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Abstract:

Premature coronary artery disease (CAD) in young Indian adults has major clinical relevance, but angiographic data from Eastern
India remain limited. This cross-sectional observational study included 270 consecutive adults aged 18-40 years who underwent
coronary angiography for acute coronary syndrome or objective myocardial ischaemia at a tertiary hospital in Kolkata from April
2020 to September 2021. Obstructive CAD was defined as >=70% stenosis in a major epicardial artery or >=50% stenosis in the left
main coronary artery; the mean age was 36.0 +/- 3.55 years, 74.1% were men and obstructive CAD was present in 63.7%. Single-
vessel disease was the commonest CAD pattern, left anterior descending artery involvement was frequent, smoking was strongly
associated with CAD and triglyceride levels were higher in CAD patients. Thus, data shows that early tobacco cessation and targeted

assessment of atherogenic dyslipidaemia in young Indian adults.

Keywords: Premature coronary artery disease (CAD), young adults, Eastern India, coronary angiography, single-vessel disease,

smoking, dyslipidemias, risk factors
Background:
Coronary artery disease (CAD) remains a leading global cause of
death and disability, with a sustained burden in low- and
middle-income settings [1, 2]. India has a high and
heterogeneous burden of metabolic non-communicable disease
risk factors that contribute to premature cardiovascular disease
[3]. South Asians are predisposed to earlier atherosclerotic
cardiovascular ~ disease = through  interacting  genetic,
cardiometabolic, environmental and lifestyle risks [5]. Young
South Asian CAD is commonly associated with smoking,
dyslipidaemia, diabetes, family history and single-vessel
angiographic disease [4]. Tobacco exposure promotes
endothelial dysfunction and atherosclerosis [6]. Triglyceride-rich
lipoprotein remnants contribute to residual atherosclerotic risk,
supporting attention to atherogenic dyslipidaemia [7]. In Indian
populations, LDL-C alone may misclassify lipid risk when
hypertriglyceridaemia and small dense LDL particles are
common; non-HDL-C and apolipoprotein B can complement
LDL-C assessment [8]. Lipoprotein (a) is also relevant to
premature atherosclerotic cardiovascular disease, including in
South Asian populations [9]. Contemporary ACS and chronic
coronary syndrome guidance supports recognition of
obstructive epicardial CAD and non-obstructive ischaemic
mechanisms, including MINOCA, vasospasm and microvascular
dysfunction [10, 11]. Regional angiographic data from young
adults remain limited, particularly from Eastern India [12].
Therefore, it is of interest to describe the clinical presentation,
risk-factor profile and angiographic patterns of premature CAD
in adults aged 18-40 years undergoing coronary angiography in
Kolkata, Eastern India.

Materials and Methods:

Study design and setting:

This descriptive cross-sectional observational study was
conducted at Apollo Multispeciality Hospitals Ltd., Kolkata. The
centre is a tertiary cardiac catheterisation facility in Eastern
India. Recruitment ran from April 2020 to September 2021.

.
Study population and eligibility:
Consecutive patients aged 18-40 years were screened. All
underwent coronary angiography (CAG) for symptoms or
objective evidence of myocardial ischaemia. Eligible indications
were ACS or positive/inconclusive TMT. ACS included STEMI,
NSTEMI and unstable angina. Patients with prior PCI or CABG
were excluded. Patients with valvular or congenital heart disease
were excluded. Patients with serum creatinine >1.5 mg/dL were
excluded. Written informed consent was obtained from every
participant. Ethics approval was obtained before enrolment.

Sample size:

Sample size was calculated using n = Z2 x p (1-p)/d2 Using an
expected CAD proportion of 22% from published young-onset
CAD literature [4], with Z = 1.96, p = 0.22 and d = 0.05, the
minimum sample size was 263. We enrolled 270 patients.

