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Abstract

In the present study was investigated that the clinical profile, hsCRP, lipid profile and VEGF-2 gene
expression in C patients in tertiary care hospital. Coronary artery disease (CAD) is the leading cause of death
in India and the leading cause of death worldwide. CAD accounts for 20% of al I deaths in the South Asian
region (SAR). The present study is a case-control study comprising 50 cases and 50 controls who satisfied the
inclusion and exclusion criteria. The mean values of T. Cholesterol, HDLc, LDLc, VLDLc and TGL in cases were
201.80+39.88, 40.56+6.03, 129.20+38.19, 29.94+12.04 and 149.26+60.32, respectively and of controls were
174.28+30.82, 39.28+6.44, 106.48+31.03, 27.34+11.17 and 135.52+56.61, respectively. The mean Hs-CRP of
cases was 2.04+1.00 as compared to 0.85+0.35 in controls. All above mentioned datas were clearly

mentioned that the Lipid profile, hsCRP levels were significantly increased in coronary artery disease
patients compared with control healthy subjects. VEGF-2 gene protein and expression also significantly
increased and correlated with control subjects. In the present study we conclude that VEGF-2 Gene
expression is a one of the prognostic and diagnostic marker for coronary artery disease patients.
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Introduction

In 2010, coronary artery disease (CAD) became the leading cause of death, resulting in 1.8 million deaths and
accounting for more than half of all documented deaths and 10.6% of Cardiovascular disease (CVD) mortality.
Cerebrovascular disease caused 6.8% of all deaths and 30% of deaths from CVD, amounting to a significant
impact on mortality. Coronary heart disease (CHD) in the region led to the loss of more than 60.5 million
disability-adjusted life years (DALYs), which is 10% of all DALYSs lost. CHD caused almost twice as many
DALY as stroke, making up 4.6% of all CVD-related DALYs.' The area is experiencing increasing CVD death
rates, posing a growing health concern. Studies in Pakistan and India show that CHD significantly contributes to
morbidity and mortality in these countries. In 2010, an estimated 2.03 million individuals in India died from
CHD, representing a substantial increase from 1990. CVD likely accounts for 25% of all fatalities in India, with
men and city dwellers being more susceptible to CHD.” The prevalence of CHD in India is approximately 4.5%
in rural areas and over 10% in urban areas, indicating a significant urban-rural disparity.’ A recent CHD study in
Pakistan revealed that active ischaemia occurred twice as often in women compared to men, with prevalence
rates of almost 6% in men and 4% in women.* The study also indicated that one in five individuals in Pakistan's
cities suffers from CHD, but only a quarter of them are aware of their condition and seek treatment. Recent data
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suggests that individuals with lower socioeconomic status in the region initially experience a higher burden of
CHD, contrasting with trends in high-income countries. The rise in urban dwellers in the region corresponds
with a higher incidence of CHD, with 31% of the population currently residing in urban areas and a predicted
increase in this percentage. The prevalence of CHD in urban populations has risen from about 4% to 12%
between 1965 and 2005, and a similar trend is observed in rural communities.’” Recent data from Andhra
Pradesh in South India indicates a potentially higher prevalence of CHD in rural areas, challenging the notion of
a rural-urban protective factor.® The economic burden of CHD mortality in the Indian subcontinent worsens due
to the earlier onset of CHD compared to Western European and Latin American nations, impacting a significant
percentage of the working-age population.

Researchers conducted a study in rural India that found that 51% of all cardiovascular disease (CVD) fatalities
were among individuals under the age of 70.” The blockage of the coronary arteries due to atherosclerosis
primarily causes coronary artery disease (CAD). Experts now understand atherosclerosis, once thought to be a
benign disorder related to fat accumulation that narrows artery passages, as a chronic inflammatory disease that
can begin at a young age. Researchers recognise inflammation as playing a crucial role in every stage of
atherosclerosis, from the early phases of a lesion to the formation of a fully developed atheromatous plaque.®
Inflammation, key to atheroma, is associated with the activation and proliferation of smooth muscle cells,
endothelial cells, and macrophages. The process of forming new blood vessels from pre-existing ones, known as
angiogenesis, relies on Vascular Endothelial Growth Factor (VEGF), also known as Vascular Permeability
Factor (VPF).” Macrophages and tumour cells produce VEGF, which stimulates the migration and proliferation
of endothelial cells, crucial for capillary development. In addition to increasing vascular permeability, VEGF
aids in waste removal and facilitates the delivery of nutrients and oxygen to tissues and works synergistically
with other growth factors such as angiopoietins and fibroblast growth factors (FGFs) to enhance the angiogenic
process. VEGF not only contributes to the stability and integrity of the vascular network by preventing cell
death but also serves as a key regulator of angiogenesis, involved in blood vessel formation and maintenance of
vascular integrity. Studies show that a significant proportion of vascular events occur in individuals who do not
exhibit symptoms of extremely high cholesterol, highlighting the need for improved risk classification
techniques for the sizable and diverse intermediate risk category.'® Researchers consider high-sensitivity C-
reactive protein (hs-CRP), a marker of low-grade vascular inflammation, as one of the most promising and
reliable risk factors currently available, with appealing test features suitable for clinical application.
MATERIALS AND METHODS

