro 
studies calcitriol had a protective effect on vascular endothelial cells 
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incubated with AGEs (Talmor et al., 2008). In studies of diabetic rats 
cholecalciferol was shown to significantly block the accumulation of CML in 
the aortic wall (Salum et al., 2013). 

Vitamin D supplements are regarded as a protection against oxidative stress 

The risk for mortality among HD patients that do not receive vitamin D 
therapy (as calcitriol or paricalcitol) is increased (Sprague, 2007). However, 
the lowering of SAF in the present study could not be explained by the 
alfacalcidol prescription since it was not significantly changed during the 
period. The difference in SAF during summer in HD patients, compared to 
the data from Macedonia, may be due to the difference in lengths of summer 
seasons and different habits in exposure of skin besides different dietary 
habits.  

As the load of tissue AGEs was decreasing under the light intensive period in 
Northern Sweden, we discussed other, protective factors. The UVB in 
sunlight converts 7-dehydrocholesterol to cholecalciferol and this synthesis 
is more intensive during the summer period.  

Such hypothesis could be strengthened by a Swedish study where they found 
that sun exposure was inversely related to all-cause mortality in a ‘dose 
dependent’ manner (Lindqvist et al., 2014), which suggests the influence of 
presently unknown factors on CVD that may be mediated by sunlight. 

This encourages future studies to clarify an eventual effect of sun exposure, 
increasing vitamin D levels or various diets to hamper the progress of CVD. 
The seasonal variations of SAF found in this study, and the differences 
compared to the Macedonian results, strengthens such presumptions.  

Future investigations are also necessary to identify other lifestyle factors that 
can improve the outcome of CVD and decrease SAF, which is an important 
marker of CVD especially in patients at high risk such as HD patients. 
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Limitations of the Thesis 

A general limitation of all four studies may be the relatively low number of 
individuals. However, the statistical power was above 80 % using a paired 
design of the studies with the patients as their own controls. Another 
consideration is the limited duration of the study 3. A prolonged period for 
studying, for example, the effect of GF dialysate would be favorable to 
identify possible risks and advantages of using GF dialysate. However, the 
beneficial effects of GF dialysis were not known before the study, and our 
data can be considered pilot data to initiate a long-term randomized study. 

Another limitation is the restriction to include only patients from one 
dialysis unit with a limited number of patients. However, multi-center trials 
can also promote errors in results due to variations in treatment concepts.  

For investigating lifestyle factors, for example, influence of nutrition on SAF 
levels (study 4), more precise data access of food habits and outdoor 
activities would be needed. A disadvantage is the psychical burden repeated 
nutritional protocols put on the patients, which could increase the risk of 
drop out from the study and thereby creating a selection bias. 

However, all of our studies can be somewhat considered as pilot studies that 
can stimulate future research. 
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Future perspectives 

This thesis indicates that glucose-free dialysis fluid may help to slow the 
extent of AGE accumulation in the tissue of HD patients, and consequently 
the extent of CVD. Factors influencing seasonal variation should be taken 
into account. In addition to trying to maintain residual renal function, the 
use of prolonged and probably also more frequent dialyses will help to 
counteract AGEs that are accumulated through food intake. It should be 
clarified if online HDF with large substitute volumes is beneficial. The 
influence of various medications such as cross-link breakers of AGE will 
probably be another approach (Sajithlal et al., 1998, Vasan et al., 1996, 
Coughlan et al., 2007).  

Measuring SAF repeatedly and assessing an individual’s risk profile is a 
future application of the AGE Reader. This will help to select and to treat 
high-risk patients more intensively starting already in the earlier stages of 
CKD. In patients on HD, the more individual dialysis prescription including 
glucose-free dialysate may be an option.  
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CONCLUSIONS 

Skin autofluorescence (SAF), measured noninvasively with the AGE-reader 
was shown to be an easy method to evaluate the indirect load of AGE and 
thereby the risk for cardiovascular disease (CVD) in hemodialysis patients. 
These patients have a significantly higher SAF level than a healthy 
population. 

Plasma autofluorescence (PAF), which represents the amount of advanced 
glycation end products (AGE) showed a small, but significant, decrease 
during a hemodialysis session when glucose was used as the dialysate. This 
effect seems more pronounced using low-flux dialyzers. 

SAF, but not PAF was correlated to CVD (Study II). 

Using glucose-containing dialysis fluid, SAF did not change by a single 
hemodialysis. The use of high-flux filters does not improve the effect on SAF 
or PAF compared to low-flux dialyzers. Instead a negative effect on PAF was 
induced by high-flux dialyzers; this is most probably due to backfiltration of 
dialysate. 

