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Introduction

Advanced glycation end products  (AGEs) and their 
receptors  (RAGEs) play a key role in the pathogenesis of  
diabetes mellitus and cardiovascular disease (CVD). This study 
explores the association of  soluble RAGE  (sRAGE) with 
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Abstract

Introduction: Advanced glycation end products (AGEs) and their cellular receptors (RAGEs) play an important role in the pathogenesis 
of type 2 diabetes mellitus and its progression to cardiovascular disease (CVD). A marker of the AGE‑RAGE axis, soluble RAGE (sRAGE), 
was examined in this study in various glycemic states as well as in low‑ and high‑CVD‑risk patients. Methods: In this cross‑sectional 
study, 25 adults were recruited into each of the “Normoglycemic”, “Prediabetic”, and “Diabetic” groups based on American Diabetes 
Association 2019 HbA1c% level criteria. Using online American Heart Association Atherosclerotic CVD (AHA ASCVD) risk calculator 
and guidelines, patients were classified into “Low” and “High” risk categories. Serum sRAGE was assayed using sandwich ELISA 
technology. Serum markers necessary for calculation of homeostatic model assessment for insulin resistance  (HOMA‑IR) and 
atherogenic index of plasma (AIP) were spectrophotometrically estimated. Carotid intima‑media thickness (CIMT) was analyzed using 
B‑mode carotid ultrasonography. Results: Mann–Whitney U analysis showed that sRAGE, AIP, HOMA‑IR, CIMT, and %10‑year CVD 
risk values were significantly different in the two ASCVD risk categories. Spearman test showed a significant correlation between 
sRAGE and other markers. ROC curve analysis demonstrated a higher area under the curve for sRAGE than other known parameters 
to differentiate between ASCVD risk categories. Finally, odds ratio analysis showed that sRAGE had higher odds of detecting high 
CVD risk than AIP or CIMT. Conclusions: Our study has demonstrated the possible role of sRAGE in CVD development and suggests 
that they may serve as screening markers for future CVD risk.
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markers of  glycemic status like HbA1c% and homeostatic model 
assessment of  insulin resistance (HOMA‑IR) and compares its 
levels among diabetics, prediabetics, and normoglycemic controls. 
Furthermore, sRAGE levels were also compared among the 
American Heart Association  –  Atherosclerotic CVD  (AHA 
ASCVD) score stratified low‑ and high‑risk groups of  patients. 
Finally, its association with the atherogenic index of  plasma (AIP) 
and carotid intima‑media thickness (CIMT) was also assessed.

Material and Methods

This cross‑sectional, observational study was conducted from 
January 1, 2021 to May 31, 2022 at the central laboratory of  
the Department of  Biochemistry, in collaboration with the 
Department of  Medicine and Radiodiagnosis of  a tertiary care 
teaching hospital in New Delhi, India. Approval for this study 
was granted by the Institutional Ethical Committee.

Due to diminished patient footfalls during the COVID‑19 
pandemic, a convenient sampling method was used. Based on 
the fasting and postprandial blood glucose as well as HbA1c 
% levels  (as recommended by ADA 2019), the glycemic 
status of  each patient was assessed. Recruited patients were 
categorised into three study groups, which are “Normoglycemic 
patients”  (HbA1c level  <5.7%), “Prediabetic patients”  (5.7% 
< HbA1c level  <6.5%), and “Diabetic patients”  (HbA1c 
level  ≥6.5%). Twenty‑five consenting adult treatment naïve 
patients were enrolled in each group to constitute a total of  75 
participants for this study. Additionally, using the online AHA 
ASCVD Risk calculator, the percentage risk of  developing 
CVD in the next 10  years was calculated. As per the AHA 
risk stratification guidelines, patients were classified into low 
risk (if  10‑year risk < 5%) and high risk (if  10‑year risk ≥5%).[1] 
Subjects with a previous history of  diabetes, hypertension, overt 
cardiovascular events, inflammatory arthropathy, or use of  
diabetic or anticancer drugs were excluded from the study. 
A detailed medical history with anthropometric measurements 
and food and lifestyle habits was taken.

