CJASN ePress. Published on November 5, 2009 as doi: 10.2215/CJN.05350709

Tissue-Advanced Glycation End Product Concentration in
Dialysis Patients

Natasha J. McIntyre,* Lindsay J. Chesterton,* Stephen G. John,* Helen J. Jefferies,*
James O. Burton,* Maarten W. Taal,* Richard J. Fluck,* and Christopher W. McIntyre*"

*Department of Renal Medicine, Royal Derby Hospital, Derby, United Kingdom; *School of Graduate Entry Medicine
and Health, University of Nottingham, Nottingham, United Kingdom

Background and objectives: Tissue-advanced glycation end products (AGE) are a measure of cumulative metabolic stress.
Assessment of tissue AGE by skin autofluoresence (AF) correlates well with cardiovascular outcomes in hemodialysis (HD)
patients. This study aimed to measure and compare tissue AGE levels in HD and peritoneal dialysis (PD) patients and to
evaluate the impact of systemic PD glucose exposure.

Design, setting, participants, & measurements: Tissue AGE were measured in 115 established dialysis patients (62 HD and
53 PD) using a cutaneous AF device (AGE Reader; DiagnOptics). Values were compared with an age-matched non-chronic
kidney disease database. Review of all previous PD solution delivery/prescription data determined PD glucose exposure.

Results: PD patients were similar in age to HD patients but had a shorter dialysis vintage. There were no differences in
ischemic heart disease or smoking history, statin or angiotensin-converting enzyme inhibitor (ACEi) use, lipids, biochemistry,
or prevalence of diabetes. More than 90% of both groups had met current dialysis adequacy targets. Skin AF values in PD and
HD patients were similar and strongly correlated with historical PD glucose exposure. Skin AF correlated with age in both
groups but with dialysis vintage only in PD patients

Conclusions: Cumulative metabolic stress and transient hyperglycemia results in grossly elevated levels of tissue AGE in
dialysis patients. In PD patients, this high level of AGE deposition is associated with historical glucose exposure. This
observation provides a previously unappreciated potential link between PD exposure to glucose and systemic cardiovascular

disease.
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chronic kidney disease (CKD) remains high (1), and it is
increasingly recognized that this is because of combi-
nations of classical and nonclassical risk factors. The role of

T he prevalence of cardiovascular disease in patients with

oxidative stress, changes in arterial function, and their relative
contributions to overall cardiovascular morbidity and mortality
remains of paramount importance in patients with CKD, and in
particular those on renal replacement therapy.

The Maillard reaction is a biochemical process occurring in
tissues and in stored glucose solutions (such as those used for
peritoneal dialysis [PD]), resulting in the formation of ad-
vanced glycation end products (AGE). AGE bound to structural
proteins and deposited in tissues alter function, enhance local
cytokine production, and serve as a marker of cumulative
metabolic stress (2). In addition, the activation of transcription
factors through specific receptor-binding sites (e.g., receptor for
AGE [RAGE]) may result in a wide variety of biologic actions
and further structural changes to the vascular wall (3). Hyper-
glycemia favors, but is not a requirement for, AGE formation
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(4). Several factors such as oxidative and carbonyl stress and
reduced renal clearance all seem to increase the production and
accumulation of AGEs (5-7). AGE have already been impli-
cated in the progression of chronic, age-related diseases such as
atherosclerosis, CKD, and diabetes (3,4,6,8-11). AGEs cannot
easily be measured in clinical practice because they are difficult
to analyze in complex body fluids such as blood, and the
assessment of more significant tissue-bound compounds has
previously required biopsy. More recently, however, a simple
noninvasive method of AGE measurement has been developed
that uses the correlation between collagen-linked fluorescence
and AGE content observed in skin biopsies. AGE deposition
within tissues can therefore be assessed by the use of skin
ultraviolet autofluorescence (AF).

We aimed to measure and compare AGE in patients receiv-
ing either hemodialysis (HD) or PD and to study the association
between chronic glucose exposure caused by glucose-contain-
ing peritoneal fluids and systemic tissue AGE accumulation.

Materials and Methods
Study Population

One hundred fifteen established dialysis patients (62 HD and 53 PD)
were recruited from a single center in a cross-sectional study. Minimum
duration of renal replacement therapy was 30 d. A medical history of
diabetes mellitus, ischemic heart disease, and drug treatment was
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recorded. Hematology and biochemistry results, time-averaged over 6
mo, and dialysis adequacy was also recorded.