Data collection:

Data were recorded for age, sex, BMI and major clinical risk
factors. These included hypertension, type 2 diabetes mellitus,
and hypothyroidism, smoking and family history of premature
CAD. Resting 12-lead ECG was obtained. Two-dimensional
echocardiography assessed LVEF. Fasting lipid profile included
total cholesterol, triglycerides, HDL-C, LDL-C and VLDL-C.
TMT used the standard Bruce protocol in non-ACS patients,
consistent with contemporary chronic coronary disease guidance
[13]. Angiographic diagnosis was made by experienced
interventional cardiologists. Obstructive CAD was defined as
>=70% stenosis in a major epicardial vessel. Left main CAD was
defined as >=50% stenosis, consistent with current clinical
definitions used in ACS guidance [10].

Statistical analysis:

Data were analysed using SPSS v21.0. Continuous variables are
presented as mean * SD. They were compared using the
independent-samples  t-test. ~ Categorical  variables are
summarised as frequency and percentage. They were compared
using Pearson chi-square test. A two-tailed p<0.05 was
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considered statistically significant. Data were complete for all
270 participants. Imputation was not required.

Results:

Between April 2020 and September 2021, 270 adults aged 18-40
years were enrolled consecutively. All had symptoms or
objective evidence of myocardial ischaemia (Figure 1). All
underwent invasive coronary angiography during routine
clinical evaluation. The setting was Apollo Multispeciality
Hospitals Ltd., Kolkata. Patients with prior PCI or CABG were
excluded. Patients with valvular or congenital heart disease were
excluded. Patients with renal dysfunction were also excluded.
Written informed consent was obtained from all participants.
Complete data were available for analysis. The enrolled sample
exceeded the required minimum of 263 patients. BMI: body mass
index. The mean BMI was 27.0 kg/m2 Overall, 72.2% of
participants had BMI >=25 kg/m2 No participant was
underweight. Narrative (Table 1): The mean age was 36.0 + 3.55
years. Most participants were aged 36-40 years (63.0%, n=170).
Males comprised 74.1% of the cohort. The male-to-female ratio
was 2.86:1. The cohort was overweight on average. Overweight
was present in 54.8%. Obesity was present in 17.4%. HDL-C:
high-density lipoprotein cholesterol. LDL-C: low-density
lipoprotein cholesterol. VLDL-C: very low-density lipoprotein
cholesterol. Lipid values represent fasting measurements.
Narrative (Table 2): Smoking was the most prevalent modifiable
risk factor (39.3%). Hypertension was present in 34.4%. Family
history of premature CAD was present in 26.7%. Type 2 diabetes
mellitus was present in 24.4%. Hypothyroidism was present in
11.9%. Mean total cholesterol was 179.8 + 43.47 mg/dL. Mean
LDL-C was 109.0 = 39.04 mg/dL. Mean HDL-C was 43.9 + 4.31
mg/dL. Mean triglycerides were 125.7 + 48.05 mg/dL. ACS:
acute coronary syndrome. STEMI: ST-elevation myocardial
infarction. NSTEMI: non-ST-elevation myocardial infarction.
UA: unstable angina. TMT: treadmill test. LVEF: left ventricular
ejection fraction. Narrative (Table 3): Typical chest pain was
present in 65.9%. Atypical chest pain was present in 34.1%. ACS
accounted for 50.7% of presentations. STEMI occurred in 27.8%.
NSTEMI occurred in 10.4%. Unstable angina occurred in 12.6%.
Among non-ACS patients, 90 had positive TMT. Another 21 had
inconclusive TMT. Thirteen had negative TMT. Mean pulse rate
was 81.8 + 13.06 beats/min. Mean systolic blood pressure was
126.2 + 16.70 mmHg. Mean diastolic blood pressure was 77.4 +
9.29 mmHg. Mean LVEF was 52.7 + 11.33%. Note: Vessel
involvement percentages exceed 100% because some patients
had multivessel involvement. Significant obstructive CAD was
defined as >=70% stenosis in a major epicardial artery.
Significant LMCA stenosis was defined as >=50%. Narrative
(Table 4): Obstructive CAD was identified in 63.7% (n=172).
Normal coronary arteries were seen in 36.3% (n=98). Among
CAD patients, classical SVD was most common (44.2%).
Mature/moderate SVD accounted for 16.3%. TVD accounted for
15.7%. DVD accounted for 14.0%. Multivessel diffuse CAD

