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ABSTRACT 

Background: Diabetes mellitus is a type 2 results in progressive vascular damage due to hyperglycaemia, oxidative stress, 
inflammation, endothelial dysfunction, and advanced glycation. Pentosidine, an advanced glycation end product, could be a 
surrogate marker for total glycoxidative stress that cannot be explained by traditional glycemic parameters. The study aim to 
assess the serum levels of pentosidine and its correlation with vascular complications in type 2 diabetes mellitus. 
Methods: The study was conducted among 150 patients for the hospital-based case-control study that comprised 50 healthy 
individuals, 50 T2DM patients without complications, and 50 patients with complications from T2DM. The concentration of serum 
pentosidine was determined by means of competitive ELISA, while HbA1c, fasting blood glucose, and postprandial blood glucose 
levels were measured.  
Results: The study findings showed the 33.06 ng/ml in uncomplicated T2DM subjects and 301.48 ± 26.42 ng/ml in complicated 
T2DM (P < 0.001). Also HbA1c increased from 4.82 ± 0.55% to 8.68 ± 0.59% and 10.82 ± 0.58%. PEN was noted to show correlation 
with diabetes duration (r=0.752-0.816) and HbA1c (r=0.731-0.769). 
Conclusion: The study concluded that high level of serum pentosidine was related with poor glycemic control and diabetic 
complications, contributing to the efficacy as an adjunctive biomarker. 
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INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a state of chronic 

metabolic stress which gradually damages the vascular 

system by interacting pathways of hyperglycaemia, 

oxidative stress, inflammation, endothelial dysfunction 
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and advanced glycation end-product (AGE) 

accumulation. The main parameters to assess risk 

conventionally are glycated haemoglobin (HbA1c), blood 

pressure, lipid profile, estimated glomerular filtration 

rate (eGFR), and urinary albumin excretion, but these 

parameters are not sufficient to define cumulative 

glycaemic injury or susceptibility to vascular 

complications. This limitation has rendered biochemical 

markers of combined long-term glycation and 

glycoxidative stress interesting. Of these, pentosidine is 

an AGE that is cross-linking and fluorescent, formed from 

oxidative reactions of reducing sugars with amino acid 

residues and may provide a way to gain information 
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beyond that of blood glucose or HbA1c levels but also 

about chronic tissue and vascular glycation [1–3]. These 

are thought to be especially important in diabetes, 

because they contribute to extracellular-matrix cross-

linking, stiffening of the blood vessels, alterations in 

endothelial signaling, production of reactive oxygen 

species and activation of the AGE–receptor for advanced 

glycation end products (RAGE) pathway. These processes 

trigger NF-κB dependent inflammatory signaling, deplete 

nitric oxide availability and drive endothelial dysfunction 

and atherosclerotic vascular remodeling [1,2,4]. 

An association between AGE burden and diabetic 

vascular disease is becoming well established with 

clinical evidence. In the large patient cohort of 1471, 

who had T2DM, there was a graded correlation between 

higher quartiles of AGE and increasing severity of DR by 

SAF with an area under the receiver operating 

characteristic curve of 0.728 [5] for vision-threatening DR. 

In a similar manner, circulating AGEs have been shown to 

be related to renal deterioration. The composite AGE 

score was independently associated with 30% reduction 

in eGFR (HR 1.42, 95% CI 1.13-1.78), macroalbuminuria 

(HR 1.53, 95% CI 1.13-2.06) and high-risk chronic kidney 

disease (HR 1.88, 95% CI 1.37-2.57) in the ACCORD 

cohort [6]. 

Pentosidine could be particularly useful as it is a 

chemically-defined AGE, not a composite of signals of 

fluorescence. In the T2DM, pentosidine has been 

reported as associated with structural and functional 

changes of the cardiovascular system. One cross-

sectional study showed that there was a relationship 

between pentosidine and the increase in brachial-ankle 

pulse-wave velocity (PWV) and arterial root diameter 

and a decrease in left ventricular ejection fraction (LVEF) 

in 122 T2DM patients [7]. In addition, the analysis of blood 

concentrations of pentosidine and vascular events has 

shown possible association of pentosidine to 

macroangiopathic diseases and pulse-wave velocity that 

reflects system-wide vascular damage [8]. In addition, it 

has recently been shown that total and free circulating 

AGEs levels are elevated in diabetic patients with 

microvascular and macrovascular diabetic complications 

which further supports the biological plausibility of using 

specific molecules of AGEs as adjunctive biomarkers [9]. 

