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Percutaneous coronary 
intervention in patients aged ≤40 
years: a 10-year single-centre 
cohort study

Lining Liang*†
, Chunsong Wang

† 
and Huawei Dong

Department of Cardiology, Liaocheng People’s Hospital, Liaocheng, Shandong, China

Background: Coronary artery disease (CAD) in adults aged ≤40 years is 

increasing, yet long-term outcomes after percutaneous coronary intervention 

(PCI) in the drug-eluting stent (DES) era remain unclear. We aimed to identify 

procedural patterns and prognostic factors in this very young cohort.

Methods: This single-centre retrospective cohort study included 312 consecutive 

patients aged ≤40 years who underwent successful PCI for de novo lesions (≥70% 

stenosis) between 2014 and 2024. Baseline characteristics, quantitative coronary 

angiography, and procedural data were collected. The primary endpoint was 

major adverse cardiovascular and cerebrovascular events (MACCE). Cox 

regression identified independent predictors.

Results: Patients were 82% men (mean age 36.8 ± 4.9 years) with a median 

SYNTAX score of 16. Procedural success was 98.4% with 93.9% DES 

implantation and 85.9% radial access. Over 1,620 patient-years (median 

5.2 years), MACCE occurred at 27.8 per 1,000 patient-years (5-year cumulative 

14.2%). Cardiac mortality was 3.7 per 1,000 patient-years. Diabetes [adjusted 

hazard ratios (HR) 1.78, 95% confidence interval (CI) 1.06–2.99], SYNTAX score 

≥23 (HR 2.01, 1.19–3.40), and dual antiplatelet therapy <12 months (HR 1.62, 

1.00–2.64) independently predicted MACCE.

Conclusions: Young adults undergoing PCI exhibit complex anatomy but low 

cardiac mortality. Diabetes, angiographic complexity, and abbreviated 

antiplatelet therapy are key drive of adverse events, warranting intensive 

prevention and optimised antiplatelet strategies.

KEYWORDS

coronary intervention, drug-eluting stent, percutaneous, premature coronary artery 

disease, syntax score, young adult

1 Introduction

Coronary artery disease (CAD) remains the foremost global contributor to mortality 

and long-term disability. However, its presentation in adults aged ≤40 years is 

comparatively rare, accounting for <2% of all acute myocardial infarctions (MIs) 

recorded in large international registries (1, 2). However, recent epidemiological data 

indicate that the incidence of premature CAD is rising in parallel with the rapid 

increase in type 2 diabetes mellitus, visceral obesity, sedentary lifestyle, electronic 

cigarette use, and smoking or other novel addictive substances among young adults (3, 

4). Patients who experience an ischaemic event before the age of 40 face 

disproportionate psychosocial and economic burdens, accumulate greater lifetime risk 

of recurrent events, and remain under-represented in clinical trials (5, 6). 

Consequently, evidence-based prevention and revascularisation strategies for this very 
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young cohort are largely extrapolated from studies whose mean 

age exceeds 60 years. However, whether such extrapolation 

obscures a distinct “low early mortality–high lifetime ischaemic 

burden” phenotype in the DES era remains unknown. We 

therefore hypothesised that very young adults undergoing 

percutaneous coronary intervention (PCI) would exhibit low 

procedural mortality yet accumulate long-term events driven by 

anatomical complexity and treatment durability rather than 

acute procedural failure.

Previous angiographic series, largely generated from the bare 

metal stent (BMS) era with limited use of intravascular imaging, 

portrayed premature CAD as a predominantly single-vessel 

disease rich with lipid-laden plaques and high thrombus burden 

(7). Whether this phenotype persists in the contemporary era of 

routine drug-eluting stents, potent P2Y12 antagonists, and 

intravascular imaging has not been systematically examined. 

Limited single-centre reports remain inconsistent. While some 

highlight favourable extended survival, others reveal unexpectedly 

frequent stent thrombosis or re-intervention, particularly after 

abbreviated dual antiplatelet therapy (8, 9). Notably, these studies 

lack integration of prospectively maintained procedural registries, 

protocol-driven quantitative coronary angiography, or event 

monitoring extending beyond 10 years.