©Biomedical Informatics (2026)

accounted for 3.5%. Myocardial bridging accounted for 2.9%.
Recanalised coronary artery accounted for 3.5%. The LAD was
the most frequently involved artery (68.6%). The LCX was
involved in 41.9%. The RCA was involved in 39.0%. The LMCA
was involved in 8.1%. p<0.05 was considered statistically
significant. Chi-square test was used for categorical variables.
Independent-samples t-test was used for continuous variables.
SBP: systolic blood pressure. DBP: diastolic blood pressure.
LVEE: left ventricular ejection fraction. Narrative (Table 5): CAD
patients were older than patients with normal coronaries. Mean
age was 36.7 £ 3.57 vs 34.86 + 3.21 years (p=0.001). In the CAD
group, 73.3% were aged 36-40 years. Male sex was more
common in CAD patients (84.9% vs 55.1%; p=0.001). Mean BMI
was lower in CAD patients than in patients with normal
coronaries. Values were 263 * 344 vs 281 + 411 kg/m?
(p=0.001). Normal BMI was more frequent in the CAD group.
Obesity was more frequent in the non-CAD group. Smoking was
more frequent in CAD patients (47.1% vs 25.5%; p=0.001).
Hypertension did not differ significantly between groups. Type
2 diabetes mellitus did not differ significantly between groups.
Family history of CAD did not differ significantly between
groups. Hypothyroidism was more frequent in the non-CAD
group (22.4% vs 5.8%; p=0.001). Triglycerides were higher in
CAD patients. Values were 132.7 + 49.97 vs 113.4 + 41.96 mg/dL
(p=0.001). Total cholesterol did not differ significantly between
groups. LDL-C, HDL-C and VLDL-C also did not differ
significantly. Typical chest pain was more common in CAD
patients (80.8% vs 39.8%; p=0.001). STEMI, NSTEMI and
unstable angina occurred only in the CAD group. Dilated
cardiomyopathy occurred only in the non-CAD group. LVEF
was lower in CAD patients (50.4 + 11.84% vs 56.6 £ 9.29%;
p=0.001). Pulse rate did not differ significantly. Systolic and
diastolic blood pressure also did not differ significantly. Figure 2
shows the proportional distribution of angiographic diagnoses
in the total cohort (n=270). Normal coronary arteries and
classical SVD together accounted for 64.4% of angiographic
findings. Figure 3 compares key clinical and risk-factor variables
between CAD and normal-coronary groups. Male sex, smoking,
typical chest pain and STEMI were more frequent in the CAD
group. Overweight/obesity and hypothyroidism were more
frequent in the non-CAD group.

Discussion:

This study identified four main findings. Obstructive CAD was
present in nearly two-thirds of young adults undergoing
angiography. SVD with LAD involvement was the dominant
angiographic pattern. Smoking and triglycerides were the
strongest modifiable differentiators of CAD. A substantial
minority had normal coronary arteries despite clinical indication
for angiography. The male predominance and age clustering in
the 36-40-year group are consistent with recent South Asian and
Indian young-onset CAD literature [12].
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Abbreviations: ACS = Acute Coronary Syndrome; TMT = Treadmill Test; PCI = Percutaneous
Coronary Intervention; CABG = Coronary Artery Bypass Grafting; CAG = Coronary Angiography;
CAD = Coronary Artery Disease.
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Figure 1: Flow diagram - patient selection and analytic cohort
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Figure 2: Pattern of coronary vessel disease among young adults undergoing angiography (n = 270)