The difference of SAF (ΔSAF) during a dialysis session was not influenced by 
the changes of PAF (ΔPAF), if conventional glucose-containing dialysate was 
used. 

Dialysis with glucose-free dialysate resulted in a significant reduction of SAF 
after dialysis, which is in contrast to the use of conventional glucose-
containing dialysate. Glucose-free dialysate decreased the levels of protein 
bound fluorescence after 2 weeks of use. This could indicate that glucose-free 
dialysate decreases the burden of AGE and may reverse the load of AGE in 
the tissue.  

There was a seasonal variation of SAF. Unexpectedly, there was a decrease 
during the summer period, while during the winter period SAF increased. 
This trend in effect is still unexplained. Changes in vitamin D due to 
increased sun exposure or other lifestyle factors may be involved. 

A slight, but not significant increase of SAF was seen after 13 months.  

There was no correlation between SAF and the simultaneously accessed 
plasma fluorescence when using glucose-containing dialysate. Only after 
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glucose-free dialysis for one week did SAF correlate with the total and free 
plasma fluorescence after dialysis when PAF was corrected for 
hemoconcentration. 
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APPENDIX 

PATIENTINFORMATION 
 
Kan ändrad dialys minska förekomsten av ämnen som påskyndar 
åldrandet 
 
Patienter i hemodialys (bloddialys) behandlas med olika dialysfilter samt med olika 
utrustning (filter, slangar, dialysvätskor mm) för att så långt möjligt individualisera 
behandlingen för varje enskild patient.  
Vi ämnar nu utvärdera om dialysfiltertyp respektive förekomst eller ej förekomst av 
socker i dialysvätskan är till fördel eller nackdel för förekomsten av slaggprodukter 
(glucose degrdation products) som kan påskynda åldrandet vid dialys.  
Provtagning utförs i samband med dialys. Syfte är att finna om vi kan förbättra 
dialystekniken för att minska bieffekter av dialysbehandlingen. De data vi får 
kommer vi sedan att analysera för att finna bästa möjliga utrustning och 
dialysmodell för Dig och våra andra patienter.   
 
Undersökningens utformning:  
I samband med sedvanlig dialys kommer en UV-ljus styrd mätare att belysa skinnet 
under några minuter. Det sker innan dialysens start samt sedan efter dialysen. Man 
kan därvid mäta förekomst av slaggprodukter i huden. Om du tål solljus, så finns 
inga kända biverkningar av UV ljus-undersökningen förutom lokal rodnad som 
senare försvinner.  
 
I samband med studiedialys kommer enstaka blodprov (biologiskt material) att tas 
från dialysmaskinen (inga extra stick nödvändiga) före start samt efter dialysen. De 
sparas i frys till analys inom ramen för projektet. Inga genetiska undersökningar 
sker.  
Såvida Du accepterar ifall proven kan sparas för framtida forskningsprojekt inom 
området önskar vi Ditt medgivande. Ny etisk prövning kommer att göras i sådant 
fall. 
Proven är anonyma (via kod/kodnyckel) och kan endast spåras till enskild individ av 
Din läkare. Prov används endast på sätt som Du medgivit och förstörs direkt efter 
projektet om Du så önskar. Personuppgiftsansvarig - är Västerbottens Läns 
Landsting. Kontaktperson är Bernd Stegmayr. Du har rätt att få utdrag ur registret 
och rätt att få eventuella fel rättade. Dina svar och dina resultat kommer att 
behandlas så att inte obehöriga kan ta del av dem. 
 
Med resultatens hjälp ämnar vi förändra dialysvillkoren så att Du ska få effektivare 
dialys samt mindre biverkan av dialyserna.  
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Ditt deltagande i utvärderingen är helt frivilligt. Medge om prover får tas. Meddela 
om proverna efter projektet ska förstöras (eller får sparas till kompletterande 
analyser inom ramen för forskning på dialyspatienter) samt meddela om de skall  
ommärkas så att de inte ens kan spåras till Dig av din läkare. 
Närhelst Du önskar kan du avbryta Ditt deltagande. Du har full frihet att göra detta 
utan att behöva ge någon förklaring till ditt beslut. Ditt beslut kommer inte heller att 
påverka Din fortsatta behandling. 
 
Undersökningen är kostnadsfri.  
Du får ej någon ekonomisk ersättning för Ditt deltagande i utvärderingen. 
 
Vid ytterligare frågor hänvisas till ansvarig läkare Bernd Stegmayr ,  
Tel: 090 7850000 eller Nils Sundvall (läkare), Maria 
Grubbström(dialyssköt.) 
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