We therefore aimed to quantify how angiographic complexity 

and treatment durability interact to shape lifetime ischaemic 

trajectories after PCI in adults aged ≤40 years. Given that very 

young patients face decades of potential recurrences, we 

additionally describe the cumulative burden of repeated events 

as a secondary perspective on lifetime risk. The findings are 

expected to inform individualised risk stratification and optimise 

secondary prevention strategies for this high-impact population.

2 Methods

2.1 Study design and population

In this single-centre retrospective cohort study, we screened all 

patients aged ≤40 years who underwent coronary angiography at 

the Department of Cardiology between January 2014 and 

December 2024. Consecutive patients were identified from the 

institutional electronic catheterisation database. The diagnosis of 

CAD required ≥70% diameter stenosis in at least one major 

epicardial vessel. Eligible participants were those who underwent 

successful percutaneous coronary intervention (PCI) for de novo 

lesions during the index procedure. Exclusion criteria were (1) 

prior coronary artery bypass grafting or PCI; (2) valvular, 

congenital, or infiltrative heart disease; (3) severe renal failure 

(pre-procedural estimated glomerular filtration rate <30 mL 

min−1 1.73 m−2); or (4) incomplete procedural or follow-up data.

The institutional ethics committee approved the study protocol 

and waived the requirement for individual informed consent 

because of the retrospective design (Approval No. 2025240).

2.2 Data collection

Demographics, cardiovascular risk factors, clinical presentation, 

laboratory results, and medication use at admission were extracted 

from electronic medical records. Smoking status was defined as 

current, former, or never. Dyslipidaemia was considered when 

low-density lipoprotein cholesterol of ≥3.4 mmol L−1 or ongoing 

lipid-lowering therapy. A family history of premature CAD 

referred to first-degree relatives with documented disease before 

55 years (men) or 65 years (women). Body mass index (BMI) 

was calculated from weight and height measured on admission. 

Echocardiography was performed within 24 h before index PCI 

using a Philips EPIQ 7 or equivalent system. Left ventricular 

ejection fraction (LVEF) was calculated using the biplane 

Simpson method, and the regional wall motion score index 

(WMSI) was derived from the 16-segment model. Clinical 

presentations were categorised as stable angina, unstable 

angina (UA), non-ST-segment elevation myocardial infarction 

(NSTEMI), or ST-segment elevation myocardial infarction 

(STEMI) according to the Fourth Universal Definition of 

Myocardial Infarction.

2.3 Coronary angiography and PCI 
procedures

All procedures were performed via radial or femoral access 

using 5- or 6-French diagnostic catheter, followed by 

intervention when indicated. Two interventional cardiologists, 

blinded to clinical details and each with >5 years of 

interventional experience, reviewed angiograms and quantified 

stenosis using online QCA (Siemens Artis QCA, Erlangen, 

Germany). Lesion location, reference vessel diameter, lesion 

length, thrombolysis in myocardial infarction (TIMI) Iow, 

presence of thrombus, calcification, bifurcation involvement, and 

chronic total occlusion (CTO) were recorded. Using archived 

angiograms, two operators retrospectively assigned each stenosis 

according to American Heart Association (AHA) segment type 

A, B1, B2, or C. The SYNTAX score was calculated for each 

patient, with a threshold of ≥23 (a priori) to define high 

anatomical complexity, consistent with the original SYNTAX 

trial and subsequent validations across age strata, including very 

young adults. PCI strategy (elective vs. primary), stent type 

[drug-eluting stent (DES) or BMS], number and total length of 

implanted stents, use of intravascular imaging (IVUS or OCT), 

rotational atherectomy, predilation, post-dilation, and final TIMI 

Iow were documented. Procedural success was defined as 

residual stenosis <20% with TIMI 3 Iow in the treated segment 

and absence of in-hospital major complications (death, 

emergency bypass surgery, or repeat PCI).

In-hospital major complications were defined as any of the 

following events occurring during the index admission: all-cause 

death, emergency coronary artery bypass grafting, repeat PCI, 

definite/probable stent thrombosis, ischaemic stroke, or Bleeding 

Academic Research Consortium (BARC) 3–5 bleeding.