Patients receiving chronic hemodialysis were dialyzed thrice weekly
for 4 h with low-flux polysulphone dialyzers, either 1.8 or 2.0 m? (LOPS
18/20; Braun Medical Ltd., Sheffield, UK). For all treatments, dialysate
contained 138 mM sodium, 1 mM potassium, 1.25 mM calcium, 0.5 mM
magnesium, 32 mM bicarbonate, 1 g/L glucose, and 3 mM acetate. All
treatments were of 4-h duration, and anti-coagulation was achieved
with unfractionated heparin. Dialysate flow was 500 ml/min, and
conductivity was set at 13.6 mS/cm.

PD patients used lactate/bicarbonate-buffered, 1.36 or 3.86% glu-
cose-containing solutions (Physioneal; Baxter), Extraneal (7.5% icodex-
trin; Baxter), or Nutrineal (1.1% amino acids; Baxter) as prescribed for
routine clinical care. PD glucose exposure was generated from histor-
ical PD prescription data and review of all historical Baxter home
delivery records. Patient characteristics are listed in Table 1. Appropri-
ate approval was obtained from a local ethics committee.

Skin AF

All study participants had tissue AGE measured using a previously
validated cutaneous AF device using an ultraviolet source at a specific
range of wavelengths (AGE Reader; DiagnOptics, Groningen, The
Netherlands) (12,13). Values were compared with an age-matched non-
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CKD database contained within the device, generated from a Dutch
cohort. The AF reader illuminates a skin surface of ~1 cm?, guarded
against surrounding light, with an excitation light source between 300
and 420 nm (peak excitation, ~350 nm). Only light from the skin is
measured with a spectrometer in the 300- to 600-nm range, using a
200-um glass fiber (14). All measurements were performed at room
temperature in a semidark environment predialysis or during PD clinic
consultations. The nondominant forearm rests on the device, and three
readings, all taken within 1 cm of each other away from any areas of
bruising or obvious pigmentation, were averaged and reported. A
connected personal computer analyzed the degree of AF and correlated
that to known normal ranges.

Statistical Analysis

Group data are presented as mean * SD unless otherwise stated. All
data were tested for normality. Analysis was performed using SPSS
v12.0.1 (SPSS Inc., Chicago, IL). Categorical data were compared using
the x* test and continuous data using a paired or unpaired f test or
one-way ANOVA with Tukey’s correction as appropriate.

Results
Patients receiving PD and HD were relatively well matched.
The groups were of a similar age, gender, and ethnicity (pre-

Table 1. Demographic details including biochemical, hematologic indices, and use of medication

PD (n = 53) HD (1 = 62) P Value
Age (yr) 62.5 *+13.1 65.3 155 NS
Male (%) 31 (58%) 34 (55%) NS
White ethnicity 49 (92%) 56 (90%) NS
Diabetes mellitus 7 (13%) 6 (10%) NS
Smoking 3 (6%) 5 (8%) NS
Dialysis vintage (mo) 384 +14.3 51.7 £ 347 0.007
Body mass index (kg/m?) 263 27 x5 NS
Dialysis adequacy (Kt/V)* 2.4 = 0.08 125 +0.18 NA
Previous cardiovascular morbidityb 6 (11%) 8 (13%) NS
Total cholesterol (mM) 46 *1.0 44+1.0 NS
HDL cholesterol (mM) 14+03 1.3 £0.3 NS
LDL cholesterol (mM) 22+ 1.1 20*0.8 NS
Triglycerides (mM) 22+0.8 24+18 NS
Serum phosphate (mM) 1.52 0.2 1.64 =04 NS
Serum corrected calcium (mM) 251 +0.1 247 = 0.1 NS
Calcium X phosphate product (mmol®/L?) 403 £0.7 421 +1.0 NS
PTH (pg/ml) 342 + 301 298 *+ 313 NS
Albumin (g/L) 29.7 = 3.7 325*=3 NS
Hemoglobin (g/dl) 120+ 1.14 11.8 £ 1.56 NS
Lipid-lowering therapy 29 (55%) 27 (44%) NS
Use of calcium channel blockers 5 (9%) 6 (10%) NS
Use of ACE inhibitors 19 (36%) 9 (15%) 0.006
Use of B blockers 3 (6%) 5 (8%) NS
Use of erythropoietin 46 (87%) 56 (90%) NS
Skin autofluourescence (AU) 3.58 = 0.75 3.7 £0.88 NS

There were no significant differences in patient characteristics, apart from dialysis vintage and use of angiotensin-

converting enzyme inhibitors (ACEi).
NS, not significant; NA, not applicable.
?Kt/V is weekly in PD and per session in HD.

