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Abstract
Background: Cardiovascular disease (CVD) is the main reason for
morbidity and mortality of patients in hemodialyis. Skin autofluorescence (SAF), a noninvasive measurement method, reflects tissue accumulation of advanced glycation end products (AGEs) that has been
implicated in CVD as a strong marker. The aim of this study was to evaluate SAF profile in hemodialysis patients and to assess the association
between SAF and heart failure.
Methods: In a cross-sectional study, we included 60 hemodialysis
(HD) patients who were subdivided in two groups: a HD group without heart failure (n=39) and a HD group with heart failure (n=21). Skin
AGEs accumulation was measured by AGE Reader device and clinical
data was obtained.
Results: HD patients showed a SAF value at 2.90 (2.40-3.60). HD
patients with diabetes mellitus have an increased SAF levels compared
to HD patients without diabetes [3.20 (2.90-3.95) vs. 2.70 (2.30-3.30)
AU, P = 0.021; respectively]. Furthermore, HD patients with heart
failure showed a significant increased SAF levels compared to HD patients without heart failure [3.65 (2.90-4.12) vs. 2.60 (2.30-3.20) AU, P
<0.001; respectively]. SAF was associated with age, gender, and duration of dialysis. The ROC analysis indicated that SAF at 3.05 AU was
optimal cut-off point for presence of heart failure (P <0.001).
Conclusion: SAF might be a rapid and helpful tool in clinical practice
as a potential marker for evaluating and screening heart failure in HD
patients non-invasively and might be used as predictor for clinicians.
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Introduction

