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Skin-Autofluorescence Is an Independent Predictor of
Graft Loss in Renal Transplant Recipients
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Background. Skin-autofluorescence (skin-AF) noninvasively measures the tissue accumulation of advanced glycation
end products (AGEs). AGEs are nephrotoxic and potential effectors of cardiovascular mortality. We investigated
whether skin-AF predicted graft loss after kidney transplantation.

Methods. A total of 302 renal transplant recipients were enrolled at a median time of 6.1 (2.6—12.1) years after
transplantation and were subsequently followed up for first occurrence of graft loss (i.e., graft failure or all-cause
mortality) for 5.2 (4.6-5.4) years. The association of baseline skin-AF with graft loss was investigated with univariable
and multivariable Cox-regression and receiver-operator-characteristic curve analyses.

Results. Baseline skin-AF was 2.7+0.8 arbitrary units. Skin-AF predicted graft loss in a univariable Cox regression
analysis (Hazard ratios 2.40 [1.75-3.29], P<<0.001) and in a multivariable model (Hazard ratios 1.83 [1.22-2.75],
P=0.003), adjusted for other identified risk-factors, including patient age, creatinine clearance, protein excretion, high
sensitivity C-reactive protein (hsCRP), and human leukocyte antigen-DR mismatching. The area under the receiver-
operator-characteristic curve for skin-AF as predictor of graft loss was significantly different from 0.5. Skin-AF was also
a significant predictor of graft failure and mortality as separate end points.

Conclusions. We conclude that skin-AF is an independent predictor of graft loss in kidney transplant recipients.
Although skin-AF is not a direct measurement for AGEs, we believe that our results do support the hypothesis that
accumulation of AGEs in renal transplant recipients contributes to the development of graft loss.
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E nd-stage renal disease (ESRD) is an important medical
problem in the Western world, which is expected to increase
in the future (1). ESRD is preferably treated with kidney trans-
plantation, because this treatment significantly enhances the
quality of life and survival of patients in comparison with
dialysis treatments (2, 3). Although the short-term success of
kidney transplantations has improved steadily in recent years
with efficient treatment protecting from acute rejection (4),
the long-term success still needs improvement. Patients find
themselves threatened by the enhanced risk for mortality, and
sometimes even more by the risk of being readmitted to dial-
ysis. As many as 60% of patients transplanted with a cadaveric
donor kidney develop graft failure within 10 years after trans-
plantation and age-adjusted rates of mortality are approxi-
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mately 3 to 5 times higher in renal transplant recipients than
in the general population (5, 6).

Both graft failure and patient mortality have been hypoth-
esized to result at least partly from the pathogenic effects of
oxidative stress and advanced glycation end-products (AGEs)
(7, 8). Basically, oxidative stress causes protein damage such
as protein glycation, the products of which can be recognized
by a number of cellular receptors (9). Receptor activation
then induces prolonged proinflammatory signaling, which
might lead to vascular damage, and may finally result in graft
failure and mortality (9).
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Skin-autofluorescence (skin-AF) measurement is a newly
developed noninvasive technique that has been validated to
measure the accumulation of AGEs (10). We previously found
skin-AF to predict mortality in ESRD patients on dialysis
(11). This study investigated whether skin-AF is an indepen-
dent predictor of graft loss in kidney transplant recipients.

MATERIALS AND METHODS

Study Design and Patients

The study protocol was approved by the Institutional
Review Board of the University Medical Center Groningen
(METC 01/039). All renal transplant recipients transplanted
at the University Medical Center Groningen are monitored in
accordance with the American Transplantation Guidelines
(12) in the outpatient clinic. Between August 2001 and July
2003, all adult allograft recipients who survived the first year
after transplantation with a functioning allograft were eligible
to participate at their next visit to the outpatient clinic. The
aim of our study was to investigate AGE accumulation as a
potential determinant of long-term transplant survival. In the
first year after transplantation, graft loss is frequently related
to acute rejection, urological problems, and infections. To
avoid confounding by such events, we only considered pa-
tients eligible for participation in the study who were 1 year
after transplantation or beyond. A total of 606 of 847 eligible
renal transplant recipients signed written informed consent.
Skin-AF was measured in a subpopulation consisting of 309
consecutive patients, because the AGE-reader measurement
was not yet available at study initiation. From this subpopu-
lation, seven non-white patients were excluded, because the
skin-AF measurement has not yet been validated for mea-
surements in patients with pigmented skin. The group that
did not sign informed consent was comparable with the
group that signed informed consent with respect to age, sex,
time since transplantation, creatinine clearance, and protein-
uria (13). Furthermore, no significant differences existed in
donor age, recipient age, donor sex, recipient sex, diabetes,
baseline creatinine clearance, and urinary protein excretion
between the 302 patients in whom skin-AF was recorded and
the 304 patients in whom skin-AF was not recorded. All mea-
surements including blood sampling were performed after an
8 to 12 hr overnight fasting period for food and medication.