PDefined as any previous description of ischemic heart disease, heart failure, cerebrovascular disease, or peripheral vascular

disease.
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dominantly white because of the limitations that skin pigmen-
tation brings to the measurement of skin AF). PD patients were
of significantly shorter dialysis vintage and were more likely to
be receiving an ACEi. There were no significant differences in
biochemical indices averaged over the preceding 6 mo, and the
groups were broadly comparable in terms of small solute—
based dialysis adequacy (data summarized in Table 1).

All patients had markedly elevated skin AF values compared
with the nonuremic reference values. Despite shorter dialysis
vintage, values of AF were similar in PD and HD patients
(3.58 = 0.75 and 3.7 * 0.88 AU, respectively, P = 0.33). In PD
patients, there was a positive correlation between skin AF and
patient age, as well as dialysis vintage (r = 0.4, P = 0.004 and
r = 0.34, P = 0.01 respectively, Figure 1). Skin AF in HD
patients correlated with age but not with dialysis vintage (r =
0.46, P = 0.001 and r = 0.22, P = 0.65, respectively). Because of
the small number of factors that correlated with skin AF and
the relatively weak associations observed, a multivariate anal-
ysis was considered inappropriate.

There was no difference in AGEs in those with or without
diabetes.

PD Glucose Exposure

Complete records of home PD solution delivery were ob-
tained for 51/53 patients. Conversion from conventional lac-
tate-based fluids (Dianeal; Baxter) occurred in 2001, and there-
fore all patients received bicarbonate/lactate biocompatible
fluids (Physioneal; Baxter). Patients were classified by their
historical glucose exposure during their time on dialysis, and
only 5/51 patients had ever been exposed to conventional PD
fluids. Nearly one half of the patients (24/51) used icodextrin-
based PD fluids (Extraneal; Baxter), and 12/51 patients used or
had used amino acid-based fluids (Nutrineal; Baxter) for either
nutritional purposes or to maximally avoid PD fluid-based
glucose in diabetics. Only 7/51 patients had been exposed to
daily high glucose exposure (daily 1 X 3.86% exchanges). This
compared with 20/51 who received no more than two 3.86%
glucose exchanges per week and 24 /51 patients who had never
been exposed to any significant increase in dialysate glucose
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exposure (receiving 1.27% exchanges). This equates to a weekly
minimal additional glycemic exposure of 540.4 or 154.4 g/wk,
respectively. There were no statistically significant differences
in age, dialysis vintage, or other demographic factors between
these groups. Skin AF significantly correlated with historical
glucose exposure (Figure 2).

Discussion

We observed that skin AF is increased in CKD patients
receiving either HD or PD. In addition, despite shorter dialysis
vintage, patients receiving PD with bicarbonate/lactate fluids
had similar AF levels to those receiving chronic HD. Further-
more, this is the first study to show clear associations between
increased tissue AGE deposition and increased glucose expo-
sure in patients receiving PD.

AGE accumulation is recognized to play an integral role in
the pathogenesis of diabetic complications and vascular and
renal disease. Because of the complexities of measurement,
normal AGE values have not yet been clearly delineated in fully
comparative cohorts, but validation data for this technique
show a mean skin AF of 0.011 AU in nonuremic control subjects
(15). Monami et al. detected an average skin AF value of 2.46
AU in those with diabetes and significantly higher values in
patients with microalbuminuria, CKD, diabetic neuropathy,
arterial disease, and smoking (16). In our study of HD and PD
patients, we observed average skin AF values of 3.64 AU,
which was considerably elevated compared with the reference
population, although there was no difference between those
with and without diabetes. We speculate that the drivers of
cumulative metabolic stress may be so overwhelming in the
setting of CKD 5 that the presence of diabetes has no additional
effect in established dialysis patients.