2.4 Medications

All patients received loading doses of aspirin (300 mg) and a 

P2Y12 inhibitor (clopidogrel 300 mg, or ticagrelor 180 mg) 

before the procedure, unless already on therapy. Post-procedural 

dual antiplatelet therapy (DAPT) duration was left to the 
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discretion of the attending physician but generally followed 

contemporary European Society of Cardiology guidelines. 

Intended DAPT duration (≤6, 6–11, 12–23, or ≥24 months) was 

prospectively documented at discharge. Early discontinuation 

was Iagged during follow-up and categorised as (i) physician- 

directed discontinuation (bleeding or high-risk procedural 

features); (ii) patient non-adherence (pill count <80% or self- 

reported stop); or (iii) unknown/loss to follow-up. Concomitant 

medications—including moderate-intensity statins, β-blockers, 

angiotensin-converting enzyme inhibitors (ACEIs) or 

angiotensin receptor blockers (ARBs), and mineralocorticoid 

receptor antagonists—were retrieved at discharge.

2.5 Follow-up and endpoints

Follow-up information was obtained through outpatient visits, 

re-admission charts, and structured telephone interviews 

conducted by trained research nurses. The index date was the 

day of the index PCI. The last follow-up was censored in 

December 2024. The primary endpoint was major adverse 

cardiovascular and cerebrovascular events (MACCE), a 

composite of cardiac death, non-fatal MI, ischaemic stroke, and 

target-vessel revascularisation (TVR). A pre-specified secondary 

objective was to quantify the total (first + recurrent) MACCE 

burden. All subsequent revascularisations, re-infractions, and 

repeat strokes were captured and reported descriptively. 

Secondary endpoints included all-cause mortality, definite or 

probable stent thrombosis according to the Academic Research 

Consortium definition, and BARC type 3 or 5 bleeding. Events 

were adjudicated by two independent cardiologists after review 

of source documents; disagreements were resolved by consensus.

2.6 Statistical analysis

Continuous variables are presented as mean ± standard 

deviation (SD) or median with interquartile range (IQR) and 

were compared using Student’s t-test or the Mann–Whitney U 

test, as appropriate. Categorical variables are expressed as counts 

(percentages) and compared using the χ2 test or Fisher’s exact 

test. Incidence rates were calculated as the number of first events 

divided by total person-years. Cox proportional hazards models 

were used to identify independent predictors of MACCE. To 

maintain ≥10 events per variable, we built a parsimonious model 

including age, sex, diabetes mellitus, SYNTAX score ≥23, and 

DAPT duration <12 months. Other covariates that were non- 

significant in univariable screening (P ≥ 0.10)—such as acute 

coronary syndrome (ACS) presentation, hypertension, current 

smoking, BMI, CTO, and DES use—were moved to descriptive 

analyses. Results are reported as hazard ratios (HR) with 95% 

confidence intervals (CI). The proportional hazards assumption 

was verified using Schoenfeld residuals. A two-sided p value <0.05 

was considered statistically significant. In a pre-specified 

sensitivity analysis, we constructed a Fine–Gray competing risk 

model where physician-directed discontinuation (due to bleeding 

or high bleeding risk) was treated as a competing event, leaving 

non-adherence as the exposure of interest. In addition, we tested 

intended DAPT <12 months vs. ≥12 months, regardless of final 

adherence. All analyses were performed using Stata software, 

version 17.0 (StataCorp, College Station, TX, USA).

