Diabetes

Baishideng Publishing Group Inc



Jaishideng®

Z Diabetes
Contents Monthly Volume 14 Number 12 December 15, 2023

EDITORIAL

1717  Potential therapeutic targets for the prevention of diabetic nephropathy: Glycyrrhetinic acid
Cai L, Horowitz M, Islam MS
REVIEW

1721  Analysis of the management and therapeutic performance of diabetes mellitus employing special target
Sun HY, Lin XY

1738 Genetic perspectives on childhood monogenic diabetes: Diagnosis, management, and future directions
Sun HY, Lin XY
ORIGINAL ARTICLE
Case Control Study

1754  Comparative analysis of Ne-carboxymethyl-lysine and inflammatory markers in diabetic and non-diabetic
coronary artery disease patients
Shrivastav D, Singh DD, Mir R, Mehra P, Mehta V, Dabla PK

1766  Comparative study of type 2 diabetes mellitus-associated gut microbiota between the Dai and Han
populations
Tang LT, Feng L, Cao HY, Shi R, Luo BB, Zhang YB, Liu YM, Zhang J, Li SY
Retrospective Study

1784  Early hemodynamics after tibial transverse transport in patients with nonarterial stenosis and arterial
stenosis diabetic foot
Liao MM, Chen S, Cao JR, Wang MW, Jin ZH, Ye J, Ren YJ, Guo RQ

1793  Establishment of models to predict factors influencing periodontitis in patients with type 2 diabetes
mellitus
Xu HM, Shen XJ, Liu J
Clinical Trials Study

1803  Relationship between GCKR gene rs780094 polymorphism and type 2 diabetes with albuminuria
LiuYY, Wan Q
Randomized Clinical Trial

1813  Acupuncture in diabetic peripheral neuropathy-neurological outcomes of the randomized acupuncture in
diabetic peripheral neuropathy trial
Hoerder S, Habermann 1V, Hahn K, Meyer-Hamme G, Ortiz M, Grabowska W, Roll S, Willich SN, Schroeder S, Brinkhaus
B, Dietzel J

WJD | https://www.wjgnet.com I December 15,2023 | Volume14 | Issue12 |



World Journal of Diabetes

Contents
Monthly Volume 14 Number 12 December 15, 2023

Basic Study

1824  Depletion of gut microbiota facilitates fibroblast growth factor 21-mediated protection against acute
pancreatitis in diabetic mice

Sun QY, Wang XY, Huang ZP, Song J, Zheng ED, Gong FH, Huang XW

1839  Diabetes mellitus and prostate cancer risk: A mendelian randomization analysis

Yuan JX, Jiang Q, Yu SJ

1849  Atorvastatin ameliorated myocardial fibrosis in db/db mice by inhibiting oxidative stress and modulating
macrophage polarization

Song XM, Zhao MN, Li GZ, Li N, Wang T, Zhou H

1862  Empagliflozin ameliorates diabetic cardiomyopathy probably via activating AMPK/PGC-1a and inhibiting
the RhoA /ROCK pathway

Li N, Zhu QX, Li GZ, Wang T, Zhou H

CASE REPORT
1877  Maturity-onset diabetes of the young type 10 caused by an Ala2Thr mutation of INS: A case report
Chen H, Fei SJ, Deng MQ, Chen XD, Wang WH, Guo LX, Pan Q

Boishidengs WID | https://www.wjgnet.com I December 15,2023 | Volume14 | Issue12 |



World Journal of Diabetes

Contents
Monthly Volume 14 Number 12 December 15, 2023

ABOUT COVER

Editorial Board Member of World Journal of Diabetes, Davide Lauro, MD, MDS, Professor, Department of System
Medicine, University of Rome Tor Vergata, Rome 00133, Lazio, Italy. d.lauro@med.uniroma2.it

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (W]D, World | Diabetes) is to provide scholars and readers from various
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their
research findings online.

WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals Database.
The 2023 Edition of Journal Citation Reports® cites the 2022 impact factor (IF) for W]D as 4.2; IF without journal self
cites: 4.1; 5-year IF: 4.5; Journal Citation Indicator: 0.69; Ranking: 51 among 145 journals in endocrinology and
metabolism; and Quartile category: Q2.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Y#-Xi Chen; Production Department Director: X# Guo; Editorial Office Director: Jia-Ru Fan.

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

NAME OF JOURNAL
World Journal of Diabetes

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9358 (online)

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
June 15, 2010 https:/ /www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

EDITORS-IN-CHIEF
Lu Cai, Md. Shahidul Islam, Michael Horowitz

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1948-9358 /editorialboard.htm

PUBLICATION DATE
December 15, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

https:/ /www.wignet.com/bpg/gerinfo/242
STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Guiewidenge WID | hitps://www.wignet.com

December 15,2023 | Volume 14 |

Issue12 |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

%

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4239/wjd.v14.i112.1754

World Journal of
Diabetes

World | Diabetes 2023 December 15; 14(12): 1754-1765

ISSN 1948-9358 (online)

Case Control Study

ORIGINAL ARTICLE

Comparative analysis of Ne-carboxymethyl-lysine and inflammatory
markers in diabetic and non-diabetic coronary artery disease

patients

Dharmsheel Shrivastav, Desh Deepak Singh, Rashid Mir, Pratishtha Mehra, Vimal Mehta, Pradeep Kumar

Dabla

Specialty type: Endocrinology and
metabolism

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): D

Grade E (Poor): 0

P-Reviewer: Lakusic N, Croatia;
Long P, China

Received: August 21, 2023
Peer-review started: August 21,
2023

First decision: September 29, 2023
Revised: October 11, 2023
Accepted: November 3, 2023
Article in press: November 3, 2023
Published online: December 15,
2023

Jaishideng®

WJD | https://www.wjgnet.com

Dharmsheel Shrivastav, Desh Deepak Singh, Amity Institute of Biotechnology, Amity
University, Jaipur 303002, Rajasthan, India

Dharmsheel Shrivastav, Pradeep Kumar Dabla, Department of Biochemistry, Govind Ballabh
Pant Institute of Postgraduate Medical Education and Research, Delhi 110002, India

Rashid Mir, Department of Medical Lab Technology, Faculty of Applied Medical Sciences,
University of Tabuk, Tabuk 71491, India

Pratishtha Mehra, Vimal Mehta, Department of Cardiology, Govind Ballabh Pant Institute of
Postgraduate Medical Education and Research, Delhi 110002, India

Corresponding author: Pradeep Kumar Dabla, MD, Professor, Department of Biochemistry,
Govind Ballabh Pant Institute of Postgraduate Medical Education and Research, ] L N Marg,
Delhi 110002, India. pradeep dabla@yahoo.com

Abstract

BACKGROUND

Coronary artery disease (CAD) is a major cause of death worldwide, and India
contributes to about one-fifth of total CAD deaths. The development of CAD has
been linked to the accumulation of Ne-carboxymethyl-lysine (CML) in heart
muscle, which correlates with fibrosis.

AIM
To assess the impact of CML and inflammatory markers on the biochemical and
cardiovascular characteristics of CAD patients with and without diabetes.

METHODS

We enrolled 200 consecutive CAD patients who were undergoing coronary
angiography and categorized them into two groups based on their serum
glycosylated hemoglobin (HbA1c) levels (group I: HbAlc > 6.5; group II: HbAlc <
6.5). We analyzed the levels of lipoproteins, plasma HbAlc levels, CML,
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), and nitric oxide.