Therefore, a case-control study of serum pentosidine in 

T2DM with and without vascular complications would be 

helpful in elucidating any biochemical differences in the 

presence of vascular complication in addition to those 

metabolic parameters. The objective of the present 

study was to investigate the association between 

pentosidine with vascular complications in T2DM and its 

potential as a secondary biomarker in patients at higher 

risk for vascular complications. 
 

MATERIALS AND METHODS 

Study design- The study was hospital-based case-control 

study which was conducted to analyze Serum 

Pentosidine as an effective biomarker of vascular 

complications among Type 2 Diabetes Mellitus. The 

study was conducted among 150 patients, with 100 

patients as type 2 diabetes mellitus (T2DM) and 50 

patients as healthy control. Diabetic patients were 

categorized as 50 cases without vascular complications 

and 50 cases each with microvascular or macrovascular 

complications, consisting of diabetic retinopathy, 

nephropathy, neuropathy, coronary artery disease, and 

stroke. The study was conducted in the tertiary care 

hospital, for duration of 1 year. Both written and verbal 

consent required for the study. Patients were selected 

on the basis of the specific predefined inclusion and 

exclusion criteria.  
 

Inclusion criteria  

 The adults of age 35 to 74 years of type 2 diabetes 

mellitus  

 T2DM patients with or without vascular 

complications 

 Patients with complications including retinopathy, 

nephropathy, or neuropathy   

 Patients with macrovascular complications such as 

coronary artery disease or stroke was included  

 Informed consent required for the study  
 

Exclusion criteria  

 Patients with the previous history of history of acute 

or chronic illnesses were excluded  

 Uninformed consent were excluded  
 

Procedure- The study ethical approval was obtained and 

written informed consent from the participants was 

selected. Subjects were classified as either T2DM 

subjects without any vascular complications, T2DM 

subjects with microvascular/macrovacular complications 

or age/gender-matched healthy controls.  
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Blood sample in the volume of approximately 5 mL was 

collected through venipuncture under aseptic 

precautions. The samples were subjected to 

centrifugation at 3000 rpm for 15 minutes; serum/ 

plasma was collected and stored in −20°C until used for 

analyses. Levels of PEN were analyzed by ELK 

Biotechnology Pentosidine Kit with competitive ELISA 

method. Measurement of HbA1c, Fasting blood glucose 

(FBG), and Post prandial blood glucose (PPBG) was 

conducted out at the Central Clinical Laboratory by the 

use of the Beckman Coulter AU5800 Series Clinical 

Chemistry Analyzer. 
 

Statistical analysis- Data analysis was performed using 

SPSS version 27. Continuous variables were expressed as 

mean ± standard deviation (SD). The independent t-test 

was used to compare continuous variables, and 

Pearson’s correlation was evaluated between PEN and 

clinical or biochemical parameters. Multiple linear and 

logistic regression analyses were conducted to identify 

independent predictors and factors related to diabetes. 

A p-value <0.05 was considered statistically significant.  
 

RESULTS 

Table 1 demonstrated the difference in the demographic 

and clinical parameters for the 3 study groups. The mean 

value of age enhanced from 48.72 ± 9.12 years controls 

to 50.46 ± 9.41 years in cases without complications and 

57.28 ± 9.52 years for cases with complication, which 

indicated old age profile. Males were 52.0%, 50.0%, and 

56.0% for the groups. The mean value of diabetes was 

high among cases with complications (9.52 ± 4.68 years), 

rather than those without complications (2.34 ± 1.62 

years). Patients with diabetic cases showed high BMI, 

(26.54–26.88 kg/m²) compared to control (24.68 ± 3.08 

kg/m²), which suggested high adiposity among diabetes 

(Table 1). 