3 Results

3.1 Baseline characteristics

Between January 2014 and December 2024, 387 consecutive 

patients aged ≤40 years underwent diagnostic coronary 

angiography. Of these, 66 met exclusion criteria and nine lost to 

early follow-up, leaving 312 eligible participants (Figure 1). The 

mean age was 36.8 ± 4.9 years, and 256 (82.1%) were men. The 

mean BMI was 28.7 ± 4.1 kg m−2. Cardiovascular risk factors 

were common: current smoking in 186 (59.6%), dyslipidaemia 

in 213 (68.3%), hypertension in 118 (37.8%), type 2 diabetes in 

74 (23.7%), and documented family history of premature CAD 

in 110 (35.3%). Clinical presentation on admission included 

STEMI in 137 (43.9%), NSTEMI in 82 (26.3%), UA in 65 

(20.8%), and stable angina in 28 (9.0%). Median (IQR) LDL-C 

at admission was 3.1 (2.5–3.7) mmol L−1, median peak 

troponin-I was 8.4 (2.2–37) µg L−1. At discharge, 284 patients 

(91.0%) received high-intensity statin, 265 (84.9%) β-blockers, 

205 (65.7%) ACEI/ARB, and 233 (74.7%) DAPT for ≥12 

months. Patient characteristics are summarised in Table 1.

3.2 Angiographic and procedural findings

QCA analysis yielded 1.6 ± 0.8 lesions per patient; 221 patients 

(70.8%) had single-vessel disease, 54 (17.3%) two-vessel, and 37 

(11.9%) three-vessel/left-main disease. CTO was present in 35 

cases (11.2%). The mean SYNTAX score was 18.2 ± 9.4 [median 

16 (IQR 10–24)]. Consistent with older cohorts, MACCE rates 

increased steeply across SYNTAX categories in patients aged 

≤40 years (Supplementary Table 1). All 312 treated lesions had 

≥70% diameter stenosis (confirmed by QCA core lab); mean per 

cent diameter stenosis was 74 ± 9%. Primary PCI for STEMI 

accounted for 132/312 cases (42.3%), while elective procedures 

comprised 180 (57.7%). Radial access was used in 268 patients 

(85.9%). Intravascular imaging (IVUS 45, OCT 18) was 

employed in 63 patients (20.2%) and rotational atherectomy in 

nine patients (2.9%). Implantation details were as follows: 

exclusively DES in 293 (93.9%), BMS only in 10 (3.2%), and 

hybrid in 9 (2.9%). The mean number of stents was 1.4 ± 0.7, 

with a total stent length of 36 ± 21 mm. Final TIMI-3 Iow was 

achieved in 309 lesions (99.0%). Most lesions were AHA type B1 

or B2 (36% or 25%, respectively), with type A and type 

C accounting for 31% and 8%, respectively (Supplementary 

Table 2). The procedural success rate was 98.4% (307/312). In- 

hospital major complications occurred in five patients (1.6%), 

including one emergency coronary artery bypass grafting and 

four repeat PCI. No in-hospital deaths were recorded. Detailed 

angiographic and procedural findings are presented in Table 2.

3.3 Follow-up and clinical outcomes

Total follow-up amounted to 1,620 patient-years (median 5.2 

years, IQR 3.1–7.4, maximum 10.8). During follow-up, 45 
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patients experienced a first MACCE, yielding an incidence rate of 

27.8 per 1,000 patient-years. The Kaplan–Meier estimated 5-year 

cumulative incidence was 14.2%. When recurrent events were 

included, the overall MACCE rate doubled to 50.0 per 1,000 

patient-years, underscoring the lifelong burden beyond the first 

event (Supplementary Table 3). Component events comprised 

six cardiac deaths, 14 non-fatal myocardial infarctions, four 

ischaemic strokes, and 21 target-vessel revascularisations (nine 

required target-lesion revascularisations). Using the Fine–Gray 

competing risk method with non-cardiovascular death as the 

competing event, the 5-year cumulative incidence was 13.8%, 

virtually identical to the Kaplan–Meier estimate. Clinical 

outcomes during follow-up are provided in Table 3.

Secondary endpoints: All-cause death occurred in nine 

patients; of these, six were adjudicated as non-cardiovascular 

(accidental, malignancy, or suicide) and three as cardiovascular. 

Definite or probable stent thrombosis was observed in 

five patients (1.6%), and BARC type 3 or 5 bleeding in 

seven patients.