A detailed medical history with anthropometric measurements 
and food and lifestyle habits was taken. After 12 h overnight 
fasting, venous blood samples were drawn from each patient 
in yellow‑capped serum separator tubes  (SSTs), vacutainers 
with sodium fluoride and disodium EDTA additives, and 
vacutainers with dipotassium EDTA (BD vacutainers; Becton, 
Dickinson and Company, USA). Blood in SSTs was allowed 
to clot, followed by serum separation by centrifugation at 
3500 rpm for 15–20 minutes in the DLAB DM0636 laboratory 
centrifuge (DLAB Scientific Inc., California, USA).

Spectrophotometric estimation of  routine biochemical 
parameters like plasma glucose, serum total cholesterol, and 
serum HDL‑C was done using the hexokinase, cholesterol 
oxidase–peroxidase, and enzymatic inhibition methods, 
respectively, on a Beckman Coulter AU 680 automated 
clinical chemistry analyzer  (Beckman Coulter Inc., Danaher 

Corporation, California, USA). Plasma HbA1c% was estimated 
by quantitative immunoturbidimetric assay  (based on the 
reflectance photometry technique) on a Vitros 5600 automated 
clinical chemistry analyzer  (Ortho Clinical Diagnostics, New 
Jersey, USA). Serum fasting insulin was assessed on a Vitros 
ECiQ automated electrochemiluminescent immunoassay 
analyzer (Ortho Clinical Diagnostics, New Jersey, USA). Patient 
samples were only processed if  both daily internal and monthly 
external quality checks were within acceptable limits.

Insulin resistance was calculated using the homeostatic model 
assessment for insulin resistance (HOMA‑IR), the formula for 
which is as follows:[2]

( ) ( )
HOMA - IR 

F.B.G. mmol / L  x Fasting Serum Insulin µIU / mL
=

22.5
The atherogenic index of  plasma was calculated using the 
formula:

 
 
 

10

TG (mg /dL)
AIP = Log

HDL -C (mg /dL)

Estimation of  CIMT was done via B‑mode ultrasonography 
using GE Healthcare Voluson Ultrasound System  (General 
Electric Company, Boston, New York USA).

Finally, sRAGE was measured based on the principle of  double 
antibody sandwich technology enzyme linked immunosorbent 
assay  (ELISA) by the Shanghai Coon Koon BioTech Co. 
Ltd., Human Soluble Receptor for Advanced Glycation End 
Products (SRAGE) ELISA Kit.

Statistical analysis
Categorical variables were presented in number and 
percentage  (%), and continuous variables were presented as 
mean ± SD. Normality of  data was tested by Shapiro–Wilk test. 
The data were entered in MS EXCEL spreadsheet, and analysis 
was done using the licensed version of  Statistical Package for 
Social Sciences  (SPSS) version  21.0.  (IBM Corp., Chicago, 
USA). A two‑tailed value of P < 0.05 was considered statistically 
significant.

Results

Demographic details of  the 75 patients (aged 50.32 ± 6.60 years) 
who were selected for this cross‑sectional study are as described 
in Table 1:

The distribution of  patients based on their glycemic status as well 
as ASCVD risk categories is detailed in Table 2 and graphically 
demonstrated in Figure 1.

Chi‑square test between AHA ASCVD risk category and 
glycemic status showed significant association between them, 
with a Chi‑square test value of  9.091, P  =  0.011  (φ =0.348, 
Cramer’s V = 0.348, P = 0.011).
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The mean distribution of  sRAGE levels in the three study groups 
based on glycemic status is depicted in Figure 2.

The mean sRAGE levels in the two ASCVD risk categories have 
also been depicted in the bar chart as shown in Figure 3.