Clinical data collection

Cardiovascular disease (CVD) is the main reason for morbidity and mortality of patients in hemodialyis [1]. During chronic
kidney disease (CKD) the metabolic products were accumulated
in the body called as uremic toxins. These include advanced
glycation end products (AGEs) that are formed non-enzymatically under cumulative glycemic, metabolic and oxidative stress
[2,3]. Oxidative stress with uremia increases the inflammatory
state and promotes the alterations of proteins, lipids and sugars
leading to increase AGEs production [4-6]. Additionally, the impaired excretion of AGEs further contributes to the accumulation in CKD patients and also those in HD. Several studies have
shown that the level of plasma or serum Pentosidine, as AGEs
products, was increased and related to CKD [7,8] and these observations were also shown previously in Tunisian CKD patients
[9].
AGEs accumulate in tissue where they cross-link with proteins such as collagen inducing tissue stiffening of blood vessels
and skin. They may also interact with receptor of AGEs (RAGE)
which lead to activate intracellular transduction mechanisms
resulting in cytokines release, increased oxidative stress and induce tissue damage not only in CKD but also in other diseases.
AGEs can be assessed in skin biopsies, but this is an invasive
method. The AGE reader, a noninvasive device, is based on the
fluorescence properties of AGEs. This method has been validated against specific AGEs levels in skin biopsies in patients
with diabetes, hemodialysis and in healthy control subjects
[10,11]. Previous studies have shown the association between
skin autofluorescence (SAF) and vascular morbidity and mortality in diabetes mellitus [12], hemodialysis [11] and predialysis
CKD patients [13,14]. However, data regarding the usefulness
of SAF as a predictor of heart failure (HF) in HD patients are
limited. Thus, this study aimed firstly to evaluate SAF profile in
HD patients with diabetes, hypertension and dyslipidemia, and
secondly, to assess the correlation between SAF levels and the
presence of heart failure.
Methods
Study population
For the current study, we have included 60 HD patients on
March 2021 from Fattouma Bourguiba Hospital at Monastir
region (Tunisia), who provided written informed consent. The
study protocol was approved by the medical ethical review
committee of the hospital. HD patients are subdivided in two
groups: HD group without HF (n=39) and HD group with HF
(n=21). HF was defined as left ventricular ejection fraction,
measured by echocardiography, was below 50%. Diabetes mellitus was defined as fasting blood glucose ≥7.0 mmol/L or HbA1c
≥6.5% and/or use of anti-diabetes medication. Hypertension
was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg and/or use of anti-hypertensive medication. Dyslipidemia was defined as hypercholesterolemia and/or hypertriglyceridemia and/or use of lipid lowering
medication. All HD patients had a standard dialysis (4h, 3times/
week), high flux hemodialysis, polysulfone membrane dialyser
and the dialysate solution was free of glucose. The weekly dialysis performance is given as Kt/V (calculated removal of urea
by HD).
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The following data were collected: Age, sex, body mass index
(BMI), duration of dialysis, diabetes, hypertension and dyslipidemia. Blood was collected in the fasting state at the morning
and transported to the laboratory of biochemistry for biochemical parameters measurement using the standard methods.
Skin autofluorescence measurement
SAF was measured by AGE Reader device (Diagnotics, Groningen, Netherlands) and the method has been described previously [10,15]. The device, a noninvasive tool, evaluates AGEs
in skin using the principle that several AGEs emit autofluorescence when excited by UV light. Excitation light source which
wavelength is between 300 and 420 nm and the peak intensity
is at ~ 370 nm. This light source is projected approximately onto
4 cm2 on the volar side of the forearm skin surface, and the
intensity of any light (420-600 nm) emitted is measured with an
internal spectrometer. SAF was expressed in arbitrary units (AU)
and was calculated from the mean value of the emitted light intensity divided by the excitation light intensity and multiplying
by 100. The patients with Fitzpatrick phototypes V and VI were
not included due their skin pigmentation, which had ultraviolet
reflectance of <6%. The reproducibility of SAF is indicated by a
mean coefficient of variance ~5% [15]. SAF was measured three
times after dialysis session (taken at different locations on the
lower arm with normal skin without scars, tattoos, or other skin
abnormalities) and the median value of three SAF measurements were used.
Statistical analysis
Data are shown as mean ± standard deviation (SD) or median and interquartile range in case of non-normally distributed
data. Between groups comparisons were performed using the
Student’s t-test or Mann-Whitney test, and the correlation coefficient was estimated using the Person or Spearman rank-order
correlation analysis. The receiver-operating characteristic (ROC)
curves were constructed to determine the optimal SAF cut-off
levels to predict the presence of heart failure. A P-value < 0.05
was considered statistically significant. All of statistical analyses
were performed using SPSS-17.0 statistical software (IBM, USA).
Results
Characteristics of HD patients
The demographic and clinical characteristics of HD patients
are presented in Table 1. HD patients were between 19 and 84
years old, 70% were hypertensive, 38% were dyslipidemic and
21% were diabetic. Dialysis duration was between 9 and 305
months. Mean of Kt/V was 1.64 ± 0.32 and mean of urea reduction rate (URR) was 67.76 ± 7.48. The median SAF value was
2.90 (2.40-3.60). The SAF levels in HD patient with traditional
cardiovascular risk factors are presented in Table 2. HD patients
with diabetes mellitus has an increased SAF levels compared to
HD patients without diabetes [3.20 (2.90-3.95) vs. 2.70 (2.303.30) AU, P = 0.021; respectively]. No differences showed between HD patients with hypertension or with dyslipidemia compared to those who were without hypertension or dyslipidemia
but a weak increasing were observed and this may be explained
by coexistence of diabetes mellitus.
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SAF levels in HD patients with and without heart failure
SAF levels in HD patients with and without heart failure were
shown in table 3. HD patients with HF showed a significant increased SAF levels compared to HD patients without HF [3.65
(2.90-4.12) vs. 2.60 (2.30-3.20) AU, P <0.001; respectively], as
shown in figure 1. HD patients with HF showed also a significant
increased for dialysis duration and increased total cholesterol
compared to HD patients without HF. For correlation of SAF levels with other variables, SAF was associated with age (r = 0.384;
P = 0.002), gender (r = - 0.325; P = 0.011) and duration of dialysis (r = 0.285; P = 0.030).
Receiver operating characteristic curve
To predict the presence of HF based on SAF, receiver operating characteristic curve (ROC) was used and shown in figure 2.
The maximum Youden index indicated that an SAF at 3.05 AU
was optimal cut-off point for the presence of HF. Area under
the curve (AUC) = 0.811 (95% CI: 0.699-0.953), P = 0.001 with
sensitivity of 77% and specificity of 64%.
Discussion
Several clinical studies have shown a lot of attention about
SAF measurement for predicting both microvascular and macrovascular complications in diabetic patients. This cross-sectional
study showed that SAF levels were increased in HD patients and
the value was markedly increased in HD patients with diabetes
or combined with hypertension or dyslipidemia. Furthermore,
HD patients with heart failure showed a significant increased
SAF compared to HD patients without heart failure. Studies
showing the relationship between SAF and CVD in HD patients
are limited and reported that SAF is the independent predictor
for overall mortality in HD patients [11,16,17]. However several
studies have shown the strong association between SAF, CVD
and CKD [18-21]. For patients on peritoneal dialysis, one study
showed that more deaths were observed in group with high SAF
than in group with low SAF group. The SAF values over 3.61 provide a reliable cut-off for predicting three years mortality [22].
The SAF showed to be correlated with the duration of dialysis
and glucose exposure dose and independently associated with
cardiovascular morbidity [23]. An explanation for the predictive
value of SAF could be the main role of AGEs in the development
of vascular complications in diabetes mellitus, renal failure and
CVD. Besides decreased clearance of AGEs in patients with renal
failure, AGEs formation is accelerated throughout the years during dialysis, resulting in progressive AGEs cross-linked to longlived proteins which may contribute to endothelial dysfunction
[24,25].