Figure 3: Key clinical and risk-factor profile differences between patients with and without CAD

Table 1: Baseline demographic and anthropometric characteristics (n = 270)

Variable Category / Statistic n (%) or Mean+ SD  Range
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36.0 +£3.55 years
3 (1.1%)

25-40 years

28 (10.4%) =
69 (25.6%) -
170 (63.0%) =
200 (74.1%) -
70 (25.9%) =
2.86:1 -

743 +11.44 kg
1.60 + 0.07 m

50-105 kg
1.50-1.80 m

©Biomedical Informatics (2026)

Age (continuous) Mean + SD
Age distribution 21-25 years
26-30 years
31-35 years
36-40 years
Sex Male
Female
Male : Female ratio  —
Body weight Mean + SD
Height Mean + SD
BMI (continuous) Mean £ SD
BMI category Normal (18.5-24.9 kg/m?)

Overweight (25.0-29.9 kg/m?)
Obese Grade I (30.0-34.9 kg/m?)
Obese Grade II (35.0-39.9 kg/m?)
Morbid Obesity (240.0 kg/m?)
Underweight (<18.5 kg/m?)

27.0 +3.78 kg/m2
75 (27.8%)

148 (54.8%)

36 (13.3%)

8 (3.0%)

3 (1.1%)

0 (0%)

18.78-41.74 kg /m?

Table 2: Cardiovascular risk factors, comorbidities and lipid profile in the overall cohort (n = 270)

Variable Present n (%) Absent n (%)
Part A — Modifiable Risk Factors and Comorbidities

Smoking (current or ex-smoker) 106 (39.3%) 164 (60.7%)
Hypertension 93 (34.4%) 177 (65.6%)
Type 2 Diabetes Mellitus 66 (24.4%) 204 (75.6%)
Family History of Premature CAD 72 (26.7%) 198 (73.3%)
Hypothyroidism 32 (11.9%) 238 (88.1%)
Part B — Fasting Lipid Profile Parameters

Lipid Parameter Mean * SD (mg/dL) Minimum (mg/dL) Maximum (mg/dL)
Total Cholesterol 179.8 £43.47 109 272
Triglycerides 125.7 +48.05 70 310
HDL-Cholesterol (HDL-C) 43.9+4.31 35 52
LDL-Cholesterol (LDL-C) 109.0 + 39.04 42 200
VLDL-Cholesterol (VLDL-C) 26.6 £11.88 14 62

Table 3: Clinical presentation, ECG/TMT findings and echocardiographic parameters (n = 270)

Variable Category n % of Total
Part A — Chest Pain Characterisation and Clinical/ECG Diagnosis
Chest pain character Typical 178 65.9%
Atypical 92 34.1%
Clinical/ECG presentation ACS — STEMI 75 27.8%
ACS — NSTEMI 28 10.4%
ACS — Unstable Angina (UA) 34 12.6%
Total ACS 137 50.7%
Dilated Cardiomyopathy (DCM) 9 3.3%
TMT Positive (stable ischaemia) 90 33.3%
TMT Inconclusive 21 7.8%
TMT Negative 13 4.8%
Part B — Haemodynamic and Echocardiographic Parameters
Parameter Mean + SD Minimum  Maximum
Pulse rate (beats/min) 81.8 £13.06 56 122
Systolic Blood Pressure (mmHg) 126.2 £16.70 90 170
Diastolic Blood Pressure (mmHg)  77.4+9.29 60 100
Echocardiographic LVEF (%) 52.7 £11.33 25 65

Table 4: Coronary angiographic findings and distribution of vessel involvement (n = 270)

Angiographic Diagnosis n % of Total Cohort (n=270) % of CAD Subgroup (n=172)
Part A — Overall Angiographic Diagnosis

