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Abstract

Background

Elevated levels of advanced glycation end products (AGEs) within tissues may contribute to

endothelial dysfunction, an early indicator of atherosclerosis. We aimed to investigate

whether levels of skin AGEs could be a useful marker to predict endothelial dysfunction in

uremic subjects on hemodialysis.

Methods and Results

One hundred and nineteen uremic patients on hemodialysis and 57 control subjects with

moderate-to-high cardiovascular risk factors and without chronic kidney disease (CKD) were

enrolled. We used ultrasound to measure flow-mediated vasodilation (FMD). An AGE reader

measured skin autoflurorescence (AF). We then compared differences in FMD and skin AF

values between the two groups. The uremic subjects had significantly higher levels of skin AF

(3.47±0.76 AU vs. 2.21±0.45 arbitrary units; P<0.01) and significantly lower levels of FMD

(4.79%±1.88% vs. 7.19%±2.17%; P<0.01) than the non-CKD subjects. After adjusting for all

potential covariates, we found that skin AF level independently predicted FMD in both the

hemodialysis and the non-CKD groups. In the hemodialysis group, skin AF� 3.05 arbitrary

units predicted abnormal FMD at a sensitivity of 87.9% and a specificity of 78.6% (P<0.01).

Conclusions

Skin AF could be a useful marker to predict endothelial dysfunction in uremic subjects on

hemodialysis.
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Introduction
Cardiovascular (CV) disease is one of the major causes of death in uremic patients [1,2], and
uremic patients have been reported to have a higher prevalence of conventional CV risk factors
than the general population [3]. However, conventional CV risk factors cannot explain acceler-
ated rates of atherosclerotic vascular disease and the equivalent death rates across all age groups
seen in uremic patients [4,5]. In uremia, increased inflammation, and increased oxidative stress
may contribute to atherosclerosis [5,6].

Advanced glycation end products (AGEs) are formed in a non-enzymatic process called the
Maillard reaction, in which reducing sugars modify proteins. The increased oxidative and car-
bonyl stress may contribute to the formation of AGEs [7–9]. As a result, the accumulation of
AGEs is abundant in aging, diabetic, and chronic renal failure patients. The contributory role
of AGEs to the pathogenesis of vasculopathy has been reported. AGEs may cross-link with col-
lagen, and elastin within vessel medial layers, thereby increasing vascular stiffness [10]. In addi-
tion, AGEs could interact with receptors for AGEs on endothelial cells, further inhibiting
endothelial nitric oxide synthase, thereby contributing to endothelial dysfunction [11–13].
Therefore, the AGEs may contribute to both atherosclerosis and arteriosclerosis in patients
with uremia.

Although the pathogenic role of AGEs in vasculopathy has been well discussed, the clinical
significance of AGEs in uremic patients is controversial [14,15] and whether tissue levels of
AGEs could be used to represent vascular dysfunction has yet to be elucidated. Therefore, we
conducted this case-control study to compare tissue levels of AGEs and measurements of flow-
mediated vasodilatation (FMD) (an indicator of endothelial dysfunction) between uremic sub-
jects on hemodialysis and subjects with non-chronic kidney disease (non-CKD).