Follow-Up

Patients were enrolled at a median time of 6.1 (2.6-12.1)
years after transplantation and were subsequently followed
up for first occurrence of graft loss. Graft loss was considered
to have occurred if patients were readmitted to dialysis, if they
were retransplanted, or if they died. Up-to-date and complete
information on patient status was ensured by our outpatient
program, which operates in close collaboration with referral
hospitals in our area. In the whole population, 137 (22.6%)
patients experienced graft loss of whom 95 (15.7%) patients
died and 42 (6.9%) experienced graft failure during follow-up
for 5.3 (4.7-5.7) years. In the subpopulation of patients in
whom skin-AF was measured, 53 (17.5%) patients reached
the endpoint of graft loss of whom 34 (11.3%) died and 19
(6.3%) experienced graft failure during follow-up for 5.2
(4.6-5.4) years.
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Skin-AF Measurements

The AGE accumulation was assessed by measuring
skin-AF using a validated autofluorescence reader (AGE
Reader, DiagnOptics b.v., Groningen, The Netherlands) as it
was described previously (10). In short, the autofluorescence
reader illuminates a skin surface of 1 cm? guarded against
surrounding light, with an excitation light source between
300 and 420 nm (peak excitation ~370 nm). Light from the
skin is measured with a spectrometer (AVS-USB2000,
Avantes Inc., Eerbeek, The Netherlands) in the 300 to 600 nm
range, using a 200-pum glass fiber (UV/VIS 200-750 nm,
Avantes Inc., Eerbeek, The Netherlands). Skin-AF measure-
ments in an individual patient consisted of 75 measurements,
each with an integration time of 75 msec. Skin-AF was mea-
sured as the ratio between emission and excitation calculated
in arbitrary units (AU) by dividing the intensity of the fluo-
rescent light coming from the skin (measured as area under
the curve [AUC] of fluorescent wave lengths between 420 and
600 nm) by the intensity of the emitted light (measured as
AUC of wave lengths between 300 and 420 nm) multiplied by
100. All measurements were performed at room tempera-
ture in a dark environment. Skin-AF was measured at the
volar side of the lower arm at approximately 10 to 15 cm
below the elbow fold and the hollow of the knee, respec-
tively. The average of both measurements was calculated
for further analyses. Care was taken to perform the measure-
ments at normal skin site, that is, without visible vessels,
scars, lichenification, or other skin abnormalities. Intraob-
server variation of repeated autofluorescence measure-
ments on 1 day was 6%.

Recipient and Transplant Characteristics

Relevant donor, recipient, and transplant characteris-
tics were extracted from the Groningen Renal Transplant
Database. Extracted were age and sex from both donors and
recipients, duration of pretransplant dialysis, date of trans-
plantation, transplantation type, ischemia time, human leu-
kocyte antigen (HLA) mismatches, renal function at baseline,
and type of acute rejection treatment. History of cardiovas-
cular disease (CVD) and smoking status were obtained from
a self-report questionnaire. Smoking was defined as current
use of cigarettes. History of CVD was based on patient self-
report of myocardial infarction, angina pectoris, cerebrovas-
cular accident, transient ischemic attack, or intermittent
claudication in medical history of patient. Current medica-
tion was extracted from medical record. Patients were defined
as having experienced an episode of rejection, when drugs
were used to treat rejection. Acute rejection was treated with
corticosteroids in case of borderline or interstitial rejection.
Steroid resistant and vascular rejections were treated with
antithymocyte globulin or OKT3. Standard immunosuppres-
sion consisted of the following: from 1968 until 1989 pred-
nisolone and azathioprine; from January 1989 until February
1993 cyclosporine standard formulation (Sandimmune, No-
vartis) combined with prednisolone; from March 1993 until
May 1996 cyclosporine microemulsion (Neoral, Novartis
Pharma b.v., Arnhem, The Netherlands) and prednisolone;
and from May 1997 to date mycophenolate mofetil (Cellcept,
Roche b.v., Woerden, The Netherlands).
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Clinical Measurements

During the visit to the outpatient clinic, blood pressure
was measured using an automated oscillometric blood pres-
sure device (Omron M4, Omron Europe b.v., the Nether-
lands) as the average of three consecutive measurements with
1-min intervals after a 6 min rest in supine position. During
this visit, height and weight were also assessed and the body
mass index was calculated. According to the 2003 guidelines
of the European Society of Hypertension, patients were con-
sidered to be hypertensive if they had a systolic blood pressure
over 140 mm Hg or a diastolic blood pressure over 90 mm Hg.