 

Table 1: Comparison of Demographic and Clinical Characteristics among Controls, Cases without Complications, and 

Cases with Complications 

Parameters 
Controls 
(n=50) 

Cases without 
Complications 

(n=50) 

Cases with 
Complications 

(n=50) 

p-value 
(a-b) 

p-value 
(a-c) 

p-value 
(b-c) 

Age (Years) 48.72 ± 9.12 50.46 ± 9.41 57.28 ± 9.52 - - - 

Male, n (%) 26 (52.0%) 25 (50.0%) 28 (56.0%) - - - 

Female, n (%) 24 (48.0%) 25 (50.0%) 22 (44.0%) - - - 

Duration of 
Diabetes (Years) 

- 2.34 ± 1.62 9.52 ± 4.68 
- - - 

BMI (kg/m²) 24.68 ± 3.08 26.54 ± 2.61 26.88 ± 2.76 - - - 

 

Table 2 demonstrated marked differences for the PEN 

and glycemic parameters and the mean value of PEN 

enhanced from 122.64 ± 25.18 ng/ml in controls to 

289.72 ± 33.06 ng/ml in cases without complications and 

301.48 ± 26.42 ng/ml cases with complications. HbA1c 

enhanced with increase 4.82 ± 0.55% in control and 8.68 

± 0.59% and 10.82 ± 0.58%. FBG enhanced from 85.14 ± 

7.64 mg/dl to 120.46 ± 18.72 mg/dl and 133.18 ± 13.26 

mg/dl. The PPBG enhanced from 123.72 ± 8.06 mg/dl to 

148.64 ± 16.42 mg/dl and 160.28 ± 14.38 mg/dl (Table 

2).  

 

Table 3 indicated with high positive relationship between 

the PEN levels and the duration of the T2DM in the case 

group (r = 0.752) and control group (r = 0.816). Also high 

positive correlations between HbA1c and the 

concentration of PEN (r = 0.731 and 0.769, respectively). 

This indicated a significant relationship between the 

concentration of PEN and poor glycemic control in T2DM 

patients. The table showed moderate correlations 

between the FBG and the concentration of PEN in cases 

without complications (r = 0.671) and weak correlations 

among cases with complications (r = 0.238). There was 

no relationship between BMI and the concentration of 

PEN (r = 0.061 and 0.014, respectively) (Table 3).  



          SSR Institute of International Journal of Life Sciences

       ISSN (O): 2581-8740 | ISSN (P): 2581-8732 

Sinha et al., 2026 

         doi: 10.21276/SSR-IIJLS.2026.12.5.42  
 

Copyright © 2026| SSR-IIJLS by Society for Scientific Research under a CC BY-NC 4.0 International License   Volume 12 |   Issue 05 |   Page 10989 

 

Table 2: Comparison of Proenkephalin, Glycemic Control, Fasting Blood Glucose, and Postprandial Blood Glucose 

Levels among Controls and Diabetic Cases With and Without Complications 

Parameters 
Controls (a) 

(n=50) 

Cases without 

Complications (b) 

(n=50) 

Cases with 

Complications 

(c) (n=50) 

p-value 

(a-b) 

p-value 

(a-c) 

p-value 

(b-c) 

PEN (ng/ml) 122.64 ± 25.18 289.72 ± 33.06 301.48 ± 26.42 <0.001 <0.001 <0.05 

HbA1c (%) 4.82 ± 0.55 8.68 ± 0.59 10.82 ± 0.58 <0.001 <0.001 <0.001 

FBG (mg/dl) 85.14 ± 7.64 120.46 ± 18.72 133.18 ± 13.26 <0.001 <0.001 <0.001 

PPBG (mg/dl) 123.72 ± 8.06 148.64 ± 16.42 160.28 ± 14.38 <0.001 <0.001 <0.001 

 

Table 3: Correlation of PEN Levels with Duration of Type 2 Diabetes, BMI, and Glycemic Parameters among Cases With 

and Without Complications 

PEN v/s Parameters 
Cases without Complications  

(r value) 
Cases with Complications  

(r value) 

T2DM Duration 0.752 0.816 

BMI 0.061 0.014 

HbA1c 0.731 0.769 

FBG 0.671 0.238 

PPBG 0.114 0.137 
 

Table 4 showed the multivariate regression analysis and 

both of the PEN and HbA1c was noted to be significant 

predictor. PEN showed positive regression coefficient of 

0.021 ± 0.009 and the t value as 2.42 with P = 0.0168, 

which indicated the independent association. HbA1c 

showed the highest relation among all variables along 

with regression coefficient of 2.8764 ± 0.226, t = 12.73, 

and p < 0.0001. FBG showed the positive coefficient of 

0.03042. The regression coefficient of PPBG is −0.00912 

and also not significant (Table 4).   
 

