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Aim: To evaluate the role of advanced glycation end-products (AGEs) and their soluble receptors (sRAGE)
expression levels as predictors of vascular complications in uncontrolled type 2 diabetes mellitus
(T2DM).
Methods: Cross-sectional study was conducted on T2DM adults of both sexes who attended the
outpatient service of Al-Karak Teaching Hospital, Jordan during the period from June 2017 to August
2018. Participants were categorized in two groups according to their glycemic control and the presence
of reno-vascular complications. Twenty healthy subjects were recruited as control group. Blood sample
was obtained from all participants and used for the assessment of FBG, HbA1c, serum AGEs and sRAGE,
serum urea and creatinine; 24 h urine was also collected for the determination of urinary albumin.
Results: Diabetic subjects with vascular complication had a significantly higher serum AGEs 50.3± 13 vs.
28.9 ± 8 pg/ml) and AGEs/sRAGE ratio (0.058± 0.02 vs. 0.037 ± 0.02) associated with significantly lower
serum sRAGE (868.7± 50.8 vs. 912.8± 294.3) compared to those with no complications. Serum AGEs and
sRAGE showed weak negative and non-significant association in both groups of patients. However, the
AGEs/sRAGE ration was inversely and significantly associated with the urinary albumin/creatinine ratio
(r¼� 0.51, P¼ 0.009) only in DM patients with reno-vascular complications.
Conclusion: We found an association between AGEs/sRAGE ratio and urinary albumin/serum creatinine
ratio in T2DM patients with reno-vascular complications; providing evidence that serum AGEs and
sRAGE can be considered as predictors of vascular complications in uncontrolled T2DM patients.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Advanced glycation end products (AGEs) are stable metabolic
end products [1] resulted from the slow non-enzymatic glycation of
proteins (Maillard reaction) occurred mostly during chronic dis-
eases like diabetes [2,3]. Nevertheless, AGEs are also rapidly formed
during various conditions of oxidative stress, which potentially
involved in the pathogenesis of sepsis [4,5]. Moreover, the
inflammation-induced oxidative stress leads to the formation of a
highly reactive carbonyl compounds, which are partially converted
into AGEs [6,7]. Cumulative aggregation of AGEs may also be
demonstrated in various pathophysiological conditions like
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Alzheimer's disease, atherosclerosis and systemic lupus erythe-
matosus [8e10]. In addition, the exogenously formed AGEs may act
as a source of chemically reactive toxins (e.g., heated food) and
absorbed through the intestine to the systemic circulation [11].
AGEs played a role through the signal transduction cascade of the
inflammatory response and can bind to multiple receptors,
including the membrane-bound receptor for AGEs (RAGE) that
activates the proinflammatory nuclear factor k-light-chain-
enhancer of activated B cells (NF-kB) cascade. This leads to exces-
sive expression of RAGEs, which produce more NF-kB, resulting in
chronic inflammation [12]. RAGE was expressed in human plasma
as two soluble isoforms; the first one is created as a membrane
bound receptor and cleaved by metalloproteinases [13], while the
other is produced by alternative splicing of the RAGE gene [14].
Both constituted the plasma soluble RAGE (sRAGE). Moreover,
many recent data have focused on the association between the
expression of sRAGE and the microvascular injury in complicated
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DM, which increased the risks of cardiovascular diseases and other
vascular complications [15,16]. The present study aims to evaluate
the role AGEs and sRAGE expression as predictors of vascular
complications in uncontrolled diabetes mellitus.
2. Subjects and methods