Univariable screening identified diabetes, SYNTAX score ≥23, 

and DAPT <12 months as significantly associated with MACCE, 

whereas age showed a borderline association (P = 0.03). In a 

parsimonious multivariable model including only age, sex, 

diabetes, SYNTAX ≥23, and DAPT <12 months, diabetes 

[adjusted HR 1.71, CI (1.02–2.87)], SYNTAX ≥23 [HR 1.93, CI 

(1.15–3.25)], and DAPT <12 months [HR 1.58, CI (1.00–2.59)] 

remained independent predictors. Age and sex were retained as 

covariates (Supplementary Figure 1). In the sensitivity analysis 

treating physician-directed discontinuation as a competing 

event, the association between patient non-adherence and 

MACCE remained significant (subdistribution HR 1.71, 95% CI 

1.05–2.80). When comparing intended DAPT <12 months 

versus ≥12 months, the effect estimate was attenuated and no 

longer significant (HR 1.23, 95% CI 0.76–1.99). Current 

smoking, hypertension, BMI, chronic total occlusion, and DES 

use were not retained. Independent predictors of MACCE are 

displayed in Table 4.

FIGURE 1 

Study flow diagram. CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; eGFR, estimated glomerular filtration rate; 

MACCE, major adverse cardiovascular and cerebrovascular events; BARC, Bleeding Academic Research Consortium.

TABLE 1 Baseline characteristics (N = 312).

Variable Value

Age, years 36.8 ± 4.9

Male sex 256 (82.1)

Body mass index, kg m−2 28.7 ± 4.1

Current smoking 186 (59.6)

Hypertension 118 (37.8)

Type 2 diabetes mellitus 74 (23.7)

Dyslipidaemiaa 213 (68.3)

Family history of premature CADb 110 (35.3)

Clinical presentation

STEMI 137 (43.9)

NSTEMI 82 (26.3)

Unstable angina 65 (20.8)

Stable angina 28 (9.0)

LDL-cholesterol on admission, mmol L−1 3.1 (2.5–3.7)c

Peak troponin-I, µg L−1 8.4 (2.2–37)c

LVEF, % 52 ± 9

WMSI 1.22 ± 0.18

aLDL-C ≥3.4 mmol L−1 or on lipid-lowering therapy.
bFirst-degree relative with CAD <55 years (men) or <65 years (women).
cMedian (interquartile range). Upper reference limit (URL) for troponin-I in our laboratory 

is 0.04 μg/L. STEMI, ST-segment elevation myocardial infarction; NSTEMI, non-ST- 

segment elevation myocardial infarction.

Liang et al.                                                                                                                                                             10.3389/fcvm.2026.1748236

Frontiers in Cardiovascular Medicine 04 frontiersin.org

https://doi.org/10.3389/fcvm.2026.1748236


3.4 Subgroup exploration

Patients undergoing primary PCI for STEMI and those 

undergoing elective PCI had similar long-term MACCE rates 

(26.2 vs. 23.9 per 1,000 patient-years, P = 0.52). Female sex 

(n = 56) was associated with a non-significantly higher MACCE 

rate compared with males (31.1 vs. 23.6 per 1,000 patient-years, 

P = 0.19). In patients treated with imaging-guided PCI, MACCE 

incidence was 17.0 versus 26.6 per 1,000 patient-years in 

angiography-only cases (P = 0.08). Subgroup analyses of MACCE 

rates are provided in Table 5.

4 Discussion

Our data challenge the misconception that premature CAD is 

a milder form of atherosclerosis; instead, they reveal a “severe 

anatomy–low immediate death” paradox that shifts the threat 

from early fatality to life-long recurrent ischaemia. Counting 

only first events may therefore underestimate lifetime risk; 

indeed, 44% of all MACCE were repeat ischaemic episodes, 

supporting a pan-coronary vulnerability phenotype that 

mandates system-wide prevention. Patients aged ≤40 years 

exhibited a median SYNTAX score of 16 (≥23 in one-third)—a 

complexity profile previously described only in multi-vessel 

cohorts aged >60 years. Consequently, MACCE accumulated at 

27.8/1,000 patient-years, a rate comparable to the 12-month 

event rates reported in SYNTAX II and OPTIVUS (≈10%) (10). 