Normal coronary arteries 98 36.3% —
Single-vessel disease (SVD) 76 28.1% 44.2%
Mature SVD (mSVD; moderate stenosis) 28 10.4% 16.3%
Double-vessel disease (DVD) 24 8.9% 14.0%
Triple-vessel disease (TVD) 27 10.0% 15.7%
Multivessel diffuse CAD (mCAD) 6 2.2% 3.5%
Myocardial bridging 5 1.8% 2.9%
Recanalised coronary artery 6 2.2% 3.5%
Total with obstructive CAD 172 63.7% 100%

Part B — Individual Coronary Artery Involvement Among CAD Patients (n = 172)

Coronary Artery Involved, n % of CAD Patients (n=172) = Predominant Lesion Pattern

Left Anterior Descending (LAD) 118 68.6% Proximal to mid-LAD stenosis (270%); commonest culprit
Left Circumflex (LCX) 72 41.9% Frequently co-involved in DVD and TVD

Right Coronary Artery (RCA) 67 39.0% Proximal RCA in inferior STEMI pattern
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Left Main Coronary Artery (LMCA) 14 8.1%

Associated with severe multivessel disease

Table 5: Comparison of patients with and without angiographically confirmed CAD

Variable CAD (n=172) No CAD / Normal (n=98) Test Statistic  p-value
Part A — Demographic and Anthropometric Comparison

Age, Mean t SD (years) 36.7 £3.57 34.86 +3.21 t=412 0.001
Age group: 21-25 yrs 3 (1.7%) 0(0.0%) X2=414 0.001
Age group: 26-30 yrs 21 (12.2%) 7(7.1%)

Age group: 31-35 yrs 22 (12.8%) 47 (48.0%)

Age group: 36-40 yrs 126 (73.3%) 44 (44.9%)

Male sex 146 (84.9%) 54 (55.1%) X?=28.3 0.001
Female sex 26 (15.1%) 44 (44.9%)

Weight, Mean * SD (kg) 73.8+11.58 752+11.21 t=0.97 0.334
Height, Mean * SD (m) 1.67 +0.06 1.63 +0.08 t=4.37 0.001
BMI, Mean * SD (kg/m?) 26.3 +3.44 28.1+4.11 t=3.76 0.001
BMI: Normal (18.5-24.9) 60 (34.9%) 15 (15.3%) X?=20.4 0.001
BMI: Overweight (25-29.9) 92 (53.5%) 56 (57.1%)

BMI: Obese Grade I (30-34.9) 15 (8.7%) 21 (21.4%)

BMI: Obese Grade II + Morbid (235) 5 (2.9%) 6 (6.1%)

Part B — Risk Factors and Comorbidities Comparison

Variable CAD (n=172) No CAD (n=98) ¢ p-value
Smoking 81 (47.1%) 25 (25.5%) 12.2 0.001
Hypertension 57 (33.1%) 36 (36.7%) 0.357 0.55
Type 2 Diabetes Mellitus 45 (26.2%) 21 (21.4%) 0.758 0.384
Family History of CAD 49 (28.5%) 23 (23.5%) 0.804 0.37
Hypothyroidism 10 (5.8%) 22 (22.4%) — 0.001
Part C — Lipid Profile Comparison

Lipid Parameter CAD Mean * SD (mg/dL) No CAD Mean + SD (mg/dL) t-value p-value
Total Cholesterol 182.2 +£43.79 175.5 +42.81 1.23 0.219
Triglycerides 132.7 +49.97 113.4 +41.96 3.32 0.001
HDL-Cholesterol 43.8 £4.40 441+4.18 0.55 0.58
LDL-Cholesterol 110.7 £41.10 106.0 £35.15 0.95 0.345
VLDL-Cholesterol 2741117 252+£12.99 1.46 0.145
Part D — Clinical Presentation, ECG/TMT Findings and Echocardiography Comparison

