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ABSTRACT
Objective: Atherosclerosis is a chronic condition characterized by impaired lipid homeostasis
and chronic inflammatory pathology in large and mid-sized arteries. Myocardial infarction is
caused by coronary artery thrombosis in a ruptured or unstable atherosclerotic plaque. Despite
the emphasis on known triggering factors, such as hypertension and dyslipidemia, adverse events
following MI, such as recurrence and mortality, are still high. Therefore, it is imperative to assess
potential determinants of plaque instability. We evaluated markers of inflammation, extracellular
matrix (ECM) remodeling, thrombosis, and lipids in first-time and recurrent MI (RMI).
Methods: Two hundred patients diagnosed with MI within the first 24 h of the event were
included in the study and categorized as first-time or recurrent MI. Serum levels of NF-κB, hs-CRP,
TNF-α, IFN γ, IL-6, VCAM-1,MMP-9, stromelysin, TIMP-1, MCP-1, PAPP-A, vWF, D-dimer, PLA2, PON-1,
Apo-B, Apo-A1, ox-LDL, and anti-oxidized LDL antibodies were analyzed by ELISA. We performed a
multivariate logistic regression analysis for risk stratification.
Results: The mean age of first-time MI patients was 52.4± 25 years and that of recurrent MI
patients was 55.9± 24.6 years. RMI patients showed significant (p<0.05) upregulation of markers
of inflammation (TNF-α), endothelial adhesion (VCAM-1), ECM remodeling (MMP-9, PAPP-A),
and antioxidant PON-1 enzyme. First-time MI patients had significantly higher serum IL-6 and D-
dimer levels than RMI patients. Risk categorization for RMI was determined at 0.5 cut-off utilizing
proteomic indicators at 95% confidence interval.
Conclusion: Non-lipid factors provide substantial insights into plaque instability. Multiple
markers of inflammation, thrombosis, extracellular matrix remodeling, and paroxonase-1 are
reliable indicators of recurrent myocardial infarction.
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BACKGROUND
Acute myocardial infarction (AMI) is characterized by multiple risk factors. In the past few
decades, there has been widespread awareness, prevention, and management programs
for risk factors such as smoking, hypertension, diabetes, and other lifestyle disorders
contributing to poor cardiovascular health.

According to 2022 US heart and stroke statistics, there have been reports of
improvement in factors such as cessation of smoking by 6%; control of diabetes
(glycated hemoglobin: HbA1c< 7%), hypertension (blood pressure< 140/90 mmHg),
and dyslipidemia (total cholesterol< 240 mg/dl) by 24.6%; and increase in physical
activity by 10.7%1–6.

However, the global mortality rate of cardiovascular disease (CVD) increased by
18.7% in 20201. Approximately 2.5% of AMI patients suffer from a subsequent recurrent
myocardial infarction (RMI), with an alarming 50% mortality rate7. Asian Indians have
a 20–50% greater rate of coronary artery disease (CAD)-related mortality than any
other population. Although economic and social growth and its consequences, such as
changed eating habits, decreased physical activity, and an increase in hypertension and
diabetes, are associated with CAD prevalence in India, these conventional risk factors
cannot account for this magnitude of elevated risk8,9.

The recommended course of action does not solely lie in more stringent control
of these factors. It is necessary to review the complex process of atherosclerosis
pathogenesis and the subsequent chain of events that culminate in plaque instability,
MI, and its recurrence.

Atherosclerosis is a systemic disease that affects the coronary circuit and is driven by
inflammation. It starts with endothelial dysfunction and oxidative stress, which make
the arteries prone to atherosclerosis10. When oxidised LDL (ox-LDL) accumulates in the
arterial wall, it triggers phagocytosis by scavenger receptors on monocytes that have
been epigenetically altered, leading to persistent inflammation11,12.

