Biomarker prediction of major coronary events and complex revascularization procedures in patients with stable atherosclerosis: A secondary analysis from the FOURIER trial
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ABSTRACT 
Background
Cardiovascular (CV) biomarkers are known to predict major adverse CV events. However, the association of biomarkers with complex coronary revascularization procedures or high-risk coronary anatomy found at the time of revascularization in patients with stable atherosclerosis is not understood. 

Methods
FOURIER was a randomized trial of the PCSK9 inhibitor evolocumab vs placebo in 27,564 patients with stable atherosclerosis. We analyzed adjusted associations between baseline biomarker concentrations, MCE (coronary death, myocardial infarction [MI], or coronary revascularization) and complex revascularization (CABG or complex PCI) using a previously established multimarker score with one point assigned for each elevated biomarker (hsCRP >=2 mg/L; NT-proBNP >=450 pg/mL; hsTnI >=6 ng/L; GDF-15 >=1800 pg/mL). 

Results
When patients were grouped by the number of elevated biomarkers (0 biomarkers, n=6444; 1-2 biomarkers, n=12439; ≥ 3 biomarkers, n=2761) there was a significant graded association between biomarker score and the risk of MCE (intermediate score: HRadj 1.58 [1.40-1.80]; high score: HRadj 3.04 [2.59-3.57]), and for complex revascularization (intermediate score: HRadj 1.33 [1.06-1.68]; high score: HRadj 2.12 [1.55-2.88]) and its components (Ptrend<.05 for each). The number of elevated biomarkers also correlated with the presence of left main disease, multivessel disease, or chronic total occlusion at the time of revascularization (P <.05 for each). 

Conclusions
A biomarker-based strategy identifies stable patients at risk for major coronary events, including CABG and complex PCI, and predicts high-risk coronary anatomy at the time of revascularization. These findings provide insight into the relationships between cardiovascular biomarkers, underlying coronary anatomical complexity, and incident clinical events. 

Abstract Word Count: 249 words  


Condensed Abstract 
Elevated levels of hsCRP, NT-proBNP, hsTnI and GDF-15 identified stable patients at risk for major coronary events and complex revascularization procedures. 

Keywords: biomarkers; coronary events; coronary revascularization. 
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Abbreviations and acronyms 
ASCVD = atherosclerotic cardiovascular disease 
CABG = coronary artery bypass grafting 
CEC = clinical events committee 
CI = Confidence interval 
[bookmark: _Hlk65572663]CTO = chronic total occlusion
CV = cardiovascular 
eGFR = estimated glomerular filtration rate 
FOURIER = Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk
[bookmark: _Hlk62556804][bookmark: _Hlk62559097]GDF-15 = growth-differentiation factor-15 
[bookmark: _Hlk62548486]HRadj = adjusted hazard ratio
[bookmark: _Hlk62548556][bookmark: _Hlk62557648]hsCRP = high-sensitivity C-reactive protein 
[bookmark: _Hlk62552442]hsTnI = high-sensitivity troponin I 
ISR = in-stent restenosis 
LDL-C = low density lipoprotein cholesterol 
[bookmark: _Hlk65572649]LMCA: Left main coronary artery 
MACE = major adverse cardiovascular events 
MCE = major coronary events 
MI = myocardial infarction 
NYHA = New York Heart Association 
[bookmark: _Hlk62549961]NT-proBNP = N-terminal pro–B-type natriuretic peptide 
PAD = peripheral artery disease 
PCI = percutaneous coronary intervention 
PCSK9 = proprotein convertase subtilisin–kexin type 9
Q = quartile 
TIMI = Thrombolysis in Myocardial Infarction 


Introduction
Elevated cardiovascular (CV) biomarker concentrations in stable patients with atherosclerosis are known to be associated with incident major adverse CV events.1, 2 However, while the levels of commonly measured biomarkers such as cardiac troponin and natriuretic peptides may in part reflect the severity of underlying coronary artery disease and ventricular impairment, whether these biomarkers can predict the degree of anatomical complexity at the time of coronary revascularization is not fully known. 3

In this biomarker substudy from the FOURIER (Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Patients with Elevated Risk) trial,4 we explored the associations of high-sensitivity C-reactive protein (hsCRP; a marker of inflammation), N-terminal pro-B type natriuretic peptide (NT-proBNP; a marker of ventricular strain), high-sensitivity troponin-I (hsTnI; a marker of myocardial injury), and growth/differentiation factor-15 (GDF-15; a marker of inflammation/fibrosis) with incident major coronary events (MCE) and complex coronary revascularization procedures. 

