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Abstract: Background: Acute coronary syndrome (ACS) among young adults (<45 years) is an emerging public health concern, with
premature events leading to significant morbidity, mortality, and socioeconomic burden. Inflammation is central to atherosclerosis and
plaque instability, with high-sensitivity C-reactive protein (hs-CRP) serving as a reliable biomarker of cardiovascular risk. However, its
role in relation to angiographic profile and risk factors in younger ACS patients remains underexplored. Methods: This hospital-based
analytical cross-sectional study enrolled 239 consecutive ACS patients aged <45 years at a tertiary care centre in Central India (September
2024-August 2025). Clinical, socio-demographic, and cardiovascular risk factors were recorded. hs-CRP levels were measured using latex
turbidimetry and classified as <1 mg/l, 1-3 mg/l, and >3 mg/l. Coronary angiography was performed in eligible patients and categorized
as single-vessel disease (SVD), double-vessel disease (DVD), or triple-vessel disease (TVD). Associations between hs-CRP, clinical
presentation, and angiographic severity were analysed. Results: Elevated hs-CRP (>3 mg/l) was observed in 56.9% of patients and showed
significant associations with smoking, metabolic syndrome, central obesity, periodontitis, dyslipidaemia, and premature coronary artery
disease (p<0.05). In contrast, hypertension and diabetes mellitus were not significantly correlated. Patients with STEMI had higher hs-
CRP levels compared to those with UA/NSTEMI (p<0.01). Angiographic analysis revealed progressively higher hs-CRP levels in DVD
and TVD compared to SVD (p<0.001). Conclusion: hs-CRP is strongly associated with cardiovascular risk factors, STEMI presentation,
and angiographic severity in young ACS patients. Routine hs-CRP assessment may enhance early risk stratification and inform targeted
therapeutic strategies.
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1. Introduction

Acute coronary syndrome (ACS) remains one of the leading
causes of morbidity and mortality worldwide, with its rising
incidence in young adults emerging as a growing public health
challenge. Traditionally considered a disease of older age,
recent evidence from South Asia and other low- and middle-
income countries indicates an increasing prevalence in
individuals aged <45 years. This trend is primarily attributed
to lifestyle-related factors such as smoking, dyslipidaemia,
obesity, and clustering of metabolic risks. The implications
are particularly serious, as early-onset ACS contributes to
premature deaths, reduced workforce productivity, and greater
long-term healthcare expenditures [1-3].

Inflammation is central to the pathogenesis of atherosclerosis
and plaque rupture. Among inflammatory biomarkers, high-
sensitivity ~C-reactive protein (hs-CRP) has gained
prominence as a marker of cardiovascular risk. Elevated hs-
CRP levels are known to promote endothelial dysfunction,

enhance plaque vulnerability, and contribute to thrombotic
events. Clinically, increased hs-CRP concentrations have been
linked with larger infarcts, recurrent ischemic events, and
worse prognosis in ACS patients [4,5].

Previous investigations have also explored the association of
hs-CRP with angiographic severity of coronary artery disease
(CAD). Higher values have been correlated with multivessel
involvement, greater lesion complexity, and elevated
SYNTAX scores, suggesting that hs-CRP reflects both
systemic inflammation and the anatomical burden of
atherosclerosis [6,7]. However, much of this evidence is
derived from older populations, while data on younger
patients—who often present with single-vessel disease or
thrombotic lesions—remain limited [8].

Although the prognostic role of hs-CRP in ACS is well
established, its independent significance in young adults is
still uncertain. Younger individuals with ACS may differ in
clinical characteristics, inflammatory status, and angiographic
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patterns compared to older cohorts. Clarifying these
associations is essential for improving risk stratification and
guiding tailored interventions in this subgroup [9,10].

Against this background, the present analytical cross-sectional
study was designed to assess the relationship between hs-
CRP, cardiovascular risk factors, clinical manifestations, and
angiographic findings among young adults with ACS. The
study aims to provide insights into whether hs-CRP can serve
as a reliable marker of disease severity and clinical outcomes
in this vulnerable age group.

2. Research Methodology

Study design and setting

This analytical cross-sectional investigation was carried out at
a tertiary care teaching hospital in Central India over a 12-
month period (September 2024-August 2025). All
consecutive patients younger than 45 years presenting with
acute coronary syndrome (ACS) were recruited after written
informed consent. Eligibility and diagnosis were verified by
the principal investigator, a consultant cardiologist. Approval
was obtained from the Institutional Ethics Committee prior to
initiation of the study.