Material and Methods

Study design and subjects
We prospectively recruited 119 uremic subjects on hemodialysis and compared with 57 sub-
jects with moderate-to-high CV risk factors, and without CKD. The inclusion criteria for the
study group included subjects between the ages of 30–80 years at the uremia stage who had
received regular hemodialysis as renal replacement therapy for at least 6 months at our outpa-
tient department. None of the uremic subjects enrolled in our study had received peritoneal
dialysis or renal transplantation as renal replacement therapy. The inclusion criteria for the
non-CKD group included subjects between the ages of 30–80 years who had moderate-to-high
CV risk factors, as well as non-CKD status, and who had received regular medications for at
least 6 months at our outpatient department. Moderate-to-high CV risk was defined as (1) at
least two conventional CV risk factors [family history of premature coronary artery disease,
male gender with an age� 45yrs, or female gender with an age� 50yrs, hypertension, diabetes
mellitus (DM), hyperlipidemia, and smoking]; (2) a history of ischemic heart disease (IHD),
cerebrovascular disease or peripheral arterial occlusive disease (PAOD). Non-CKD was defined
as (1) estimated glomerular filtration rate (eGFR)� 60ml/min/1.73m2. eGFR was calculated
according to the Modification of Diet in Renal Disease (MDRD) Study equation. (2) Absence
of functional or structural abnormalities of the kidney. The functional or structural abnormal-
ity of the kidney is defined as proteinuria� 30mg/dL estimated by spot urine dipstick method
or abnormalities in imaging studies [16]. The exclusion criteria included subjects with demen-
tia, conscious change, a bed-ridden status, an active infection, marked blood pressure fluctua-
tion during hemodialysis, cardiac arrhythmia, history of psychiatric diseases, liver cirrhosis,
alcoholism or advanced stage cancer. All of the recruited subjects received both FMD and skin
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autofluorescence (AF) measurements. In the hemodialysis group, FMD and skin AF were mea-
sured in the subjects’ upper extremities that were not used for dialysis during dialysis sessions.
In the non-CKD group, FMD and skin AF were measured in the subjects’ right upper extremi-
ties. We obtained baseline data and medication history by chart review and patient interview.
Data of the subjects’ laboratory tests were all sampled within 3 months of study enrollment.
DM was defined as a plasma level of glycohemoglobin� 6.5% or the use of hypoglycemic med-
ications for over 6 months. Hypertension was defined as a series of at least three systolic blood
pressure measurements� 140mmHg or diastolic blood pressure measurements� 90mmHg at
home or the use of anti-hypertensive medications for over 6 months. Hyperlipidemia was
defined as a plasma level of total cholesterol> 200mg/dL, low-density lipoprotein
cholesterol> 130mg/dL, triglyceride > 150mg/dL, or the use of lipid-lowering medications for
over 6 months. IHD was defined as any evidence of ischemia diagnosed by non-invasive stress
testing, or invasive coronary angiography. Cerebrovascular disease was defined as any event of
ischemic stroke or transient ischemic attack diagnosed by computed tomography or magnetic
resonance imaging. PAOD was defined as an ankle-brachial index (ABI)< 0.9 further con-
firmed by non-invasive duplex ultrasound, computed tomography, or invasive peripheral angi-
ography. The ethical committees of both the China Medical University hospital and the
Taichung Tzuchi hospital approved the study protocol. All patients provided signed informed
consent before study enrollment.

Measurement of FMD
The protocol for the ultrasound assessment of endothelial-dependent FMD has been proposed
before [17–19]. The subjects remained in supine position throughout the whole process. An
ultrasound Vivid E system (GE Healthcare, Horten, Norway) coupled with a linear array high-
resolution transducer (9L-RS; 3.3–10 MHz) was used to measure endothelial-dependent FMD.
A sphygmomanometer cuff was placed around the tested forearm, and the brachial artery was
scanned about 5 cm above the elbow. The clearest B-mode image of the anterior and posterior
intimal layers and vessel wall was obtained, and the transducer was held in place throughout
the assessment. The longitudinal image of the brachial artery was acquired, and the baseline
diameter of the brachial artery was measured. The diameter of the brachial artery was defined
as the distance between the anterior and posterior intimal layers of the brachial artery. The cuff
was then inflated up to 250mmHg or at least 50mmHg above the systolic blood pressure for 5
minutes to produce an adequate hyperaemic response. The diameter of the dilated brachial
artery was further measured about 45–60 seconds after deflation of the brachial artery. The
percentage of change in the brachial artery diameter (percentage of FMD) was used to repre-
sent the endothelial function of the brachial artery.