The antioxidant mechanism of high-density lipoprotein (HDL)-associated enzymes
paraoxonase-1 (PON-1) and phospholipase A2 (PLA2) reduces lipid peroxidation build-
up13,14. Apo-A1 and Apo-B are pivotal constituents of HDL and LDL, respectively, in
the maintenance of cellular cholesterol homeostasis15–17. The transcriptional nuclear
factor kappa B subunit (NF-κB) is activated upon phagocytosis, changing inflammatory
response genes and causing pro-inflammatory cytokine release, such as tumor necrosis
factor-α (TNF-α), interferon-γ (IFN-γ), interleukin-6 (IL-6), and high-sensitivity C-reactive
protein (hs-CRP)18,19. They increase the synthesis of cell adhesion molecules including
vascular cell adhesion molecule-1 (VCAM-1), promoting leukocytes attachment to
endothelial cells and further enhance response to ox-LDL accumulation sites, forming
foam cells and plaques18–21. Susceptible plaques include a thin fibrous cap (< 65 µm), a
significant lipid pool (>40% of the plaque), inflammatory cells (especially macrophages),
outward remodeling, neovascularization, and intra-plaque hemorrhage22. The zinc-
dependent family of endopeptidases known as extracellular matrix remodeling markers,
such as matrix metallopeptidase-9 (MMP-9), tissue inhibitor of metalloproteinase-1(TIMP-
1), monocyte chemoattractant protein-1 (MCP-1), stromelysin, and pregnancy-associated
plasma protein-A (PAPP-A), further contribute to plaque instability22–26. Endothelial
dysfunction eventually leads to plaque rupture and thrombus formation, culminating
in adverse cardiovascular events such as acute coronary syndrome (ACS) and AMI.
Thrombotic markers such as D-dimer and von Willebrand factor (vWF) indicate the onset
and progression of plaque rupture27–29.
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Although several factors contribute to the early onset of atherosclerotic lesions, the
exact rationale underlying this abrupt shift to symptomatic disease remains unclear. The
inadequacy of current interventional strategies that emphasize known risk factors for
the development of CAD is indicated by the high prevalence of adverse cardiac events,
such as AMI and RMI. The focus should be shifted to identifying precipitating factors,
especially in high-risk individuals. As several hemostatic factors are strongly correlated,
it is necessary to utilize a combination of easily quantifiable biomarkers that encompass
the etiopathogenesis of myocardial ischemia as risk, diagnosis, and prognosis indicators.

Our primary objective was to comprehensively assess inflammatory, extracellular
matrix remodeling, thrombotic, and lipid markers in patients with first-time AMI and RMI.

MATERIAL AND METHODS
Study population
The study was conducted in the Department of Biochemistry, Lady Hardinge Medical
College & associated SSK Hospital in collaboration with the Department of Cardiology,
G B Pant Hospital, New Delhi. Approval was granted by relevant institutional ethics
committees.

The study participants included patients diagnosed with myocardial infarction within
24 h of the event. Bilingual informed consent was taken from all study participants.

Two hundred cases of myocardial infarction were enrolled in the study based on the
inclusion criteria that they were confirmed cases of myocardial infarction by a treating
cardiologist on the basis of clinical evaluation, electrocardiogram changes, cardiac
biomarker analysis, echocardiography, and coronary angiography. Subjects with known
cases of diabetes mellitus, hypertension, neoplasia, chronic liver disease, chronic kidney
disease, and inflammatory diseases, such as arthritis, were excluded from the study.
Patients were categorized into two groups: those with acute myocardial infarction for
the first time (AMI) and those with recurrent myocardial infarction (RMI). Patients with
multiple recurrences of myocardial infarction were also considered to have RMI. The
subjects were further sub-categorized based on a family history of myocardial infarction
in first-degree relatives.

Sample collection and processing
Five milliliters of peripheral venous blood were collected from all participants within
24 h of MI after confirmation of the diagnosis. The samples were taken in plain and
citrated vacutainers for serum and plasma respectively. Serum and plasma separation
was performed at 2000 rpm for 10 min and were stored at minus 20 degrees (in suitable
aliquots) before batch analysis as detailed below.

Parameters analyzed
The analytes were categorized as follows:

Category Markers
Inflammatory markers NF-κB, hs-CRP, TNF-α, IFN-γ , IL-6, VCAM-1
Extracellular matrix remodeling markers MMP-9, stromelysin, TIMP-1, MCP-1, PAPP-A
Thrombotic markers vWF, D-dimer
Lipid markers PLA2, PON-1, Apo-B, Apo-A1, ox-LDL, anti-oxidized