Methods
[bookmark: _Hlk60907230]Study population
[bookmark: _Hlk62421456]The primary results of the FOURIER trial have been published previously.4, 5 FOURIER was a randomized, double-blind, placebo-controlled trial that included 27,564 patients aged 40–85 years with prior myocardial infarction (MI), non-hemorrhagic stroke, or symptomatic peripheral artery disease (PAD) and an LDL-C level ≥70 mg/dl or a non–high-density lipoprotein cholesterol level ≥100 mg/dl while on a high or moderate intensity statin. Patients were randomly assigned to receive subcutaneous evolocumab (140 mg every 2 weeks or 420 mg once per month, per patient preference) or matching placebo and were followed for a median of 2.2 years. Relevant exclusion criteria included recent MI or stroke within 4 weeks prior to enrollment, planned or expected cardiac surgery or revascularization within 3 months after randomization, previous hemorrhagic stroke, estimated glomerular filtration rate (eGFR) ≤ 20 mL/min per 1.73 m², New York Heart Association class III or IV heart failure, or left ventricular ejection fraction < 30%. 

[bookmark: _Hlk62322187]Clinical events were adjudicated by a central, blinded Clinical Events Committee (CEC). All clinical documentation, including catheterization and operative reports, were reviewed for coronary revascularization events adjudicated by the CEC. These revascularization reviews were performed after the trial ended by authors (AF, KO, RHMF, and TZ) blinded to treatment arm and lipid levels. The clinical endpoints of interest for these analyses were MCE (coronary death, MI, or coronary revascularization), complex coronary revascularization, and in-stent restenosis (ISR) revascularization. Complex revascularization was defined as the composite of coronary artery bypass graft (CABG) surgery or complex percutaneous coronary intervention (PCI). Complex PCI was defined according to the GLOBAL LEADERS criteria: multivessel PCI, ≥3 stents implanted, ≥3 lesions treated, bifurcation PCI with ≥2 stents, or total stent length >60 mm.6 

Biomarker measurement
[bookmark: _Hlk73719589]Baseline blood samples were collected on the day of randomization. Samples for NT-proBNP, hsTnI, and GDF-15 were collected in ethylenediamine tetraacetic acid (EDTA) anticoagulant tubes and isolated plasma was stored at −20°C or colder until shipped on dry ice to the central laboratory where plasma was stored at −70°C or colder until thawed for analysis at the Thrombolysis in Myocardial Infarction (TIMI) Clinical Trials Laboratory (Boston, MA). NT-proBNP (research use-only assay) and hsTnI concentrations were measured with immunoassays on the ARCHITECT system (Abbott Diagnostics). GDF-15 concentrations were measured on the Cobas e601 system (Roche Diagnostics). hsCRP levels were available along with other routine chemistry values from a third-party central laboratory. 

Statistical analysis 
Categorical variables are reported as counts and percentages and were compared with the chi-square test. Continuous variables are reported as medians and IQR and were compared with the Wilcoxon rank-sum test. The Pearson correlation test was used to analyze the relationships between biomarkers. 

[bookmark: _Hlk62056322][bookmark: _Hlk61022564]Using a previously studied multimarker score7 adapted for the use of hsTnI in place of hsTnT, one point was assigned for each elevated biomarker: hsCRP ≥ 2 mg/L, NT-proBNP ≥ 450 pg/mL, hsTnI ≥ 6 ng/L, and GDF-15 ≥ 1,800 pg/mL. Scores were then categorized as low (0 elevated biomarkers), intermediate (1-2 elevated biomarkers), or high (3-4 elevated biomarkers). We analyzed the associations between the biomarker score and the endpoints of MCE, coronary revascularization, complex coronary revascularization, and ISR revascularization. We additionally analyzed the associations with these endpoints for each individual biomarker by quartiles as well as continuously with log-transformation. We compared the event rates among the biomarker scores and calculated p trends. Events rates were presented as 3-year Kaplan-Meier estimates. A Cox proportional hazards model was developed to generate hazard ratios (HR) and 95% confidence intervals (CI). The proportional hazards assumption was confirmed by the examination of the scaled Schoenfeld residuals. The multivariable model included the following variables: age, sex, weight, region, hypertension, current smoking, diabetes mellitus, prior MI, use of high-intensity statin, LDL-C concetration, heart failure, prior coronary artery disease, prior PCI, prior stroke, peripheral artery disease (PAD), eGFR <60 mL/min/1.73m2, microalbuminuria, and the other 3 biomarkers. Adjusted hazard ratios were computed for the association of baseline biomarker concentrations and the biomarker score with the outcomes of interest and the association of each biomarker with major coronary events was additionally shown as a cubic spline regression curve. P-values for trends were calculated across biomarker concentration categories. 