2.1. Study design and patient selection

This cross-sectional study was performed at the out-patient
clinic, Al-Karak Teaching Hospital, Jordan June 2017 to August
2018. All the participants provided their signed written informed
consent before enrollment in the study. The research protocol was
approved by the Research Ethics Committee of the Faculty of
Pharmacy, Al-Rafidain University College, Iraq and the local Medi-
cal Ethics at Al-Karak Teaching Hospital. The study was conducted
on 50 patients previously diagnosed with type 2 diabetes mellitus
(T2DM) and poor glycemic control, who are attending the daily
clinic for routine follow-up. Based on the results of renal function
markers (creatinine, urea and urinary albumin levels), they are
allocated into 2 groups (each of 25 patients); group I, T2DM pa-
tients without vascular complications; and group II, T2DM patients
with vascular complications. Twenty healthy subjects, matched for
age with the T2DM patients, were selected as a control group
(group III) for comparison of the biomarkers. The diabetic patients
were recruited to participate when they attended the hospital
during their regular screening visit for diabetic complications and
were ranked, according to their urinary albumin level, into two
groups: those with normal albuminuria (group I, <30mg/day) and
those with microalbuminuria (group II, �30mg/day).
2.2. Evaluation of biomarkers

In all participants, fasting blood samples (10ml) were obtained
and divided into two parts; the first part was kept in heparinized
tube and used for the evaluation of blood glucose and HbA1c; while
the other part was kept in plain tube and left to clot for obtaining
the serum which is utilized for measurement of urea, creatinine,
AGEs and sRAGE. Meanwhile, the participants were asked to collect
24 h urine for measurement of urinary albumin secretion. Serum
AGEs were assessed using a competitive ELISA kit (MyBiosource,
USA) according to a standardized method [17]. Briefly, the 96-well
plates were coated with 50 ml/well of AGE-RNase (3.75 mg/ml) and
50 ml of serum (1:4 dilution) added, followed by 50 ml of 1:500
Table 1
The patient characteristic and the biochemical markers of the T2DM patients and health

variables Groups

I

Sample size (25) 35.7%
Age (year) 55.8± 4.1
Gender
Male n(%) 13 (52%)
Female n(%) 12 (48%)

Disease Duration (year) 3.2± 1
Fasting Blood glucose (mg/dl) 192.3± 12.4
HbA1c (%) 6.7± 0.4
AGEs (pg/ml) 28.9± 8
sRAGE (pg/ml) 912.8± 294.3
AGEs/sRAGE ratio 0.037± 0.02
S. Creatinine (mg/dl) 1.04± 0.14
S. Urea (mg/dl) 28.5± 2.8
U. Albumin (mg/24 h) 14.4± 1.1

Categorical parameters were expressed as number and percentage; continuous variab
(p< 0.05) when compared all groups; # significantly different (p< 0.05) when compared
diluted anti-AGE antibody. Alkaline phosphate conjugated anti-
rabbit IgG (1:2000) in dilution buffer was then added to each
well and incubated for 1 h at 37 �C. After washing, color was
developed by adding 100 ml p-nitrophenyl phosphate substrate. The
optical density (OD) was measured at 405 nm by an ELISA reader.
Serum sRAGE levels were measured using ELISA kit (MyBiosource,
USA) according to the manufacturer's protocol [18]. Briefly, after
washing, plates were incubated with streptavidin horseradish
peroxidase, developed with appropriate substrate and OD 450 nm
was determined using an ELISA plate reader. HbA1c was measured
in whole blood using ion-exchange high-performance liquid
chromatography with the Bio-Rad Variant Haemoglobin Testing
System (Bio-Rad Laboratories, CA, USA). Urinary albumin was
measured by rate nephelometry using the Beckman Array 360
Analyser (Beckman-Coulter, CA, USA). Serum urea and creatinine
were analyzed using ready-made kits for spectrophotometric
methods.
2.3. Statistical analysis

The data were statistically analyzed using SPSS version 19.0
(SPSS Inc., Chicago, IL, USA) and Graph Pad Prism 5.1 (GraphPad
Software Inc., CA, USA). All the followed tests were two-sided, and p
value< 0.05 was considered for statistical significance. Unpaired
Student's t-test and ANOVA were utilized for normally distributed
variables, and the nonparametric Mann-Whitney U and Kruskal-
Wallis tests were employed for asymmetrically distributed vari-
ables. Pearson or Spearman rank correlation analysis and logistic
regression analysis were performed to explore the relationships
between the serum sRAGE and AGEs levels and the markers of
vascular complications.
3. Results