LDL antibody
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• Serum NF-κB was estimated by double-antibody sandwich enzyme-linked
immunosorbent one-step process assay (ELISA) using Human Nuclear Factor- Kappa
B (NF-κB) ELISA kit by Sincere Biotech, Beijing (Lot no. E180725624, Catalog No.
E13821889).
• Serum hs-CRP was estimated using C-Reactive Protein HS ELISA kit by DRG
Instruments GmbH, Germany (Lot no. RN-57934, Reference EIA-3954).
• Serum TNF-α was estimated using Human TNF-α ELISA kit by Diaclone SAS, France
(Batch: 1100-107, Catalog No. 950.090.096).
• Serum IFN-γ was estimated using Human IFN-γ ELISA kit by Diaclone SAS, France
(Batch: 1200-67, Catalog No. 950.000.096).
• Serum VCAM-1 was estimated using Human CD106 (VCAM) ELISA kit by Diaclone SAS,
France (Batch: 0106-50, Catalog No. 850.580.096).
• Serum IL-6 was estimated using Human IL-6 ELISA kit by Diaclone SAS, France (Catalog
No. 950.030.096).
• Serum MMP-9 was estimated using Human MMP9 ELISA kit by QAYEE-BIO, China (Lot
no. 06/2018 [96T], Catalog No. QY-E02978).
• Serum stromelysin was estimated using Human MMP3 ELISA kit by QAYEE-BIO, China
(Lot no. 11/2017 [96T], Catalog No. QY-E02983).
• Serum TIMP-1 was estimated using Human TIMP1 ELISA kit by QAYEE-BIO, China (Lot
no. 09/2018 [96T], Catalog No. QY-E02977).
• Serum MCP-1 was estimated using Human MCP1 ELISA kit by Diaclone SAS, France
(Batch: MCP1-08, Catalog No. 873.030.096).
• Serum PAPP-A was estimated using PAPPA ELISA kit by DRG Instruments GmbH,
Germany (Lot no. 46K039-2, Reference EIA-2397).
• vWF levels in citrated plasma samples were estimated using REAADS von Willebrand
Factor Antigen Test kit by Corgenix, USA (Lot no. VF-205, Reference No. 034-001).
• Plasma D-dimer levels was estimated using Human D Dimer ELISA kit by Sincere
Biotech, Beijing (Catalog No. E13650581).
• Serum PON-1 was estimated using Human PON1 ELISA kit by Boster Biological
Technology Co., LTD (Lot no. 68713109723, Code: EK1141).
• Serum APO A-1 was estimated by using Randox ELISA Kit (Catalog No. LP 2116).
• Serum APO-B levels was estimated by using Randox ELISA Kit (Catalog No. LP 2117).
• Serum ox-LDL was estimated using Human Oxidized- Low Density Lipoprotein ELISA
kit by Sincere Biotech, Beijing Catalog No. E13651349).
• Serum anti ox-LDL antibody was estimated using Human anti Oxidized- Low Density
Lipoprotein ELISA kit by Sincere Biotech, Beijing (Catalog No. E13652517).
• Serum PLA2 levels was estimated using Human Phospholipase A2 ELISA kit by Sincere
Biotech, Beijing (Catalog No. WLJYLP1020).

The tests were performed strictly following the manufacturer’s instructions. The optical
density (OD) was measured at respective wavelengths using TECAN Infinite f200 Pro
ELISA plate reader and standard curve was plotted.

Statistical analysis
Data was entered in Microsoft Excel and analyzed by SPSS version 21.0. Kolmogorov–
Smirnov tested for data normality. Quantitative variables were compared using Mann–
Whitney Test (skewed data) and independent T test (for normally distributed data).
Multivariate logistic regression analysis was used to identify recurring MI risk variables.
A p-value< 0.05 was considered as statistically significant.
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RESULTS
Patient characteristics
The study included 117 cases of first-time AMI with a mean age of 52.4± 25 years and
83 cases of RMI with a mean age of 55.9± 24.6 years. Female patients accounted for 28
cases, of which nine were cases of RMI.

54 cases of AMI and 46 cases of RMI had a family history of MI in their first-degree
relative. The mean age of RMI patients during their first MI was 51.8± 23 years. 8.4% of
RMI patients had experience of multiple events of MI.

Although all cases of RMI were on varying doses of aspirin, clopidogrel, beta-blockers
and statins post previous MI event, 92.77% had taken aspirin 75mg, clopidogrel 75mg,
and statin 20mg daily for an average of 4.12± 3 years since first MI.

Other medications taken by RMI patients include beta-blockers (87.9%), angiotensin-
converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) (86.7%),
anticoagulants (61.4%) and thrombolytic agents (33.7%).

6 patients of RMI had undergone coronary artery bypass graft (CABG), 73 had
percutaneous intervention (PCI) and 2 had conservative medical management.

61.53% of AMI patients presented with ST elevation MI (STEMI). 38 AMI cases and 28
RMI cases were inferior wall MI (IWMI), whereas 65 AMI cases and 46 RMI cases were
anterior wall MI (AWMI). Emergency management of all the cases included loading dose
of aspirin 600 mg, clopidogrel 300 mg and atorvastatin 40mg. Other drugs used for
medical management include prasugrel (19.69%), isosorbide dinitrate (7.5%), enoxaparin
(24.2%), reteplase (13.6%), frusemide (18.8%), tenecteplase (4.5%), and morphine
(92.4%) for pain management.

A total of 96 cases were consumers of tobacco, of which 54.9% were smokers. 81.9%
RMI patients were noted to be smokers as well. The subjects were matched on the basis
of the type (STEMI vs NSTEMI) and location (AWMI/ IWMI/others) of MI and emergency
medical management as mentioned above.

Inflammatory markers
In all cases of myocardial infarction, median serum levels of hs-CRP, IL-6, NF-κB, TNF-
α and VCAM-1 were 1.31 mg/L, 11.88 pg/ml, 11.34 ng/ml, 2.19 pg/ml and 1157.37 ng/ml,
respectively. The mean serum IFN-γ level was 17.35± 7.34 pg/ml (Table 1).