It is known that AGE are generated in the presence of oxi-
dative stress and additionally accumulate because of dimin-
ished renal clearance of AGE precursors in CKD. It is postu-
lated that the deposition of AGE in the basement membrane of
the vessel walls results in permanent change and altered cellu-
lar responses (3,11,17-19). Endothelial and smooth muscle cells
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Figure 1. Skin AF is associated with age and dialysis vintage (mo) in those receiving PD.
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Figure 2. Increasing skin AF is strongly associated with in-
creased glycemic historical exposure in patients receiving PD
(minimal = 1.27% exchanges only; low = =2 3.86% exchanges/
wk; high = daily 3.86% exchanges).

in particular produce cytokines in response to AGE deposition
and the upregulation of fibroblasts as a consequence of AGE
result in expansion of the extracellular matrix, which is a proin-
flammatory response important in the development of vascular
complications in diabetes (20). However, it is not known
whether these observed changes in those receiving dialysis are
similar in all patients or whether the process of PD or HD may
further influence the natural history of AGE development.

AGE deposition has previously been associated with in-
creased mortality in patients receiving HD (14), and the patho-
physiologic mechanisms accounting for these associations re-
quire further elucidation. Skin AF has been useful in the
assessment of graft dysfunction and outcomes in renal trans-
plant patients (21). Data are scarce on the effect of AGEs and
glycemic exposure in PD patients.

Conventional PD fluids rely on glucose as the main osmotic
agent, buffered with lactate alone to produce a low pH. During
the manufacturing process, conventional fluids result in the
production of glucose degradation products (GDPs) (22). GDPs
result in local peritoneal toxicity and poorly understood sys-
temic effects. In addition, GDPs also enhance the production of
AGE (23). Newer, biocompatible fluids have been developed,
such as Physioneal (Baxter), Stay Safe Balance (Fresenius), and
Gambrosol Trio (Gambro). Fluids containing an alternative os-
motic agent to glucose are also available, using icodextrin or
amino acid solutions, with lower or no GDP/AGE components,
respectively. Even in patients receiving biocompatible solu-
tions, the use of high glucose concentration solutions in fasted
nondiabetic patients results in transient hyperglycemia and
prolonged hyperinsulinemia (24), and these metabolic stresses
result in short-term hemodynamic changes (25).

Recent work by the Euro Balance group showed that markers
of AGE production reflect the composition of PD solutions. In
particular, the biocompatible fluids had significantly lower lev-
els of GDPs than conventional solutions (26). Biocompatible PD
fluids have already shown beneficial effects on peritoneal me-
sothelial cells and may preserve vascular function (27). How-
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ever, our work showed that, even in low GDP-containing flu-
ids, skin AF measurements in PD patients are similar to those
receiving HD.

Comparisons of AGEs between PD and HD patients have not
previously been performed. Glycemic exposure and GDPs have
been implicated in the development of AGEs in those receiving
PD, but importantly, HD dialysate contains glucose, reaching
concentrations of 200 mg/dl (28). Potentially, therefore, in pa-
tients receiving HD, there is significant thrice-weekly addi-
tional glycemic exposure in addition to the AGEs generated by
metabolic stress during the course of their progressive kidney
disease. Further work is needed to study the natural history of
AGE development within incident dialysis patients.

Semba ef al. (29) recently reported that AGE increase with
aging. In addition, the presence of AGE correlated with in-
creased pulse wave velocity, a marker of arterial stiffness. We
have previously shown that autonomic dysfunction, arterial
stiffness, and vascular calcification are increased in chronic HD
patients. Furthermore, the relationship between arterial stiff-
ness and vascular calcification is present in PD patients (30),
and markers of oxidative stress correlate with arterial stiffness
in those receiving PD (31). Therefore, the AGE deposition may
be an additional important factor in the development of struc-
tural and functional change within the vasculature.

In summary, AGE are increasingly well recognized to be
important in the pathogenesis of cardiovascular morbidity and
mortality in patients with CKD and many of the conditions
leading to CKD. Increased accumulation of AGE has been
observed in patients receiving PD and HD. Furthermore, cuta-
neous AGE levels measured by skin AF strongly correlates with
increased glucose exposure and dialysis vintage.

The relationships between metabolism, vascular structure,
and vascular function in CKD remain of paramount importance
and may provide a framework to increase our understanding of
the interaction between metabolic stress, structural/functional
cardiovascular consequences, and associated clinical outcomes.
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