Table 1 showed revealed non-significant differences between
the ages of the participants in the 3 groups (P¼ 0.6).The gender
distribution in all groups is comparable and significantly not
different (P¼ 0.918). Regarding disease duration, the T2DM pa-
tients with disease-related complications (group III) are presented
with significantly longer duration (109%; P< 0.0001) compared
with that reported in group I. Table 1 also showed that the patients
in group II are presented with significantly lower glycemic control,
in terms of FBG and HbA1c markers, compared with the values
reported in groups I and III (P< 0.001). Moreover, the serum levels
subjects enrolled in the study.

p value

II III Control

(25) 35.7% (20)28.6%
55.6± 4.2 56.8± 3.9 0.6

14 (56%) 10 (50%) 0.918
11(44%) 10 (50%)
6.7± 0.9 0 <0.001*
227.2± 11.3 86.9± 5.1 <0.001*,#

7.9± 0.7 4.3± 0.2 <0.001*,#

50.3± 13 9.8± 0.9 <0.001*,#

868.7± 50.8 1718.3± 455.7 <0.001*,#

0.058± 0.02 0.006± 0.001 <0.001*,#

1.26± 0.08 0.81± 0.08 <0.001*,#

43.4± 5.0 23.4± 2.1 <0.001*,#

223.5± 7.1 19.5± 3.4 <0.001*,#

les were expressed as mean ± SD; n: number of subjects; * significantly different
groups I and II.
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of AGEs and sRAGE in group II patients were significantly higher
than those reported in both group II patients and healthy subjects
(group III) (P< 0.001). Similarly, the AGEs/sRAGE ratio was signifi-
cantly greater in group II compared with group I and group III
(32.2% and 89.7%; P< 0.001, respectively). In this regard, Table 1
also showed that serum levels of urea and creatinine and the
Fig. 1. Pearson's correlation between serum levels of AGEs and sRAGE in A) T2DM
patients without vascular complications (group I); B) T2DM patients with vascular
complications (group II); C) healthy subjects (group III).
daily urinary albumin elimination were significantly elevated in
T2DM patients in groups I and II compared with the healthy sub-
jects (group III); however, these values in group II patients were
extremely greater than those reported in group I patients
(P< 0.001). Fig. 1 (A and B) showed that serum levels of AGEs and
sRAGE were negatively and non-significantly correlated in both
group I and II (r¼� 0.075 and e 0.254, respectively); however,
those markers demonstrated non-significantly positive correlation
(r¼ 0.26, P¼ 0.27) in the healthy subjects (Fig. 1C). In Table 2,
correlation studies showed the weak association between serum
levels of AGEs and sRAGE with the markers of glycemic control and
vascular complications in non-complicated T2DM patients (group
I). Meanwhile, the glycemic indices were significantly correlated
with the markers of vascular changes at this stage of the disease. In
Table 3, serum sRAGE levels demonstrated non-significant negative
association with the serum AGEs level (r¼� 0.25), while a highly
negative and significant associationwas reportedwith the glycemic
control and vascular complication markers. Meanwhile, the serum
level of AGEs was positively and significantly associated with the
HbA1c levels (r¼ 0.51) in this group. Fig. 2A showed a weak
negative and non-significant association between AGEs/sRAGE ra-
tio and the marker of reno-vascular complications (U. Albumin/S.
Creatinine ratio) (r¼� 0.011, P¼ 0.95) in group I patients. Mean-
while, Fig. 2B clearly showed a highly negative and significant as-
sociation between the AGEs/sRAGE ratio and the renal
complication index (r¼� 0.51, P¼ 0.009) in the T2DM patients of
group II. However, in this regard Fig. 2C revealed a weakly negative
and non-significant association between these markers in the
group of healthy subjects (group III) (r¼� 0.11, P¼ 0.64).