RESULTS
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Group I (81 males and 19 females) patients had a mean age of 54.2 + 10.2 years, with a mean diabetes duration of
4.9 + 2.2 years. Group II (89 males and 11 females) patients had a mean age of 53.2 + 10.3 years. Group I had more
severe CAD, with a higher percentage of patients with single vessel disease and greater stenosis severity in the left
anterior descending coronary artery compared to group II. Group I also exhibited a larger left atrium diameter.
Group I patients exhibited significantly higher levels of CML, TNF-q0, and IL-6 and lower levels of nitric oxide as
compared with group II patients. Additionally, CML showed a significant positive correlation with IL-6 (r = 0.596,
P =0.001) and TNF-a (r = 0.337, P = 0.001) and a negative correlation with nitric oxide (r=-4.16, P = 0.001). Odds
ratio analysis revealed that patients with CML in the third quartile (264.43-364.31 ng/mL) were significantly
associated with diabetic CAD at unadjusted and adjusted levels with covariates.

CONCLUSION

CML and inflammatory markers may play a significant role in the development of CAD, particularly in diabetic
individuals, and may serve as potential biomarkers for the prediction of CAD in both diabetic and non-diabetic
patients.

Key Words: Coronary artery disease; Diabetes; Ne-carboxymethyl-lysine; Inflammatory markers; Interleukin-6; Tumor necrosis
factor alpha; Nitric oxide

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Coronary artery disease (CAD) incidence is substantial in India.Its development is linked to the accumulation of
Ne-carboxymethyl-lysine (CML). We assessed the impact of CML and inflammatory markers on biochemical and
cardiovascular characteristics in diabetic and non-diabetic CAD patients. Diabetic patients exhibited elevated CML, tumor
necrosis factor alpha, and interleukin 6 levels with reduced nitric oxide levels. CML levels displayed a significant correlation
with interleukin 6, tumor necrosis factor alpha, and nitric oxide. The third quartile of CML was associated with diabetic
CAD, suggesting its role as a biomarker in CAD prediction for diabetic and non-diabetic patients.
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INTRODUCTION

Heart disease, specifically heart failure (HF) and coronary artery disease (CAD), is a major contributor to mortality in
both developed and developing countries[1]. The World Health Organization states that the most common cause of death
is cardiovascular disease (CVD), resulting in 17.9 million annual deaths. Subsequently, cancer, chronic respiratory
ailments, and diabetes trail behind as causes of mortality[2]. In diabetic individuals with CAD, inadequate management
of blood sugar levels is linked to both hospitalization and mortality[3]. Diabetes mellitus is a major risk factor for the
cause and progression of atherosclerosis[4,5].

Some recent literature evidence suggests that advanced glycation end products (AGEs) play an important role in the
acceleration of vascular disease[6]. AGEs are formed from the non-enzymatic reaction of sugars and proteins, leading to
oxidative stress, inflammation, and endothelial dysfunction through various mechanisms[7]. In hyperglycemia, the
accumulation of AGEs is thought to play a role in the onset of diabetic complications. AGE buildup can modify tissue
structure, affecting its properties and making it more resistant to breaking down[8]. One of the major AGEs, Ne-carboxy-
methyl-lysine (CML) is formed by the non-enzymatic glycation and oxidation of monosaccharides (glucose) and proteins
(lysine). The attachment of AGEs to receptor for AGEs (RAGE)may result in impaired cellular communication, protein
structure and functional alterations, and mitochondrial malfunction, ultimately resulting in cellular demise. RAGE
binding can also increase reactive oxygen species and stimulate inflammatory signaling through tumor necrosis factor
alpha (TNF-a) and interleukin 6 (IL-6). It also affects endothelial function by altering nitric oxide levels[9].

Subsequently, new evidence suggested that CML has made a major contribution to the development of CAD[10]. CML
found in heart muscle shows a positive correlation with fibrosis and cardiac disease[11]and promotes hypertrophy,
apoptosis, and myocardial fibrosis[12]. Elevated CML levels have been linked to poor collateralization in chronic total
occlusion in diabetic CAD patients[13]. Along with CAD, CML is also significantly associated with many other diseases,
like diabetic retinopathy, diabetic nephropathy, diabetic neuropathy, and cancer[14].

In this study, we assessed the impact of CML in association with inflammatory markers on biochemical and
cardiovascular characteristics in diabetic and non-diabetic CAD patients. We aimed to gain new insights while exploring
the relationship between diabetes and CAD, which may open future prospects for therapeutic intervention in such
patients.
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MATERIALS AND METHODS
Study population

This cross-sectional study was conducted at the Department of Biochemistry, G.B. Pant Institute of Postgraduate Medical
Education and Research (GIPMER), New Delhi, India. We enrolled 200 age-matched and sex-matched, angiography-
confirmed patients diagnosed with CAD from both OPD & IPD of Department of Cardiology. All patients signed an
informed consent. The study was conducted in accordance with internationally accepted recommendations for clinical
investigation (the Declaration of Helsinki of the World Medical Association, revised October 2013) with approval from
the ethics committee of Maulana Azad Medical College and associated hospitals, New Delhi, India.

Sample collection

Venous blood (5 mL) was drawn under aseptic conditions from consented patients. Further, a 3-mL sample was
transferred to an EDTA vial for glycosylated hemoglobin (HbAlc) and special chemistry analysis, and the remaining
sample was transferred to a glucose vial for blood sugar analysis. Patients with HbAlc level 26.5% or having a previous
diagnosis of diabetes were considered as diabetic CAD (group I), while patients with level <6.5% were categorized as
non-diabetic CAD (group II). Group II patients with no prior history of diabetes and no history of anti-diabetic
medication were classified as non-diabetic CAD. The serum levels of HbA1C were measured by a fully automated
analyzer, whereas the CML, IL-6, TNF-a, and nitric oxide levels were determined by enzyme-linked immunosorbent
assay methods.

Clinical assessment

Independent senior cardiologists utilized the angiographic data from the catheterization laboratory to calculate the
severity of CAD using the Gensini scoring (GS) system. The left coronary artery was separated into left anterior
descending (LAD), circumflex, and obtuse marginal branches, while the right coronary artery (RCA) was considered a
single artery. The lesion score for each coronary segment was multiplied by a location-based factor, and then the scores
were added together to calculate the GS.

GS system

The GS was determined by adding the scores from each coronary segment as follows: one point for 25% stenosis; two
points for 26%-50% stenosis; four points for 51%-75% stenosis; eight points for 76%-90% stenosis; sixteen points for 91%-
99% stenosis; and 32 points for total occlusion. The significance of the location of the lesion in the coronary circulation
was also considered, with 5 points for the left main coronary artery, 2.5 points for the proximal LAD coronary artery and
proximal left circumflex artery, 1.5 points for the mid-LAD coronary artery, 1 point for the RCA, the distal segment of the
LAD coronary artery, the posterolateral artery, and the obtuse marginal artery, and 0.5 points for other segments[15].

Doppler echocardiography examination
A standard two-dimensional, M-mode, and Doppler echocardiography examination was conducted using the Philips
EpiQ-7C echocardiography system. The examination measured various parameters including the dimension of the left

atrium (LA) and the aortic root. The left ventricular ejection fraction (LVEF) was also calculated using Simpson’s method
[16].

Cardiovascular risk factor assessment

Patients over the age of 18 years who were confirmed with the diagnosis of CAD by resting electrocardiogram or
coronary angiography with >50% stenosis were included in this study. Blood pressure was measured as an average of
two readings recorded at least 5 min apart while the participants rested in a seated position. Hypertension was identified
when the subject was either having a history of hypertension or a systolic blood pressure of 2140 mmHg or a diastolic
blood pressure of 290 mmHg. Patients with total cholesterol (TC) (>200 mg/dL), triglycerides (>150 mg/dL), high-
density lipoprotein cholesterol (HDL-C) (<40 mg/dL), or low-density lipoprotein cholesterol (LDL-C) (>100 mg/dL) were
defined as having dyslipidemia. Additionally, patients with renal or hepatic impairment as well as those who had
undergone previous therapies such as coronary artery bypass graft surgery or percutaneous coronary intervention were
excluded from the study.