Study population

Participants included individuals presenting to the outpatient
clinics, inpatient wards, or emergency services with ACS,
comprising unstable angina (UA), non-ST elevation
myocardial infarction (NSTEMI), and ST elevation
myocardial infarction (STEMI). UA was defined as angina at
rest for >20 minutes, recent (<1 month) or worsening angina
with ischemic changes on electrocardiogram. NSTEMI was
diagnosed when troponin T was elevated without ST-segment
elevation, while STEMI required >30 minutes of ischemic
chest pain with diagnostic ST elevation or new-onset left
bundle branch block (LBBB). Patients with ongoing
infections, febrile illness, or chronic inflammatory disorders
were excluded.

Sample size

Sample size estimation was based on data from Gupta et al.,
who reported elevated hs-CRP (>1 mg/L) in 80.8% of young
Indian patients with premature coronary artery disease. Using
this prevalence, with 95% confidence level and 5% absolute
precision, the calculated sample size was 239 (n = Z?p[1-
pl/d?). Allowing for 10% attrition, the final sample target was
264 participants [11].

Clinical and laboratory evaluation

Each participant underwent detailed evaluation of presenting
symptoms, cardiovascular (CV) risk factors, socioeconomic
status (SES), and family history. Physical examination
included anthropometry, blood pressure measurement, body
mass index (BMI), and waist-hip ratio (WHR). Central
obesity was defined as WHR >0.9 in men and >0.8 in women.
Oral examination for periodontal disease was performed by a
trained dentist using standardized indices (plaque index,
gingival index, bleeding index, attachment loss, probing
pocket depth). Laboratory tests comprised complete blood
count, renal profile, serum electrolytes, fasting glucose,
fasting lipid profile, and high-sensitivity C-reactive protein
(hs-CRP). Lipids were measured using enzymatic kits; low-

density lipoprotein (LDL) was calculated with the Friedewald
formula. hs-CRP was quantified using latex turbidimetry
(QUANTA, Tulip Diagnostics, USA) and categorized as <l
mg/L (low risk), 1-3 mg/L (intermediate risk), and >3 mg/L
(high risk).

Coronary angiography

Coronary angiography was performed in consenting patients
following standard ACS protocols. Significant coronary artery
disease (CAD) was defined as >70% luminal narrowing in a
major epicardial artery (left anterior descending [LAD], left
circumflex [LCx], right coronary artery [RCA]) or >50% in
the left main coronary artery (LMCA). CAD was categorized
as single-, double-, or triple-vessel disease; LMCA
involvement was grouped with double-vessel disease.

Definitions of risk factors

Diabetes mellitus was defined as fasting plasma glucose >126
mg/dL or ongoing treatment for diabetes. Hypertension was
defined as blood pressure >140/90 mmHg on at least two
readings or current antihypertensive use. Dyslipidaemia was
defined as LDL >130 mg/dL, triglycerides >150 mg/dL, or
reduced HDL (<40 mg/dL in men, <50 mg/dL in women).
Smoking included current use or cessation within the previous
year. Family history was recorded if CAD occurred in a first-
degree relative before 55 years (men) or 65 years (women).
Metabolic syndrome was defined using NCEP-ATP III
criteria (>3 of the following: waist circumference >102 cm in
men/>88 cm in women, triglycerides >150 mg/dL, low HDL,
blood pressure >130/85 mmHg or on therapy, fasting glucose
>110 mg/dL). SES was determined using the modified
Kuppuswamy scale.

Statistical analysis

Data analysis was performed using SPSS version 15.0.
Continuous variables were presented as mean =+ standard
deviation (SD), and categorical variables as percentages.
Group comparisons were carried out with Student’s t-test for
continuous variables and chi-square test for categorical
variables. A p-value <0.05 was considered statistically
significant.

3. Results & Discussion

We studied 239 subjects including 102 (40.2%) males and 137
(59.8%) females, with a statistically significant number of
females (p=0.0371). The mean age of the participants was
37.3 £ 5.4 years. Most of them 141 (64.3%) were hailing from
urban areas. The table 1 describes the corelation of socio-
demographic factors with hs-CRP levels. The hs-CRP levels
were significantly higher for females and those belonging to
the lower socio-economic status.