Laboratory Measurements

Blood was drawn at the outpatient clinic and 24-hr
urine samples were collected. Urine was assessed for concen-
trations of protein and creatinine, and blood was analyzed for
concentrations of glucose, and total cholesterol using stan-
dard laboratory techniques. HbAlc was determined by high-
performance liquid chromatography (VARIANTTM HbAlc
Program with Bio-Rad CARIANT HD Testing System, Bio-Rad,
Hercules, CA). Serum CRP was assessed with a high-sensitivity
CRP ELISA assay as described before (14). Serum triglycerides
were determined with the GPO-PAP method (MEGA AU 510,
Merck Diagnostica Darmstadt, Germany). Creatinine clearance
was determined from 24-hr urine samples. High-density
lipoprotein-cholesterol was determined using the CHOD-PAP
method (Technikon RA-1000, Bayer Diagnostics b.v., Mijdre-
cht, The Netherlands). Low-density lipoprotein-cholesterol was
calculated using the Friedewald formula (15). Hypercholesterol-
emia was defined as a total cholesterol higher than 6.2 mmol/L or
use of lipid lowering drugs (statins), according to the National
Cholesterol Education Program criteria (16). Diabetes mellitus
was classified according to the criteria of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus as a
fasting glucose higher than 6.9 mmol/L or the use of antidiabetic
medication or insulin (17).

Statistical Analyses

Analyses were performed with SPSS version 14 (SPSS Inc.,
Chicago, IL). Parametric variables are expressed as mean*
standard deviation, nonparametric variables are given as me-
dian (25%-75% interquartile range), and nominal variables
are given as n(%). Hazard ratios (HR) and areas under the
receiver-operator-characteristic (ROC) curves are displayed
with 95% confidence intervals. For all analyses, a P value less
than or equal to 0.05 was considered to indicate statistical
significance. All baseline variables were stratified for skin-
AF tertiles and tested for difference over the respective ter-
tiles. Tertile 1 was defined as skin-AF between 1.2 and 2.3 AU,
tertile 2 as skin-AF between 2.3 and 2.9 AU, and tertile 3 as
skin-AF between 2.9 and 5.2 AU. Parametric variables were
tested using one-way analysis of variance, nominal variables
using the chi-square test, and nonparametric variables using
the Jonckheere-Terpstra test. A survival plot for graft loss
stratified for tertiles of skin-AF was constructed from an un-
adjusted Cox-regression model. Cox regression analysis was
used to construct a model for the prediction of graft loss.
First, all baseline variables depicted in Table 1 were entered in
univariable Cox regression analyses. All continuous variables
showed a linear trend in the estimated HR and were thus
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introduced in the Cox-regression analyses as continuous
variables. A correlation matrix was constructed to detect po-
tential existence of a multicollinearity problem for the base-
line variables in the Cox-regression analyses. Correlations
between all variables in the final model were less than 0.5, so
no variables had to be excluded for reasons of potential mul-
ticollinearity. Subsequently, variables that at least showed a
trend (P=0.10) were entered in a multivariable Cox regres-
sion analysis. Variables that did not retain significance were
removed from the model, which resulted in the first multiva-
riable model. Next, we (re)introduced known risk factors for
graft loss to validate the multivariable model. This resulted in
the final multivariable model that was tested for interaction
terms. Diabetes and HbAlc were separately tested for poten-
tial interaction. Furthermore, in subanalyses, we investigated
the association of skin-AF with all-cause mortality and death-
censored graft loss as separate end-points. Log-minus-log
survival curves and time-dependent covariates were used to
evaluate adherence of the Cox proportional hazard assump-
tions. No violations of the proportional hazard assumption
were identified. ROC curves were plotted for skin-AF, urinary
protein excretion, patient age, hsCRP, and creatinine clear-
ance. For the ROC analyses, censoring was ignored by using a
fixed follow-up time of 4.4 years for which complete follow-up
data were available, as has been described by Mandel et al. (18).