There were significantly higher levels of TNF-α and VCAM-1 in RMI cases compared to
first-time AMI, whereas IFN- γ levels were significantly lower in RMI cases. Comparison of
inflammatory markers between total number of cases, AMI and RMI cases on the basis of
family history of MI in first degree relatives, showed no statistical significance.

Lipid markers
In all cases of myocardial infarction, median serum levels of APO-A1, ox-LDL and PLA2
were 120.36 mg/dl, 23.72 ng/ml and 4.1 ng/ml, respectively, whereas the mean serum
Apo-B, anti-oxidized LDL antibody and PON-1 levels were 83.48± 27.98 mg/dl, 14.6± 1.8
ng/ml and 3.12± 1.07 ng/ml respectively. Among the lipid markers, only anti-oxidant
enzyme PON-1 was of statistical significance. It was significantly higher in cases of RMI
when compared to first-time AMI. Although not of statistical significance, Apo-A1, Apo-B,
ox-LDL and PLA2 were higher and anti-oxidized LDL antibody were lower in RMI cases
(Table 2). Mean PON-1 enzyme levels were significantly (p-value=0.061) higher in those
with a family history of MI in first degree relative (3.35± 1.13) than in those without a
family history of MI (2.89± 0.97) (Figure 1).
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Table 1 Comparison of inflammatory markers in patients of first-time acute myocardial infarction (AMI) and recurrent myocardial
infarction (RMI). hs-CRP in milligrams per liter (mg/L); IFN-γ in picograms per milliliters (pg/ml); interleukin-6 in pg/ml; NF- κB in nanograms per
milliliters (ng/ml); TNF-α in pg/ml and VCAM-1 in ng/ml. Tests of significance used to determine p-value have been mentioned.

Inflammatory
biomarkers

AMI RMI p-value

hs-CRP (mg/L)
Median
(25th–75th percentile)

1.09
(0.389–3.859)

1.81
(0.643–3.406)

0.224
(Mann Whitney-U test)

IFN-γ (pg/ml)
Mean± SD 18.56± 7.89 15.28± 5.82 0.008

(Independent T test)

IL-6 (pg/ml)
Median
(25th–75th percentile)

21.95
(5.112–99.084)

7.42
(4.459–21.491)

0.061 (Mann Whitney-U test)

NF-κB (ng/ml)
Median
(25th–75th percentile)

11.84
(4.842–15.063)

10.18
(6.596–13.747)

0.757 (Mann Whitney-U test)

TNF-α (pg/ml)
Median
(25th–75th percentile)

2.1
(1.329–2.507)

2.34
(2.087–3.039)

0.0008 (Mann Whitney-U test)

VCAM-1(ng/ml)
Median
(25th–75th percentile)

1084.66
(462.696–1276.339)

1189.87
(995.339–1346.446)

0.037 (Mann Whitney-U test)

Extracellular matrix remodeling markers
In all cases of myocardial infarction, median serum levels of MMP-3 (stromelysin), MMP-
9, PAPP-A, TIMP-1 were 14.11 pg/ml, 58.6 pg/ml, 1.3 µg/ml, 93.85 pg/ml respectively
whereas the mean serum MCP-1 was 650.57± 625.42 pg/ml. A significantly higher level
of serum MMP-9 and PAPP-A were noted in RMI cases (Table 3). No significant difference
was seen between cases with respect to family history of MI in first degree relatives
(Figures 1 and 2).

Thrombotic markers
The median serum levels of D-dimer and vWF in all cases of MI were 1980.8 ng/ml and
46.84 µg/ml. Cases of RMI had a significantly lower level of D-dimer compared to first-
time AMI cases (Table 4). No significant difference was found in either thrombotic marker
between cases with and without a history of MI in first-degree relatives (Figure 2).

Multiple regression analysis showed the possible markers of recurrence to be D-Dimer,
IFN-γ, MMP-9, PAPP-A, PON-1, TNF-α and VCAM-1 (Table 5). The equation is as given:

RMI= 1/(1+exp(.330− 0.0004 ∗ D-dimer+ 0.024 ∗ IFN-γ + 0.018 ∗ MMP-9−8.245
∗ PAPP-A+ 1.214 ∗ PON-1+ 0.941 ∗ TNF-α + 0.003 ∗ VCAM-1)

Value< 0.5 indicates a minimal chance of recurrence in myocardial infarction, and a
value>0.5 indicates a higher chance of recurrence.
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Table 2 Comparison of lipid markers in patients of first-time acute myocardial infarction (AMI) and
recurrent myocardial infarction (RMI). Apo-A1 in milligrams per deciliter (mg/dl); Apo-B in mg/dl; Anti-
oxidized LDL antibody in ng/ml; ox-LDL in ng/ml; PLA2 in ng/ml and PON-1 in ng/ml.