Table 4: Multivariate Regression Analysis of PEN and Glycemic Parameters Associated with the Study Outcome 

Parameters Coefficient SE 95% CI t value p-value 

PEN 0.021 0.009 0.003–0.039 2.42 0.0168 

HbA1c 2.8764 0.226 2.431–3.322 12.73 <0.0001 

FBG 0.03042 0.016 -0.001–0.062 1.9 0.0589 

PPBG -0.00912 0.017 -0.042–0.024 -0.54 0.5901 

 

Table 5 showed the binary logistic regression analysis 

revealed that the predictors of complications in diabetes 

mellitus patients included PEN, HbA1c, and FBG. The 

predictor PEN had a positive correlation with the 

presence of complications and had a coefficient of 0.086, 

an odds ratio (OR) of 1.09, and P value of 0.0278, 

indicated the higher likelihood of complications as PEN 

values. HbA1c had the highest positive correlation with 

the complications, with the predictor having a coefficient 

of 5.62, OR of 275.4, and p-value less than 0.0001. FBG 

also showed a significant correlation with complications 

(coefficient 0.105, OR 1.11, p = 0.0322). PPBG showed a 

weak correlation (OR 1.03, p- value = 0.3620) (Table 5).  
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Table 5: Binary Logistic Regression Analysis of PEN and Glycemic Parameters Associated with Diabetic Complications 

Parameters Coefficient SE Wald Test p-value 
Odds 

Ratio 
95% CI 

PEN 0.086 0.039 4.84 0.0278 1.09 1.01–1.18 

HbA1c 5.62 1.08 27.05 <0.0001 275.4 
33.26–

2280.17 

FBG 0.105 0.049 4.59 0.0322 1.11 1.01–1.22 

PPBG 0.031 0.034 0.83 0.362 1.03 0.96–1.10 
 

Fig. 1 showed the progressive increase for the 4 variables 

from the controls to uncomplicated cases to complicated 

cases in the form of a stepwise pattern. The level of PEN 

increased from 118.45 ng/ml in controls to 287.30 ng/ml 

in uncomplicated cases and 304.12 ng/ml in complicated 

cases with  an increase of over 2.5 times. The levels of 

HbA1c increased from 5.02% to 8.45% and 10.98%, 

reflecting increasing poor glycemic control. There were 

increases in the values of fasting serum glucose from 

86.10 to 118.75 to 135.40 mg/dl and postprandial serum 

glucose from 121.80 to 150.20 to 156.35 mg/dl. Highest 

increase between the controls and the cases group, 

while the variation between the two cases groups were 

relatively smaller (Fig. 1). 
 

 
Fig. 1: Comparison of PEN, HbA1c, FSG and PPSG levels among controls, cases without complications and cases with 

complications 
 

DISCUSSION  

The current case-control study assesses the association 

between pentosidine and vascular complications in 

T2DM patients. This association is biologically supported 

as pentosidine is a stable fluorescent AGE formed during 

glycoxidative reactions that may be a marker of past 

metabolic stress rather than recent glycaemia. Unlike 

HbA1c, which primarily reflects glycaemic exposure over 

about the last 2–3 months, factors affecting AGE 

accumulation include prolonged hyperglycaemia, 

oxidative stress, carbonyl stress, renal clearance and 

tissue turnover. Thus, increased pentosidine levels might 

reflect a part of chronic vascular injury that is poorly 

captured by other traditional glycaemic indices [1,2]. 