Table 1: Corelation of hs-CRP with sociodemographic
factors (n=239)

Socio-demographic Hs-CRP categories
factors <l mg/l [>1-3 mg/l| >3 mg/l | p value
n=49 n=54 | n=136
Mean Age (years) |38.6+2.4[41.6+6.342.6+3.7| 0.529
Gender
Male 21 (42.8) |19 (35.2) |62 (45.6) 0.0371
Female 28 (57.2) [35(64.8) |74 (544 |
Residence
Urban [31(63.2) [33 (61.1) |77 (56.7) | 0.0745
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Rural [ 14 (36.8) [21 (38.9) [59 (43.3) |
Socio-economic status*
Upper 6(123) | 7(13.0) [ 13(9.5
Upper middle 11(22.4) |14 (26.0) |38 (28.0)
Middle 9(183) | 6(11.1) [26(19.1) |<0.0001
Upper lower 9(18.3) | 7(13.0) [22(16.2)
Lower 14 (28.7) [20(36.9) |37 (27.2)

*Modified Kuppuswamy scale

Overall, 49 (20.5%), 54 (22.6%) and 136 (56.9%) patients had
hs-CRP levels <1 mg/l, 1-3 mg/l, and >3 mg/l, respectively.
Table 1 presents the distribution of hs-CRP across different
socio-demographic factors.

The mean age was comparable across groups, being 38.6 +£2.4
years in the <1 mg/I category, 41.6 £ 6.3 years in the 1-3 mg/1
group, and 42.6 £ 3.7 years in the >3 mg/l group (p = 0.529).
A significant gender difference was observed, with higher hs-
CRP levels (>3 mg/l) found in 54.4% of females compared to
45.6% of males (p = 0.0371).

With respect to residence, 43.3% of rural participants and
56.7% of urban participants had hs-CRP >3 mg/l, though this
difference was not statistically significant (p = 0.0745).

Socio-economic status showed a strong association with hs-
CRP levels (p < 0.0001). Among participants from the lower
SES, 27.2% had hs-CRP >3 mg/l, compared to 9.5% in the
upper SES group. The prevalence of elevated hs-CRP was
progressively higher in lower strata, indicating a significant
social gradient in inflammation markers.

Table 2 shows values of hs-CRP according to the different CV
risk factors. The smokers were found to have a significantly
higher proportion of patients with higher CRP (55.3% with >3
mg/l as compared to 18.8% with <1 mg/l, p % 0.03 for
comparison with non-smokers). Similarly, the patients with
MS, central obesity, and periodontitis were also found to have
a greater prevalence of elevated hs-CRP levels. In contrast, no
statistically significant association was seen between hs-CRP
levels and HTN, DM and dyslipidemia.

Table 2: Distribution of cases of ACS according to cardio-
vascular risk factors (n=239)

Cardio-vascular Hs-CRP categories p value
risk factors <1 mg/l >1-3 mg/l| >3 mg/l
n=49 | n=54 | n=136
Smoking (n=86) 24 (28.0)| 15(17.4) | 47 (54.6) | 0.0137
Metabolic syndrome |17 (17.1) |28 (28.3) | 54 (54.6) | 0.0164
(n=99)
Hypertension (n=112) (29 (25.9)[37(33.0) |46 (41.1) | 0.482
Diabetes Miletus 34 (25.8)|41 (31.0) | 57 (43.2) | 0.0792
(n=132)
Central Obesity (n=79) |20 (25.3)|17 (21.5) [ 42 (53.2) | 0.0253
Periodontitis (n=102) (33 (32.3)[ 16 (15.7) | 53 (52.0) | 0.0428
Dyslipidaemia (n=148) 29 (19.6) |34 (23.0) | 85 (57.4) | <0.001
Premature CAD (n=58) |11 (19.0)| 16 (27.5) | 31 (53.5) | <0.001

Table 2 shows the association of hs-CRP levels with various
cardiovascular risk factors among ACS patients. Overall, the
majority of cases with smoking, metabolic syndrome, central
obesity, periodontitis, dyslipidaemia, and premature CAD had
hs-CRP >3 mg/l, and these associations were statistically
significant.

Among smokers (n=86), more than half (54.6%) had hs-CRP
>3 mg/l (p = 0.0137). Similarly, patients with metabolic
syndrome (54.6%, p = 0.0164), central obesity (53.2%, p =
0.0253), and periodontitis (52.0%, p = 0.0428) showed
significantly higher prevalence of elevated hs-CRP.
Dyslipidaemia was strongly correlated, with 57.4% having hs-
CRP >3 mg/l (p < 0.001). Premature CAD also demonstrated
a significant association, with more than half of patients
(53.5%) showing hs-CRP >3 mg/l (p < 0.001). In contrast,
hypertension and diabetes mellitus did not show significant
correlation with hs-CRP levels (p = 0.482 and p = 0.0792,
respectively).

hsCRP levels in and type of ACS (p<20.01)
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Figure 1: Distribution of cases according to hsCRP levels
and type of Acute coronary syndrome (n=239)

Figure 1 demonstrates the distribution of high-sensitivity C-
reactive protein (hs-CRP) levels across different types of acute
coronary syndrome (ACS). Among patients with ST-elevation
myocardial infarction (STEMI), the majority (67.2%) had hs-
CRP >3 mg/l, compared to 43.8% of those with unstable
angina/non-ST-elevation myocardial infarction
(UA/NSTEMI). Conversely, a higher proportion of
UA/NSTEMI patients had hs-CRP levels between 1-3 mg/l
(31.6%) compared to STEMI patients (16.3%). Patients with
hs-CRP <1 mg/l were fewer in both groups (22.5% in STEMI
and 27.3% in UA/NSTEMI). The differences were
statistically significant (p < 0.01), indicating a strong
association between elevated hs-CRP levels and STEMI
presentation.