Variable CAD (n=172) No CAD (n=98) X2/t p-value
Typical chest pain 139 (80.8%) 39 (39.8%) 46.7 0.001
Atypical chest pain 33 (19.2%) 59 (60.2%)

ACS — STEMI 75 (43.6%) 0 (0%) — 0.001
ACS — NSTEMI 28 (16.3%) 0 (0%) - 0.001
ACS — Unstable Angina 34 (19.8%) 0 (0%) — 0.001
Dilated Cardiomyopathy 0(0%) 9(9.2%) - 0.001
TMT Positive 54 (31.4%) 36 (36.7%) — 0.365
TMT Inconclusive 4(2.3%) 17 (17.3%) = 0.001
TMT Negative 2 (1.2%) 11 (11.2%) — 0.001
Pulse rate, Mean * SD (beats/min) 80.7 +12.44 83.5+£13.97 1.68 0.093
SBP, Mean + SD (mmHg) 125.5 +17.91 127.3 £14.35 0.85 0.394
DBP, Mean * SD (mmHg) 77.0+9.72 78.0 + 8.51 0.78 0.436
LVEF, Mean + SD (%) 50.4 +11.84 56.6 £ 9.29 4.49 0.001

Smoking showed the clearest association with angiographic
CAD, supporting the known link between tobacco exposure,
endothelial dysfunction and atherosclerosis. The triglyceride
difference is clinically relevant because triglyceride-rich remnant
particles contribute to residual atherosclerotic risk [13]. LDL-C
did not differ significantly between groups, supporting broader
lipid assessment when feasible, including non-HDL-C,
apolipoprotein B and lipoprotein (a) [14]. The lower BMI in CAD
patients should be interpreted cautiously because South Asian
cardiometabolic risk can be influenced by visceral adiposity and
metabolic risk despite conventional BMI categories. The
predominance of SVD and LAD involvement agrees with young
South Asian angiographic evidence. Normal coronaries were
common in this young cohort. Vasospasm, microvascular
dysfunction and MINOCA-type mechanisms should be

considered in selected symptomatic young patients, consistent
with contemporary ACS and chronic coronary syndrome
guidance [15]. Beyond conventional lipids, non-conventional
metabolic and hormonal factors including insulin resistance, low
testosterone and vitamin D deficiency have been implicated in
premature CAD among young Indians [16], underscoring the
value of broader metabolic assessment in this population. Our
angiographic and risk-factor pattern is likewise consistent with
recent young-onset premature CAD series [17], while
triglycerides rather than LDL-C emerged as the principal lipid
differentiator in our Eastern-India cohort.

Limitations:
This was a single-centre cross-sectional study. Participants were
selected for angiography. Therefore, the findings cannot estimate
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community prevalence. They also cannot define long-term
outcomes. Risk-factor assessment did not include lipoprotein (a),
apolipoprotein B or high-sensitivity C-reactive protein. These
markers are relevant in premature CAD and broader lipid-risk
assessment. Waist circumference and detailed tobacco exposure
were not recorded. Angiographic assessment was anatomical.
Routine intracoronary imaging was not performed. Functional
testing for vasospasm or microvascular dysfunction was not
performed.

Conclusion:

We show that young Eastern-Indian adults undergoing coronary
angiography, obstructive CAD was common, with single-vessel
LAD disease predominating. Smoking and higher triglyceride
levels were the principal modifiable factors linked to
angiographically confirmed CAD. Tobacco cessation, targeted
lipid assessment and evaluation for non-obstructive mechanisms
should be prioritised in symptomatic young patients.

Advancement to knowledge:

This study adds angiographic evidence from Eastern India on
premature CAD in adults aged 18-40 years and shows that
obstructive CAD is frequent among symptomatic young adults
undergoing angiography. It highlights single-vessel disease,
LAD involvement, smoking and higher triglyceride levels as
clinically relevant findings that can guide early prevention and
risk-factor assessment.
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