Thus, the major implication of this study should be 

directed at the association of pentosidine with vascular 

complications, rather than at the study of pentosidine as 

a single parameter of hyperglycaemia. There are two 

complementary pathways by which AGE are associated 

with vascular pathology. Non-enzymatic glycation 

changes long-lived proteins like collagen and elastin by 

creating intermolecular cross-links that result in greater 

arterial stiffness. Second, AGE–RAGE interaction is linked 

to intracellular oxidative and inflammatory pathways, 

such as NADPH oxidase and nuclear factor-κB signalling, 

which can raise the production of reactive oxygen 

species, cytokines of inflammation, endothelial adhesion 

molecules and vascular permeability [2,4]. These 

mechanisms provide a plausible explanation for an 

association between increased serum pentosidine and 

clinical vascular disease. 
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The results are in agreement with recent clinical data on 

circulating pentosidine. In the DIABAGE study, 

pentosidine has been associated significantly with 

coronary disease and overall macro angiopathy, and 

correlated with pulse-wave velocity, which has been 

shown to be an established surrogate of arterial stiffness 
[8]. In other words, pentosidine was linked to the 

development of coronaropathy (OR 1.61) as well as any 

macroangiopathy (OR 1.52). The correlation between 

pentosidine and PWV was r=0.28 (P<0.001) suggesting a 

relationship between the circulating AGE burden and the 

mechanical abnormalities of the vessels. The conclusions 

were corroborated by a separate T2DM study of 122 

patients that found serum pentosidine was positively 

correlated with brachial-ankle pulse-wave velocity and 

various measures of vascular and cardiac remodelling, 

but inversely correlated with left ventricular ejection 

fraction [7]. 

The clinical relevance of the association of AGE 

accumulation and microvascular disease is also 

significant. In a study of 1,471 patients with T2DM, 

elevated AGE levels, by skin autofluorescence, were 

correlated with the severity of DR. The odds ratios for 

retinopathy in the different AGE quartiles were 1.00, 

1.69, 1.58 and 1.60, respectively, and the trend was 

significant; AGE measurement also showed an AUC of 

0.728 for diabetic retinopathy [5]. Skin autofluorescence 

does not directly measure serum pentosidine, but is a 

marker of systemic AGE accumulation, clinically 

associated with retinal microangiopathy. Mechanistic 

link is endothelial dysfunction, injury of the pericytes, 

oxidative stress, inflammatory signalling, and disruption 

of blood-retinal barrier due to AGE [11]. 

Consideration should be given to renal disease in 

interpreting serum pentosidine. The kidney plays an 

important role in the elimination of circulating products 

of AGE and a decrease in renal function can lead to 

elevated circulating levels of AGE products. A large study 

of patients with T2DM showed that the composite AGE 

score was independently associated with a worsening of 

renal function, 30% eGFR decline, macroalbuminuria and 

high-risk CKD after accounting for HbA1c and established 

clinical factors [6]. Likewise, an increase in AGE 

concentrations has been seen with the progression of 

CKD in subsequent studies, and some free AGE species 

are found to have particularly high increases in advanced 

renal disease [12]. Accordingly, when the present study 

shows increased pentosidine in those with vascular 

complications, care should be taken to not conclude that 

the overall increase is due to vascular disease, but rather 

that renal function is an important variable to consider 

as a potential confounder. 

There are also longitudinal and meta-analytic supporting 

evidence of cardiovascular relevance of AGEs. Data from 

14 prospective studies (79,389 individuals) revealed that 

increased AGE levels (measured by SA) were significantly 

linked to MACE, with a pooled HR of 1.54 (95% CI 1.31–

1.81). This association was more pronounced in 

individuals with diabetes, with an HR of 1.88 (95% CI 1.31 

– 2.69) [13]. Importantly, this evidence is for AGE burden, 

and not for pentosidine alone, so should not be 

interpreted as evidence that pentosidine is an 

independent predictor of cardiovascular events in its 

own right. 

Analytical research in recent years also supports the idea 

that individual AGE compounds should also be 

investigated, and not just global measurements of AGEs. 

In a 2024 study, using a liquid chromatography–tandem 

mass spectrometry, the concentration of free and total 

AGEs was found to be higher in patients with both 

microvascular and macrovascular diabetic complications 
[9]. However, kidney studies with prospective data 

indicate that composite AGE measures may be superior 

to AGE compounds in predicting renal decline [6]. This is 

significant because pentosidine may have biological 

specificity, whereas a multimarker AGE panel may have 

wider predicting power due to the different precursor 

pathways of different AGEs and their differential 

sensitivity to renal function and metabolic status. 

