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Objective: To investigate the prognostic value of fibrinogen-to-albumin ratio (FAR) in the adverse outcomes of patients with
coronary three-vessel disease (TVD).

Methods: A total of 4061 patients with TVD between 2013 and 2018 were analyzed in this retrospective cohort study. The best
cut-off value of the FAR determined by receiver operating characteristic (ROC) curve analysis was 0.084. 2782 (68.5%) patients were
in the low FAR group (FAR <0.084) and 1279 (31.5%) patients were in the high FAR group (FAR >0.084), respectively. Three
multivariate Cox proportional hazards models were applied to determine the associations of FAR with clinical outcomes. The
concordance index (C-index), net reclassification index (NRI), and integrated discrimination improvement (IDI) were used to assess
the incremental predictive value of the FAR and baseline models with respect to the additive effects of the established traditional risk
factors on the discrimination of clinical outcomes. The primary endpoint was all-cause mortality. The secondary endpoint was major
adverse cardiac and cerebrovascular events (MACCEs).

Results: The median follow-up duration was 2.4 years (range 1.1-4.1 years). Multivariate Cox regression analyses showed that the
incidence of all-cause mortality (4.7% vs 2.2%, adjusted hazard ratio [HR] 1.68, 95% confidence interval [CI] 1.12-2.52, p=0.011) and
MACCE (34.6% vs 27.3%, HR 1.28, 95% CI 1.13-1.46, p<0.001) were significantly higher in the high FAR group compared to the
low FAR group. The C-index was 0.72 (p < 0.001), the value of NRI was 0.3778 (p < 0.001), and the value of IDI was 0.0098 (p <
0.001) for those with FAR. After FAR was added to the traditional model, the discrimination and risk reclassification ability can be
significantly improved for all-cause mortality. The similar results were found for MACCE.

Conclusion: Higher level of FAR was associated with all-cause mortality and MACCE among patients with TVD. FAR could help to
improve the prognostic performance of the traditional risk factors for TVD patients.

Keywords: three-vessel disease, fibrinogen-to-albumin ratio, mortality, major adverse cardiac and cerebrovascular events, coronary
artery disease

Introduction
Inflammation plays an important role in the development and progression of atherosclerotic coronary artery disease
(CAD).! Three-vessel disease (TVD) is a major challenge in coronary interventions, with three-vessel disease detected in
30% of patients undergoing diagnostic coronary angiography.” The inflammatory state of patients with three-vessel
disease is more prominent when compared with that of single-vessel disease.® In addition, the risk of mortality in patients
with three-vessel disease is almost twice as high as in patients with single-vessel disease and is an independent predictor
of adverse clinical outcomes compared to single-vessel disease.*

Fibrinogen, a plasma protein produced by the liver, is an indicator of thrombotic status and plays a role in
inflammatory processes of varying degrees of severity.” Baseline plasma fibrinogen levels are predictive of cardiovas-
cular events in patients with CAD.® Albumin is a protein synthesized in the liver that influences nutrient absorption,
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colloid pressure and systemic inflammation. It has been suggested that serum albumin concentrations are associated with
inflammatory and hemostatic processes.” Low serum albumin levels are associated with increased cardiovascular
mortality and morbidity.®

Recently, fibrinogen-to-albumin ratio (FAR), the proportion of these two indexes, has been reported as a new
inflammatory marker that is strongly associated with poor prognosis in a variety of cancers, including esophageal,
hepatocellular, and breast cancers.” ' In addition, the FAR has been strongly correlated with the severity of CAD and
with a poor clinical prognosis in patients with cardiovascular disease.'*"?

However, there are no data regarding the prognostic value of FAR on clinical outcomes in patients with TVD. Thus,
the aim of the present study is to investigate the relationship between FAR and long-term clinical outcomes in patients

with TVD.

Methods
Study Population

From January 2013 to December 2018, consecutive patients underwent coronary angiography at our institution were
retrospectively reviewed and those 4308 (31.0%) patients with TVD were recruited. The demographic, angiographic, and
procedural characteristics were reviewed in detail, collected, and analyzed from the electronic medical record database.
The exclusion criteria included patients with unavailable data on serum albumin and fibrinogen at baseline, acute
infection, immune system diseases, severe hepatic injury, end-stage renal failure, and malignant tumors (Figure 1).
Enrolled patients were routinely followed up through telephone interview or examination of medical records.

Total patients who underwent
coronary angiography
N=13890

Patients with TVD
N=4308

Unavailable data on fibringoen and
albumin, acute infection, immune
disease, severe hepatic injury, end-
stage renal failure and malignant

tumors
N=247
Study patients
N=4061
Low FAR group High FAR group
N=2782 N=1279

Figure | The participant flow chart.
Abbreviations: FAR, fibrinogen-to-albumin ratio; TVD, three-vessel disease.
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Ethics

This single-center, retrospective observational study was approved by the Ethics Committee of the First Affiliated
Hospital of Dalian Medical University (Ethics No: YJ-KY-FB-2021-10). Study was conducted in full conformance with
the principles of the Declaration of Helsinki. All participants provided their written informed consent.