Statistical analysis

The SPSS version 21 (IBM Corp., Chicago, IL, United States) was used to analyze the data. The mean and standard
deviation and frequency and percentage were used to express quantitative and qualitative data, respectively. For
quantitative data, an independent t-test was performed to compare two independent variables. The normality of the data
was checked by the Kolmogorov-Smirnov test. Student’s ¢-test, analysis of variance, and Mann-Whitney U test were used
to compare parametric and non-parametric variables. All statistical tests were carried out at a P < 0.05 significance level.
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Table 1 Demographic characteristics in diabetic coronary artery disease patients and non-diabetic coronary artery disease patients

Parameter Group I, n=100 Group Il, n=100 P value'
Age 54.2 £10.2 53.2+10.3 0473
Male:Female 81 (81%): 19 (19%) 89 (89%): 11 (11%) 0.82°
Non-vegetarian diet 80% 60% 0.001°
Smoker 65% 50% 0.022°
Alcohol consumption 26% 25% 0.500”
Tobacco chewer 49% 39% 0.100°
Hypertensive 39% 20% 0.001°
Systolic blood pressure in mmHg as median 125.5 (118.0-140.0) 120.0 (114.0-129.5) 0.001*
Diastolic blood pressure in mmHg as median 80.0 (72.0-84.0) 80.0 (70.0-80.0) 0.089*
Medications

Statin 79% 89% 0.041°

Beta-blocker 58% 73% 0.018°

ACE inhibitor 17% 5% 0.005°

1P value < 0.05 is considered significant.

Student’s ¢ test.

32 test.

*Mann Whitney U test. Group I: Diabetic coronary artery disease patients.

Group II: Non-diabetic coronary artery disease patients. ACE: Angiotensin converting enzyme.

RESULTS

Demographic characteristics

The mean age of group I was 54.2 + 10.2 years, while the mean age for group II was 53.2 + 10.3 years (P = 0.473). There
was a male sex predominance with males constituting 81% in group I and 89% in group II. In group I, the duration of
diabetes was 4.9 * 2.2 years. Hypertension was more prevalent in group I (39%) than in group II (20%) (P = 0.001). The
median systolic blood pressure was significantly higher in group I [125.50 mmHg; 95% confidence interval (CI): 118.0-
140.0] compared to group II (120 mmHg; 95%Cl: 114.0-129.5) (P = 0.001). In relation to medications, statin use was 79% in
group I and 89% in group II. Beta-blockers were taken by 53 (53%) subjects in group I and 73 (73%) subjects in group II.
Only 5 (5%) subjects in group II, compared to 17 (17%) in group I, were taking angiotensin converting enzyme (ACE)
inhibitors (Table 1). The ACE inhibitor usage was lower as the drug history was taken just before the cardiac catheter-
ization. Subsequently, patients were started on an ACE inhibitor once they were stable.

Cardiovascular characteristics

Group I consisted of 57 patients with single vessel disease (SVD), 27 patients with double vessel disease, and 8 patients
with triple vessel disease. However, group II had 35 patients with SVD, 36 patients with double vessel disease, and 11
patients with triple vessel disease. Eight patients in group I and fourteen patients in group II had normal angiograms (P =
0.016).

The mean and standard deviation of severity of stenosis in the LAD artery were observed as 90.51% + 8.51%, in the left
circumflex (LCX) artery as 90.91% + 8.80%, and in the RCA as 90.32% + 10.15% in group I. On the other hand, in group II,
the mean and standard deviation of stenosis in the LAD were 87.85% + 12.31%, in the LCX were 82.22% + 22.33%, and in
the RCA were 89.26% * 12.90%. The GS was higher in group I, with a score of 26 (12-44) compared with group II with a
score of 20 (12-40). Group I had a larger LA diameter of 2.93 + 0.32 cm compared to 2.83 + 0.39 cm in group II (P = 0.04).
The aortic root diameter was slightly larger in group I at 2.15 £+ 0.39 mm compared to 2.10 + 0.40 mm in group II. Further,
group I had a mean LVEF of 45.60% + 12.04%, and group II had a mean EF of 46.70% + 12.01%.

The patients were categorized based on their LVEF in Table 2. In group I, 38% of patients had preserved EF (LVEF >
50%), 13% had mild EF reduction (LVEF 41%-49%), and 49% had reduced EF (LVEF < 40%). In group 1I, 43% of patients
had preserved EF, 14% had mild EF reduction, and 43% had reduced EF. Anterior wall myocardial infarction was
experienced by 39% of patients in group I and 39% of patients in group II, and inferior wall myocardial infarction was
experienced by 26% of patients in group I and 21% of patients in group IL

Comparison of biochemical parameters in group | and group Il
The TG, triglycerides levels, and very-LDL levels were found to be significantly higher in group I compared to group II (P
= 0.006, P = 0.001, and P = 0.001, respectively). Further, both HbAlc and the blood sugar levels were found to be
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Figure 1 Comparison of serum Ne-carboxymethyl-lysine, interleukin 6, tumor necrosis factor alpha, and nitric oxide between group | and
II. A: Serum Ne-carboxymethyl-lysine (CML) level; B: Serum interleukin-6 (IL-6) level; C: Serum tumor necrosis factor-alpha (TNF-a.) level; D: Serum nitric oxide.
@Biochemical markers CML, IL-6, TNF-a,, and nitric oxide showed a difference between diabetic coronary artery disease patients and non-diabetic coronary artery
disease patients. *Significant difference of biochemical markers between Group I: Diabetic coronary artery disease patients; and Group II: Non-diabetic coronary
artery disease patients.

significantly higher in group I compared to group II (P = 0.001). The abovementioned intergroup comparison between
biochemical parameters has been shown in Table 3.

Association of CML, IL-6, TNF-a, and nitric oxide between group | and group Il

The comparison of CML, IL-6, TNF-0, and nitric oxide between group I and group II (Figure 1) showed significant
differences between the two groups: serum CML (264.43, 95%CI: 193.19-364.34 vs 250.68, 95 %CI:195.95-333.70, P = 0.031),
IL-6 (2.75, 95%CI: 1.36-5.50 vs 2.36, 95%CI: 1.23-3.60, P = 0.011), TNF-a (20.20, 95%CI: 13.65-25.32 vs 15.67, 95%CI: 11.14-
21.79, P = 0.006), and nitric oxide (87.09, 95%CI: 59.84-124.37 vs 110.86, 95%CI: 77.00-150.00, P = 0.002).

Association of lipid parameters between group I and group Il

Table 4 shows the lipid profile of individuals in group I and group II. In group I, 17% of individuals had high TC levels (>
200 mg/dL), whereas group II had a lower proportion of individuals with high TC levels (8%). The difference between
the groups was significant with a P value of 0.043. In group I, 49% had high triglycerides levels (> 150 mg/dL), while 51%
had normal levels (< 150 mg/dL). In group II, a significantly lower proportion of individuals had high triglyceride levels
(24%), and a significantly higher proportion had normal levels (76%), with a P value of 0.001. A higher proportion of
individuals in group I had low levels (< 40 mg/dL) of HDL (86%) compared to those with normal levels (> 40 mg/dL)
(14%). In contrast, group II had a lower proportion of individuals with low HDL levels (73%) and a higher proportion
with normal levels (27%) (P = 0.017). In group I, 70% of patients had normal LDL-C levels (< 100 mg/dL), while 30% had
high levels (> 100 mg/dL). In group II, 80% of individuals had normal LDL-C levels and 20% had high levels, P = 0.094.