The present results should therefore be considered as 

supportive data to accompany pentosidine as a potential 

adjunctive biomarker, rather than an alternative to the 

use of HbA1c, lipid parameters, blood pressure, urinary 

albumin to creatinine ratio, eGFR, retinal assessment or 

established cardiovascular risk assessment. Recent 

reviews highlight the high analytical heterogeneity of 

AGE measurement, including variations in biological 

matrices, assay platforms, calibration protocols, and 

molecular targets of the assays [14,15]. In a recent 

systematic review and meta-analysis published in 2026, 

high levels of AGEs were consistently linked to diabetic 

microvascular and macrovascular studies, with an accent 

on the variability in measurement methods of AGEs [15]. 
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Overall, biological and clinical findings suggest a 

relationship between pentosidine related glycoxidative 

burden and diabetic vascular damage. The major 

strength of this case-control design is that it could 

identify any systemic differences in serum pentosidine 

levels in T2DM patients with and without vascular 

complications and whether this difference remained 

after adjusting for variables including age, diabetes 

duration, HbA1c, renal function, hypertension and 

dyslipidaemia. Larger, prospective studies with 

standardized LC-MS assays and with longitudinal 

outcomes of the vasculature are needed before serum 

pentosidine can be used in routine clinical risk 

stratification. 
 

CONCLUSIONS 

The study concluded with the relationship between high 

PEN levels, bad glycemic control and diabetic 

complications in patients with T2DM. The levels of PEN 

gradually increased from controls (122.64 ± 25.18 

ng/ml), cases without complications (289.72 ± 33.06 

ng/ml) and cases with complications (301.48 ± 26.42 

ng/ml) and had significant differences between the 

groups. There were significant differences in the levels of 

HbA1c, fasting blood glucose (FBG) and postprandial 

blood glucose (PPBG) between the groups (p < 0.001). 

There were strong positive correlations of PEN with 

duration of T2DM and HbA1c especially in cases with 

complications while there was no correlation with BMI. 

From multiple regression analysis, it was found that PEN 

and HbA1c were significant independent predictors of 

the study outcome. Also, binary logistic regression 

analysis found that high levels of PEN, HbA1c and FBG 

were significantly related to the risk of diabetic 

complications but there was no significance in relation 

with PPBG.  
 

CONTRIBUTION OF AUTHORS  

Research concept- Luna Sinha, Amit Singhal 

Research design- Luna Sinha, Saumya Pandey, Amit 

Singhal 

Supervision- Luna Sinha, Saumya Pandey 

Materials- Saumya Pandey, Neetu Gupta 

Data collection- Saumya Pandey, Abhishek Paul 

Majumder, Neetu Gupta, Sanjay Kumar Varun 

Data analysis and interpretation- Luna Sinha, Abhishek 

Paul Majumder, Amit Singhal 

Literature search- Luna Sinha, Saumya Pandey, Abhishek 

Paul Majumder, Neetu Gupta, Sanjay Kumar Varun, Amit 

Singhal 

Writing article- Luna Sinha, Saumya Pandey, Abhishek 

Paul Majumder, Neetu Gupta, Sanjay Kumar Varun, Amit 

Singhal 

Critical review- Luna Sinha, Abhishek Paul Majumder, 

Amit Singhal 

Article editing- Saumya Pandey, Abhishek Paul 

Majumder, Neetu Gupta, Sanjay Kumar Varun 

Final approval- Luna Sinha, Saumya Pandey, Abhishek 

Paul Majumder, Neetu Gupta, Sanjay Kumar Varun, Amit 

Singhal 
 

REFERENCES 

[1] Yang P, Feng J, Peng Q, Liu X, Fan Z. Advanced 

glycation end products: potential mechanism and 

therapeutic target in cardiovascular complications 

under diabetes. Oxid Med Cell Longev., 2019; 2019: 

9570616. 

[2] Yamagishi SI. Role of advanced glycation endproduct 

(AGE)-receptor for advanced glycation endproduct 

(RAGE) axis in cardiovascular disease and its 

therapeutic intervention. Circ J., 2019; 83(9): 1822-

28. 

[3] Parwani K, Mandal P. Role of advanced glycation end 

products and insulin resistance in diabetic 

nephropathy. Arch Physiol Biochem., 2023; 129(1): 

95-107. 