Shapiro–Wilk test determined that the data did not follow 
normal distribution, and therefore, all nonparametric tests were 
used. Mann–Whitney U and Wilcoxon W tests showed that the 
sRAGE, AIP, HbA1c%, HOMA‑IR, CIMT, and % 10‑year CVD 
risk values were significantly different in the two ASCVD risk 
categories, as shown in Table 3.

Spearman rank correlation was done, where sRAGE showed 
significant negative correlation with AIP (ρ = ‑ 0.456, P < 0.001), 
HbA1c%  (ρ = ‑   0.493, P  <  0.01), HOMA‑IR  (ρ = ‑   0.549, 
P < 0.001), CIMT (ρ = ‑ 0.573, P < 0.01), and % 10‑year CVD 
risk (ρ = ‑ 0.493, P < 0.01).

Receiver operator characteristic (ROC) curve test was done to 
assess and compare the differentiating power of  sRAGE, CIMT, 
and AIP into the two CVD risk categories. As shown by Figure 4 
and Table 4, sRAGE showed higher AUC (0.760, P < 0.001) 
than either CIMT (0.685, P = 0.006) or AIP (0.636, P = 0.045).

At a cutoff  value  <13.29  ng/mL, sRAGE had not only a 
sensitivity of  75% and a specificity of  74.4% but also a positive 
predictive value of  68.97%, a negative predictive value of  71.74%, 
and an overall percentage diagnostic accuracy of  70.67% for 
ASCVD risk stratification.

Furthermore, as shown in Table  5, odds ratio  (OR) analysis 
showed that sRAGE had higher OR  (7.36) for detection of  
high‑CVD risk status than CIMT (6.79) or AIP (2.10).

This indicates that sRAGE has better capability of  10‑year CVD 
risk prediction than established biochemical and radiological 
markers of  atherosclerosis such as AIP and CIMT.

Discussion

The rapid increase in the prevalence of  noncommunicable 
diseases, like type 2 diabetes mellitus (T2DM) and cardiovascular 
disease (CVD), is the single largest threat to public health worldwide 
and especially to the Indian subcontinent, home to more than 
1.8 billion people. This not only is due to increasing lifetime exposure 
to risk factors but is also a function of  a marked demographic 
transition characterized by declining birth and death rates and an 
increasingly ageing population.[3,4] A 2011 ICMR‑INDIAB study 
found that Indians have the highest incidence rates of  prediabetes 
and diabetes among all major ethnic groups, and the conversion 
from prediabetes to diabetes occurs more rapidly in this population.[5]

Table 1: Demographic details of age and sex distribution 
in the study population

Sex n Average Age (in years)
Males 40 50.67±6.97
Females 35 50.06±6.13

Table 2: Patient distribution based on glycemic status and 
AHA ASCVD Risk Stratification

Glycaemic Status and AHA 
ASCVD Risk Stratification 
Crosstabulation

AHA ASCVD Risk 
Category

Total

Low Risk High Risk
Glycemic Status
Normoglycemic Patients 18 7 25
Prediabetic Patients 16 9 25
Diabetic Patients 8 17 25
Total 42 33 75
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Figure 1: Bar chart showing association of CVD risk category with 
glycemic status
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Figure 2: Mean distribution of sRAGE in the three glycemic status 
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As T2DM shares several risk factors in common with CVD, such 
as age, hypertension, dyslipidemia, and obesity to name a few, 
an increase in the prevalence of  diabetes indirectly implicates an 
escalating risk of  CVD as well. According to the World Health 
Organization, India accounts for one‑fifth of  the global burden of  
CVD‑related mortalities, seen especially in the younger population. 
The results of  the Global Burden of  Disease study have shown 
that the age‑standardized CVD death rate per million population is 
272 in India, which is much higher than that of  the global average 
of  235. Despite wide heterogeneity in the prevalence of  metabolic 
risk factors across different geographies, CVD has emerged as the 
leading cause of  death in all parts of  India, including poorer states 
and rural areas.[6,7] Hence, it is imperative that clinical interventions 
are conducted during the earlier stages of  T2DM in order to 
prevent its progression to CVD.[8]