RESULTS

A total of 302 outpatients (age 50*12 years, 45%
women, creatinine clearance 63+23 mL/min) participated at
a median time of 6.1 (2.6—12.1) years after transplantation.
Baseline characteristics are summarized in Table 1 stratified
for tertiles of skin-AF. Fifty-one patients (17%) were identi-
fied as having diabetes mellitus and 215 patients (71%) as
having hypertension. Skin-AF of the leg was slightly higher
than skin-AF of the arm (2.9£1.0 vs. 2.6£0.7 AU, P<<0.001).
Average skin-AF was 2.7+0.8 AU. Trend analysis showed that
skin-AF was positively associated with patient age, female sex,
donor age, dialysis duration, hypertension, smoking, CVD
history, systolic blood pressure, glucose concentration,
HbA1c, hsCRP, statin use, and inversely with creatinine clear-
ance and hypercholesterolemia (Table 1).

Follow-up was performed for a median (interquartile
range) time of 5.2 (4.6-5.4) years, during which 53 patients
reached the endpoint of graft loss (19 graft failures and 34
deaths). Graft survival stratified for skin-AF tertiles is shown
in Figure 1. Results of univariable and multivariable Cox-
regression analyses are summarized in Table 2. Skin-AF sig-
nificantly predicted graft loss in a univariable Cox regression
analysis (HR 2.40 [1.75-3.29], P<<0.001). Other factors that
univariately predicted graft loss included patient age, smok-
ing, systolic blood pressure, HbAlc, hsCRP, serum creati-
nine, creatinine clearance, and urinary protein excretion.
Furthermore, a trend (P=0.10) for an association with graft
loss existed for donor age and hypertension. Variables with at
least a trend (P=0.10) for an association with graft loss were
entered into a multivariable Cox regression analysis. Vari-
ables that did not retain significance were subsequently re-
moved from the model, which resulted in a multivariable
model for prediction of graft loss consisting of skin-AF (HR
2.34 [1.70-3.24], P<<0.001), protein excretion (HR 1.51
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TABLE 1. Recipient and transplant characteristics