Correlation and logistic regression analysis between CML, inflammatory markers, and lipid parameters

In the correlation analysis, CML exhibited significant positive correlations with IL-6 (r = 0.596), TNF-a (r = 0.337), TC(r =
0.21), HbAlc (r = 0.14), and the GS (r = 0.19) in the combined data from both group I and group II. The correlations of
CML (group I vs group 1II), IL-6 (r = 0.502 vs r = 0.673), TNF-a (r = 0.256 vs r = 0.436), and nitric oxide (r = -0.484 vs r = -
0.283) between the two groups were significant (Table 5). The linear regression analysis of CML revealed significant
positive associations with IL-6 (r* = 0.181, P = 0.001), TNF-o (r* = 0.142, P = 0.001), TC (? = 0.056, P = 0.001), HbAlc (r* =
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Table 2 Cardiovascular characteristics in diabetic coronary artery disease patients and non-diabetic coronary artery disease patients

Parameter Group I, n=100 Group Il, n=100 P value'
Angiography findings
Single vessel disease 57 (57%) 35 (35%) 0.016
Double vessel disease 27 (27%) 36 (36%)
Triple vessel disease 8 (8%) 15 (15%)
Normal angiogram 8 (8%) 14 (14%)
Stenosis in LAD as % 90.51 +8.51 87.85+12.31 0.05°
Stenosis in LCX as % 90.91 £ 8.80 82.22 +22.33 0.23°
Stenosis in RCA as % 90.32+10.15 89.26 £12.90 0.73°
Gensini score 26 (12-44) 20 (12-40) 0.47°

2D echocardiography parameters

Left atrium diameter in cm 293 +0.32 2.83+0.39 0.01°
Aortic root diameter in mm 215+0.39 210+0.40 0.27°
LVEF 45.60 +12.04 46.70 +12.01 0.49°
Preserved ejection fraction, LVEF > 50% 38 (38%) 43 (43%) 0.69
Mild ejection fraction, LVEF 41%-49% 13 (13%) 14 (14%)
Reduced ejection fraction (LVEF < 40%) 49 (49%) 43 (43%)
AWMI 39 (39%) 39 (39%) 0.56”
IWMI 26 (26%) 21 (21%)

1P value < 0.05 is considered significant.

22 test.

*Mann Whitney U test.

Group I: Diabetic coronary artery disease patients; Group II: Non-diabetic coronary artery disease patients. AWMI: Anterior wall myocardial infarction;
IWMI: Inferior wall myocardial infarction; LAD: Left anterior descending; LCX: Left circumflex; LVEF: Left ventricular ejection fraction; RCA: Right
coronary artery.

0.057, P = 0.001), and the GS (r* = 0.027, P = 0.02). Additionally, CML showed a significant negative association with nitric
oxide (r* = 0.163, P = 0.001) (Figure 2).

The association between quartiles of CML and diabetic CAD was revealed by logistic regression analysis, while
accounting for various covariates in separate models (Table 6). The first quartile of CML (83.73-193.18 ng/mL) served as
the reference category. In the unadjusted model, the third quartile (264.43-364.31 ng/mL) had an odds ratio of 2.12
(95%CI: 1.17-3.85, P < 0.01). Following adjustments for non-vegetarian diet and hypertension (model 2), the odds ratio for
the third quartile rose to 3.05 (95%CI: 1.31-7.06, P = 0.01). Furthermore, upon introducing further adjustments in Model 3,
encompassing TC, triglycerides, LDL-C, IL-6, and TNF-q, the odds ratio for the third quartile became 3.32 (1.30-8.44, P =
0.01) while retaining its statistical significance.

DISCUSSION

CML is an AGE involved in the pathogenesis of CVD[17]. Recent studies have demonstrated that CML is linked to
endothelial and cardiac dysfunction, left ventricular diastolic dysfunction, and an increase in carotid intima-media
thickness, which is a subclinical marker of atherosclerosis in patients with type 2 diabetes[18]. In our cross-sectional
study, we found an association between CML, inflammatory markers, and nitric oxide in both diabetic and non-diabetic
CAD patients.

In our study, we observed that group I had a significantly higher frequency of risk factors including non-vegetarian
diet intake, smoking, and hypertension. Further, we observed that group I had a higher number of individuals with SVD
and a greater severity of stenosis in the LAD and LCX coronary arteries. However, in non-diabetic patients, the LAD was
found to be the most affected[19]. Further, we observed that in group I, the diameter of the LA was significantly higher
suggesting the chronicity of the disease. The incidence of anterior wall myocardial infarction was similar in both groups;
the frequency of inferior wall myocardial infarction was higher in group I than in group II. The LVEF was decreased in
both the groups. It has been reported previously that lower LVEF is common in diabetic CAD patients[20].
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Table 3 Biochemical parameters in diabetic coronary artery disease patients and non-diabetic coronary artery disease patients

Group |, median (25%-75%

Group Il, median (25%-75%

Biochemical parameters quartile) quartile) P value'
Total cholesterol in mg/dL 143.50 (118.00-183.50) 132.00 (100.25-163.75) 0.006>
Triglycerides in mg/dL 150.00 (106.25-214.00) 114.00 (75.00-148.75) 0.001°
HDL-C in mg/dL 33.40 (27.33-38.98) 34.55 (28.70-41.00) 0.449”
LDL-C in mg/dL 78.00 (53.50-108.80) 73.00 (52.00-92.75) 0.278”
VLDL-C in mg/dL 29.00 (20.85-42.00) 23.00 (15.00-30.00) 0.001
Random blood sugar in mg/dL 213.00 (131.50-275.75) 113.00 (99.00-135.00) 0.001”
HbAlcas % 8.09 (7.10-10.20) 5.70 (5.40-5.98) 0.001°
Urea in mg/dL 29.00 (23.00-39.60) 28.55 (24.85-34.00) 0.177
Creatinine in mg/dL 0.90 (0.80-1.20) 1.00 (0.80-1.10) 0.811°
Total bilirubin in mg/dL 0.40 (0.30-0.70) 0.50 (0.40-0.69) 0.260
Total protein in gm/dL 7.10 (6.80-7.60) 7.10 (6.73-7.48) 0.441°
Albumin in gm/dL 4.20 (4.00-4.40) 4.28 (4.00-4.50) 0.281>
ALPinU/L 108 (87.00-133.00) 95.50 (84.25-110.00) 0.054”
SGOT in U/L 26 (21.00-45.00) 30.00 (22.00-47.50) 0.240”
SGPT in U/L 28 (20.00-43.00) 29.95 (22.00-49.00) 0.187
Sodium in mEq/L 136.00 (134.00-139.00) 139.00 (136.00-141.00) 0.001°
Potassium in mEq/L 4.60 (4.30-4.90) 4.35 (4.10-4.80) 0.002>
CML in ng/mL 264.43 (193.19- 364.34) 250.68 (195.95-333.70) 0.031
IL-6 in pg/mL 2.75 (1.36-5.50) 2.36 (1.23-3.60) 0.011
TNF-a in pg/mL 20.2 (13.65-25.32) 15.67 (11.137-21.785) 0.006
Nitric oxide in nmol/mL 87.09 (59.84-124.37) 110.86 (77.00-150.00) 0.002>

1P value < 0.05 is considered significant.

2Mann Whitney U test.

Group I: Diabetic coronary artery disease patients; Group II: Non-diabetic coronary artery disease patients. ALP: Alkaline phosphatase; CML: Ne-
carboxymethyl-lysine; HbAlc: Glycosylated hemoglobin; HDL-C: High-density lipoprotein cholesterol; IL-6: Interleukin-6; LDL-C: Low-density
lipoprotein cholesterol; SGOT: Glutamic-oxalacetic transaminase; SGPT: Glutamic-pyruvic transaminase; TNF-o: Tumor necrosis factor-alpha; VLDL-C:
Very low-density lipoprotein cholesterol.