[4] Lee J, Yun JS, Ko SH. Advanced glycation end 

products and their effect on vascular complications 

in type 2 diabetes mellitus. Nutr., 2022; 14(15): 

3086. 

[5] Ying L, Shen Y, Zhang Y, Wang Y, Liu Y, et al. 

Association of advanced glycation end products with 

diabetic retinopathy in type 2 diabetes mellitus. 

Diabetes Res Clin Pract., 2021; 177: 108880. 

[6] Koska J, Gerstein HC, Beisswenger P, Reaven PD. 

Advanced glycation end products predict loss of 

renal function and high-risk chronic kidney disease in 

type 2 diabetes. Diabetes Care, 2022; 45(3): 684-91. 

[7] Cao Y, Ye X, Yuan X, Liu J, Zhang Q. Serum 

pentosidine is associated with cardiac dysfunction 

and atherosclerosis in T2DM. Diabetes Metab Syndr 

Obes., 2023; 16: 237-44. 

 



          SSR Institute of International Journal of Life Sciences

       ISSN (O): 2581-8740 | ISSN (P): 2581-8732 

Sinha et al., 2026 

         doi: 10.21276/SSR-IIJLS.2026.12.5.42  
 

Copyright © 2026| SSR-IIJLS by Society for Scientific Research under a CC BY-NC 4.0 International License   Volume 12 |   Issue 05 |   Page 10993 

 

[8] Diallo AM, Jaisson S, Barriquand R, Lukas C, Barraud 

S, et al. Association between the tissue and 

circulating advanced glycation end-products and the 

micro- and macrovascular complications in type 1 

diabetes: the DIABAGE study. Diabetes Ther., 2022; 

13(8): 1531-46. 

[9] Kato S, Matsumura T, Sugawa H, Nagai R. Correlation 

between serum advanced glycation end-products 

and vascular complications in patient with type 2 

diabetes. Sci Rep., 2024; 14(1): 18722. doi: 

10.1038/s41598-024-69822-5. 

[10] Mengstie MA, Abebe EC, Teklemariam AB, Mulu AT, 

Agidew MM, et al. Endogenous advanced glycation 

end products in the pathogenesis of chronic diabetic 

complications. Front Mol Biosci., 2022; 9: 1002710. 

doi: 10.3389/fmolb.2022.1002710. 

[11] Kang Q, Dai H, Jiang S, Yu L. Advanced glycation end 

products in diabetic retinopathy and phytochemical 

therapy. Front Nutr., 2022; 9: 1037186. doi: 

10.3389/fnut.2022.1037186. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[12] Rabbani N, Adaikalakoteswari A, Larkin JR, 

Panagiotopoulos S, MacIsaac RJ, et al. Analysis of 

serum advanced glycation end products reveals 

methylglyoxal-derived advanced glycation MG-H1 

free adduct is a risk marker in non-diabetic and 

diabetic chronic kidney disease. Int J Mol Sci., 2023; 

24(1): 152. 

[13] Chen Q, Huang Q, Liu W, Zhou X. Advanced glycation 

end products via skin autofluorescence as a new 

biomarker for major adverse cardiovascular events: a 

meta-analysis of prospective studies. Nutr Metab 

Cardiovasc Dis., 2022; 32(5): 1083-92. 

[14] Nguyen DH, Howsam M, Boulanger E, Tessier FJ. 

Glycation and disease: a systematic review of the 

analytical methods and applications of advanced 

glycation end products (AGEs) as biomarkers of 

disease. Crit Rev Clin Lab Sci., 2026; 63: 1-29. 

[15] Weningtyas A, Guterez Hose VA, Nugrahenny D, 

Rudijanto A, Rohman MS. Association between 

advanced glycation end products (AGEs) and diabetic 

complications: a systematic review and meta-

analysis. Diabetes Res Clin Pract., 2026; 239: 113427. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Open Access Policy:   
Authors/Contributors are responsible for originality, contents, correct references, and ethical issues. SSR-IIJLS publishes all articles under Creative 
Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC). https://creativecommons.org/licenses/by-nc/4.0/legalcode   

 
 

 

https://creativecommons.org/licenses/by-nc/4.0/legalcode