Tertiles skin-AF

Characteristics 1.2-2.3 AU (n=100) 2.3-2.9 AU (n=101) 2.9-5.2 AU (n=101) P
Patient demographics
Age (yr) 45.0*+11.3 49.3*11.9 57.4*10.4 <0.001
Sex (male) 67 (67.0) 57 (56.4) 48 (47.5) 0.02
Dialysis duration (mo) 20.5 (10.0-37.5) 28.0 (14.0-48.0) 29.0 (12.0-57.0) 0.01
Donor demographics
Age (yr) 36.8%15.1 35.1%15.6 40.6+14.9 0.03
Sex (male) 59 (59.0) 52 (52.5) 51 (50.5) 0.45
Risk-factors CVD
Diabetes mellitus, n (%) 13 (13.0) 16 (15.8) 22 (21.8) 0.24
Hypertension, n (%) 57 (57.0) 75 (74.3) 83 (82.2) <0.001
Hypercholesterolemia, n (%) 65 (65.0) 49 (48.5) 62 (61.4) 0.05
Smoking, n (%) 13 (13.0) 17 (16.8) 27 (26.7) 0.04
CVD history, n (%) 7 (7.0) 12 (11.9) 20 (19.8) 0.02
Physical examination
Systolic blood pressure (mm Hg) 143.7+18.7 148.9+18.9 162.1+26.7 <0.001
Diastolic blood pressure (mm Hg) 88.1+9.7 88.6+9.2 91.0*11.2 0.11
Body mass index (kg/m?) 25.1%3.6 26.1+4.6 26.04.5 0.15
Laboratory examinations
Glucose (mmol/L) 4.5 (4.1-4.9) 4.6 (4.2-5.1) 4.7 (4.3-5.3) 0.04
HbAlc (%) 6.1£0.9 6.4*1.1 6.7+1.2 <0.001
Total cholesterol (mmol/L) 5.6 (4.8-6.1) 5.3 (4.8-5.9) 5.6 (5.0-6.3) 0.14
Triglycerides (mmol/L) 1.6 (1.2-2.4) 1.9 (1.5-2.6) 1.9 (1.4-2.7) 0.21
hsCRP (mg/L) 1.3 (0.6-3.4) 1.5 (0.6-3.3) 3.0 (1.2-7.4) <0.001
Creatinine (umol/L) 133 (118-153) 135 (114-172) 139 (110-175) 0.45
Creatinine clearance (mL/min) 71.5+19.3 64.4+23.6 53.6+21.4 <0.001
Urinary protein excretion (g/24 h) 0.2 (0.0-0.4) 0.2 (0.0-0.4) 0.3 (0.0-0.6) 0.07
Skin-autofluorescence
Skin-AF arm (AU) 2.0*+0.3 2604 3.1+0.6 <0.001
Skin-AF leg (AU) 1.9+0.5 2.7+x0.4 3.9%0.8 <0.001
Average skin-AF (AU) 2.0+0.3 2.6+0.2 3.5+0.5 <0.001
Transplantation type
Living, n (%) 19 (19.0) 14 (13.9) 14 (13.9) 0.51
Cadaveric, n (%) 79 (79.0) 83 (82.2) 82 (81.2) 0.84
Kidney/pancreas, n (%) 2 (2.0) 2 (2.0) 5(5.0) 0.36
Kidney/liver, n (%) 0 (0.0) 2 (2.0) 0(0.0) 0.14
Warm ischemia time (min) 36.5+10.9 40.9*17.6 39.4+13.5 0.09
Cold ischemia time (h) 19.6+10.4 20.5*10.1 21.4*+10.2 0.42
HLA-AB mismatch, n (%) 75 (75.0) 66 (65.3) 69 (68.3) 0.31
HLA-DR mismatch, n (%) 41 (41.4) 38 (38.4) 35 (35.0) 0.65
Time since transplantation (yr) 6.0 (2.9-12.1) 6.5 (3.2-11.9) 6.0 (2.2-12.0) 0.89
Follow-up time (yr) 5.2 (4.8-5.4) 5.2 (4.6-5.4) 5.2 (4.2-5.4) 0.15
Acute rejection, n (%)
No rejection 47 (47.0) 49 (49.0) 61 (52.2) 0.22
Steroid responsive 37 (37.0) 30 (30.0) 25 (30.5)
ATG/OKTS3 treated 16 (16.0) 21 (21.0) 15 (17.3)
Drug-use
RAAS blockade, n (%) 34 (34.0) 39 (38.6) 31(30.7) 0.49
Beta-blocker, n (%) 62 (62.0) 61 (60.4) 71 (70.3) 0.29
Antidiabetic drugs, n (%) 11 (11.0) 11 (10.9) 17 (16.8) 0.36
Anti-platelet drugs, n (%) 16 (16.0) 22 (21.8) 23 (22.8) 0.44
Statines, n (%) 43 (43.0) 61 (60.4) 53 (52.5) 0.05
(Continued)
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TABLE 1. Continued
Tertiles skin-AF
Characteristics 1.2-2.3 AU (n=100) 2.3-2.9 AU (n=101) 2.9-5.2 AU (n=101) P
Immunosuppressive drug
Prednisolone day dose (mg) 10.0 (7.5-10.0) 10.0 (7.5-10.0) 10.0 (7.5-10.0) 0.55
Calcineurin inhibitors, n (%) 75 (75.0) 81 (80.2) 80 (79.2) 0.64
Mycophenolate mofetil, n (%) 43 (43.0) 37 (36.6) 41 (40.6) 0.65
Azathioprine n (%) 36 (36.0) 41 (40.6) 28 (27.7) 0.15

Parametric parameters are expressed as mean=*SD; nonparametric parameters are expressed as median (25%-75% IQR); ordinal parameters are expressed

as n(%).

AF, autofluorescence; CVD, cardiovascular disease; HLA, human leukocyte antigen; IQR, interquartile range; AU, arbitrary units.

[1.31-1.75], P<0.001), and hsCRP (HR 1.02 [1.01-1.04],
P=0.003). To further validate this model, we (re)introduced
known predictors of graft loss. No significant independent
contribution was found for patient sex, use of calcineurin
inhibitors, diabetes mellitus, HbAlc, glucose concentration,
acute rejection, donor age, hypertension, hypercholesterol-
emia, body mass index, and ischemia times. We did not find a
significant contribution of acute rejection to our model. This
remained so also after subdivision of rejection episodes in
steroid responsive and ATG/OKT3-treated rejection. We did,
however, find additional contributions of patient age, creati-
nine clearance, and HLA-DR mismatching to our model,
which resulted in a final model consisting of skin-AF (HR 1.83
[1.22-2.75], P=0.003), patient age (HR 1.03 [1.00-1.06],
P=0.04), hsCRP (HR 1.02 [1.00-1.03], P=0.03), creatinine
clearance (HR 0.99 [0.97-1.00], P=0.05), urinary protein ex-
cretion (HR 1.57 [1.34-1.83], P<<0.001), and HLA-DR mis-
matching (HR 2.02 [1.14-3.61], P=0.02). No significant
interaction of skin-AF with other predictors of graft loss, in-
cluding patient age, creatinine clearance, proteinuria, diabe-
tes mellitus, HbAlc, and hsCRP were identified. Finally,