Table 4 Percentage of dyslipidemia in diabetic coronary artery disease patients and non-diabetic coronary artery disease patients

Parameter Group | Group I P value'
High total cholesterol, > 200 mg/dL 17 (17%) 8 (8%) 0.043
Normal total cholesterol, <200 mg/dL 83 (83%) 92 (92%)

High triglycerides, > 150 mg/dL 49 (49%) 24 (24%) 0.001
Normal triglycerides, <150 mg/dL 51 (51%) 76 (76%)

Low HDL-C, < 40 mg/dL 86 (86%) 73 (73%) 0.017
Normal HDL-C, > 40 mg/dL 14 (14%) 27 (27%)

High LDL-C, > 100 mg/dL 70 (70%) 80 (80%) 0.094
Normal LDL-C, <100 mg/dL 30 (30%) 20 (20%)

1P value < 0.05 is considered significant. Group I: Diabetic coronary artery disease patients; Group II: Non-diabetic coronary artery disease patients. HDL-
C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.
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Table 5 Correlation analysis of Ne-carboxymethyl-lysine with inflammatory markers, nitric oxide, Gensini score, and biochemical

parameters

Combined (group | and group

) Group | Group Il
Parameter Subcategory
Correlation Correlation Correlation
coefficient Pvalue coefficient Pvalue coefficient Pvalue
CML Gensini score 0.193 0.006 0.056 0.577 0.353 0.001

IL-6 0.59% 0.001 0.502 0.001 0.673 0.001
TNF-a 0.337 0.001 0.256 0.01 0.436 0.001
Nitric oxide -0.416 0.001 -0.484 0.001 -0.283 0.004
TC 0.216 0.002 0.25 0.01 0.109 0.281
Triglycerides 0.156 0.027 0.087 0.389 0.169 0.093
HDL-C -0.064 0.372 -0.105 0.298 0.006 0.953
LDL-C 0.251 0.001 0.289 0.003 0.151 0.134
VLDL-C 0.131 0.065 0.045 0.654 0.176 0.081
Random blood sugar -0.011 0.875 -0.204 0.052 0.081 0.43
HbAlc 0.14 0.048 0.006 0.951 0.044 0.66
Urea -0.004 0.953 -0.006 0.957 -0.046 0.653
Creatinine 0.059 0.405 0.129 0.202 -0.047 0.646
Total bilirubin 0.053 0.458 0.083 0.413 0.08 0.428
Total protein 0.086 0.229 0.183 0.07 -0.055 0.585
Albumin 0.062 0.387 0.201 0.046 -0.064 0.525
Alkaline phosphatase 0.042 0.556 0.003 0.975 0.033 0.743
SGOT -0.061 0.395 -0.056 0.581 -0.032 0.754
SGPT 0.019 0.793 0.102 0.317 -0.027 0.788
Sodium 0.022 0.762 0.059 0.559 0.079 0.432
Potassium 0.116 0.103 0.076 0.452 0.102 0313
Duration of diabetes - - 0.494 0.001 - -

Group I: Diabetic coronary artery disease patients; Group II: Non-diabetic coronary artery disease patients. CML: Ne-carboxymethyl-lysine; HbAlc:
Glycosylated hemoglobin; HDL-C: High-density lipoprotein cholesterol; IL-6: Interleukin 6; LDL-C: Low-density lipoprotein cholesterol; SGOT: Glutamic-
oxalacetic transaminase; SGPT: Glutamic-pyruvic transaminase; TC: Total cholesterol; TNF-a: Tumor necrosis factor-alpha; VLDL-C: Very low-density
lipoprotein cholesterol.

In the comparison of the biochemical profile, our study found that diabetic CAD patients exhibited significantly higher
levels of TC, triglycerides, very-LDL, HbAlc, and potassium levels as well as significantly lower levels of HDL-C and
serum sodium compared to non-diabetic CAD patients (Tables 2 and 3). Additionally, we observed that the serum levels
of CML, TNF-a, and IL-6 were significantly higher, while the serum levels of nitric oxide were significantly lower in
diabetic CAD patients. Similarly, Banach et al[21] suggested that dyslipidemia is a common occurrence among diabetic
CAD patients and that individualized lipid-lowering therapy can effectively reduce associated complications and risks.
Zhao et al[22](2023) suggested that patients with acute decompensated HF who had potassium levels outside the range of
3.50 to 4.00 mmol/L, lower levels of sodium, and hypochloremia had a worse short-term prognosis. There was also a
positive correlation between the number of electrolyte imbalances and an adverse short-term prognosis among these
patients[22]. Similarly, Ahmed et al[23] found that elevated CML levels have been linked to the development of ischemic
heart disease in patients with type 2 diabetes. Koshino et al[24] suggested that increased levels of inflammatory markers
(IL-6 and TNF-o0) from their baseline increase the risk of CVD and are associated with long-term cardiovascular mortality
and cardiovascular death. Similarly, Adela et al[25] found lower nitric oxide levels in subjects suffering from diabetes for
more than 5 years.

Further, in the correlation analysis (Table 5), CML was overall positively correlated with the GS, IL-6, TNF-a, TC, LDL-
C, and HbAlc and negatively correlated with nitric oxide and HDL-C. In group I, CML showed a positive correlation
with IL-6, TNF-a, TC, and LDL-C, and a negative correlation with nitric oxide. Furthermore, in group II, CML showed a
positive correlation with the GS, IL-6, and TNF-a and a negative correlation with nitric oxide.
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Table 6 Logistic regression analysis of Ne-carboxymethyl-lysine for risk of diabetic coronary artery disease

CML quartile (range) (group I, n; group I, 95%Cl (lower-

Risk model Exp (B) Significance
n) upper)
Model 1: Unadjusted CML first quartile (83.73-193.18 ng/mL) (group Ref Ref Ref
I, n =27; group II, n =23)
CML second quartile (193.19-264.42 ng/mL) 0.85 0.48-1.48 0.57
(group I, n =16; group I, n = 34)
CML third quartile (264.43-364.31 ng/mL) 212 1.17-3.85 0.01
(group I, n = 23; group II, n = 27)
CML fourth quartile (364.32-665.00 ng/mL) 117 0.67-2.04 0.57
(group I, n = 34; group II, n = 16)
Model 2: Model 1 + age + sex + non-vegetarian ~ CML first quartile (83.73-193.18 ng/mL) Ref Ref Ref
diet + hypertension
CML second quartile (193.19-264.42 ng/mL) 0.57 0.27-1.23 0.15
CML third quartile (264.43-364.31 ng/mL) 3.05 1.31-7.06 0.01
CML fourth quartile (364.32-665.00 ng/mL) 1.81 0.82-3.99 0.13
Model 3: Model 2+ total cholesterol + trigly- CML first quartile (83.73-193.18 ng/mL) Ref Ref Ref
cerides + LDL-C + IL-6 + TNF-a
CML second quartile (193.19-264.42 ng/mL) 0.84 0.35-2.02 0.70
CML third quartile (264.43-364.31 ng/mL) 3.32 1.30-8.44 0.01
CML fourth quartile (364.32-665.00 ng/mL) 2.49 1.03-6.04 0.04

Group I: Diabetic coronary artery disease patients; Group II: Non-diabetic coronary artery disease patients. CI: Confidence interval; CML: Ne-
carboxymethyl-lysine; IL-6: Interleukin 6; LDL-C: Low-density lipoprotein; TNF-a: Tumor necrosis factor-alpha.
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Figure 2 Linear regression analysis of Ne-carboxymethyl-lysine with interleukin 6, tumor necrosis factor alpha, nitric oxide, total
cholesterol, glycosylated hemoglobin, and Gensini Score. A: Regression line between Ne-carboxymethyl-lysine (CML) and interleukin-6 (IL-6); B:
Regression line between CML and tumor necrosis factor-alpha (TNF-a); C: Regression line between CML and nitric oxide; D: Regression line between CML and total
cholesterol (TC); E: Regression line between CML and glycosylated hemoglobin (HbA1c); F: Regression line between CML and Gensini score.
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Similarly, Kerkeni et al[26] suggested that the serum concentrations of AGEs (CML and pentosidine) were significantly
elevated in patients with CAD. Furthermore, serum pentosidine levels are independently associated with the occurrence
of CAD with odds of 1.52. Additionally, the optimal cutoff value for pentosidine to predict the presence of CAD was
found to be 3.2 pmol/mol[26].