The cornerstone of  preventive cardiology is formulating 
strategies for CVD risk assessment and reduction. Various 
international organizations have proposed CVD risk scoring 
guidelines for pre‑emptive risk stratification and management 
in order to decrease the disease burden and improve health 

outcomes. In 2013, the American College of  Cardiology (ACC) 
in collaboration with the AHA gave guidelines for assessment of  
cardiovascular risk with the help of  the ASCVD risk calculator. 
The AHA ASCVD risk score is a calculation of  the percentage 
10‑year risk of  developing a cardiovascular ailment, such as 
acute myocardial infarction or cerebrovascular accident. This 
risk estimate is dependent on age, sex, race, blood pressure, use 
of  hypertensive medication, glycemic status, smoking habit, total 
cholesterol levels, and HDL cholesterol levels.[9]

AGEs are a heterogeneous group of  bioactive molecules 
generated under hyperglycemic conditions, oxidative stress, 
and hypoxia by the nonenzymatic glycation reaction of  amine 
groups of  proteins, lipids, and nucleic acids by reducing 
carbohydrates.[10]  AGEs bind to the cellular receptor for 
AGEs  (RAGE). RAGE is a member of  the immunoglobulin 
superfamily of  cell surface molecules and is expressed in multiple 
tissues, including endothelium cells, vascular smooth muscle cells, 
and monocyte‑derived macrophages.[11] This receptor–ligand 
binding can lead to generation of  reactive oxygen species and 
activation of  intracellular signal transduction pathways involved 
in cytokine production, inflammation, and fibrosis over a 
prolonged period of  time.[12]

A novel marker of  the AGE‑RAGE axis is sRAGE, which is a 
RAGE isoform found in serum and is formed by the proteolytic 
cleavage of  membrane‑bound RAGE. The relevance of  sRAGE 
is that it competes with cellular RAGE for binding of  AGEs 
and other ligands and therefore may reduce the activation of  
the RAGE‑mediated proinflammatory and profibrotic signaling 
pathways.[13] This has also been demonstrated in experimental 
murine models where administration of  sRAGE reduced immune 
and inflammatory responses.[14]

This tertiary care center‑based observational study has two 
principal findings. First, we have demonstrated an association 
between hyperglycemia and CVD as shown in Table 2, Figure 1, 
which was found to be statistically significant with a Chi‑square 
test value of  9.091, P = 0.011. Several epidemiological studies 
have also demonstrated a similar relationship in the general 
population.[15]

Second, our study has shown an association of  sRAGE, a novel 
marker of  the AGE‑RAGE axis, with glycemic state and its 

Table 4: ROC curve statistics for sRAGE, CIMT, and 
AIP

Parameters AUC Std. 
Error

P 95% Confidence Interval
Lower Bound Upper Bound

sRAGE 0.760 0.058 <0.001 0.646 0.875
CIMT 0.685 0.068 0.006 0.552 0.817
AIP 0.636 0.066 0.045 0.506 0.765

Table 3: Mann–Whitney U and Wilcoxon W test values for sRAGE, AIP, CIMT, and % 10‑year risk of CVD 
development among the ASCVD Risk Categories