4. Discussion

In Arab countries, the elevated rates of obesity, metabolic dys-
regulations and diabetes mellitus and their consequences threaten
seriously the people health and quality of life. Many studies are
conducted to characterize the etiology of various metabolic dis-
eases in a prospective manner and to identify predictive
Table 2
Correlation between the biochemical markers of T2DM patients in group I.

Variables AGEs sRAGE HbA1c FBG Cr Urea U. Alb

AGEs �0.08 0.17 0.15 0.15 0.12 0.22
sRAGE �0.08 0.13 0.11 0.12 0.09 0.17
HbA1c 0.17 0.13 0.97a 0.89a 0.87a 0.96a

FBG 0.15 0.11 0.97a 0.94a 0.91a 0.97a

Cr 0.15 0.12 0.89a 0.94a 0.91a 0.89a

Urea 0.12 0.09 0.87a 0.91a 0.91a 0.85a

U. Alb 0.22 0.17 0.96a 0.97a 0.89a 0.85a

a Significantly different (p< 0.05); AGEs: advanced glycation end products;
sRAGE: soluble receptor of AGE; HbA1c: glycated hemoglobin; FBG: fasting blood
glucose; Cr: creatinine; U. Alb: urinary albumin.

Table 3
Correlation between the biochemical markers of T2DM patients in group II.

Variables AGEs sRAGE HbA1c FBG Cr Urea U. Alb

AGEs �0.25 0.51a 0.25 0.34 0.12 0.26
sRAGE �0.25 �0.68a �0.97a �0.85a �0.89a �0.96a

HbA1c 0.51a �0.68a 0.75a 0.65a 0.63a 0.75a

FBG 0.25 �0.97a 0.75a 0.83a 0.91a 0.99a

Cr 0.34 �0.85a 0.65a 0.83a 0.82a 0.80a

Urea 0.12 �0.89 0.63a 0.91a 0.82a 0.88a

U. Alb 0.26 �0.96 0.75a 0.99a 0.80a 0.88a

a Significantly different (p< 0.05); AGEs: advanced glycation end products;
sRAGE: soluble receptor of AGE; HbA1c: glycated hemoglobin; FBG: fasting blood
glucose; Cr: creatinine; U. Alb: urinary albumin.