Study Population & Study Design

The present study is a case—control study that included 50 consecutive adult patients with ACS admitted to the
coronary care unit at the Konaseema Institute of Medical Science and Research Foundation, a tertiary care
hospital, Amalapuram, East-Godavari, that is considered one of the referral centers and attached with many rural
centers (MedUnited) for the East-Godavari region of Andhra Pradesh, during the period from January 2025 till
July 2025. The controls were 50 age- and gender- matched subjects free from previous CVD recruited from the
attendants or relatives of noncardiac patients. We included adult patients (age >18 years old) with ACS. We
excluded patients with chronic coronary syndrome, pregnancy, malignancy, thyroid disease, advanced chronic
kidney disease (stage 4 or 5), and liver disease.

This is observational case control study. After getting ethical clearance from the institution and the ethical
committee study was started from March 2024. Patients who fit within the inclusion and exclusion criteria were
explained about the study and the consent form was given. Those who were willing to participate were recruited.
Information was collected through prepared proforma from each patient and control. A detailed history of chest
pain, site, duration, nature, radiation, aggravating and reliving factors were elicited. Family history of IHD &
dyslipidemia was asked for general physical examination and systemic examination of the patients was carried
out. Blood samples were drawn from patients and controls for biochemical and gene expression study.

Ethics:

The protocol was approved by the Institution Committee of Ethics in Human Research, which is a division of the
Konaseema Institute of Medical Sciences & Research Foundation, in accordance with Indian Council of Medical
Research regulations (Ref No. IEC/PR/2023:48/02.11.2024). Each patient who wished to participate in the
research signed a written informed permission form after being informed.
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Laboratory Data:

Blood samples were collected from the study subjects under aseptic measures by venipuncture within 24 h of
admission. The EDTA and Serum sample was collected. Serum samples were immediately centrifuged on- site
at 2000xg for 10 minutes at 4°C and then stored at —70°C until the analysis. Serum samples were thawed at
room temperature just before analysis. Biochemical tests involved Fasting Blood glucose (FBG) (estimated by
GOD-POD method; Trinder, 1969)“, Serum Triglycerides (Enzymatic GPO method; Jacobs et al., 1960)12, and
Total Serum Cholesterol (CHOD-PAP method; Allain et al., 1974)"*, LDL and HDL on a fully-automatic
analyzer (Erba EM 360). Serum samples were analyzed at the Central Laboratory of KIMS&RF teaching
Hospital. The COBAS 602 automated platform, which utilises Chemiluminescent Immunoassay (CLIA)
technology, was employed to analyse hs-CRP levels. 2 ml of Ethylene Diamine Tetra-acetic Acid (EDTA) blood
sample was collected and buffy coat separated from all the study participants for Deoxyribo Nucleic Acid
(DNA) extraction.

VEGF-2 mRNA expression analysis:

VEGEF-2 Gene Expression were analyzed by RTPCR method."

Total RNA Isolation, cDNA conversion and real-time PCR:

DNA extraction from EDTA blood samples for PCR analysis typically involves lysing the blood cells, removing
cellular debris, and then purifying the DNA.