Parameters AHA ASCVD Risk category Mann‑ Whitney 
U test value

Wilcoxon W 
test value

P
Low Risk 

n=42
High Risk 

n=33
sRAGE (ng/mL) 15.25±2.96 13.62±4.49 325.5 886.5 <0.001
AIP 0.61±0.18 0.70±0.20 881.0 1442.0 0.045
HbA1c % 6.13±1.44 7.90±2.77 933.5 1494.5 0.010
HOMA‑IR 2.68±1.80 4.64±2.23 1017.5 1578.5 0.001
CIMT (mm) 0.75±0.17 1.01±0.42 947.0 1510.0 0.006
% 10 Year CVD Risk 2.65±1.30 11.93±9.83 1386.0 1947.0 <0.001
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Figure 4: Spearman rank correlation of sRAGE levels with AIP
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conventional markers as well as with CVD risk and markers of  
its assessment. AGE‑RAGE interaction induces harmful effects 
by activating NF κ‑B pathway, leading to increased oxidative 
stress and inflammatory mediators.[16] Human vascular cells 
express several RAGE variant proteins, including three novel 
human RAGE transcripts encoding truncated soluble forms 
of  RAGE.[17] This C‑truncated RAGE fragment is called the 
human soluble receptor for advanced glycation end products, 
or sRAGE, formed primarily by proteolytic cleavage of  the 
membrane bound RAGE. It consists of  only the extracellular 
ligand binding domain but lacks the cytosolic and transmembrane 
domains capable of  intracellular signal transduction mechanism. 
Consequently, after being released into the blood, sRAGE 
competes with RAGE to bind with AGEs, thereby preventing 
the activation of  their signal transduction pathway, which in 
turn attenuates ROS‑mediated injury by the proinflammatory 
NF‑κB and MAP‑K pathways. Therefore, a few studies have not 
only suggested that the administration of  sRAGE is protective 
against diabetic complications but also postulated that this 
marker may have an atheroprotective function in the body.[18,19] 
In our study, we have found a negative association of  serum 
sRAGE levels with hyperglycemia as shown in Figure 2. The 
estimated sRAGE levels were 13.21 ± 4.93 ng/mL in diabetics, 
13.98 ± 1.86 ng/mL in prediabetics, and 16.19 ± 3.31 ng/mL 
in normoglycemic controls. As shown in Figure 5, HbA1c% 
was found  to be a significant independent factor inversely 
associated with plasma sRAGE levels in both hyperglycemic and 
normoglycemic patients (ρ = ‑0.493, P < 0.001). These findings 
have also been corroborated by the study of  Basta et al., where 
plasma sRAGE was found to have an inverse correlation with 
hyperglycemic state. (4) However, contrary to our findings, some 

studies showed sRAGE may be raised in diabetes consequent to 
endothelial cell damage.[20,21]

It has been hypothesized that AGEs and oxidative stress play 
a role of  in the development of  insulin resistance.[15,22] sRAGE 
represents a naturally occurring competitive inhibitor of  the 
signaling pathways induced by the interaction of  AGEs with 
its cellular receptor and contributes to the neutralization of  
circulating RAGE–ligands.[17] In line with this evidence, our 
study has demonstrated an inverse association of  sRAGE 
with HOMA‑IR  (ρ = ‑ 0.475, P  <  0.001) as depicted in 
Figure 6.

The exact mechanism by which plasma sRAGE levels are 
decreased in diabetic patients is yet to be fully elucidated. One 
possibility is that hyperglycemia inhibits sRAGE production 
directly or via increased cytokines and/or hyperglycemia‑induced 
AGEs. Alternatively, lower sRAGE levels could be due to an 
increased clearance of  AGE ligand/sRAGE complexes.[23]

The lower levels of  sRAGE detected in diabetic patients might 
also indicate an enhanced propensity to diabetic vascular 
complications, given that RAGE ligands can interact freely 
with cell‑bound RAGE signaling.[24] A meta‑analysis done in 
2021 by Zahabi et al.[25] showed that circulating concentration 
of  sRAGE was significantly associated with an increased 
risk of  CVD mortality. This association was stronger among 
studies that did not adjust for age, smoking, and chronic disease 
morbidity. Moreover, numerous other studies have also shown 
that the sRAGE has an inverse correlation with atherogenic 
state, which indicates that low sRAGE levels carry a higher 
CVD risk.[25‑29]

Table 5: OR analysis of sRAGE, CIMT, and AIP for predicting CVD risk status
Parameters AHA ASCVD Risk Stratification Total Odds 

Ratio
95% Confidence Interval

Low Risk High Risk Lower limit Upper Limit
sRAGE Low risk 32 10 42 7.36 2.64 20.56