subanalysis revealed that skin-AF was significantly associated
with both all-cause mortality (HR 2.50 [1.72-3.64], P<<0.001)
and death-censored graft loss (HR 2.42 [1.43-4.09], P=0.001).
Further adjustment for the co-variables patient age, hsCRP,
creatinine clearance, urinary protein excretion, and HLA-DR
mismatching resulted in comparable point estimates for the
HR for skin-AF as predictor of all-cause mortality (HR 1.86
[1.12-3.10], P=0.017) and death-censored graft loss (HR
1.79 [0.88-3.67], P=0.11).

ROC curves for graft loss are shown in Figure 2. The
area under the ROC curve of skin-AF (0.73 [0.65-0.81]) was
similar to the one for urinary protein excretion (0.69 [0.61—
0.78]), patient age (0.66 [0.57—0.75]), hsCRP (0.66 [0.56—
0.75]), and creatinine clearance (0.71 [0.63—0.79]). All areas
under the ROC curve were significantly different from 0.5.

DISCUSSION
This study showed for the first time that skin-AF, a
validated marker for the accumulation of AGEs, is a strong
predictor of graft loss in renal transplant recipients. The as-
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TABLE 2. Results of univariable and multivariable Cox regression analysis

Univariable Multivariable
Characteristics HR (95% CI) P HR (95% CI) P
Patient demographics
Age (yr) 1.04 (1.01-1.06) 0.003 1.03 (1.00-1.06) 0.04
Sex (male) 0.98 (0.57-1.69) 0.94
Dialysis durations (mo) 1.03 (0.46-2.27) 0.95
Donor demographics
Age (yr) 1.02 (0.99-1.04) 0.07
Sex (male) 1.31 (0.75-2.26) 0.34
Risk factors CVD
Diabetes mellitus (yes) 1.31 (0.67-2.54) 0.43
Hypertension (yes) 1.85 (0.93-3.67) 0.08
Hypercholesterolemia (yes) 1.03 (0.46-2.27) 0.95
Smoking (yes) 2.45 (1.39-4.33) 0.002
CVD history (yes) 1.03 (0.46-2.27) 0.95
Physical examination
Systolic blood pressure (mm Hg) 1.02 (1.01-1.03) 0.003
Diastolic bood pressure (mm Hg) 1.03 (0.99-1.04) 0.33
Body mass index (kg/m?) 1.02 (0.95-1.08) 0.64
Laboratory values
Glucose (mmol/L) 1.00 (0.79-1.27) 0.99
HbAIc (%) 1.30 (1.05-1.59) 0.01
Total cholesterol (mmol/L) 0.93 (0.70-1.23) 0.61
Triglycerides (mmol/L) 1.08 (0.91-1.29) 0.38
hsCRP (mg/L) 1.03 (1.02-1.04) <0.001 1.02 (1.00-1.03) 0.03
Creatinine (pumol/L) 1.01 (1.01-1.01) <0.001
Creatinine clearance (mLmin) 0.97 (0.96-0.98) <0.001 0.99 (0.97-1.0) 0.05
Protein excretion (g/24 hr) 1.54 (1.33-1.78) <0.001 1.57 (1.34-1.83) <0.001
Skin-AF (AU) 2.40 (1.75-3.29) <0.001 1.83 (1.22-2.75) 0.003
Transplantation type
Living (yes) 1.14 (0.55-2.33) 0.73
Cadaveric (yes) 1.02 (0.51-2.03) 0.96
Kidney/pancreas (yes) 0.59 (0.08—4.27) 0.60
Kidney/liver (yes) n/a n/a
‘Warm ischemia time (min) 1.00 (0.98-1.02) 0.95
Cold ischemia time (hr) 0.99 (0.97-1.02) 0.65
HLA-AB mismatch (yes) 1.01 (0.56-1.82) 0.96
HLA-DR mismatch (yes) 1.28 (0.74-2.20) 0.38 2.02 (1.14-3.61) 0.02
Time since transplantation (yr) 0.98 (0.94-1.03) 0.39
Acute rejection, n (%)
No rejection 1
Steroid responsive 1.36 (0.76-2.43) 0.30
ATG/OKTS3 treated 0.81 (0.35-1.86) 0.61
Drug-use
RAAS blockade (yes) 0.67 (0.36-1.24) 0.20
Beta-blocker (yes) 0.82 (0.48-1.43) 0.49
Antidiabetic drugs (yes) 1.19 (0.56-2.52) 0.66
Antiplatelet drugs (yes) 1.02 (0.52-1.97) 0.97
Statines (yes) 1.04 (0.61-1.78) 0.90
Immunosuppressive drug
Prednisolone day dose (mg) 1.18 (0.93-1.50) 0.18
Calcineurin inhibitors (yes) 0.93 (0.49-1.77) 0.82
Mycophenolate mofetil (yes) 0.89 (0.51-1.55) 0.69
Azathioprine (yes) 0.81 (0.45-1.45) 0.47