Figure 2: The receiver operating characteristic curve analysis for
prediction the presence of heart failure based on SAF. Maximum
Youden index indicated that a SAF > 3.05 AU was optimal cut-off
point for the presence of heart failure. AUC: area under the curve.
Table 1: Demographic and clinical data of hemodialysis patients.
Hemodialysis patients (n = 60)
Age (years)

47.57 ± 15.54

Male

36 (60 %)

BMI (kg/m )

24.22 ± 5.23

2

Dialyse duration, (months)

47 (21-96)

Kt/V

1.64 ± 0.32

URR (%)

67.76 ± 7.48

Main reasons for dialysis
Primary glomerular Disorders

14 (23.3%)

Diabetes nephropathy

13 (21.6%)

Renovascular/Hypertensive
nephropathy

13 (21.6%)

Interstitial nephropathy

12 (20%)

Ploycystic nephropathy

3 (5%)

Unknown

5 (8.3%)

Diabetes mellitus

13 (21%)

Hypertension

42 (70 %)

Dyslipidemia

23 (38 %)

Hemoglobin, g/L

9.04 ± 1.70

Albumin, g/L

42.58 ± 3.19

Fasting glucose, mmol/L

5.50 (4.60-6.82)

Triglyceride, mmol/L

1.50 (1.03-2.39)

Total cholesterol, mmol/L

3.85 ± 0.92

Skin Autofluorescence, AU

2.90 (2.40-3.60)

Data are shown as the mean ± SD, median (interquartile range), or
number (percentage). BMI: body mass index.

Table 2: SAF levels in HD patients with diabetes mellitus, hypertension and dyslipidemia.