However, cardiac mortality remained <4/1,000 patient-years, 

underscoring the paradox of “severe anatomy–low immediate 

death” that shifts the threat from early fatality to life-long 

recurrent ischaemia. This reframing—from “low-mortality 

outliers” to “very high lifetime risk”—justifies the present 

emphasis on durable revascularisation and prolonged 

antithrombotic therapy.

Despite high SYNTAX scores, in-hospital complications 

occurred in only 1.6%, mirroring contemporary DES registries 

(1.4%) (11) and confirming the safety of a radial-first DES 

strategy in very young patients. Intravascular imaging was used 

in 20% of cases—double the national average but still below the 

30%–50% advocated by ESC (12). Importantly, imaging-guided 

procedures demonstrated a numerically lower MACCE (17.0 vs. 

26.6/1,000 patient-years), plausibly because accurate lesion 

measurement and optimal stent expansion minimise geographic 

miss and neo-atherosclerosis (13, 14). Expanding imaging use to 

the majority of lesions could therefore further compress long- 

term event rates.

Although 91% of patients were discharged on moderate- 

intensity statins, admission LDL-C levels already exceeded 

1.4 mmol L−1, and only 8% achieved <1.0 mmol L−1 at follow- 

up (15). Real-world under-use of PCSK9 inhibitors (< 5%) (16) 

and hepatic PCSK9 up-regulation linked to insulin resistance 

(17) jointly explain this shortfall. Earlier addition of PCSK9 

monoclonal antibody or siRNA therapy—preferably guided by 

LDL-C <1.0 mmol L−1 targets—should therefore be routinely 

considered in this lifetime-high-risk group.

Discontinuation of DAPT before 12 months doubled 

MACCE risk (adj-HR 1.58), while pill count revealed 22% 

non-adherence at 3 months. Poor real adherence (not intended 

TABLE 3 Clinical outcomes during follow-up.

Endpoint Events 

(n)

Incidence 

rate (per 

1,000 

patient-years)

5-year 

cumulative 

incidence (%)a

Primary endpoint: 

MACCE

45 27.8 14.2

Cardiac death 6 3.7 2.2

Non-fatal 

myocardial 

infarction

14 8.6 4.1

Ischaemic stroke 4 2.5 1.4

Target-vessel 

revascularisation

21 13.0 6.5

Secondary endpoints

All-cause 

mortality

9 5.6 3.1

Definite/probable 

stent thrombosis

5 3.1 1.8

BARC 3 or 5 

bleeding

7 4.3 2.3

aEstimated by Kaplan–Meier method. MACCE, major adverse cardiovascular and 

cerebrovascular events.

TABLE 2 Angiographic and procedural details.

Variable Value

Lesions per patient, n 1.6 ± 0.8

Single-vessel disease 221 (70.8)

Two-vessel disease 54 (17.3)

Three-vessel/left-main disease 37 (11.9)

Chronic total occlusion 35 (11.2)

SYNTAX score 18.2 ± 9.4

Primary PCI (STEMI) 132 (42.3)

Elective PCI 180 (57.7)

Radial access 268 (85.9)

Intravascular imaging (IVUS/OCT) 63 (20.2)

Rotational atherectomy 9 (2.9)

Stent type

Drug-eluting stent only 293 (93.9)

Bare metal stent only 10 (3.2)

Hybrid (DES + BMS) 9 (2.9)

Number of stents 1.4 ± 0.7

Total stent length, mm 36 ± 21

Final TIMI 3 Iow 309 (99.0)

Procedural success 307 (98.4)

In-hospital major complications 5 (1.6)

PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial 

infarction; DES, drug-eluting stent; BMS: bare metal stent; TIMI: thrombolysis in 

myocardial infarction.
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duration) remained independently predictive (HR 1.71), 

emphasising that lifelong recurrence risk is sensitive to even 

brief lapses. Up-regulated adenosine diphosphate (ADP) 

signalling in lipid-rich, macrophage-laden plaques (18) and 

clustering of stent thrombosis within 18 months of withdrawal 

(19) provide mechanistic backing. Smartphone or SMS 

reminders improve antiplatelet persistence and merit 

integration into standard care. Residual confounding cannot be 

excluded, as shortened DAPT sometimes reIected physician- 

perceived bleeding risk or lower-complexity anatomy. However, 

the consistency of the signal across competing risk modelling— 

where bleeding-guided discontinuation was censored—suggests 

that genuine patient non-adherence, rather than physician- 

directed cessation, drives the excess hazard.