Data Collection

All laboratory indices were measured using standard methods in the Central Laboratory of the First Affiliated Hospital of
Dalian Medical University. The FAR was defined as the proportion of the plasma fibrinogen (g/L) to the plasma albumin
level (g/L). All patients received venous blood samples from the antecubital veins within 24 hours after admission, which
was performed prior to coronary angiography. Plasma fibrinogen levels were measured using an automatic coagulation
analyzer (STAGO, FRANCE). Serum albumin concentrations were measured using an automated chemistry analyzer
(HITACHI, JAPAN).

Procedures

Patients were treated with percutaneous coronary intervention (PCI), coronary artery bypass graft surgery (CABG) or
medication along. Revascularization includes PCI or CABG. PCI was performed by experienced cardiologists in
accordance with current guidelines and using conventional techniques.'* CABG procedures could be done with extra-
corporeal circulation, and use of arterial conduits was encouraged.

Clinical Endpoints

The primary endpoint was defined as all-cause mortality during follow-up and the secondary endpoint was a composite of
major adverse cardiac and cerebrovascular events (MACCE), including all-cause mortality, myocardial infarction (MI),
stroke, unscheduled repeat revascularization and rehospitalization due to angina pectoris or heart failure. Any coronary

revascularization was defined as either PCI or CABG for any reason.'”

Statistical Analysis

The continuous variables are presented as mean + standard deviation or as medians and interquartile ranges. The continuous
variables were compared using the Student’s #-test or Mann—Whitney U-test where appropriate, and categorical variables
were compared using the chi-square test. The clinical outcomes were analyzed using the Kaplan-Meier method and
compared by Log rank test. To assess the impact of potential confounders on the relationship between FAR and long-term
outcomes, three multivariate Cox proportional hazards models were developed. Model 1 with the adjustment for age, sex and
smoking; Model 2 with the adjustment for variables included in Model 1 plus hypertension, diabetes, dyslipidemia and
chronic kidney disease (CKD); Model 3 with the adjustment for variables included in Model 2 plus left ventricular ejection
fraction (LVEF), acute coronary syndrome (ACS), left main trunk (LMT) involvement, revascularization in hospital and
Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) score. The receiver
operating characteristic (ROC) curve analysis was also performed to determine the best cut-off value of the FAR in predicting
all-cause mortality, based on which all patients were divided into a high FAR group and a low FAR group. The concordance
index (C-index), net reclassification index (NRI), and integrated discrimination improvement (IDI) were used to assess the
incremental predictive value of the FAR and baseline models with respect to the additive effects of the established traditional
risk factors on the discrimination of clinical outcomes. NRI and IDI are two alternatives to the area under curve (AUC) to
assess predictive accuracy of the model and improvement in risk prediction, and measure the usefulness of a new model.
A P-value <0.05 was considered significant. All statistical analyses were performed by SPSS 24.0, Stata 15 and R 4.1.3.

Results

Baseline Characteristics
The baseline clinical, angiographic and procedural characteristics and biochemical data of the 4061 studied patients are
summarized in Table 1. 3448 (84.9%) underwent PCI, and 160 (3.9%) underwent CABG, and 453 (11.2%) patients were
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Table | Baseline Clinical, Angiographic and Procedural Characteristics in Patients with TVD
According to FAR

FAR < 0.084 (n = 2782) | FAR > 0.084 (n = 1279) P value
Age, years 63.9 +9.9 66.2 + 10.5 <0.001
Male 2086 (75.0) 884 (69.1) <0.001
Smoking 1143 (41.1) 485 (37.9) 0.056
Hypertension 1820 (65.4) 887 (69.4) 0.014
Diabetes 1017 (36.6) 575 (45.0) <0.001
Dyslipidemia 2188 (78.6) 981 (76.7) 0.164
CKD 179 (6.4) 243 (19.0) <0.001
Prior Ml 104 3.7) 57 (4.5) 0.276
Prior PAD Il (4.0) 52 (4.1) 0.909
Prior cerebrovascular disease 340 (12.2) 169 (13.2) 0.375
Acute coronary syndrome 954 (34.3) 484 (37.8) 0.028
SBP, mm Hg 138 + 22 138 £ 23 0.977
DBP, mm Hg 8l 17 80 £ 13 0.029
Fibrinogen, g/L 2.74 £ 0.46 4.14 £ 0.83 <0.001
Albumin, g/L 418 +£34 385 %40 <0.001
TC, mmol/L 498 + 1.23 4.88 + 1.35 0.001
Triglyceride, mmol/L 1.90 + 1.38 1.75 + 1.26 <0.001
HDL-C, mmol/L 1.20 £ 0.32 I.15 +0.32 <0.001
LDL-C, mmol/L 2.94 £ 0.88 2.89 £ 0.96 0.006
WBC, 10°/L 75+25 82+29 <0.001
Hemoglobin, g/L 141 + 18 133 +23 <0.001
BNP, pg/mL 68.8 (30.1, 179.3) 159.4 (64.1, 475.9) <0.001
hs-CRP, mg/L 1.6 (0.7, 4.4) 3.3 (1.2, 10.0) <0.001
Fasting blood glucose, mmol/L 73 %35 77 £ 40 0.003
eGFR, mL/min/1.73 m? 93 +24 84 + 29 <0.001
Uric acid, pmol/L 352 + 96 354110 0.601
LVEF, % 542 £ 8.1 520 £9.2 <0.001
LMT involvement 371 (13.3) 194 (15.2) 0.117
SYNTAX score 245+ 9.8 253+ 10.0 0.412
Revascularization in hospital 2487 (89.4) 1121 (87.6) 0.100
Contrast volume, mL 178 £ 71 172 £ 70 0.017