Total RNA was extracted from control and experimental samples using a TRIR kit (Total RNA Isolation
Reagent Invitrogen). In brief, 1 ml of TRIR was added to 100 ul buffy coat. The contents were immediately
transferred to a microcentrifuge tube, where they were mixed with 0.2 ml of chloroform, vortexed for 1 minute,
and kept at 4°C for 5 minutes. The contents were then centrifuged for 15 minutes at 4°C at 12,000g. The top
layer of the aqueous phase was carefully transferred to a new microfuge tube, and an equal amount of
isopropanol was added, vortexed for 15 seconds, and then put on ice for 10 minutes. The supernatant was
separated after centrifugation of the content at 12000g for 10 minutes at 4°C. The vortex was used to wash the
RNA pellet in 1 ml of 75% ethanol. Using Fourney's et al. method, the isolated RNA was spectrometrically
estimated. The amount of RNA in each sample was measured in micrograms. Complementary DNA (cDNA)
was synthesized from 2 micrograms of total RNA according to the manufacturer's protocol using a reverse
transcriptase kit from Eurogentec (Seraing, Belgium). To perform real-time PCR, a 45 pl reaction mixture
including 2x reaction buffer (Takara SyBr green master mix), forward and reverse primers for the target and
housekeeping genes, water and 2-microglobulin (primer sequences are provided in (Table 1) was prepared. In
individual PCR vials, about 5 pl of control DNA for positive control, 5 pl of water for negative control and 5 pl
of template cDNA for samples were taken and reaction mixture (45 pl) was added. 40 cycles (95°C for 5 min,
95°C for 5 s, 60°C for 20 s and 72°C for 40 s) was set up for the reaction. Results were plotted using the PCR
machine (Stratagene MX 3000P, Agilent Technologies, 5301, Stevens Creek Blvd, Santa Clara CA, 95051).
Relative quantification was calculated from the melt and amplification curves analysis.

N f th
ame o ePrimer Sequence Reference
gene
Sense primer: 5°’- ACGATCGATACAGAAACCACG-3¢ (Panutsopulos et al.,
VEGF-2 Anti-sense primer: 5’- CTCTGCGCAGAGTCTCCTCT-3¢ 2003)"
. , . (Panutsopulos et al.,
B2- Sense primer: 5’- TCCAACATCAACATCTTGGT-3

15
microglobulin ~ Anti-sense primer: 5’- TCCCCCAAATTCTAAGCAGA-3' 2003)

Statistical Analysis

For each parameter mean and standard deviation was calculated. The value of p<0.05 was taken as significant.
The qualitative variables were compared using y2 test. The statistical software system SPSS version 22 for
windows was used for analysis. Univariate and bivariate correlation was made using Kendall's tau method to
confirm the significance of variables with Hs-CRP and lipid profile.
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Results:

In the present study mean age of cases was 51.24 + 7.89, mean age of control was 52.18 + 7.36. The minimum
age was 33 for cases and 37 for control. The maximum age of cases and controls were 69 and 68 respectively.
Majority of cases were > 40 years of age. (Table.1)

Table.1 Age wise distribution of cases and controls

Age in years No. of cases No. of control subjects
30-40 5 4

41-50 19 19

Above 50 26 27

Distribution of cases and control by BMI
Table.2 showed that this study 42 cases were having BMI > 25 as compared to 26 in the control group. Higher
BMI was associated with IHD and high Hs-CRP.

Table. 2. Distributions of cases and control by BMI

BMI Cases Control
<18.5 Nil Nil
18.6-24.9 8 24

>25 42 26

Distribution of cases & controls based on systolic BP

Table.3 indicates that this study mean systolic BP in cases was 162.40+£20.36, and 48 cases had systolic BP >
140mmHg. Of which 16 cases had SBP > 180mmHg, as compared with the control group in which 35 controls
had SBP < 140mmHg.

Table.3 Distribution of cases & controls based on systolic BP

SBP(mm Hg) Cases Controls
<140 2 35
140-159 18 11
160-179 14 4

>180 16 Nil

Distribution of cases & controls based on diastolic BP
In this study 42 cases had DBP > 90mmHg, as compared to the control group which had 19 controls with DBP >
90mmHg. There were 12 cases as compared to nil controls with DBP > 110mmHg (Table.4).

Table.4 Distribution of cases & controls based on diastolic BP

DBP(mm Hg) Cases Controls
<90 8 31

90-99 14 18
100-109 16 1

>110 12 Nil
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Lipid profile in coronary Artery disease

Lipid profile was estimated for all study subjects. Cholesterol, TGL, VLDL, LDL concentration were
significantly (p > 0.001) (p>0.01) increased in coronary artery disease patients compared with normal subjects
In HDLc levels were estimated in all the patients. HDL concentration was significantly (p > 0.001) decreased in
coronary artery disease patients compared with control normal subjects (Table 5).