Measurement of skin AF
Levels of skin AGEs were assessed by measuring skin AF with an AGE reader (DiagnoOptics
Technologies BV, Groningen, the Netherlands) [20,21]. An AGE reader is a desktop device
that uses the fluorescent properties of some AGEs to estimate AGE accumulation in the skin.
The AGE reader illuminated 4 cm2 of skin surface guarded against surrounding light with an
excitation ultraviolet light with wavelengths between 300–420 nm (peak excitation wavelength
of 350 nm). The average light intensity of the emitted light with wavelengths between 420-
600nm and reflected excitation light with wavelengths of 300-420nm from the skin were mea-
sured with a spectrometer. Skin AF was measured as the ratio of the average light intensity
between the emitted light and the reflected excitation light, multiplied by 100, and expressed as
arbitrary units (AU). The protocol of skin AF measurement has been described elsewhere [20].
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The intra-individual Altman error percentages of repeated skin AF measurements taken over a
single day and for seasonal variation were 5.03%, and 5.87%, respectively [20].

Statistical analysis
The normality assumption for continuous variables were evaluated by the Kolmogorov-Smir-
nov test. Differences in continuous variables between groups were evaluated using student’s
unpaired t test or Mann-Whitney nonparametric tests, as appropriate. Categorical variables
were compared with the chi-square test. Pearson’s or Spearman’s correlation tests were per-
formed to investigate the correlations of skin AF, FMD and other variables. Factors with P
value< 0.05 were entered into the multiple linear regression analysis to determine the inde-
pendent factors associated with the FMD value, and the skin AF level. Differences in FMD and
AGE levels between the control group, the uremia with DM group, and the uremia without
DM group were analyzed using the one-way analysis of variance with post-hoc analysis using
Bonferroni’s correction. Receiver operating characteristic (ROC) curve analysis was performed
to identify the optimal AGE level that best predicted a FMD value< 6% [22].

Results
Comparisons of the baseline characteristics between the hemodialysis group and the non-CKD
group are shown in Table 1.

The hemodialysis subjects had significantly higher proportions of PAOD, IHD, and a lower
proportion of hyperlipidemia than the non-CKD group. The skin AF level was significantly
higher (3.47±0.76 AU vs. 2.21±0.45 AU; P<0.01) and the FMD value was significantly lower
(4.79%±1.88% vs. 7.19%±2.17%; P<0.01) in hemodialysis subjects compared to the non-CKD
group. The hemodialysis subjects had significantly lower proportions of angiotensin converting
enzyme inhibitors (ACEIs)/angiotensin II receptor blockers (ARBs), and statins.

Correlations between FMD value and other clinical characteristics were demonstrated in all
of the cases, the hemodialysis group, and the non-CKD group (Table 2).

In all of the cases, aging, a lower body mass index (BMI), the presence of IHD, higher skin
AF level, uremic stage on hemodialysis, and no statin use were associated with a lower FMD
value. In the hemodialysis group, female gender, higher skin AF level, and longer duration of
dialysis were associated with a lower FMD value. In the non-CKD group, aging, a lower body
mass index, and higher skin AF level were associated with a lower FMD value.

After adjusting for all potential covariates, the skin AF level was an independent predictor
for FMD value in all subjects, the hemodialysis group, and the non-CKD group (Table 3).

Differences in skin AF levels and FMD values between the non-CKD group, the uremia
with DM group, and the uremia without DM group were compared (Fig 1). The skin AF levels
and FMD values were similar between the uremia with DM and uremia without DM groups.
The skin AF levels in these two groups were significantly higher than that of the non-CKD
group, and the FMD values in these two groups were significantly lower than that of the non-
CKD group.

Comparisons of the baseline characteristics of the uremia with DM group and the uremia
without DM group are shown in Table 4.

Compared to the uremia without DM group, the uremia with DM group had a significantly
older age, higher body mass index, and higher proportions of PAOD, IHD, and hyperlipid-
emia. The uremia with DM group had a significantly higher use of antiplatelets, β –blockers,
and statins.

Correlations between skin AF and other covariates in all cases were assessed and the result
is demonstrated in S1 Table. Uremic stage on hemodialysis, age, gender, BMI, PAOD, IHD,
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DM, FMD, medications with ACEIs/ARBs, and statins, were significantly correlated with skin
AF. After adjustment for all potential covariates, uremic stage on hemodialysis is still an inde-
pendent factor associated with skin AF level (Table 5).