Figure 1: SAF levels in HD patients with and without heart failure.
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HD patients

SAF (AU)

P

Diabetes mellitus (+), (n = 16)

3.20 (2.90-3.95)

0.021

Diabetes mellitus (-), (n = 44)

2.70 (2.30-3.30)

Hypertension (+), (n = 42)

2.95 (2.50-3.65)

Hypertension (-), (n = 18)

2.60 (2.27-3.60)

Dyslipidemia (+), (n = 23)

3.20 (2.70- 3.80)

Dyslipidemia (-), (n = 37)

2.70 (2.40-3.20)

0.297
0.097

Data are shown as the median (interquartile range). (+): With; (-):
Without.
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Table 3: SAF levels in HD patients with and without heart failure
Hemodialysis patients (n = 60)
H F (-) (n = 39)

HF (+) (n = 21)

P

Age (years)

46.20 ± 15.26

48.44 ± 15.87

NS

Male, n (%)

27 (64 %)

9 (50%)

NS

BMI (kg/m2)

23.69 ± 4.84

24.97 ± 6.17

NS

46 (19-81)

66 (37-127)

0.045

Dialysis duration,
(months)
Kt/V

1.63 ± 0.31

1.66 ± 0.32

NS

URR (%)

66.88 ± 7.58

69.72 ± 7.06

NS

Hemoglobin, g/L

8.80 ± 1.69

9.61 ± 1.62

NS

Albumin, g/L

42.47 ± 3.36

42.84 ± 2.82

NS

Fasting glucose, mmol/L

5.50 (4.60-6.70)

5.60 (4.65-9.35)

NS

Triglyceride, mmol/L

1.48 (1.00-2.17)

1.55 (1.10-2.73)

NS

3.69 ± 0.88

4.11 ± 0.81

0.039

2.60 (2.30-3.20)

3.65 (2.90-4.12)

<0.001

Total cholesterol, mmol/L
Skin Autofluorescence,
AU

Data are shown as the mean ± SD, median (interquartile range), or
number (percentage). HF: heart failure; BMI: body mass index.

Measurement of SAF can indicate tissue alterations long before they would be revealed by conventional screening methods or cause clinical signs [26]. To shed light, SAF may represent
a clinically useful, noninvasively method and fast results for assessing heart failure in HD patients. We observed a significant
increased of SAF levels in HD patients with heart failure compared to those without heart failure. Furthermore, to predict
the presence of HF in HD patients, we found that the cut-off
point of SAF value is was at 3.05 AU. This study demonstrated
that SAF >3.05 AU was an important predictor for the presence
of HF. Remarkably, this level is the same as used by Wang et al.
for predicting abnormal flow-mediated vasodilatation (an indicator of endothelial dysfunction) in uremic subjects on hemodialysis [17]. Previous studies have found an association between
SAF and the pathogenesis of HF in diabetic patients without HD.
SAF may be a prognostic factor in patients with long-standing
persistent atrial fibrillation and the risk value of SAF was considered as 2.6 AU for high CHADS2 score and SAF value at 2.7AU
for elevated high sensitivity cardiac troponin levels [27]. Furthermore, SAF can predict the risk of the first HF hospitalization in patients with preserved ejection fraction and the cut-off
point of SAF was determined to be > 2.9 AU [28].
In the present study we found significant associations between SAF levels and age, gender and duration of dialysis. Our
finding is a line with several studies [11]. McIntyre et al. reported in a cohort of 1707 patients with CKD class III that a large
number of cardiovascular and renal risk factors were associated
with SAF, such as eGFR, hemoglobin, smoking, total cholesterol,
diastolic blood pressure, c-reactive protein, albuminemia, pulse
wave velocity, diabetes, and uremic acid [13]. Recently, Shardlow et al. have investigated in a large prospective cohort study
that SAF was an independent risk factor for cardiovascular
events and all-cause mortality in persons with early CKD [21].
This new finding supports the usefulness of SAF measurement
as predictor biomarker for clinicians to detect early disease and
monitor patient’s health over time.
Limitations
Some limitations of this study should be noted. This study
was conducted at a single center with a relatively small sample
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size and the value of SAF in predicting for the presence of heart
failure could not confirmed in this cross-sectional study, which
requires further follow-up.
Conclusion
In conclusion, this study indicates that SAF was associated
with the presence of heart failure in Tunisian HD patients.
Noninvasive measurement of SAF might be a good surrogate
marker for evaluating heart failure. Further investigations in a
large number of prospective studies are required to validate the
results in this study.
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