High risk 10 23 33
CIMT Low risk 35 14 49 6.79 2.34 19.69

High Risk 7 19 26
AIP Low risk 29 17 46 2.10 0.82 5.41

High Risk 13 16 29
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Figure 5: Spearman rank correlation of sRAGE levels with HbA1c%
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In support of  this possibility, we found that sRAGE was significantly 
more  (Mann–Whitney U = 325.5, P < 0.001) in the low‑risk 
category (15.25 ± 2.96 ng/mL) than in patients belonging to the 
high‑risk group (13.62 ± 4.49 ng/mL) as shown in Table 3 and 
Figure 3. Our study has also demonstrated that sRAGE showed 
a significant negative correlation with conventional markers of  
atherogenicity like AIP (ρ = ‑0.416, P < 0.001) and CIMT (ρ = ‑0.622, 
P < 0.001) as shown in Figures 4 and 7, respectively. Furthermore, as 
depicted in Figure 8, sRAGE was inversely correlated with %10‑year 
CVD risk (ρ = ‑0.493, P < 0.001).

These data, together with the inverse association between sRAGE 
and atherosclerosis previously published, suggest a role for 
sRAGE in the development of  CVD, and therefore, low levels 
of  sRAGE can be a potential novel marker for screening of  
CVD in prediabetes and diabetes.[30]

For primary care physicians, understanding sRAGE’s role has 
significant potential benefits as it can improve patient care by 
identifying biomarkers for disease progression and enhance 
early diagnosis and management of  T2DM and CVD‑related 
comorbidities. As our study has shown sRAGE to be a valuable 
biomarker for CVD progression, with a better OR and AU‑ROC 
curves than a radiological marker like CIMT for detecting higher 
CVD risk [Table 4 Figure 9 and Table 5], monitoring sRAGE 
levels enables identification and earlier interventions in patients 
at higher risk, even in resource‑limited primary health centers 
which do not have B‑mode USG setups. This sets the stage for 
more personalized treatment plans and preventative strategies, 
such as lifestyle changes or pharmacological interventions.

Furthermore, as research evolves, therapies that modulate sRAGE 
levels may emerge, offering new treatment options to mitigate disease 
progression. For primary care physicians, staying informed about 
these developments will be crucial in delivering comprehensive, 
evidence‑based care that addresses both prevention and treatment 
of  AGE‑related diseases leading to better patient outcomes.

This study is not without its limitations, which include a low 
sample size due to diminished OPD patient footfalls during 
the COVID‑19 pandemic, resulting in less power of  statistical 
analyses of  various markers among the three different study 
groups. Due to the limited number of  participants, confounding 
factors such as  family history of  T2DM or IHD and dietary 
and exercise habits could not be eliminated. Moreover, 
interobservational bias may be present as observer‑dependent 
ultrasonography‑based markers like CIMT was used.

After due appraisal of  the existing literature, our study is the first 
of  its kind in India which has explored the association of  sRAGE, 
a novel member of  the AGE‑RAGE axis, in various glycemic 
states, as well as examining its role as a marker of  cardiovascular 
risk assessment using a user‑friendly and easily accessible ASCVD 
AHA calculator. Therefore, it was not possible to adequately 
compare the estimated cutoff, sensitivity, and specificity values 
of  sRAGE in this study with similar peer‑reviewed Indian studies.

Conclusion

In conclusion, although our study is limited by its low sample size 
and cross‑sectional design, we have demonstrated improvement 
in 10‑year CVD risk prediction by addition of  sRAGE, which 
provides evidence for its role in CVD development beyond 
conventional inflammatory markers and cardiovascular risk 
factors. This suggests that it may serve not only as a noninvasive 
marker for future CVD development but also as a potential 
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pharmacological target. However, a greater number of  studies 
with a larger sample size and of  prospective design are necessary 
to establish the role of  this marker in CVD development and 
CVD‑related mortality.
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