All tests were two-sided and a p-value < 0.05 was considered statistically significant. No adjustment for multiplicity was performed. The statistical program used for the analyses was SAS version 9.4 (SAS Institute Inc., Cary, North Carolina). 

Compliance with ethical standards 
This trial conformed to the recommendations of the Helsinki Declaration and Good Clinical Practice norms on medical research in humans. The study protocol was approved by the institutional review boards of all participating sites before starting enrollment. All patients provided written informed consent prior to participation.  

Results
Of 27,564 patients enrolled in the FOURIER trial, 21,644 (78.5%) had biomarker samples available for analysis. Baseline characteristics of patients with vs without baseline biomarker samples are shown in Supplemental Table S1. Median baseline biomarker concentrations were 1.7 (IQR 0.9-3.6) mg/L for hsCRP, 160.3 (IQR 81-333.8) mg/L for NT-proBNP, 4.0 (IQR 2.3-7.6) ng/L for hsTnI, and 1222.0 (IQR 886.8-1757.0) pg/mL for GDF-15. A total of 6,444 (29.8%) patients had a low score (0 elevated biomarkers), 12,439 (57.4%) had an intermediate score (1-2 elevated biomarkers), and 2,761 (12.7%) had a high score (3-4 elevated biomarkers). Baseline patient characteristics are shown according to biomarker score category in Table 1 and according to the concentrations of individual biomarkers in Supplemental Tables S2-5. Patients with higher biomarker scores were older and were more likely to have hypertension, diabetes, multiple prior MI’s, heart failure, prior CABG, and PAD, but were less likely to have had a prior PCI. There were statistically significant, although weak, positive correlations among the biomarkers, with r values ranging from 0.04 to 0.24 (p < 0.0001) for each pairwise comparison except for GDF-15 and hsTnI (r=0.01; p=0.45; Supplemental Figure S1). 

Baseline biomarkers and clinical events
Elevated baseline biomarker concentrations were associated with higher rates of MCE for each biomarker individually, including after multivariable adjustment (Q4 vs Q1: hsCRP HRadj 1.41 [95% CI 1.22-1.62]; NT-proBNP HRadj 2.25 [95% CI 1.94-2.61]; hsTnI HRadj 2.22 [95% CI 1.91-2.58]; GDF-15 HRadj 1.66 [95% CI 1.42-1.95]; Figure 1). Relationships between individual biomarkers and additional clinical end points are shown in Supplemental Table S6 and Supplemental Figures S2 and S3. 

Biomarker score, major coronary events, and complex revascularization procedures
There was a significant graded association between increasing biomarker score and the rate of MCE, with 3-year Kaplan-Meier event rates ranging from 7.3% in patients with low scores to 21.0% in patients with high scores (ptrend<0.0001; Figure 2). This relationship persisted after multivariable adjustment, with a high biomarker score associated with a 3-fold higher risk of MCE (HRadj 3.04; 95% CI 2.59-3.57; Central Illustration).  

A high biomarker score was associated with increased risk of any coronary revascularization (HRadj 2.21; 95% CI 1.82-2.67) and complex coronary revascularization (HRadj 2.12; 95% CI 1.55-2.88), as well as with CABG, complex PCI, and ISR revascularization individually (Central Illustration and Figure 3). 

Patients with high biomarker scores had higher rates of both elective and urgent revascularization procedures. The 3-year KM rates for elective coronary revascularization were 3.2%, 4.8%, and 5.7% (ptrend<0.0001) for patients with low, intermediate, and high biomarker scores, respectively (high vs low score: HRadj 2.01; 95% CI 1.54-2.63) (Table 2). These findings were similar for urgent coronary revascularization (3.6%, 4.6%, and 7.4%; high vs low score: HRadj 2.19; 95% CI 1.70-2.82). There was no interaction between biomarker concentrations and the effect of evolocumab on the risk of MCE (Supplemental Table S7). 