Gaens et al[27] suggested that CML upregulates RAGE-dependent inflammatory responses and increases serum IL-6
level and TNF-o0, which are negatively associated with serum nitric oxide and a high body mass index. Further in logistic
regression analysis we found the CML level (264.43-364.31 ng/mL) significantly increased the risk of diabetic CAD.
Similarly, Semba et al[28] suggested that in non-diabetic subjects serum CML was associated with anemia (odds ratio 1.33,
95%ClI: 1.03-1.72, P = 0.029) in a multivariate logistic regression model, adjusting for age, sex, race, smoking, coronary
heart disease, HF, and renal insufficiency. Kralev et al[29] suggested that a cutoff value of CML > 9.5 AU/mg was
associated with an odds ratio of acute myocardial infarction of 39.7.

CONCLUSION

In conclusion, this study provided evidence for the association of CML and inflammatory markers with CAD in diabetic
and non-diabetic patients. The results suggested that CML, IL-6, and TNF-a may be potential biomarkers for the
prediction of CAD in diabetic patients, while nitric oxide may be a potential biomarker for the prediction of CAD in non-
diabetic patients. These findings have significant clinical implications for the early diagnosis and management of CAD,
particularly in diabetic patients who are at higher risk for developing cardiovascular complications. Further research on a
larger cohort is needed to validate these findings and explore the underlying mechanisms of CML and inflammatory
markers in the development of CAD, which may be helpful developing therapeutic interventions further.

ARTICLE HIGHLIGHTS

Research background
Coronary artery disease (CAD) is a widespread global health issue, responsible for a significant number of deaths. India
bears a substantial burden, contributing to approximately one-fifth of CAD-related fatalities. The development of CAD
has been closely linked to the accumulation of Ne-carboxymethyl-lysine (CML) in the heart muscle, a phenomenon
associated with fibrosis. Understanding the role of CML in CAD development is crucial for combating this life-
threatening condition.

Research motivation

This study is motivated by the need to shed light on the factors contributing to CAD, especially in the context of diabetes.
CAD is a complex disease, and understanding its underlying mechanisms can help in early diagnosis and more effective
management. Diabetes is a significant risk factor for CAD, and investigating the interplay between CML, inflammatory
markers, and CAD in individuals with and without diabetes can provide valuable insights into its pathogenesis.

Research objectives

The primary objective of this research was to evaluate the impact of CML and inflammatory markers on the biochemical
and cardiovascular characteristics of CAD patients, differentiating between diabetic and non-diabetes patients. The study
aimed to identify potential links between CML, diabetes, and CAD and to assess if these factors could serve as predictive
biomarkers.

Research methods

To achieve these objectives, this study enrolled 200 consecutive CAD patients undergoing coronary angiography. The
patients were categorized into two groups based on their serum glycosylated hemoglobin (HbA1c) levels, with diabetic
CAD patients (group I) having HbAlc levels of > 6.5 and non-diabetic CAD patients (group II) with HbAlc levels < 6.5.
Various parameters, including lipoprotein levels, plasma HbAlc levels, CML, interleukin-6 (IL-6), tumor necrosis factor-
alpha (TNF-a), and nitric oxide levels, were analyzed to assess the differences between the two groups.

Research results

The study revealed several significant findings. Group I, comprising 81 males and 19 females, had a mean age of 54.2 +
10.2 years, with a mean diabetes duration of 4.9 + 2.2 years. Group II, consisting of 89 males and 11 females, had a mean
age of 53.2 £ 10.3 years. Group I exhibited more severe CAD, with a higher percentage of patients suffering from triple
vessel disease and more severe stenosis in the left anterior descending coronary artery compared to group II. Group I
patients also had a larger left atrium diameter. Significantly, group I patients displayed higher levels of CML, TNF-0, and
IL-6 and lower levels of nitric oxide compared to group II patients. The study also demonstrated strong correlations
between CML and inflammatory markers, with CML showing a significant positive correlation with IL-6 (r = 0.596, P =
0.001) and TNF-a (r = 0.337, P = 0.001) and a negative correlation with nitric oxide (r=-4.16, P = 0.001). Odds ratio analysis
indicated that patients with CML in the third quartile (264.43-364.31 ng/mL) were significantly associated with diabetic
CAD at both unadjusted and adjusted levels when considering various covariates.
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Research conclusions

CML and inflammatory markers, particularly IL-6 and TNF-a, may play a significant role in the development of CAD,
especially in individuals with diabetes. These findings suggest that CML and inflammatory markers can serve as
potential biomarkers for predicting CAD, not only in diabetic patients but also in non-diabetic individuals.
Understanding the mechanisms linking CML and inflammation to CAD provides valuable insights for improved CAD
diagnosis, risk assessment, and management, which can ultimately contribute to reducing the burden of this life-
threatening disease.

Research perspectives

Future studies should explore interventions targeting CML and inflammatory markers to mitigate CAD risk. Invest-
igating therapeutic strategies and diagnostic tools based on these biomarkers can aid in early CAD detection and person-
alized treatment, potentially reducing CAD-related mortality rates globally.

FOOTNOTES

Co-corresponding authors: Pradeep Kumar Dabla and Desh Deepak Singh.

Author contributions: Dabla PK and Singh DD conceived, designed the study protocol; Shrivastav D, Dabla PK and Mehta V were
involved in the data collection; Shrivastav D, Dabla PK, Singh DD, Mir R, Mehta V and Mehra P analyzed the data; Shrivastav D drafted
the manuscript; Dabla PK, Singh DD, Mir R, Mehta V and Mehra P refined the manuscript; All authors were involved in the critical
review of the results and have contributed to, read, and approved the final manuscript. The reasons for designating Dabla PK and Singh
DD as co-corresponding authors are that they conceived and designed the study protocol, the collaborative effort, the distribution of
responsibilities and burdens associated with the time and effort required to complete the study and the resultant paper and ensuring
effective communication post submission. Further, the overall research team encompassed authors with a variety of expertise and skills
from different fields with important contributions to complete the study and the resultant paper. This promotes the most comprehensive
and in-depth examination of the research topic, ultimately enriching readers' understanding by offering various expert perspectives.
Dabla PK, Singh DD as co-corresponding authors of is fitting for our manuscript as it accurately reflects our team's collaborative spirit,
contributions, and diversity.

Institutional review board statement: The study was approved by the ethics committee of the Institutional Ethical Committee of Maulana
Azad Medical College and associated hospitals, Delhi, India (F1/IEC/MAMC/85/03/21/n0.422; Dt-30.08.2021).

Informed consent statement: All patients gave informed consent.

Conflict-of-interest statement: No benefits in any form have been received or will be received from a commercial party related directly or
indirectly to the subject of this article. All authors declare no conflicts of interest.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author at pradeep_dabla@

yahoo.com.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country/Territory of origin: India
ORCID number: Desh Deepak Singh 0000-0003-2967-8838; Rashid Mir 0000-0002-0271-9516; Pradeep Kumar Dabla 0000-0003-1409-6771.