Lipid bio-markers AMI RMI p-value

APO-A1 (mg/dL)
Median
(25th–75th percentile)

117.59
(103.462–134.995)

125.48
(106.44–135.525)

0.303
(Mann Whitney test)

APO-B(mg/dL)
Mean± SD 82.15± 29.14 86.4± 25.45 0.486

(Independent t test)

Anti-Oxidized LDL antibody (ng/ml)
Mean± SD 14.61± 1.69 14.59± 1.9 0.965

(Independent t test)

Ox-LDL (ng/ml)
Median
(25th–75th percentile)

22.73
(21.543–24.528)

24.81
(21.395–27.012)

0.357
(Mann Whitney test)

PLA2(ng/ml)
Median
(25th–75th percentile)

4.06
(4.017–4.319)

4.12
(4.013–4.28)

0.591
(Mann Whitney test)

PON -1 (ng/ml)
Mean± SD 2.78± 0.98 3.47± 1.06 0.004

(Independent t test)

Figure 1. Comparison of mean levels proteomic markers. IFN-γ (pg/ml), MCP-1 (pg/ml), APO-B
(mg/dl), anti-oxidized LDL antibody (ng/ml) and PON-1 (ng/ml) among cases of MI with and without
family history of MI in first degree relative.
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Figure 2. Comparison of median levels proteomic markers hs-CRP (mg/L), IL-6 (pg/ml), NF-κB
(ng/ml), TNF-α (pg/ml), VCAM-1 (ng/ml), Apo-A1 (mg/dl), ox-LDL (ng/ml), PLA2 (ng/ml),D-dimer
(ng/ml), vWF (µg/ml), stromelysin (pg/ml), MMP-9 (pg/ml), PAPP-A (µg/ml) and TIMP-1 (pg/ml)
among cases of MI with and without family history of MI in first degree relative.

The diagnostic performance of the RMI risk algorithm was analyzed using the receiver
operating characteristic curve by area under curve (AUC) and further assessed for metrics
such as sensitivity, specificity, positive predictive value, and negative predictive value
(Table 6 & Figure 3). The AUC obtained was 0.784 (null hypothesis: true area= 0.5;
asymptotic sig= 0.00, 95% confidence interval: lower bound= 0.718 and upper bound
= 0.851).

DISCUSSION
According to the Global Burden of Disease study, the age-standardized death rate due
to CVD in India is 272 per 100,000 individuals, notably higher than the global average of
23530. These figures may not be representative of the actual burden of the disease due to
lack of structure in data collection and limited knowledge of the cause of death in home
settings.

The conventional factors used for risk assessment of CVD in Indian medical settings
are mainly LDL cholesterol levels and hyperglycemia. However, 50% of MI and strokes
and 20% of significant adverse events transpire in individuals who exhibit normal LDL
cholesterol levels or do not possess any identifiable risk factors.

It warrants attention that Indian population manifests CVD at a relatively young age
with accelerated progression, and elevated mortality rate, surpassing that of other ethnic
groups. Intriguingly, the conventional risk factors commonly do not fully elucidate the
underlying reasons for this heightened susceptibility9,31,32. Consequently, in light of
shifting atherosclerosis models, risk of adverse event may be better redefined in terms of



Page 9 of 20
Singh et al, GCSP 2024:25

Table 3 Comparison of ECM markers in patients of first-time acute myocardial infarction (AMI) and
recurrent myocardial infarction (RMI).MCP-1 in pg/ml, MMP-3 in pg/ml, MMP-9, PAPP-A in ug/ml and
TIMP-1 in pg/ml.

Extracellular matrix
remodeling markers

AMI RMI p- value

MCP-1 (pg/ml)
Mean± SD 605.06± 598.27 716.98± 662.46 0.283

(Independent t test)

MMP-3 (pg/ml)
Median
(25th–75th percentile)

14.3
(12.906-20.97)

13.67
(12.917-15.125)

0.262
(Mann Whitney
U test)

MMP-9 (pg/ml)
Median
(25th–75th percentile)

54.56
(22.435-61.871)

60.7
(55.576-63.775)

0.0007
(Mann Whitney U test)

PAPP-A (ug/ml)
Median
(25th–75th percentile)

1.29
(1.275-1.317)

1.31
(1.293-1.339)

0.001
(Mann Whitney U test)

TIMP-1 (pg/ml)
Median
(25th–75th percentile)

97.3
(89.985-157.448)

92.34
(89.417-141.394)

0.472
(Mann Whitney U test)

Table 4 Comparison of thrombotic markers in patients of first-time acute myocardial infarction
(AMI) and recurrent myocardial infarction (RMI). D-dimer in ng/ml and vWF in µg/ml.