Coronary anatomy at the time of revascularization
Compared to patients with low biomarker scores, those with higher scores had higher 3-year KM rates of incident coronary revascularization with left main disease (0.9%, 1.0% and 2.3%, for low, intermediate and high scores, respectively, ptrend<0.0001), multivessel disease (3.1%, 4.1%, and 6.5%, ptrend<0.0001), or chronic total occlusion (CTO) (2.0%, 2.8% and 5.5%, ptrend<0.0001) identified at the time of the procedure. These associations for patients with high vs low biomarker scores remained significant after adjustment for baseline clinical variables (left main disease: HRadj 2.59; 95% CI 1.60-4.19;  multivessel disease: HRadj 2.21; 95% CI 1.71-2.87; CTO: HRadj 2.87; 95% CI 2.12-3.88) (Figure 4). As a proportion of those undergoing revascularization procedures, patients with high biomarker scores had significantly higher rates of left main disease (20.9% vs. 13.3%; p=0.008) and multivessel disease or CTO (54.4% vs. 37.4%; p<0.001) compared with those with low biomarker scores, and numerically higher rates of multivessel disease (64.5% vs. 56.4%; p=0.05).

Discussion
In this secondary analysis from the FOURIER trial, we show that baseline levels of biomarkers encompassing several pathobiological axes predict major adverse coronary events, including CABG and complex PCI individually, as well as high-risk coronary anatomical features at the time of revascularization. 

Biomarkers and the complexity of coronary disease
The biomarkers studied here, reflecting inflammation, ventricular strain, myocardial injury, and fibrosis, have individually been associated with incident CV events in stable ASCVD 8-13 and were previously shown as a multimarker score to predict CV event occurrence in patients stabilized after ACS in the IMPROVE-IT trial.7 The present analysis now adds that this biomarker score is strongly associated with the coronary revascularization events, including complex revascularization procedures, and identifies patients with high-risk anatomical features at the time of revascularization. The observed associations are consistent for elective and urgent revascularization procedures, supporting the possibility that the biomarker score reflects an array of anatomical, hemodynamic, and inflammatory processes and is not simply predicting ACS leading to revascularization.

There is growing interest in the relationships between cardiovascular biomarkers and coronary anatomy. In a post hoc analysis from the PROMISE trial of coronary computed tomography angiography (CCTA) in patients with suspected stable CAD, patients with higher concentrations of hsTnI were more likely to have obstructive CAD identified on the CCTA.14 Further, higher concentrations of hsTnT were associated with greater plaque volume and the presence of thin-capped atheroma by intravascular ultrasound (IVUS) in the ATHEROREMO-IVUS study.15
These observations and others provide an essential link between troponin concentration and coronary anatomical complexity in stable patients but are limited to measurement of a single biomarker and do not establish a relationship to clinical events such as myocardial infarction or coronary revascularization. 

Because the multiple biomarkers investigated here reflect separate but related pathobiological axes, the score incorporating these biomarkers has the potential to integrate clinical risk. As such, these measures of inflammation, myocardial injury, and ventricular strain were shown to predict specific revascularization procedures, including CABG and complex PCI individually, and these associations were consistent for elective and urgent revascularization procedures.

Further, there was a significant association between biomarker score and revascularization for ISR, which is the dominant mode of stent failure in the modern era and accounts for a substantial portion of PCI’s performed annually.16 Additionally, PCI for ISR is often complex and is associated with a poorer long-term prognosis than is PCI for de novo lesions.17 To our knowledge, this is the first demonstration of an association of these biomarkers with future ISR revascularization in a broad cohort of patients with stable ASCVD. Further studies validating these associations are needed. Additionally, there is interest in using novel biomarkers, including cytokines, metabolites, and circulating nucleic acids for prediction of ISR.18, 19 

Limitations
This study has several limitations. First, as a post hoc analysis, the association of the studied biomarkers with revascularization, complex anatomy, and ISR revascularization should be regarded as hypothesis-generating. However, our results validated the association of a prior tested biomarker score and CV events, adding a large body of consistent evidence. Second, the eligibility criteria of the FOURIER trial may limit generalizability to broader populations. Third, the definition of event types (e.g., complex PCI and revascularization for ISR) relied on clinical documentation from the revascularization procedures, as coronary angiograms were not available for review. Finally, assessment of revascularization events was performed after trial completion, albeit blinded to biomarker levels and treatment arm. 