Female patients (n = 56) experienced a numerically higher 

MACCE rate (31.1 vs. 23.6 per 1,000 patient-years), but 

confidence intervals overlapped substantially. The absence of 

statistical significance likely reIects power constraints (18% of 

cohort) and a lower prevalence of traditional risk factors in 

young women; however, oestrogen-mediated protection may be 

offset by a higher prevalence of thrombophilic or autoimmune 

milieus that remain unmeasured in the present dataset (20, 21). 

Whether the “young female penalty” described for myocardial 

infarction extends to elective PCI in the ≤40-year group awaits 

adequately powered, sex-balanced registries.

Although mean BMI was 28.7 kg m−2, BMI ≥30 kg m−2 was 

not associated with MACCE after adjustment for diabetes, 

SYNTAX score, LVEF, and WMSI, consistent with the obesity 

paradox reported in older PCI populations (22). Central 

adiposity, rather than total body mass, may be the relevant 

driver: Visceral fat secretes pro-inIammatory adipokines 

(IL-6, TNF-α) that amplify endothelial dysfunction and 

promote a pro-thrombotic state, effects that may already be 

maximally captured within the SYNTAX score and diabetes 

covariates (23, 24). Whether waist-to-height ratio or 

CT-derived visceral fat area offers better discrimination 

deserves prospective evaluation.

To avoid over-fitting, we restricted the model to seven 

covariates (age, sex, diabetes, SYNTAX ≥23, DAPT <12 months, 

LVEF, and WMSI); sensitivity analyses confirmed that diabetes, 

SYNTAX ≥23, and DAPT <12 months remained independently 

associated with MACCE. The preserved discriminative value of 

SYNTAX ≥23 in our very young cohort supports the 

generalisability of this threshold beyond middle-aged and elderly 

populations. However, counting only first events may 

underestimate lifetime risk. When recurrent infarctions and 

repeat revascularisations were included, the rate rose to 44.5 per 

1,000 patient-years; 60% of repeat PCIs occurred in different 

vessels, supporting a pan-coronary vulnerability phenotype that 

mandates system-wide imaging and prevention.

TABLE 4 Cox proportional-hazards analysis for MACCE.

Variable Univariable HR (95% CI) P-value Multivariable HR (95% CI)* P-value

Age (per 1-year decrease) 1.09 (1.01–1.18) 0.030 1.06 (0.98–1.15) 0.15

Male sex 0.88 (0.52–1.49) 0.63 — —

Diabetes mellitus 1.89 (1.14–3.14) 0.014 1.71 (1.02–2.87) 0.043

SYNTAX score ≥23 2.15 (1.29–3.58) 0.003 1.93 (1.15–3.25) 0.013

DAPT <12 months 1.71 (1.05–2.79) 0.031 1.58 (1.00–2.59) 0.048

LVEF (per 1%) 0.99 (0.95–1.03) 0.54 0.98 (0.94–1.02) 0.42

WMSI (per 0.1 unit) 1.06 (0.89–1.26) 0.51 1.05 (0.88–1.25) 0.59

*Proportional-hazards assumption confirmed (global Schoenfeld P = 0.21). HR, hazard ratio; CI, confidence interval; DAPT, dual antiplatelet therapy.

TABLE 5 MACCE rates in pre-specified subgroups.