The optimal cut-off value of skin AGE level to determine an abnormal FMD value
(FMD< 6%) is shown in Fig 2. In the hemodialysis group, skin AF� 3.05 AU predicted
FMD< 6% at a sensitivity of 87.9% and a specificity of 78.6%, with an area under the curve
(AUC) of 0.89 (95% CI: 0.83–0.96; P< 0.01). In the non-CKD group, skin AF� 2.25 AU pre-
dicted FMD< 6% at a sensitivity of 66.7% and a specificity of 80.6% with an AUC of 0.78 (95%
CI: 0.65–0.91; P< 0.01).

Discussion
Our results provided evidence that measurements of skin AF could be a useful marker to pre-
dict endothelial dysfunction in uremic subjects on hemodialysis.

Table 1. Baseline demographic data of the study groups.

Non-CKD (n = 57) Uremia on HD (n = 119) P value

Age (years) 58.72±10.50 59.60±11.63 0.63

Gender (M/F) 39/18 71/48 0.26

BMI (kg/m2) 27.49±3.73 23.92±3.42 <0.01

Albumin (g/dL) — 4.15±0.29 —

eGFR (mL/min/1.73m2) 72.82[67.43;80.74] 5.70[4.88;6.80] <0.01

Stroke 5.26% 9.24% 0.36

PAOD 1.75% 11.76% 0.03

IHD 14.04% 38.65% <0.01

Hyperlipidemia 66.67% 48.73% 0.03

DM 33.33% 45.38% 0.13

HTN 77.19% 82.35% 0.42

CHF 8.77% 15.97% 0.19

hs-CRP (mg/dL) — 0.34[0.17;0.76]

Skin AF 2.21±0.45 3.47±0.76 <0.01

FMD 7.19%±2.17% 4.79%±1.88% <0.01

Medications:

Antiplatelet 57.89% 45.76% 0.13

β- blockers 43.85% 53.39% 0.23

CCBs 42.10% 54.24% 0.13

Nitrate 24.56% 21.01% 0.60

ACEIs/ARBs 63.15% 37.29% <0.01

Statin 52.63% 19.49% <0.01

Insulin 0.00% 22.03% <0.01

Vintage months — 70.78±58.26 —

CKD: Chronic kidney disease; HD: Hemodialysis; M: Male; F: Female; BMI: Body mass index; eGFR: estimated glomerular filtration rate; PAOD:

Peripheral arterial occlusive disease; IHD: Ischemic heart disease; DM: Diabetes mellitus; HTN: Hypertension; CHF: Congestive heart failure; hs-CRP:

high-sensitivity C-reactive protein; AF: Autofluorescence; FMD: Flow-mediated vasodilatation; CCBs: Calcium channel blockers; ACEIs: Angiotensin

converting enzyme inhibitors; ARBs: Angiotensin II receptor blockers

doi:10.1371/journal.pone.0147771.t001
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Clinical applications of skin AF
Previous studies have suggested that skin AGE accumulation could be used to predict both
microvascular and macrovascular complications in DM patients [23–25]. The clinical applica-
tion of skin AF in predicting arterial atherosclerotic disease has also been investigated [26–28].
Although the clinical application of skin AF in predicting cardiovascular outcomes has been
widely explored, studies of the clinical significance of skin AF in the setting of uremia are less
common. Previous studies have reported that skin AF was an independent predictor for vascu-
lar stiffness in patients with uremia [29]. To the best of our knowledge, whether skin AF can be
used as a marker for endothelial dysfunction, an indicator for early atherosclerosis, has yet to
be clearly defined. Kocak et al. evaluated the role of oxidative stress in predicting endothelial
dysfunction in peritoneal dialysis patients, and concluded that serum advanced oxidative pro-
tein products, rather than serum AGEs, could predict endothelial dysfunction [30]. However,
levels of plasma AGEs may not reflect the tissue content of AGEs, and therefore we used skin
AF level instead as a proxy for the tissue content of AGEs. Our results suggest that skin AF
level could be used as a marker for endothelial dysfunction in the setting of uremic stage on
hemodialysis.

Table 2. Univariate correlation analysis between FMD and other covariates in different groups.