Table.5 Lipid profile in Coronary Artery disease

Lipid Profile Coronary Artery Disease Control
Total Cholesterol 279.69 +27.5%* 168.85+16.7
Triglycerides 185.76 + 18.9** 115.65+11.8
HDL 35.9 +4.2% 55.6+5.8
LDL 144.8+15.6%* 56.72 + 6.1
VLDL 45.61+4.62%* 30.7+3.2

* ** indicates statistical significance at p<0.01 and p<0.001, respectively.

hsCRP Level in Coronary Artery disease

In this study, 37 cases had hsCRP in the range of 1 — 3mg/L and 6 cases were > 3mg/L as compared to the
control group which had 36 subjects with values < Img/L and 14 in the range of 1 — 3mg/L. Serum hsCRP
levels was significantly increased in coronary artery disease patients when compared with control subjects
(Table 6).

Table.6 hsCRP Level in coronary Artery disease

Particulars Coronary Artery Disease Control

hsCRP (mgs/L) 3.8 +0.35% 0.5+0.01

** indicates statistical significance at p<0.001.

VEGF Gene Expression

Figure 1 shows that the VEGF gene expression in coronary artery disease patients. In the present study shows
that the coronary artery disease patients VEGF gene expression were significantly (p<0.001) decreased when
compared with control normal healthy subjects.

Amplification Melt Curve

Cycles Temperature, Celsius
A y B =
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Figure 1: A; Amplification Curve, B; Melting curve, C; Melting peak curve, D; Relative Intensity of
VEGF mRNA level. Expression of VEGF mRNA Expression level in Coronary Artery Disease.

Discussion
In this study 50 patients diagnosed as coronary artery disease by ECG, Echocardiogram, and cardiac enzymes
who satisfied the inclusion and exclusion criteria were taken as cases and 50 age and sex matched controls
satisfying the exclusion criteria were taken as controls, cardiac and clinical profile was assessed in both groups
and a correlation was made between clinical profile, Lipid profile and Hs-CRP. The study was carried out for 6
months from January 2025 to June 2025.
The mean age of case was 51.24 + 7.89, mean age of control was 52.18 + 7.36 majorities of cases were > 40yrs
of age. There was a female preponderance in the study with 34(68%) females and 16(32%) male, as smokers
were excluded based on the exclusion criteria.
The mean BMI of cases and control were 26.11+1.35 and 25.16+1.48 respectively. The correlation between
BMI of cases and control was statistically significant (p<0.001), similar results have been published by The
Framingham Offspring Study.'® There was a statistically significant correlation between BMI and Hs-CRP, p
<0.001 by applying Kendal's tau equation. BL Preeti et al demonstrated similar results correlating BMI and Hs-
CRP."
Lipid profile in CAD
The mean value of T. cholesterol was high in cases as compared to controls, and was statistically significant,
p<0.001. In a study done by Scudeler et al.'® there was strong association between CAD and
hypercholesterolemia. Comparing HDLc, LDLc, VLDLc and TGL between cases and controls, there was no
significant correlation except for LDLc which was statistically significant p<0.002. In line with the present
study case control studies reported within India have also reported high total cholesterol , HDL cholesterol and
triglyceride levels in patients suffering from CAD. Vashist et al. from Delhi studied 702 clinically documented
CAD and 186 normal healthy controls and reported that total LDL cholesterol, and triglyceride levels were
significantly higher in cases while HDL cholesterol level was not different."’
Rajeev Gupta et al from Delhi, Pradeepa et al from Madras, and Kaur et al from Chandigarh® have reported that
total cholesterol levels were 20-40% more in patients with CHD compared to the hospital-based controls
(p<0.05).
Hs-CRP in CAD
In the present study 43 cases had Hs-CRP> 1mg/L as compared to 14 controls. Among the 43 cases, 6 had Hs-
CRP values > 3mg/L. The mean Hs-CRP levels was higher among cases compared to control, and it was
statistically significant (p<0.001). This data suggests a strong correlation between high Hs-CRP and CAD.
Various studies done across the world have projected similar results. Sabatine et al.>' measured Hs-CRP in 3771
patients with stable coronary artery disease, Patients were followed up for a median of 4.8 years for
cardiovascular death, myocardial infarction, or stroke.
After adjustment for baseline characteristics and treatments, higher Hs-CRP levels, even >1 mg/L, were
associated with a significantly greater risk of cardiovascular death, myocardial infarction, or stroke (Hs-CRP 1
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to 3 mg/L: adjusted hazard rat io, 1.39; 95% CI, 1.06 to 1.81; P=0.016; Hs-CRP>3 mg/L: adjusted hazard ratio,

1.52; 95% CI, 1.15 to 2.02; P=0.003).