AF, autofluorescence; CVD, cardiovascular disease; HLA, human leukocyte antigen; HR, hazards ratio; CI, confidence interval; AU, arbitrary units.
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FIGURE 2. Receiver-operator-character-
istic (ROC) curves for graft loss. Shown are
the ROC curves of skin-AF, urinary protein 0.0 . : : :
excretion, age patient, hsCRP, and creati- 04 0.6 0.8 10
nine clearance. 1 - Specificity

sociation of skin-AF with graft loss was independent from
other identified risk factors, including patient age, hsCRP,
creatinine clearance, protein excretion, and HLA-DR mis-
matching. The prognostic value of skin-AF for graft loss was
comparable with the prognostic value of the other significant
predictors of graft loss as was concluded from the AUCs
found by the ROC curve analyses.

So far, no prospective study existed which investigated
the association of AGEs with graft failure or mortality in kid-
ney transplant recipients. However, some data exist of studies
that investigated associations of oxidative stress and AGEs in
kidney transplantation. Raj et al. (19) investigated levels of
circulating AGEs and markers of oxidative stress in patients
who developed chronic renal transplant dysfunction. Patients
with biopsy-proven chronic renal transplant dysfunction had
higher levels of AGEs and markers of oxidative stress when
compared with transplant recipients with normal renal func-
tion and patients with chronic renal failure of their native
kidneys. Recently, data from our own center showed that in-
hibition of AGE formation is renoprotective in a Fischer 344
to Lewis (F-L) allograft rat model of experimental chronic
renal transplant dysfunction (20).

Several studies did investigate the association of AGEs
with outcome in ESRD. Overall, the findings of these studies
have been inconsistent (21-23). Wagner et al. (21) and Rob-
erts et al. (22) reported that high levels of AGEs are a risk
factor for mortality, whereas Schwedler et al. (23) reported a
potential protective effect of serum AGEs for mortality. In a
nondiabetic population, high-serum AGE levels were found
to be a risk factor for mortality in women but not in men (24).
In a type 2 diabetic population, serum AGEs were not found
to be a risk factor for cardiovascular mortality (25). However,
in all these studies serum levels of AGEs were measured,
which are more prone to short-term variations than tissue
AGE accumulation. Our group previously reported that AGE
accumulation measured as skin-AF was associated with mor-
tality in dialysis patients and diabetic patients independent
from known risk factors (11, 26). This study confirmed this
association in kidney transplant recipients.

Although our data limit us in being conclusive about
causality, we can speculate about possible underlying path-
ways that may explain the prognostic value of AGEs found in