All cases Uremia with HD Non-CKD

r P value r P value r P value

Age -0.20 <0.01 -0.15 0.11 -0.37 <0.01

Sex -0.15 0.05 -0.22 0.02 0.07 0.60

BMI 0.38 <0.01 0.15 0.11 0.27 0.04

Albumin — — 0.13 0.08 — —

Stroke -0.32 0.67 0.03 0.76 -0.06 0.66

PAOD -0.12 0.10 -0.03 0.76 -0.15 0.27

IHD -0.20 <0.01 -0.08 0.41 -0.15 0.26

Hyperlipidemia 0.11 0.14 0.03 0.75 0.04 0.79

DM -0.13 0.86 0.06 0.51 0.03 0.82

HTN -0.14 0.85 -0.04 0.70 0.11 0.42

CHF -0.86 0.25 0.04 0.66 -0.25 0.06

hs-CRP — — -0.23 0.07 — —

Skin AF -0.79 <0.01 -0.80 <0.01 -0.46 <0.01

ESRD -0.50 <0.01 — — — —

Antiplatelet 0.11 0.16 0.06 0.50 0.55 0.68

β-blockers -0.20 0.79 0.06 0.53 -0.03 0.84

CCBs 0.01 0.91 0.10 0.26 0.02 0.86

Nitrate 0.08 0.27 0.01 0.88 0.18 0.18

ACEI/ARB 0.19 0.01 0.10 0.29 0.06 0.65

Statin 0.24 <0.01 0.11 0.23 0.04 0.75

Insulin -0.14 0.06 0.00 0.97 — —

Vintage months — — -0.20 0.03 — —

HD: Hemodialysis, CKD: Chronic kidney disease; FMD: Flow-mediated vasodilatation; BMI: Body mass index; PAOD: Peripheral arterial occlusive

disease; IHD: Ischemic heart disease; DM: Diabetes mellitus; HTN: Hypertension; CHF: Congestive heart failure; hs-CRP: high-sensitivity C-reactive

proteon; AF: Autofluorescence; ESRD: end-stage renal disease; CCBs: Calcium channel blockers; ACEIs: Angiotensin converting enzyme inhibitors;

ARBs: Angiotensin II receptor blockers

doi:10.1371/journal.pone.0147771.t002
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Associations between AGEs, uremia and endothelial dysfunction
In our study, the baseline characteristics are quite different between the hemodialysis and the
non-CKD groups. Therefore, it is not clear whether the significantly elevated skin AF level in
the uremia group is due to renal failure itself or because of underlying comorbidities. After
adjustment for all potential covariates, uremic stage on hemodialysis is still independently asso-
ciated with elevated skin AF level. Our data suggest that renal failure itself may contribute to
increased tissue AGE accumulation. In addition, we demonstrated that the hemodialysis group
has significantly higher skin AF level, and significantly lower FMD value than the non-CKD
group. Skin AF level is an independent factor associated with FMD value in both the hemodial-
ysis and the non-CKD groups. Considering all these results, tissue AGE accumulation is associ-
ated with endothelial dysfunction in the setting of uremic stage on hemodialysis. Measurement
of tissue AGE accumulation may be used as a surrogate marker for endothelial dysfunction in
uremic subjects on hemodialysis.

Associations between ACEIs/ARBs, statin use and endothelial
dysfunction
The patients who used ACEIs/ARBs, or statins had better FMD values than the patients who
did not use ACEIs/ARBs or statins (Table 2). Previous studies have suggested that statins can
upregulate endothelial nitric oxide synthase, thereby improving endothelial-dependent vasodi-
latation of rat aorta [31,32]. The interaction between angiotensin II and angiotensin II receptor
type I may increase reactive oxygen species production, further attenuating the nitric oxide and

Table 3. Multivariate linear regression analysis for the association between skin AF and FMD in (a) all cases, (b) uremia on hemodialysis group,
and (c) non-chronic kidney disease group.