Subgroup Patients 

(n)

Events 

(n)

Incidence rate (per 1,000 

patient-years)

Adjusted HR 

(95% CI)

P for 

interaction

Primary PCI 

(STEMI)

132 21 26.2 1.08 (0.69–1.70) 0.52

Elective PCI 180 23 23.9 1.00 (ref) —

Women 56 11 31.1 1.23 (0.72–2.09) 0.19

Men 256 33 23.6 1 (ref) —

Imaging-guided PCI 63 8 17.0 0.62 (0.34–1.12) 0.08

Angiography-only 

PCI

249 37 26.6 1 (ref) —

Adjusted for age, diabetes, SYNTAX score and DAPT duration. PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.
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Unlike Western registries where cocaine, cannabis, or 

amphetamines account for 5%–10% of MI in adults aged ≤40 

years, documented illicit drug use in our cohort was zero, 

allowing resources to be concentrated on a lifetime risk pathway 

without routine toxicology screening. An integrated lifetime 

risk-targeted four-step pathway should therefore become the 

standard of care: (i) family and risk factor screening (diabetes 

23.7%, family history 35.3%); (ii) imaging-guided DES (MACCE 

17.0 vs. 26.6/1,000 patient-years); (iii) LDL-C <1.0 mmol/L (only 

8% achieved, PCSK9 under-used); and (iv) ≥12 months DAPT 

with digital adherence support and surveillance for recurrent 

events, as repeat infarctions accounted for >1/3 of total 

ischaemic burden in this cohort (Supplementary Table 4). This 

integrated approach targets oxidative LDL retention, high- 

SYNTAX shear stress, and platelet hyper-reactivity 

simultaneously, offering the best chance to interrupt the lifelong 

recurrence cascade characteristic of premature CAD.

Population-based imaging studies using systematic IVUS/ 

OCT (REF) report that 5%–15% of MIs in adults aged ≤40 

years arise from spontaneous coronary artery dissection 

(SCAD), coronary embolism, or myocardial bridging (25). In 

the present cohort, intravascular imaging was used in only 20% 

of procedures; we therefore cannot determine the prevalence of 

these non-atherosclerotic mechanisms and their contribution 

may be underestimated. Future young MI registries should 

mandate systematic intravascular imaging before default stent 

implantation. In the same multivariable framework, baseline 

LVEF and WMSI showed no independent association with 

long-term MACCE (Table 4). This finding suggests that, in 

very young patients undergoing successful PCI, anatomical 

complexity and diabetes outweigh initial systolic function as 

drivers of recurrent events. Nevertheless, serial 

echocardiographic follow-up would be useful to determine 

whether incident LV dysfunction or adverse remodelling adds 

prognostic value beyond the index imaging snapshot.

Single-centre recruitment inevitably limits external validity. 

Our cohort over-represented urban, male smokers (82% male, 

60% current smoking) and may not reIect the epidemiology of 

young CAD in rural or female populations. Sex-specific 

analyses were underpowered (post hoc power = 26% for HR 

1.25); thus, the absence of a statistically significant “young 

female penalty” should not be considered evidence of no effect. 

The retrospective design precludes causal inference, and the 

absence of a conservative treatment arm prevents assessment of 

whether an early invasive strategy is superior to selective 

intervention in low-SYNTAX (≤10) patients. Loss to follow-up 

was <4%; nevertheless, unmeasured confounders such as 

lifestyle changes and illicit drug exposure cannot be excluded. 

In addition, the absence of drug abuse data may limit 

generalisability to populations with higher illicit substance 

consumption. Although current smoking was not retained in 

the parsimonious model, its well-established aetiological role in 

premature CAD should not be understated. Finally, the modest 

sample size precluded propensity-matched analyses. We 

restricted analyses to first events, which may underestimate the 

lifetime burden of recurrent MACCE. Larger, multicentre 

registries—preferably randomised trials of prolonged DAPT 

with adherence monitoring—are warranted to confirm and 

extend our findings.

5 Conclusions

In the DES era, PCI for patients aged ≤40 years is technically 

safe, yet complex anatomy and modifiable risk factors confer a 

disproportionate lifetime ischaemic burden. However, complex 

anatomy and modifiable risk factors confer a high lifetime 

burden of recurrent MI and TVR, with diabetes, SYNTAX ≥23, 

and DAPT <12 months being the strongest predictors. 

Aggressive secondary prevention, imaging-guided PCI, and 

prolonged potent DAPT should therefore be the standard of 

care in this emerging high-risk cohort.
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