Thrombotic markers AMI RMI p-value

D-dimer (ng/ml)
Median
(25th–75th percentile)

2376.7
(1386.75–3349.35)

995.8
(846.975–1132.6)

< .0001
(Mann Whitney U test)

vWF (µg/ml)
Median
(25th–75th percentile)

47.23
(32.608–52.118)

46.77
(38.977–50.278)

0.444
(Mann Whitney U test)

enhanced level of plasma drivers of atherosclerosis, plaque growth and rupture activity.
In this study, we compared 19 proteomic markers among patients with first-time AMI and
RMI. The effect of long-term use of statins, aspirin and clopidogrel should be accounted
for in recurrence as all patients of RMI were on these medications.

Inflammatory markers
As a multi-functional pro-inflammatory cytokine implicated in atherosclerosis, the role
of TNF-α in generating multiple chemokines like IL-6, hs-CRP and IFN-γ as acute phase
response, as well as endothelial adhesion molecules such as VCAM-1 for smooth muscle
proliferation, after activation through NF-κB pathway has been established by several
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Table 5 Multivariate logistic regression to find out risk factors of RMI.

Beta coefficient Standard error P-value Odds ratio Odds ratio
Lower bound (95%)

Odds ratio
Upper bound (95%)

D-Dimer −0.0004 0.000 0.286 1.000 0.999 1.000
IFN-γ 0.024 0.089 0.784 1.025 0.860 1.221
MMP-9 0.018 0.032 0.587 1.018 0.955 1.084
PAPP-A −8.245 17.463 0.637 0.000 0.000 1.922E+11
PON-1 1.214 0.701 0.083 3.366 0.852 13.301
TNF-α 0.941 1.011 0.352 2.563 0.353 18.605
VCAM-1 0.003 0.002 0.254 1.003 0.998 1.007

Table 6 Diagnostic metrics of RMI risk algorithm.

RMI Risk algorithm Sensitivity Specificity PPV NPV AUC

Cutoff: 0.5727 by ROC 80.17% 78.57% 83.78% 74.15% 0.784*

Notes.
*Std error = 0.034 under the non-parametric assumption.

Table 7 Mechanisms underlying pleotropic and immunomodulatory effect of statins.

• Inhibitory effect on NF κB, suppression of inflammasome and Toll-like receptors (TLRs)
and
reduction in chemokines & adhesion molecules and MHC-II (by IFN-γ ) [33,34]

• Inhibition of protein prenylation [34]
• Upregulation of endothelial nitric oxide synthase (eNOS) by attenuation of asymmetrical
dimethyl arginine (ADMA), an inhibitor of the NO synthase [35,36,37]

• Activation of the PLAX2-COX pathway and production of anti-inflammatory prostacyclins
[33,38]

• Downregulation of circulating endothelin-1 and subsiding endothelial dysfunction [39,40]

studies9,31,32. An ongoing atherosclerotic process is obvious in cases of recurrence and
hence, an expected increase of TNF-α and VCAM-1 is seen in cases of RMI. However, we
see a decrease of IFN-γ, NF-κB, IL-6 and hs-CRP in RMI cases.

Several mechanisms have been described for non-lipid lowering effect of statins as
described in Table 7.

Lyngdoh et al. observed statins elicited a reduction in CRP levels among individuals
with no discernible impact on IL-6 or TNF-α41. A 37% reduction in CRP levels was noted
in subjects taking rosuvastatin by JUPITER trial42. CRP also exhibited a significant positive
correlation with the severity of coronary stenosis and negative association with the left
ventricle ejection fraction in a study by Oprescu et al. 43.

In a comprehensive 13-year follow-up study conducted on diabetics, it was observed
that CRP exhibited a significant independent association with cardiovascular mortality44.
Further, two meta-analyses studies concurred with the reduction of CRP, IL-6 and IFN-γ in
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Figure 3. Receiver Operating Characteristic (ROC) Curve Analysis showing diagnostic
performance of RMI risk algorithm in differentiating AMI and RMI.

human subjects taking statins with ezetimibe. However, no significant reduction in TNF-α
was noted in these subjects45,46.

In cell-culture study of human umbilical cord vein endothelial cells by Bergh et al.,
it was shown that a potent inducing effect of TNF-α on VCAM-1 can be mitigated by
simvastatin and rosuvastatin in a dose-dependant manner via induction of
thrombomodulin and eNOS, but cannot completely counteract the effect of TNF-α47.

Our results indicate that the effect of TNF-α on VCAM-1 could not be affected by
statins, although did not conclusively prove it. CRP has been a well-studied inflammatory
marker in atherosclerosis as discussed above, but we found no significance of CRP in
identifying recurrence.

Inhibition of cyclooxygenase (COX) and pro-inflammatory signalling cascades of
NF-κB are responsible for anti-inflammatory effect of aspirin at elevated dosages. But
even at lower dosages, such as prescribed maintenance dose post management of
myocardial infarction, anti-inflammatory effect is seen48,49. The mechanisms for this
effect at lower dosages have been proposed to be due to activation of thromboxane
prostanoid receptor, increased activity of NO synthase and attenuation of macrophage-
colony-stimulating factor, IL-6 and TNF-α36,50–53.