Taniguchi et al.” studied the associations of plasma C-reactive protein levels with the presence and extent of
coronary stenosis in patients with stable coronary artery disease. They investigated the association between Hs-
CRP levels and the extent of coronary stenosis in 273 patients undergoing elective coronary angiography.
Plasma Hs-CRP levels were higher in patients with CAD than in those without CAD (0.70 mg/ | versus 0.56
mg/ 1, P<0.02).

Tanveer, 2016 in their study on men with angiographically documented CHD, there was a highly significant
(p<0.0001) difference in CRP values between cases and controls. Mean CRP value among cases was 3.4 mg/ |
as compared to 1.5 mg/ | among controls.

Lipid profile and Hs-CRP in CAD
In the present study, there was a statistically significant correlation between Hs-CRP and T.Cholesterol
(p<0.001), TGL (p<0.005), LDLc (p<0.004) and VLDLc (p<0.007). There was no statistically significant
correlation of Hs-CRP with HDLc. Habib & Masri demonstrated that CAD patients had significantly higher Hs-
CRP levels and higher TGL than controls.”* Linear regression analysis between Hs-CRP and CAD severity
determined by Gensini scores showed a significant positive correlation ( r=0.423, p=0.018).

Chianeh et al®studied Hs-CRP and the Lipid profile parameters in thirty two patients who visited the Kasturba
Hospital, Manipal. The results obtained indicate a strong significant positive correlation of total cholesterol (p
value =0.0001) and triglycerides (p value= 0.023) with HS-CRP.

Li et al*® concluded that Hs-CRP, total cholesterol (TC), triglycerides (TG), low density lipoprotein cholesterol
(LDL-C), very low density lipoprotein cholesterol (VLDL) levels, were found significantly high in coronary
heart disease patients as compared to heal thy subjects. Therefore these biomarkers may be useful in diagnosis
of coronary heart disease.

VEGF Gene expression

Vascular endothelial growth factor (VEGF) is essential for angiogenesis, forming new blood vessels from
existing ones, and disruptions in VEGF signaling can significantly impact this process, contributing to various
cardiovascular diseases. Such disruptions may stem from factors like genetic mutations, inflammation, hypoxia,
obesity, and metabolic disorders. For instance, mutations in VEGF or its receptors can hinder normal signaling
pathways, resulting in diminished angiogenic responses. Additionally, chronic inflammation can modify VEGF
expression and receptor sensitivity, affecting the angiogenic process to form coronary artery disease. Although
hypoxia usually stimulates VEGF production, prolonged or severe hypoxic conditions can lead to dysfunctional
angiogenesis as compensatory mechanisms become impaired. Furthermore, obesity and metabolic disorders can
disrupt the normal production and function of VEGF, compromising vascular health and angiogenesis.”’

In this study, we observed that VEGF mRNA expression was significantly decreased in Peripheral Blood
Mononuclear Cell from individuals with coronary artery disease compared to those healthy individuals. Our
reports were in line with Bates et al. in 2010, the study examined the impact of coronary artery disease (CAD)
on human coronary microvascular responses to vascular endothelial growth factor (VEGF) in 48 patients.
Results showed that VEGF reduced in microvessels from CAD patients. These findings may have implications
for the efficacy of endogenous and exogenous VEGF in patients with CAD risk factors. Additinally, Study by
Amoli et al. in 2012 the study examined the expression of vascular endothelium growth factor (VEGF) mRNA
in peripheral blood mononuclear cells of patients with and without coronary artery disease (CAD). It found that
VEGF mRNA expression decreased in CAD+ patients.”” VEGF expression influence by microvessel alteration
in individuals undergoing coronary angiography due to chest pain. Impaired VEGF signaling can exacerbate
ischemic heart disease by resulting in insufficient angiogenesis, leading to myocardial infarction and coronary
artery disease due to inadequate blood supply, which compromises heart function.

Conclusion:

In atherosclerosis, abnormal angiogenesis contributes to plaque instability, as inflammatory cytokines can alter
VEGF expression and promote unstable neovascularization within plaques, increasing the risk of rupture and
thrombus formation. In coronary artery disease, inadequate angiogenesis and reduced blood flow leads to further
cardiac remodeling and dysfunction, as insufficient vascularization hampers effective tissue repair. Additionally,
disrupted VEGF signaling in peripheral vascular disease results in inadequate blood supply to peripheral tissues,
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causing conditions such as claudication and critical limb ischemia, which may necessitate surgical
intervention™.
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