S-Editor: Lin C
L-Editor: Filipodia
P-Editor: Chen YX

REFERENCES

1 Gaziano TA, Bitton A, Anand S, Abrahams-Gessel S, Murphy A. Growing epidemic of coronary heart disease in low- and middle-income
countries. Curr Probl Cardiol 2010; 35: 72-115 [PMID: 20109979 DOI: 10.1016/j.cpcardiol.2009.10.002]

2 World Health Organization. Noncommunicable diseases. Sep 16, 2023. [Cited 23 July 2023] Available from: https://www.who.int/news-
room/fact-sheets/detail/noncommunicable-diseases

3 Chen Y, Zhang H, Hou X, Li X, Qian X, Feng X, Liu S, Shi N, Zhao W, Hu S, Zheng Z, Li G. Glycemic control and risk factors for in-hospital
mortality and vascular complications after coronary artery bypass grafting in patients with and without preexisting diabetes. J Diabetes 2021,

13: 232-242 [PMID: 32833247 DOI: 10.1111/1753-0407.13108]
4 Martin-Timoén I, Sevillano-Collantes C, Segura-Galindo A, Del Cafiizo-Gomez FJ. Type 2 diabetes and cardiovascular disease: Have all risk
factors the same strength? World J Diabetes 2014; 5: 444-470 [PMID: 25126392 DOI: 10.4239/wjd.v5.14.444]
5 Shrivastav D, Dabla PK, Singh DD, Mehta V. Type 2 diabetes mellitus and coronary artery stenosis: a risk pattern association study. Explor
WJD | https://www.wjgnet.com 1764 December 15,2023 | Volume14 | Issue12 |

Jaishideng®


mailto:pradeep_dabla@yahoo.com
mailto:pradeep_dabla@yahoo.com
https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2967-8838
http://orcid.org/0000-0003-2967-8838
http://orcid.org/0000-0002-0271-9516
http://orcid.org/0000-0002-0271-9516
http://orcid.org/0000-0003-1409-6771
http://orcid.org/0000-0003-1409-6771
http://www.ncbi.nlm.nih.gov/pubmed/20109979
https://dx.doi.org/10.1016/j.cpcardiol.2009.10.002
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
http://www.ncbi.nlm.nih.gov/pubmed/32833247
https://dx.doi.org/10.1111/1753-0407.13108
http://www.ncbi.nlm.nih.gov/pubmed/25126392
https://dx.doi.org/10.4239/wjd.v5.i4.444

10

24

25

28

29

Jaishideng®

Shrivastav D et al. AGEs and inflammation in diabetic CAD

Med 2023; 4: 336-42 [DOI: 10.37349/emed.2023.00145]

Chaudhuri J, Bains Y, Guha S, Kahn A, Hall D, Bose N, Gugliucci A, Kapahi P. The Role of Advanced Glycation End Products in Aging and
Metabolic Diseases: Bridging Association and Causality. Cell Metab 2018; 28: 337-352 [PMID: 30184484 DOI: 10.1016/j.cmet.2018.08.014]
Davis KE, Prasad C, Vijayagopal P, Juma S, Imrhan V. Advanced Glycation End Products, Inflammation, and Chronic Metabolic Diseases:
Links in a Chain? Crit Rev Food Sci Nutr 2016; 56: 989-998 [PMID: 25259686 DOI: 10.1080/10408398.2012.744738]

Vlassara H, Uribarri J. Advanced glycation end products (AGE) and diabetes: cause, effect, or both? Curr Diab Rep 2014; 14: 453 [PMID:
24292971 DOL: 10.1007/s11892-013-0453-1]

Liman PB, Agustina R, Djuwita R, Umar J, Permadhi I, Helmizar, Hidayat A, Feskens EJM, Abdullah M. Dietary and Plasma Carboxymethyl
Lysine and Tumor Necrosis Factor-o as Mediators of Body Mass Index and Waist Circumference among Women in Indonesia. Nutrients 2019;
11 [PMID: 31847322 DOI: 10.3390/nul1123057]

Lamprea-Montealegre JA, Arnold AM, McCLelland RL, Mukamal KJ, Djousse L, Biggs ML, Siscovick DS, Tracy RP, Beisswenger PJ,
Psaty BM, Ix JH, Kizer JR. Plasma Levels of Advanced Glycation Endproducts and Risk of Cardiovascular Events: Findings From 2
Prospective Cohorts. J Am Heart Assoc 2022; 11: €024012 [PMID: 35904195 DOIL: 10.1161/JAHA.121.024012]

Nogami M, Hoshi T, Toukairin Y, Arai T, Nishio T. Immunohistochemistry of advanced glycation end product N(g)-(carboxymethyl)lysine in
coronary arteries in relation to cardiac fibrosis and serum N-terminal-pro basic natriuretic peptide in forensic autopsy cases. BMC Res Notes
2020; 13: 239 [PMID: 32398121 DOI: 10.1186/s13104-020-05082-6]

Wang ZQ, Sun Z. Dietary N(¢)-(carboxymethyl) lysine affects cardiac glucose metabolism and myocardial remodeling in mice. World J
Diabetes 2022; 13: 972-985 [PMID: 36437860 DOI: 10.4239/wjd.v13.i111.972]

Li LY, Chen S, Li FF, Wu ZM, Shen Y, Ding FH, Wang XQ, Shen WF, Chen QJ, Dai Y, Lu L. High serum levels of N-epsilon-
carboxymethyllysine are associated with poor coronary collateralization in type 2 diabetic patients with chronic total occlusion of coronary
artery. BMC Cardiovasc Disord 2022;22: 282 [PMID: 35733085 DOI: 10.1186/s12872-022-02694-7]

Nass N, Ignatov A, Andreas L, Weilenborn C, Kalinski T, Sel S. Accumulation of the advanced glycation end product carboxymethyl lysine in
breast cancer is positively associated with estrogen receptor expression and unfavorable prognosis in estrogen receptor-negative cases.
Histochem Cell Biol 2017; 147: 625-634 [PMID: 28012130 DOI: 10.1007/s00418-016-1534-4]

Wang KY, Zheng YY, Wu TT, Ma YT, Xie X. Predictive Value of Gensini Score in the Long-Term Outcomes of Patients With Coronary
Artery Disease Who Underwent PCI. Front Cardiovasc Med 2021; 8: 778615 [PMID: 35141291 DOI: 10.3389/fcvm.2021.778615]

Otterstad JE. Measuring left ventricular volume and ejection fraction with the biplane Simpson's method. Heart 2002; 88: 559-560 [PMID:
12433875 DOL: 10.1136/heart.88.6.559]

Semba RD, Bandinelli S, Sun K, Guralnik JM, Ferrucci L. Plasma carboxymethyl-lysine, an advanced glycation end product, and all-cause and
cardiovascular disease mortality in older community-dwelling adults. J Am Geriatr Soc 2009; 57: 1874-1880 [PMID: 19682127 DOI:
10.1111/5.1532-5415.2009.02438.x]

Ahmed KA, Muniandy S, Ismail IS. N(epsilon)-(Carboxymethyl)lysine and Coronary Atherosclerosis-Associated Low Density Lipoprotein
Abnormalities in Type 2 Diabetes: Current Status. J Clin Biochem Nutr 2009; 44: 14-27 [PMID: 19177184 DOI: 10.3164/jcbn.08-190]

Chu ZG, Yang ZG, Dong ZH, Zhu ZY, Peng LQ, Shao H, He C, Deng W, Tang SS, Chen J. Characteristics of coronary artery disease in
symptomatic type 2 diabetic patients: evaluation with CT angiography. Cardiovasc Diabetol 2010; 9: 74 [PMID: 21067585 DOI:
10.1186/1475-2840-9-74]

Ehl NF, Kiihne M, Brinkert M, Miiller-Brand J, Zellweger MJ. Diabetes reduces left ventricular ejection fraction--irrespective of presence and
extent of coronary artery disease. Eur J Endocrinol 2011; 165: 945-951 [PMID: 21903896 DOI: 10.1530/EJE-11-0687]