The effect of aspirin on circulating inflammatory markers have been contradictory.
Ridker et al. in 1997 showed aspirin reduced CRP levels in MI patients, whereas in 2010,
Kronish et al. showed that there was a significant negative correlation between CRP levels
and aspirin adherence54,55.

The PLCO cancer randomised controlled trial aimed to find association of inflammatory
markers with aspirin compliance in 155,000 study participants for a course of 9 years55.
No association of CRP, IL-6 and TNF-α was found with regular aspirin use of varying
dosages in this trial56. A trial study conducted by Block et al. showed that no significant
effect of single-dose aspirin on TNF-α or IL-657. But aspirin at a dosage of 160mg to 300
mg per day exhibited a notable correlation with decreased concentrations of hs-CRP,
IL-6 and TNF-α by a few studies58,59. This shows a clear aspirin dose-dependency of
inflammatory markers.
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Clopidogrel is commonly used in medical management of MI owing to its P2Y12
platelet receptor inhibition. Anti-inflammatory function of clopidogrel has been known
to be both P2Y12 mediated and non- P2Y12 mediated. Platelet-independent effect
of clopidogrel has been recently shown to be because of previously thought
‘inactive’ metabolites60. But the impact of CYP450 genetic polymorphism on clopidogrel
metabolism causing interpatient variability is significant60,61. Pre-clinical studies
have demonstrated reduction in VCAM-1 levels and suppression of NF-κB pathway on
administration of clopidogrel62,63. Malek et al. showed STEMI patients who were
undergoing PCI had significant reduction in CRP levels on taking clopidogrel64. A
combination of aspirin (300mg loading dose followed by 100mg per day) and clopidogrel
(300mg loading dose followed by 75mg per day) for 30 days caused significant reduction
in hs-CRP and TNF- α65.

Lipid markers
PON-1 enzyme exhibits calcium-dependent hydrolytic activity66. The study conducted
by Mackness et al. elucidated the functional significance of HDL-associated PON-1 in
the mitigation of lipid peroxide buildup on LDL particles67–69. A meta-analysis study on
20 studies with 5,417 subjects showed that decreased levels of PON-1 was seen in CAD
cases70. An inverse association between PON-1 activity and CVD-risk was established by
yet another meta-analysis study71. Study by Singh et al. also reported a notable decrease
in the concentration of serum PON-1 among patients diagnosed with myocardial MI,
compared to healthy controls72.

In stark contrast to the anticipated diminished levels of serum PON-1 among
RMI cases, the current study revealed significantly elevated levels. The observed
phenomenon could potentially be explained by the mechanism of action of statins, which
has been shown to modulate the expression of antioxidant enzymes. A
significant correlation between increased PON-1 and arylesterase activity and statin
therapy was established in a meta-analysis of 25 clinical trials71. An increase in enzyme
concentration and activity by simvastatin was shown by treatment with simvastatin and
atorvastatin73,74. This could be attributed to the upregulation of transcription factors,
particularly sterol regulatory element binding protein-2, which leads to enhanced
expression of PON-173. PON-1 gene polymorphisms are known to be associated with
PON-1 activity and response to statin therapy. Our results showed that patients with a
family history of MI had higher PON-1 concentrations. An Indian study by Godbole et al.
showed that QQ homozygosity was associated with higher PON-1 enzyme activity75.

Thrombotic markers
Current research on the role of D-dimer in predicting outcomes in patients with coronary
artery disease is conflicting. A previous study found that plasma D-dimer did not predict
major adverse cardiovascular events (MACE) in a cohort of 3209 individuals76. However,
the Multiethnic Study of Atherosclerosis found a significant association between elevated
D-dimer levels and increased mortality risk in a cohort of over 6,000 individuals. No
correlation was observed with nonfatal cardiovascular events77.

A retrospective study in STEMI patients found that there is a strong link between
higher levels of D-dimer in the blood and an increased risk of major adverse
cardiovascular events, such as heart failure, malignant arrhythmia and death78. The study
conducted by Kikkert et al. found that having a high level of D-dimer is associated with a
two times increased risk of cardiovascular events in the near-term. The study suggests
that elevated levels of D-dimer upon admission are associated with an increased
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risk of MACE in patients with STEMI who undergo PCI79. Gong et al. showed that the
association remains significant even after considering various factors such as age,
gender, cardiovascular risk factors, and medication treatment80. However, our study
shows that a significantly lower level of D-dimer was found in cases of RMI.

The findings of a meta-analysis indicate a correlation between the utilization of statins
and a decrease in D-dimer levels, independent of both the duration of treatment and the
type of statin administered. This comprehensive meta-analysis, encompassing a total
of 18,052 study participants, revealed a significant decrease in D-dimer levels among
individuals who underwent statin treatment compared to the control group. The overall
outcome remained unaltered despite duration of treatment period and type of statin81.