Corelation of hsCRP levels with
angiographic extent of ACS (p=<10.001)
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Figure 2: Corelation of hs-CRP levels with extent of
involvement of CAD (n=239)
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Figure 2 illustrates the correlation of high-sensitivity C-
reactive protein (hs-CRP) levels with the angiographic extent
of acute coronary syndrome (ACS). Patients with single vessel
disease (SVD) predominantly had hs-CRP levels <l mg/l
(72.3%), while those with double vessel disease (DVD)
showed higher proportions in the 1-3 mg/l (54.6%) and >3
mg/1(38.2%) categories. In contrast, patients with triple vessel
disease (TVD) had the highest prevalence of hs-CRP >3 mg/1
(52.4%), indicating a significant association between elevated
hs-CRP and more extensive coronary artery involvement (p <
0.001).

In this study, higher concentrations of high-sensitivity C-
reactive protein (hs-CRP) showed a significant relationship
with both cardiovascular risk factors and angiographic
severity in patients with acute coronary syndrome (ACS).
Individuals with double- and triple-vessel disease (DVD and
TVD) most frequently had hs-CRP values >3 mg/L, while
lower concentrations were more common in single-vessel
disease (SVD). Similarly, ST-elevation myocardial infarction
(STEMI) cases exhibited disproportionately elevated hs-CRP
levels compared to those presenting with unstable angina
(UA) or non-ST elevation myocardial infarction (NSTEMI).
These findings reinforce the role of systemic inflammation in
the initiation, progression, and clinical manifestation of
atherosclerotic plaque instability in ACS [12,13].

Elevated hs-CRP was strongly associated with traditional
cardiovascular risk determinants, such as smoking, metabolic
syndrome, abdominal obesity, periodontitis, dyslipidaemia,
and premature coronary artery disease (CAD), underscoring
its relevance as a systemic biomarker of risk. These
associations are in line with prior research linking hs-CRP to
inflammatory and metabolic pathways that accelerate
atherosclerosis [ 14—17]. In contrast, hypertension and diabetes
mellitus did not show significant associations in our cohort,
despite previous studies reporting positive correlations
[18,19]. This variation may reflect differences in sample
characteristics, disease control, or treatment compliance.

The relationship of hs-CRP with angiographic disease extent
highlights its prognostic potential. Patients with multivessel
CAD demonstrated the highest systemic inflammatory
burden, consistent with evidence that hs-CRP levels rise in
proportion to plaque load and vascular injury [20,21].
Likewise, the predominance of elevated hs-CRP in STEMI
compared with UA/NSTEMI suggests that this biomarker
may help differentiate higher-risk presentations [22-24]. Such
observations indicate that hs-CRP testing could be a valuable
adjunct in risk stratification, particularly in low-resource
environments where access to advanced imaging is limited.

From a therapeutic standpoint, hs-CRP may offer insights
beyond traditional lipid markers. Persistently high hs-CRP
despite adequate lipid control reflects residual inflammatory
risk, which has been associated with poorer cardiovascular
outcomes [25]. Anti-inflammatory agents such as
canakinumab and colchicine have demonstrated event
reduction in patients with elevated hs-CRP, further
emphasizing the clinical relevance of this marker [10,26].
Based on our findings, incorporating hs-CRP testing into ACS
management pathways could help identify patients most likely

4. Conclusion

Our results demonstrate that elevated hs-CRP is closely
associated with cardiovascular risk factors, angiographic
complexity, and clinical phenotype in ACS. Incorporating hs-
CRP into routine evaluation may strengthen risk stratification
and guide tailored management, contributing to a more
precision-based approach in cardiovascular care.

5. Future Scope

Future investigations should prioritize longitudinal evaluation
of hs-CRP to clarify its predictive role for recurrent
cardiovascular events and mortality in younger ACS cohorts.
Randomized controlled trials in diverse populations are also
warranted to determine whether hs-CRP—guided anti-
inflammatory therapy improves long-term outcomes.
Furthermore, integrating social determinants and lifestyle-
related risk factors into such analyses may refine preventive
strategies for vulnerable groups.
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