Fig. 2. Spearman's correlation between AGEs/sRAGE ratio and U. Albumin/S. creatinine
ration in A) T2DM patients without vascular complications (group I); B) T2DM patients
with vascular complications (group II); C) healthy subjects (group III).
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biomarkers. Regarding the AGE-sRAGE axis, the published data
suggested that in T2DM and obese patients undergoing bariatric
surgery, higher baseline levels of sRAGE predictedweight reduction
and remission from T2DM three years post-intervention [19,20].
Accordingly, the present study aimed to evaluate the feasibility of
this approach in relation with predictors of T2DM in an Arab
population. The present study clearly showed the significantly
negative correlation between sRAGE and the diabetes-induced
deterioration of renal function in complicated T2DM. It has been
reported that circulating AGEs were elevated in DM and predict the
development of DM-associated complications [21,22]; however, the
capability of sRAGE isoforms to be involved similarly was equivocal.
It has been reported that AGEs directly influence the initiation of
DM complications via the alteration of functional proteins with
consequent activation of RAGE signaling pathway. However, sRAGE
acts to trap AGEs; therefore, it is highly expected that administra-
tion of sRAGE both in vitro and in vivo attenuates AGE/RAGE-
mediated complications like atherosclerosis [23], and insulin
resistance [24]. In the present study, the reported weak correlation
between the changes in plasma sRAGE and AGEs suggest that
sRAGE may be depleted with disease progression and no more
capable to trap more AGEs. Moreover, with progressive DM-related
complications, the rate of decline in sRAGE was highly associated
with the severity of vascular damage in the renal tissue. The ca-
pacity of sRAGE to trap circulating AGEs in a physiologically
meaningful waymay be conflicted because of the high difference in
the concentrations between the decoy and the ligand [25,26].
Although the results of the present study my conflict with other
reports [25], it is important to recognize that many studies have
mentioned that lower plasma sRAGE levels may be associated with
poor health outcomes [27,28]. In this regard, in children who later
progressed to type 1 diabetes, manifested a decrease in their
plasma sRAGE levels at seroconversion to positivity for DM-
predictive autoantibodies [29]. However, it is also possible that
during DM-induced renal complications the reduced renal clear-
ance of sRAGE may dramatically uncover the induction of RAGE
expression that might not be recognized in uncomplicated DM and
healthy adults. The reported decline in the plasma sRAGE level in
complicated DMmight reflect a failure of its protective mechanism,
which could be clearer among patients with a relatively fast disease
progression [30]. The presented data, although limited by small
sample size, suggest that the plasma concentrations of AGEs and
AGEs/sRAGE ratio are elevated in patients who have high or low
serum sRAGE. Accordingly, both AGEs and the AGEs/sRAGE ratio
should serve as a universal biomarker. However, this not true
because the AGE-RAGE axis includes three players: AGEs, RAGE,
and sRAGE. AGEs are only one player in the scheme of the AGE-
RAGE axis. All three players in the scheme of the AGE-RAGE axis
should be involved in formula that represents a universal
biomarker/risk indicator.

5. Conclusion

The study demonstrated an association between AGEs/sRAGE
ratio and urinary albumin/serum creatinine ratio in T2DM patients
with reno-vascular complications; providing evidence that serum
AGEs and sRAGE may be considered as predictors of vascular
complications in uncontrolled T2DM patients.

Conflicts of interest

Nothing declared.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2019.06.019.

https://doi.org/10.1016/j.dsx.2019.06.019


S.S. Farhan, S.A. Hussain / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 2457e2461 2461
References

[1] Ramasamy R, Yan SF, Schmidt AM. The diverse ligand repertoire of the re-
ceptor for advanced glycation end-products and pathways to the complica-
tions of diabetes. Vasc Pharmacol 2012;57(5e6):160e7. https://doi.org/
10.1016/j.vph.2012.06.004.

[2] Monnier VM, Taniguchi N. Advanced glycation in diabetes, aging and age-
related diseases: conclusions. Glycoconj J 2016;33(4):691e2. https://doi.org/
10.1007/s10719-016-9711-1.

[3] Teodorowicz M, Hendriks WH, Wichers HJ, Savelkoul HFJ. Immunomodulation
by processed animal feed: the role of Maillard reaction products and advanced
glycation end-products (AGEs). Front Immunol 2018;9:2088. https://doi.org/
10.3389/fimmu.2018.02088.

[4] Meertens JH, Nienhuis HL, Lefrandt JD, Schalkwijk CG, Nyyss€onen K,
Ligtenberg JJ, et al. The course of skin and serum biomarkers of advanced
glycation end-products and its association with oxidative stress, inflamma-
tion, disease severity, and mortality during ICU admission in critically ill pa-
tients: results from a prospective pilot study. PLoS One 2016;11(8):e0160893.
https://doi.org/10.1371/journal.pone.0160893.

[5] Greven WL, Smit JM, Rommes JH, Spronk PE. Accumulation of advanced gly-
cation end (AGEs) products in intensive care patients: an observational, pro-
spective study. BMC Clin Pathol 2010;10:4. https://doi.org/10.1186/1472-
6890-10-4.

[6] Perkins RK, Miranda ER, Karstoft K, Beisswenger PJ, Solomon TPJ, Haus JM.
Experimental hyperglycemia alters circulating concentrations and renal
clearance of oxidative and advanced glycation end products in healthy obese
humans. Nutrients 2019;11(3):E532. https://doi.org/10.3390/nu11030532. pii.