In 156 suspected pulmonary embolism patients, Schol-Gelok et al. showed that the
administration of statins was observed to be correlated with a reduction of 15% in D-
dimer, as opposed to antiplatelet agents which exhibited no discernible correlation82.
Similar results were also concluded by Alirezaei et al. in venous thromboembolism
patients83.

Extracellular matrix remodeling markers
The role of gelatinase B or MMP-9 in plaque instability has been extensively studied.
Heightened activity of MMP-9 in unstable plaques compared to stable plaques84–86.
MMP-9 is predominantly localized within the necrotic core and fibrous cap of
atherosclerotic plaques87–89. Elevated levels of MMP-9 have been associated with the
potential to predict plaque instability, and overexpression of MMP-9 has been linked to
the induction of plaque instability90–92. Therefore, MMP-9 could be a promising target for
mitigating the susceptibility of arterial plaques. Many studies have conclusively shown
to that statins decrease MMP-9 levels by suppression of TNF-α induced macrophage
infiltration93–98. Aspirin was found not to have any effect on MMP-9 levels99,100.

The administration of alteplase therapy has been observed to result in elevated
concentrations of MMP-9 in individuals diagnosed with STEMI101. Observed increase in
levels of MMP-9 indicates a potential correlation between elevated MMP activity and
the ineffectiveness of thrombolytic agents as per Heo et al.102. The administration of
anticoagulant therapy, including heparin, synthetic heparin, and direct thrombin
inhibitors, has been observed to result in an elevation of MMP-9 levels in stroke
patients103,104.

Bayes-Genis et al. established a significant association between PAPP-A and the
occurrence of ACS25. PAPP-A functions as a protease for insulin-like growth factor-
binding proteins (IGFBPs) and it was postulated that PAPP-A’s role in enhancing the local
availability of insulin-like growth factor 1 (IGF-1) may potentially expedite the progression
of atherosclerosis. Subsequent investigations have provided evidence linking PAPP-A to
the pathogenesis of atherosclerosis105–107.

The CLARICOR trial sub-study 10 year follow-up investigated the relationship between
PAPP-A levels and long-term mortality in individuals with stable CAD. The findings
indicate that higher levels of PAPP-A are associated with increased long-term mortality
in this population. However, incorporating these elevated PAPP-A levels into existing
predictive models does not improve the ability to predict mortality or cardiovascular
events over the long term108.

Comprehensive investigations regarding the impact of statins and anti-platelet
medications on PAPP-A levels, especially in MI patients have yet to be conducted. The
utilisation of fluvastatin as the primary therapeutic intervention for ACS in randomised,
double-blind, placebo-controlled FACS-trial showed there were no statistically significant
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difference in PAPP-A levels observed between the group administered fluvastatin and the
group administered placebo109. This aligns with our results as expected higher levels of
PAPP-A were seen in RMI patients.

To the best of our knowledge, no study has been conducted, especially in Indian
population the role of inflammatory and ECM remodeling markers in patients of RMI.

CONCLUSION
Despite the effect of medications, primarily statins, antiplatelet drugs, and thrombolytic
agents on numerous indicators, there was a significant difference in D-Dimer, IFN-γ, PON-
1, TNF- α, and VCAM-1 levels between first-time MI and RMI patients. These had little or
no influence on the ECM remodelling markers namely, MMP-9 and PAPP-A. They capture
the numerous processes involved in the history of atherosclerotic plaque formation, its
progression and plaque rupture and hence, enable clinicians to objectively determine an
individual patient’s genuine risk for cardiovascular events and acute clinical outcomes.
Because treatment cannot be discontinued in MI patients for ethical reasons, assessing
the likelihood of recurrence in such patients must also take these drugs and their
interactions into consideration.

LIMITATIONS
The present investigation constituted a solitary-centre observational-analytical study,
characterised by a modest sample size, thereby yielding expansive confidence intervals
for certain odds ratio in the regression analysis. As such, a greater sample size would
enable more conclusive findings about the utility of the markers.

The absence of a quantifiable metric for evaluating long term effect and compliance to
drugs, such as statins, heightens the potential for confounding variables associated with
adherence to these medications. The difference in timings of sample collection (although
done within 24 h of the event) and the difference in severity of the infarction could also
potentially influence the biomarker levels.

SUGGESTIONS & FUTURE PROSPECTS
A prospective cohort study is recommended to investigate the potential effect of
medications used in patients diagnosed with ACS. The study should have a long follow-
up duration and aim to establish conclusive evidence on the impact of these medications
on proteomic markers. Additionally comprehensive studies in more heterogenous
population, such as randomized controlled trials, may be conducted to assess the effects
of anti-inflammatory medications (sortilin, fontolizumab, etanercept, adalimumab) and
direct MMP inhibitors (hydroxamate-based inhibitors and non-hydroxamate-based) in
atherosclerosis.
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