Banach M, Surma S, Reiner Z, Katsiki N, Penson PE, Fras Z, Sahebkar A, Paneni F, Rizzo M, Kastelein J. Personalized management of
dyslipidemias in patients with diabetes-it is time for a new approach (2022). Cardiovasc Diabetol 2022; 21: 263 [PMID: 36443827 DOI:
10.1186/s12933-022-01684-5]

Zhao K, Zheng Q, Zhou J, Zhang Q, Gao X, Liu Y, Li S, Shan W, Liu L, Guo N, Tian H, Wei Q, Hu X, Cui Y, Geng X, Wang Q, Cui W.
Associations between serum electrolyte and short-term outcomes in patients with acute decompensated heart failure. Ann Med 2023; 55: 155-
167 [PMID: 36519243 DOI: 10.1080/07853890.2022.2156595]

A Ahmed K, Muniandy S, S Ismail I. Role of N-(carboxymethyl)lysine in the development of ischemic heart disease in type 2 diabetes
mellitus. J Clin Biochem Nutr 2007; 41: 97-105 [PMID: 18193103 DOI: 10.3164/jcbn.2007014]

Koshino A, Schechter M, Sen T, Vart P, Neuen BL, Neal B, Amott C, Perkovic V, Ridker PM, Tuttle KR, Hansen MK, Heerspink HJL.
Interleukin-6 and Cardiovascular and Kidney Outcomes in Patients With Type 2 Diabetes: New Insights From CANVAS. Diabetes Care 2022;
45: 2644-2652 [PMID: 36134918 DOI: 10.2337/dc22-0866]

Adela R, Nethi SK, Bagul PK, Barui AK, Mattapally S, Kuncha M, Patra CR, Reddy PN, Banerjee SK. Hyperglycaemia enhances nitric oxide
production in diabetes: a study from South Indian patients. PLoS One 2015; 10: €0125270 [PMID: 25894234 DOI:
10.1371/journal.pone.0125270]

Kerkeni M, Weiss IS, Jaisson S, Dandana A, Addad F, Gillery P, Hammami M. Increased serum concentrations of pentosidine are related to
presence and severity of coronary artery disease. Thromb Res 2014; 134: 633-638 [PMID: 25065554 DOI: 10.1016/j.thromres.2014.07.008]
Gaens KH, Niessen PM, Rensen SS, Buurman WA, Greve JW, Driessen A, Wolfs MG, Hofker MH, Bloemen JG, Dejong CH, Stehouwer CD,
Schalkwijk CG. Endogenous formation of Ne-(carboxymethyl)lysine is increased in fatty livers and induces inflammatory markers in an in
vitro model of hepatic steatosis. J Hepatol 2012; 56: 647-655 [PMID: 21907687 DOI: 10.1016/j.jhep.2011.07.028]

Semba RD, Patel KV, Sun K, Guralnik JM, Ershler WB, Longo DL, Ferrucci L. Association between serum carboxymethyl-lysine, a dominant
advanced glycation end product, and anemia in adults: the Baltimore longitudinal study of aging. J Am Geriatr Soc 2008; 56: 2145-2147
[PMID: 19016950 DOI: 10.1111/§.1532-5415.2008.01968.x]

Kralev S, Zimmerer E, Brueckmann M, Lang S, Kélsch T, Rippert A, Lin J, Borggrefe M, Hammes HP, Siiselbeck T. Elevation of the
glycoxidation product N(epsilon)-(carboxymethyl)lysine in patients presenting with acute myocardial infarction. Clin Chem Lab Med 2009; 47:
446-451 [PMID: 19278364 DOI: 10.1515/CCLM.2009.100]

WJD | https://www.wjgnet.com 1765 December 15,2023 | Volume14 | Issue12 |


https://dx.doi.org/10.37349/emed.2023.00145
http://www.ncbi.nlm.nih.gov/pubmed/30184484
https://dx.doi.org/10.1016/j.cmet.2018.08.014
http://www.ncbi.nlm.nih.gov/pubmed/25259686
https://dx.doi.org/10.1080/10408398.2012.744738
http://www.ncbi.nlm.nih.gov/pubmed/24292971
https://dx.doi.org/10.1007/s11892-013-0453-1
http://www.ncbi.nlm.nih.gov/pubmed/31847322
https://dx.doi.org/10.3390/nu11123057
http://www.ncbi.nlm.nih.gov/pubmed/35904195
https://dx.doi.org/10.1161/JAHA.121.024012
http://www.ncbi.nlm.nih.gov/pubmed/32398121
https://dx.doi.org/10.1186/s13104-020-05082-6
http://www.ncbi.nlm.nih.gov/pubmed/36437860
https://dx.doi.org/10.4239/wjd.v13.i11.972
http://www.ncbi.nlm.nih.gov/pubmed/35733085
https://dx.doi.org/10.1186/s12872-022-02694-7
http://www.ncbi.nlm.nih.gov/pubmed/28012130
https://dx.doi.org/10.1007/s00418-016-1534-4
http://www.ncbi.nlm.nih.gov/pubmed/35141291
https://dx.doi.org/10.3389/fcvm.2021.778615
http://www.ncbi.nlm.nih.gov/pubmed/12433875
https://dx.doi.org/10.1136/heart.88.6.559
http://www.ncbi.nlm.nih.gov/pubmed/19682127
https://dx.doi.org/10.1111/j.1532-5415.2009.02438.x
http://www.ncbi.nlm.nih.gov/pubmed/19177184
https://dx.doi.org/10.3164/jcbn.08-190
http://www.ncbi.nlm.nih.gov/pubmed/21067585
https://dx.doi.org/10.1186/1475-2840-9-74
http://www.ncbi.nlm.nih.gov/pubmed/21903896
https://dx.doi.org/10.1530/EJE-11-0687
http://www.ncbi.nlm.nih.gov/pubmed/36443827
https://dx.doi.org/10.1186/s12933-022-01684-5
http://www.ncbi.nlm.nih.gov/pubmed/36519243
https://dx.doi.org/10.1080/07853890.2022.2156595
http://www.ncbi.nlm.nih.gov/pubmed/18193103
https://dx.doi.org/10.3164/jcbn.2007014
http://www.ncbi.nlm.nih.gov/pubmed/36134918
https://dx.doi.org/10.2337/dc22-0866
http://www.ncbi.nlm.nih.gov/pubmed/25894234
https://dx.doi.org/10.1371/journal.pone.0125270
http://www.ncbi.nlm.nih.gov/pubmed/25065554
https://dx.doi.org/10.1016/j.thromres.2014.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21907687
https://dx.doi.org/10.1016/j.jhep.2011.07.028
http://www.ncbi.nlm.nih.gov/pubmed/19016950
https://dx.doi.org/10.1111/j.1532-5415.2008.01968.x
http://www.ncbi.nlm.nih.gov/pubmed/19278364
https://dx.doi.org/10.1515/CCLM.2009.100

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: bpgoffice@wjgnet.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved.


mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Sample collection
	Clinical assessment
	GS system
	Doppler echocardiography examination
	Cardiovascular risk factor assessment
	Statistical analysis

	RESULTS
	Demographic characteristics
	Cardiovascular characteristics
	Comparison of biochemical parameters in group I and group II
	Association of CML, IL-6, TNF-α, and nitric oxide between group I and group II
	Association of lipid parameters between group I and group II
	Correlation and logistic regression analysis between CML, inflammatory markers, and lipid parameters

	DISCUSSION
	CONCLUSION
	ARTICLE HIGHLIGHTS
	Research background
	Research motivation
	Research objectives
	Research methods
	Research results
	Research conclusions
	Research perspectives

	FOOTNOTES
	REFERENCES