[7] Trellu S, Courties A, Jaisson S, Gorisse L, Gillery P, Kerdine-R€omer S, et al.
Impairment of glyoxalase-1, an advanced glycation end-product detoxifying
enzyme, induced by inflammation in age-related osteoarthritis. Arthritis Res
Ther 2019;21(1):18. https://doi.org/10.1186/s13075-018-1801-y.

[8] Batkulwar K, Godbole R, Banarjee R, Kassaar O, Williams RJ, Kulkarni MJ.
Advanced glycation end products modulate amyloidogenic APP processing
and Tau phosphorylation: a mechanistic link between glycation and the
development of Alzheimer's disease. ACS Chem Neurosci 2018;9(5):
988e1000. https://doi.org/10.1021/acschemneuro.7b00410.

[9] Fishman SL, Sonmez H, Basman C, Singh V, Poretsky L. The role of advanced
glycation end-products in the development of coronary artery disease in
patients with and without diabetes mellitus: a review. Mol Med 2018;24(1):
59. https://doi.org/10.1186/s10020-018-0060-3.

[10] Bobek D, Gr�cevi�c D, Kova�ci�c N, Luki�c IK, Jelu�si�c M. The presence of high
mobility group box-1 and soluble receptor for advanced glycation end-
products in juvenile idiopathic arthritis and juvenile systemic lupus erythe-
matosus. Pediatr Rheumatol Online J 2014;12:50. https://doi.org/10.1186/
1546-0096-12-50.

[11] Sebekov�a K, Faist V, Hofmann T, Schinzel R, Heidland A. Effects of a diet rich in
advanced glycation end products in the rat remnant kidney model. Am J
Kidney Dis 2003;41(3 Suppl. 1):S48e51. https://doi.org/10.1053/
ajkd.2003.50084.

[12] Ohtsu A, Shibutani Y, Seno K, Iwata H, Kuwayama T, Shirasuna K. Advanced
glycation end products and lipopolysaccharides stimulate interleukin-6
secretion via the RAGE/TLR4-NF-kB-ROS pathways and resveratrol attenu-
ates these inflammatory responses in mouse macrophages. Exp Ther Med
2017;14(5):4363e70. https://doi.org/10.3892/etm.2017.5045.

[13] Raucci A, Cugusi S, Antonelli A, Barabino SM, Monti L, Bierhaus A, et al.
A soluble form of the receptor for advanced glycation end-products (RAGE) is
produced by proteolytic cleavage of the membrane-bound form by the
sheddase a disintegrin and metalloprotease 10 (ADAM10). FASEB J
2008;22(10):3716e27. https://doi.org/10.1096/fj.08-109033.

[14] Hudson BI, Carter AM, Harja E, Kalea AZ, Arriero M, Yang H, et al. Identifica-
tion, classification, and expression of RAGE gene splice variants. FASEB J
2008;22(5):1572e80. https://doi.org/10.1096/fj.07-9909com.

[15] Bakker SF, Tushuizen ME, G€ozütok E, Çiftci A, Gelderman KA, Mulder CJ, et al.
Advanced glycation end products (AGEs) and the soluble receptor for AGE
(sRAGE) in patients with type 1 diabetes and coeliac disease. Nutr Metabol
Cardiovasc Dis 2015;25(2):230e5. https://doi.org/10.1016/
j.numecd.2014.10.009.
[16] Sherif EM, Abdelmaksoud AA, Issa HM, Mohamed SA. Soluble receptor for
advanced glycation end products (sRAGE) and carotid intima-media thickness
(CIMT) in type 1 diabetes mellitus: possible association with diabetic vascular
complications. Egypt J Med Hum Genet 2014;15(4):361e7. https://doi.org/10.
1016/j.ejmhg.2014.06.003.