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

the present study. In kidney transplantation, oxidative stress
may be a source for AGE accumulation (27). Oxidative stress
itself may be a consequence of ischemia-reperfusion injury,
chronic rejection, and immunosuppressive therapy (28-30).
Oxidative stress damages DNA, proteins, and lipids by means
of chemical reactions of oxygen and nitrogen radicals. It has
been hypothesized that protein damage resulting from oxidative
stress such as advanced glycation could be the main contributor
for pathologic changes in ESRD (9). Certain damaged proteins
may be recognized by proinflammatory receptors, because it
is the case for AGEs and their receptor (RAGE) (31). Under
healthy conditions, AGEs are cleared efficiently by the kidney
without causing severe damage, but under uremic conditions
AGEs may accumulate significantly potentially leading to en-
hanced receptor binding and prolonged proinflammatory
signaling (32). The AGE-RAGE interaction stimulates second
messenger pathways, among which the renin-angiotensin
pathway, the Rac-Cdc42 pathway, the Jac-Stat pathway, and
the production of reactive oxygen species by the NADPH
oxidase pathway (7). In addition to the activation of these
pathways, the AGE-RAGE interaction also up-regulates nu-
clear factor-«B (NF-«B) which subsequently up-regulates the
production of inflammatory mediators, such as TNF and
VCAM-1, and also RAGE itself (33, 34). The up-regulation of
RAGE and the production of reactive oxygen species may
finally lead to a vicious cycle and an amplified inflammatory
response. In addition to the activation of receptor-mediated
pathways, AGEs can also directly affect endogenous targets.
AGE:s can covalently bind other AGEs and form cross-links
between matrix proteins such as collagen. Extensive cross-
linking may then lead to, for example, myocardial stiffening
and cardiac mortality (35).

Although skin-AF has been validated to represent accu-
mulation of AGEs, it has to be taken into account that the
fluorescence wavelength used to measure AGEs is not spe-
cific. In addition to AGEs other substances such as lipofuscin
and ceroid exist in the human organism that can be detected
using the same excitation and emission wavelengths (36).
However, precursors for the formation of these so-called age
pigments and AGEs both result from oxidative stress (36),
which suggests that skin-AF measures the accumulation of
oxidative-stress-derived metabolites in general rather than
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AGEs in particular. Skin-AF might also represent susceptibil-
ity for chronic diseases in general rather than a specific sus-
ceptibility to renal or CVD. Finally, the skin-AF reader has to
date only been validated in whites, limiting the implications
of our results to white patients only.

We were also limited by the number of cardiovascular
deaths and graft failures in our study, because these were too
low to investigate a specific association of skin-AF with car-
diovascular mortality or graft failure caused by chronic trans-
plant dysfunction. Using cardiovascular mortality in stead of
all-cause mortality and graft failure caused by chronic trans-
plant dysfunction in stead of all-cause graft failure as end
points would have been more supportive to the general the-
ory of AGE pathology. However, in renal transplant patients
most deaths were due to cardiovascular events, and most graft
failures were due to chronic transplant dysfunction (37).

In the final model for graft loss some well-known pre-
dictors of graft outcome, such as acute rejection (38), donor
age (39), hypertension (40), and diabetes (41) were not iden-
tified as independent predictors. In univariable analyses,
however, some of these variables (donor age) or closely linked
variables (systolic blood pressure and HbAlc) were signifi-
cantly or borderline significantly associated with outcome.
This suggests that sample size—and thus the power of our
study—was only sufficient to detect strong predictors as in-
dependent predictors.

In univariable analyses, both HbAlc and skin-AF were
significant predictors of graft loss, indicating stronger rela-
tions between these continuous variables with graft loss than
the diagnosis of diabetes. Yet, in multivariable analyses,
HbAlc disappeared from the model as well, whereas skin-AF
was retained, which is consistent with the notion that skin-AF
is a stronger determinant of graft loss, with some predictive
properties shared with HbAlc, but also some predictive prop-
erties that are not held by HbAlc.

The predictive power of skin-AF is not stronger than
that of proteinuria or creatinine clearance. However, the
practical benefit of skin-AF is that it is a predictor indepen-
dent of age, proteinuria, hsCRP, and creatinine clearance.
Thus, it independently adds to the prognostication of indi-
vidual patients. Another practical benefit is its simplicity.
While proteinuria and creatinine clearance require 24-hr col-
lection of urine and laboratory assessments, and hsCRP re-
quires blood sampling and laboratory assessment, skin-AF
can be measured directly at the outpatient clinic within a few
minutes, without any inconvenience to the patient.

In conclusion, our data show for the first time that high
skin-AF values are strongly and independently associated
with the development of graft loss in kidney transplant recip-
ients. Although we should keep in mind that skin-AF is no
direct measurement of AGE accumulation, we do believe that
our results are in line with results of other studies and they
support the general concept that oxidative stress and AGE
accumulation are pathophysiologically involved in the devel-
opment of graft loss in renal transplant recipient. Skin-AF
might be a useful method to estimate the risk for graft loss
after kidney transplantation. Intervention studies are re-
quired to find out whether the association between skin-AF
and graft loss that we observed implies a causal relation be-
tween AGE accumulation and graft loss.
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