(a)

Variables Unstandardized Coefficient B SE Standardized Coefficient β P value

AF -1.66 0.19 -0.65 <0.01

Age -0.01 0.01 -0.05 0.38

BMI 0.44 0.04 0.08 0.22

IHD -0.21 0.28 -0.04 0.46

Uremia 0.10 0.38 0.02 0.79

Statin 0.47 0.29 0.10 0.11

ACEIs/ARBs 0.18 0.25 0.04 0.47

(b)

Variables Unstandardized Coefficient B SE Standardized Coefficient β P value

AF -1.60 0.18 -0.65 <0.01

Gender -0.38 0.27 -0.10 0.16

Vintage months -0.00 0.00 -0.02 0.82

(c)

Variables Unstandardized Coefficient B SE Standardized Coefficient β P value

AF -1.85 0.66 -0.38 <0.01

Age -0.03 0.03 -0.13 0.35

BMI 0.10 0.07 0.17 0.16

AF: Autofluorescence; FMD: Flow mediated vasodilatation; SE: standard error; BMI: Body mass index; IHD: Ischemic heart disease; ACEIs: Angiotensin

converting enzyme inhibitors; ARBs: Angiotensin II receptor blockers.

doi:10.1371/journal.pone.0147771.t003
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Fig 1. Using one-way analysis of variance and post-hoc multiple comparisons with Bonferroni’s
correction to investigate the differences of skin AF levels, and FMD values between the non-CKD,
uremia with DM, and uremia without DM groups. (a) The skin AF level was significantly lower in the non-
CKD group than in the uremia group (P<0.01). However, the skin AF level was similar between the uremia
with or without DM groups. (b) The FMD value was significantly higher in the non-CKD group than in the
uremia group (P<0.01). However, the FMD value was similar between the uremia with or without DM groups.

doi:10.1371/journal.pone.0147771.g001
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Table 4. Comparisons of baseline characteristics between the uremia with DM and the uremia without DM groups.

Uremia with DM (n = 54) Uremia without DM (n = 65) P-value

Age (years) 62.13 ± 9.57 57.49 ± 12.78 0.03

Gender (M/F) 33/21 38/27 0.77

BMI (kg/m2) 24.67 ± 3.38 23.29 ± 3.36 0.03

Stroke 9.26% 9.23% 1.00

PAOD 20.37% 4.62% 0.01

IHD 50.00% 29.23% 0.02

Hyperlipidemia 62.96% 36.92% <0.01

DM 100.00% — —

HTN 88.89% 76.92% 0.09

CHF 20.37% 12.31% 0.23

AF 3.50 ± 7.92 3.44 ± 7.38 0.69

FMD 4.90 ± 2.28 4.69 ± 1.48 0.56

Medications:

Antiplatelet 58.49% 35.38% 0.01

β - blockers 64.15% 44.62% 0.03

CCBs 56.60% 52.31% 0.64

Nitrate 27.78% 15.38% 0.10

ACEIs/ARBs 45.28% 30.77% 0.11

Statin 28.30% 12.31% 0.03

Insulin 49.06% 0.00% —

Vintage months 47.63 ± 36.49 90.31 ± 65.85 <0.01

DM: Diabetes mellitus; BMI: Body mass index; PAOD: Peripheral arterial occlusive disease; IHD: ischemic heart disease; HTN: Hypertension; CHF:

Congestive heart failure; AF: Autofluorescence; FMD: Flow mediated vasodilatation; CCBs: Calcium channel blockers; ACEIs: Angiotensin converting

enzyme inhibitors; ARBs: Angiotensin II receptor blockers.

doi:10.1371/journal.pone.0147771.t004

Table 5. Multivariate linear regression analysis to investigate independent factors associated with skin AF in all cases.

Unstandardized Coefficient B SE Standardized Coefficient β P value

Uremia with HD 0.72 0.12 0.38 <0.01

Age 0.01 0.004 0.06 0.21

Gender 0.10 0.09 0.06 0.21

BMI -0.004 0.12 -0.02 0.72

PAOD 0.41 0.15 0.13 <0.01

IHD 0.03 0.10 0.01 0.77

ACEIs/ARBs -0.03 0.08 -0.02 0.75

Statin 0.02 0.10 0.01 0.86

DM 0.03 0.06 0.02 0.68

FMD -0.19 0.02 -0.48 <0.01

HD: Hemodialysis; AF: Autofluoresence; SE: Standard error; BMI: Body mass index; PAOD: Peripheral arterial occlusive disease; IHD: Ischemic heart

disease; ACEIs: Angiotensin- converting enzyme inhibitors; ARBs: Angiotensin II receptor blockers; DM: Diabetes mellitus; FMD: Flow-mediated

vasodilatation.