[17] Pertynska-Marczewska M, Glowacka E, Sobczak M, Cypryk K, Wilczynski J.
Glycation end products, soluble receptor for advanced glycation end products
and cytokines in diabetic and non-diabetic pregnancies. Am J Reprod
Immunol 2009;61(2):175e82. https://doi.org/10.1111/j.1600-
0897.2008.00679.x.

[18] Davis KE, Prasad C, Vijayagopal P, Juma S, Imrhan V. Serum soluble receptor
for advanced glycation end products correlates inversely with measures of
adiposity in young adults. Nutr Res 2014;34(6):478. https://doi.org/10.1016/
j.nutres.2014.04.012. 5.

[19] Parikh M, Chung M, Sheth S, McMacken M, Zahra T, Saunders JK, et al. Ran-
domized pilot trial of bariatric surgery versus intensive medical weight
management on diabetes remission in type 2 diabetic patients who do NOT
meet NIH criteria for surgery and the role of soluble RAGE as a novel
biomarker of success. Ann Surg 2014;260(4):617e22. https://doi.org/10.1097/
SLA.0000000000000919.

[20] Horwitz D, Saunders JK, Ude-Welcome A, Marie Schmidt A, Dunn V, Leon
Pachter H, et al. Three-year follow-up comparing metabolic surgery versus
medical weight management in patients with type 2 diabetes and BMI 30-35.
The role of sRAGE biomarker as predictor of satisfactory outcomes. Surg Obes
Relat Dis 2016;12(7):1337e41. https://doi.org/10.1016/j.soard.2016.01.016.

[21] Ahmed N, Babaei-Jadidi R, Howell SK, Thornalley PJ, Beisswenger PJ. Glycated
and oxidized protein degradation products are indicators of fasting and
postprandial hyperglycemia in diabetes. Diabetes Care 2005;28:2465e71.
https://doi.org/10.2337/diacare.28.10.2465.

[22] Koska J, Saremi A, Howell S, Bahn G, De Courten B, Ginsberg H, et al. Advanced
glycation end products, oxidation products, and incident cardiovascular
events in patients with type 2 diabetes. Diabetes Care 2018;41(3):570e6.
https://doi.org/10.2337/dc17-1740.

[23] Wannamethee SG, Welsh P, Papacosta O, Ellins EA, Halcox JPJ, Whincup PH,
et al. Circulating soluble receptor for advanced glycation end product: cross-
sectional associations with cardiac markers and subclinical vascular disease in
older men with and without diabetes. Atherosclerosis 2017;264:36e43.
https://doi.org/10.1016/j.atherosclerosis.2017.07.008.

[24] Zaki M, Kamal S, Kholousi S, El-Bassyouni HT, Yousef W, Reyad H, et al. Serum
soluble receptor of advanced glycation end products and risk of metabolic
syndrome in Egyptian obese women. Excli J 2017;16:973e80. https://doi.org/
10.17179/excli2017-275.

[25] Thomas MC, Woodward M, Neal B, Li Q, Pickering R, Marre M, et al. Rela-
tionship between levels of advanced glycation end products and their soluble
receptor and adverse outcomes in adults with type 2 diabetes. Diabetes Care
2015;38(10):1891e7. https://doi.org/10.2337/dc15-0925.

[26] Miranda ER, Fuller KNZ, Perkins RK, Beisswenger PJ, Farabi SS, Quinn L, et al.
Divergent changes in plasma AGEs and sRAGE isoforms following an over-
night fast in T1DM. Nutrients 2019;11(2):E386. https://doi.org/10.3390/
nu11020386. pii.

[27] Falcone C, Emanuele E, D'Angelo A, Buzzi MP, Belvito C, Cuccia M, et al. Plasma
levels of soluble receptor for advanced glycation end products and coronary
artery disease in nondiabetic men. Arterioscler Thromb Vasc Biol 2005;25(5):
1032e7. https://doi.org/10.1161/01.ATV.0000160342.20342.00.