Conclusion 
In conclusion, a biomarker-based strategy identifies stable patients at risk for major coronary events, including CABG and complex PCI, and predicts high-risk coronary anatomy at the time of revascularization. These findings provide insight into the relationships between cardiovascular biomarkers, underlying coronary anatomical complexity, and incident clinical events. 




Clinical Perspectives 
Competency in Medical Knowledge
The use of a biomarker score in stable patients with ASCVD identified patients at hightened risk for complex revascularization procedures, including CABG and complex PCI. 

Translational Outlook
Baseline levels of biomarkers encompassing several pathobiological axes strongly predicted major coronary events as well as anatomical complexity at the time of coronary revascularization. These findings provide insight into the relationships between cardiovascular biomarkers, coronary anatomical complexity, and incident clinical events
[bookmark: _Ref507773486][bookmark: _Ref506759461][bookmark: _Hlk528831745]
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[bookmark: IDX]Table 1. Patient characteristics according to baseline biomarker score 
	
	
	Biomarker score

	
	Overall
	Low
(0 points)
	Intermediate (1-2 points)
	High Score (3-4 points)
	P Trend

	
	
	(N=6444)
	(N=12439)
	(N=2761)
	

	Age, years 
	62.6±9.0
	61.4±8.7
	62.4±8.9
	66.8±8.6
	<0.001

	Female
	5,376 (24.8)
	1,478 (22.9)
	3,210 (25.8)
	688 (24.9)
	0.002

	White
	19,492 (90.1)
	5,872 (91.1)
	11,153 (89.7)
	2,467 (89.4)
	0.003

	BMI, kg/m2
	29.6±5.2
	28.6±4.4
	30.0±5.4
	30.0±5.5
	<0.001

	Cardiovascular risk factors
	

	Hypertension
	17,409/21643
(80.4)
	4,881/6,443
(75.8)
	10,110
(81.3)
	2,418
(87.6)
	<0.001

	Diabetes mellitus
	7,646 (35.3)
	1,566 (24.3)
	4,617 (37.1)
	1,463 (53.0)
	<0.001

	Current cigarette use
	6,111/21642
(28.2)
	1,818/6,443
(28.2)
	3,663/12,438
(29.5)
	630
(22.8)
	<0.001

	eGFR (ml/min per 1.73m2), 
median (IQR) 
	75.0
(63.4-87.2)
	78.6
(68.7-89.5)
	75.3
(63.8-87.5)
	62.5
(49.0-75.9)
	<0.001

	Cardiovascular disease
	

	History of MI
	17,484 (80.8)
	5,294 (82.2)
	9,878 (79.4)
	2,312 (83.7)
	0.85

	Multiple prior MIs
	4,111 (19.0)
	1,051 (16.3)
	2,371 (19.1)
	689 (25.0)
	<0.001

	[bookmark: _Hlk67322103]Prior PCI
	13,304/21615
(61.5)
	4,202/6,435
(65.3)
	7,524/12,423
(60.6)
	1,578/2,757
(57.2)
	<0.001

	History of nonhemorrhagic stroke
	4,145 (19.2)
	1,117 (17.3)
	2,471 (19.9)
	557 (20.2)
	<0.001

	History of PAD
	3,005 (13.9)
	613 (9.5)
	1,842 (14.8)
	550 (19.9)
	<0.001

	History of HF
	5,249 (24.3)
	1,171 (18.2)
	2,938 (23.6)
	1,140 (41.3)
	<0.001

	History of CABG
	4,208/21610
(19.5)
	1,022/6,434
(15.9)
	2,404/12,420
(19.4)
	782/2,756
(28.4)
	<0.001

	Statin use
	

	High intensity
	15,606 (72.1)
	4,679 (72.6)
	8,925 (71.8)
	2,002 (72.5)
	0.04



	Moderate intensity
	5,979 (27.6)
	1,755 (27.2)
	3,469 (27.9)
	755 (27.3)
	

	Low or unknown intensity
	59 (0.3)
	10 (0.2)
	45 (0.4)
	4 (0.1)
	

	Ezetimibe use
	1,158 (5.4)
	393 (6.1)
	641 (5.2)
	124 (4.5)
	<0.001

	Lipid measures
	

	LDL-c, mg/dL
	92.0
(80.0-109.0)
	91.5
(79.5-108.0)
	92.0
(80.0-109.5)
	92.0
(80.0-109.0)
	0.02