doi:10.1371/journal.pone.0147771.t005
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Fig 2. Receiver operating curves (ROC) of AGE for predicting abnormal FMD in the (a) hemodialysis
group, and (b) the non-CKD group.

doi:10.1371/journal.pone.0147771.g002
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bradykinin production. Therefore, blockade of the renin-angiotensin system with ACEIs/ARBs
may improve endothelial dysfunction.

Association between diabetes and AGEs accumulation in the setting of
uremia
Whether diabetes is associated with increased tissue content of AGEs in the setting of uremia is
still controversial. Nazratun et al. obtained arterial and venous biopsy specimens from patients
with DM or non-DM associated renal failure and healthy subjects. They found that higher pro-
portions of vessels from the patients with DM related renal failure were positively stained for
AGEs than those from non-DM related renal failure or healthy subjects [33]. However, in
other studies, serum AGEs levels were similar between uremic subjects with or without diabetes
[8,14,34]. Our results suggest that tissue AGEs deposition was similar between the uremic sub-
jects with or without diabetes. This implies that the increased AGEs accumulation in subjects
with uremia may be more due to increased oxidative stress, rather than increased glucose bur-
den. However, the uremia with DM group received significantly more antiplatelet therapy and
had a significantly shorter duration of dialysis compared to the uremia without DM group.
Aspirin has been proposed to decrease the skin pentosidine level in DM patients [35]. In addi-
tion, protein-bound AGEs cannot be filtered through a hemodialysis membrane [36]. Patients
with a longer duration of dialysis may therefore tend to have a higher accumulation of AGEs.
These factors may have caused bias in our results.

Study limitation
First, as this is a case-control study, we could only establish an association, not a causal effect,
between skin AGEs levels and abnormal FMD values. Whether treatment with AGE breaker or
inhibition of AGE formation could reverse the endothelial dysfunction in uremic subjects
required further investigation. However, the major merit in our study is that we provide a sim-
ple, useful method for evaluation of endothelial dysfunction, especially in the setting of uremic
stage on hemodialysis. Second, inflammation plays an important role in the pathogenesis of
endothelial dysfunction, and has been positively associated with an increased accumulation of
AGEs [37]. We could only provide plasma levels of hs-CRP in the hemodialysis group. We
could not provide plasma levels of other inflammatory markers; hence, the independent role of
tissue AGE accumulation in relation to abnormal FMD in our study may be confounded by
other potential inflammatory markers. Third, the study result cannot be extrapolated to sub-
jects aged< 30years, or> 80years. Fourth, we only enrolled uremic subjects on hemodialysis,
and those of non-CKD. As the aim of the study was to observe the relation between tissue AGE
accumulation and FMD in hemodialysis subjects, the study results could be extrapolated to nei-
ther CKD subjects, nor uremic subjects on peritoneal dialysis or renal transplantation as renal
replacement therapy. Fifth, skin AF can be used to detect AGEs with fluorescent properties,
however, non-fluorescent AGEs cannot be detected by skin AF. Nevertheless, previous studies
have reported that skin AF levels were positively correlated with the amount of skin accumula-
tion of both fluorescent and non-fluorescent AGEs [20]. Finally, we used skin AGEs deposition
as a proxy for tissue accumulation of AGEs. Further studies are needed to elucidate whether
skin AGE deposition can reflect the vascular deposition of AGEs.

Conclusion
Skin AF is a useful marker to predict endothelial dysfunction in hemodialysis subjects. A skin
AF level� 3.05 AU could predict an abnormal FMD response (FMD< 6%) in the
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hemodialysis subjects. This non-invasive, convenient, and replicable method can be used to
detect endothelial dysfunction in the setting of uremic stage on hemodialysis.

Supporting Information
S1 Table. Univariate correlation analysis between skin autofluorescence and other covari-
ates in all cases.
(PDF)
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