[28] Lindsey JB, de Lemos JA, Cipollone F, Ayers CR, Rohatgi A, Morrow DA, et al.
Association between circulating soluble receptor for advanced glycation end
products and atherosclerosis: observations from the dallas heart study. Dia-
betes Care 2009;32(7):1218e20. https://doi.org/10.2337/dc09-0053.

[29] Salonen KM, Ryh€anen SJ, Forbes JM, Borg DJ, H€ark€onen T, Ilonen J, et al.
Decrease in circulating concentrations of soluble receptors for advanced
glycation end products at the time of seroconversion to autoantibody posi-
tivity in pre-diabetic children. Diabetes Care 2015;38(4):665e70. https://
doi.org/10.2337/dc14-1186.

[30] Prasad K. Is there any evidence that AGE/sRAGE is a universal biomarker/risk
marker for diseases? Mol Cell Biochem 2019;451(1e2):139e44. https://
doi.org/10.1007/s11010-018-3400-2.

https://doi.org/10.1016/j.vph.2012.06.004
https://doi.org/10.1016/j.vph.2012.06.004
https://doi.org/10.1007/s10719-016-9711-1
https://doi.org/10.1007/s10719-016-9711-1
https://doi.org/10.3389/fimmu.2018.02088
https://doi.org/10.3389/fimmu.2018.02088
https://doi.org/10.1371/journal.pone.0160893
https://doi.org/10.1186/1472-6890-10-4
https://doi.org/10.1186/1472-6890-10-4
https://doi.org/10.3390/nu11030532
https://doi.org/10.1186/s13075-018-1801-y
https://doi.org/10.1021/acschemneuro.7b00410
https://doi.org/10.1186/s10020-018-0060-3
https://doi.org/10.1186/1546-0096-12-50
https://doi.org/10.1186/1546-0096-12-50
https://doi.org/10.1053/ajkd.2003.50084
https://doi.org/10.1053/ajkd.2003.50084
https://doi.org/10.3892/etm.2017.5045
https://doi.org/10.1096/fj.08-109033
https://doi.org/10.1096/fj.07-9909com
https://doi.org/10.1016/j.numecd.2014.10.009
https://doi.org/10.1016/j.numecd.2014.10.009
https://doi.org/10.1016/j.ejmhg.2014.06.003
https://doi.org/10.1016/j.ejmhg.2014.06.003
https://doi.org/10.1111/j.1600-0897.2008.00679.x
https://doi.org/10.1111/j.1600-0897.2008.00679.x
https://doi.org/10.1016/j.nutres.2014.04.012
https://doi.org/10.1016/j.nutres.2014.04.012
https://doi.org/10.1097/SLA.0000000000000919
https://doi.org/10.1097/SLA.0000000000000919
https://doi.org/10.1016/j.soard.2016.01.016
https://doi.org/10.2337/diacare.28.10.2465
https://doi.org/10.2337/dc17-1740
https://doi.org/10.1016/j.atherosclerosis.2017.07.008
https://doi.org/10.17179/excli2017-275
https://doi.org/10.17179/excli2017-275
https://doi.org/10.2337/dc15-0925
https://doi.org/10.3390/nu11020386
https://doi.org/10.3390/nu11020386
https://doi.org/10.1161/01.ATV.0000160342.20342.00
https://doi.org/10.2337/dc09-0053
https://doi.org/10.2337/dc14-1186
https://doi.org/10.2337/dc14-1186
https://doi.org/10.1007/s11010-018-3400-2
https://doi.org/10.1007/s11010-018-3400-2

	Advanced glycation end products (AGEs) and their soluble receptors (sRAGE) as early predictors of reno-vascular complicatio ...
	1. Introduction
	2. Subjects and methods
	2.1. Study design and patient selection
	2.2. Evaluation of biomarkers
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of interest
	Appendix A. Supplementary data
	References