	Total cholesterol, mg/dL
	168.0
(151.5-189.0)
	168.5
(151.5-188.5)
	168.0
(151.5-190.0)
	167.0
(150.5-188.5)
	0.48

	HDL-c, mg/dL
	44.5
(37.5-53.0)
	46.0
(39.0-55.0)
	44.0
(37.0-52.5)
	43.0
(36.0-51.5)
	<0.001

	Triglycerides, mg/dL
	132.5
(100.0-181.5)
	126.0
(95.5-172.5)
	135.5
(102.0-184.5)
	135.5
(102.0-185.5)
	<0.001


[bookmark: _Hlk62224028]Values are mean (±standard deviation) and median (interquartile range) or n (%). Data are shown as n(%) unless otherwise specified.  Legend: BMI indicates body mass index; eGFR, estimated glomerular filtration rate; CABG, coronary artery bypass graft; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; MI, myocardial infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention. 

Table 2. Rates and adjusted risk for elective and urgent coronary revascularization by biomarker score.  
	Biomarker score
	Number of patients, N (%)
	Events, N
	3-year KM event rate (%)
	ptrend for KM rate
	HRadj(95% CI)
	ptrend for HRadj

	Elective coronary revascularization

	Low
	6444 (29.8)
	168
	3.2
	<0.0001
	Ref
	<0.0001

	Intermediate
	12439 (57.5)
	477
	4.8
	
	1.53 (1.27-1.85)
	

	High
	2761 (12.8)
	118
	5.7
	
	2.01 (1.54-2.63)
	

	Urgent coronary revascularization

	Low
	
As above

	184
	3.6
	<0.0001
	Ref.
	<0.0001

	Intermediate
	
	449
	4.6
	
	1.33 (1.10-1.60)
	

	High
	
	150
	7.4
	
	2.19 (1.70-2.82)
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Figures Legends
[bookmark: _Hlk67269797]Figure 1. Adjusted risk of major coronary events by baseline biomarker concentrations. Covariates used for adjustment: age, sex, weight, region, hypertension, current smoking, diabetes mellitus, prior myocardial infarction, use of high-intensity statin, LDL-C concentration, heart failure, prior coronary artery disease, prior percutaneous coronary intervention, prior stroke, peripheral artery disease, eGFR <60 mL/min/1.73m2,  microalbuminuria, treatment effect. CABG, coronary artery bypass graft surgery; ISR, in-stent restenosis; PCI, percutaneous coronary intervention; adjustment made for each of the three other biomarkers. Biomarker concentration interquartile ranges: hsCRP (0.87-3.56 mg/L); NT-proBNP (81.3-333.8 pg/mL); hsTnI (2.3-7.6 ng/L); GDF-15 (886.8-1757 pg/mL). GDF-15, growth-differentiation factor-15; HRadj, adjusted hazard ratio; hsCRP, high-sensitivity C-reactive protein; hsTnI, high-sensitivity troponin I; NT-proBNP, N-terminal pro–B-type natriuretic peptide; Q, quartile. MCE., major coronary events.

Figure 2.  Cumulative incidence of major coronary events according to baseline biomarker score. The biomarker score was calculated as 1 point assigned for each of: hsTnI > 6 ng/L, NT-proBNP > 450 pg/mL, GDF-15 > 1800 pg/mL, or hsCRP > 2 mg/L. 0 points = Low score (N = 6444), 1-2 points = Intermediate score (N=12439), 3-4 points = High score (N=2761). 

Figure 3. Adjusted association of baseline biomarker score with the risk of complex PCI, CABG, and ISR revascularization. Covariates used for adjustment: age, sex, weight, region, hypertension, current smoking, diabetes mellitus, prior myocardial infarction, use of high-intensity statin, LDL-C concentration, heart failure, prior coronary artery disease, prior percutaneous coronary intervention, prior stroke, peripheral artery disease, eGFR <60 mL/min/1.73m2,  microalbuminuria, treatment effect. CABG, coronary artery bypass graft surgery; ISR, in-stent restenosis; PCI, percutaneous coronary intervention.

Central Illustration. Adjusted association of baseline biomarker score with major coronary events, coronary revascularization, and complex revascularization. Covariates used for adjustment are described in Figure 2. HRadj, adjusted hazard ratio. Int, intermediate. Ref, reference. 

Figure 4. Biomarker score and adjusted risk of anatomical features at the time of revascularization. Covariates used for adjustment described in Figure 2. 
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