Abbreviations: BNP, B-type natriuretic peptide; CKD, chronic kidney disease; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; FAR, fibrinogen-to-albumin ratio; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LMT, left main trunk; LVEF, left
ventricular ejection fraction; Ml, myocardial infarction; PAD, peripheral artery disease; SBP, systolic blood pressure;
SYNTAX, Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery; TC, total choles-
terol; TVD, three-vessel disease; WBC, white blood cell.
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treated with medication. The best cut-off value of the FAR determined by ROC curve analysis in predicting all-cause
mortality was 0.084 (Figure 2). 2782 (68.5%) patients were in the low FAR group and 1279 (31.5%) patients were in the
high FAR group, respectively. Patients in the high FAR group were more likely to be older and to have male patients and
to have a history of hypertension, diabetes and CKD than patients in the low FAR group. ACS was more prevalent in the
high FAR group. Compared with patients in the low FAR group, lipid profile, hemoglobin, estimated glomerular filtration
rate (¢GFR) and LVEF were lower among patients in the high FAR group. However, B-type natriuretic peptide (BNP),
high-sensitivity C-reactive protein (hs-CRP) and fasting blood glucose were higher among patients in the high FAR
group. There was no difference in smoking, history of MI, cerebrovascular disease and peripheral artery disease.
SYNTAX score and revascularization in hospital were common between the two group.

Clinical Outcomes

The median follow-up was 2.4 (1.1-4.1) years. During the follow-up period, the rate of all-cause mortality was 4.7% and
2.2% in high and low FAR group, respectively. The incidence of clinical outcomes is shown in Table 2. Kaplan-Meier
survival curves for all-cause mortality and MACCE are shown in Figure 3. Table 2 shows three multivariate Cox
proportional hazard models to determine the correlation between the FAR groups and clinical outcomes. Multivariate
Cox regression analyses showed that the incidence of all-cause mortality (adjusted hazard ratio [HR] 1.68, 95% confidence
interval [CI] 1.12-2.52, p=0.011), MACCE (HR 1.28, 95% CI 1.13-1.46, p<0.001), MI (HR 1.69, 95% CI 1.37-2.08,
p<0.001) and heart failure readmission (HR 1.58, 95% CI 1.25-2.00, p<0.001) were significantly higher in the high FAR
group compared to the low FAR group after adjusting for age, sex, smoking, hypertension, diabetes, dyslipidemia, CKD,
LVEF, ACS, LMT involvement, revascularization in hospital and SYNTAX score according to the multivariable Model 3.
Notably, these differences were also present in Model 1 and 2, which different risk factors were adjusted.

Adding FAR to the Models of Established Traditional Risk Factors

Regarding all-cause mortality, compared with the traditional model (including age, gender, smoking, hypertension,
diabetes mellitus and dyslipidemia) (AUC = 0.62), after FAR was added to the traditional model, the discrimination
and risk reclassification ability can be significantly improved (Table 3). The C-index was 0.72 (p < 0.001), the value of
NRI was 0.3778 (p < 0.001), and the value of IDI was 0.0098 (p < 0.001) for those with FAR. That means with the

ROC curve
100

80 —

60 —

Sensitivity

40 —

AUC =0.703
20 — P < 0.001

0 T T T T
0 20 40 60 80 100

100-Specificity

Figure 2 ROC curves of FAR for prediction of all-cause mortality in patients with TVD.
Abbreviations: AUC, area under curve, FAR, fibrinogen-to-albumin ratio; ROC, receiver operating characteristic, TVD, three-vessel disease.
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Table 2 Association Between FAR and Clinical Outcomes in Patients with TVD

Events (n%) Model 1? P value Model 2° P value Model 3¢ P value
HR (95% CI) HR (95% CI) HR (95% CI)
All-cause mortality
FAR < 0.084 60 (2.2) Reference Reference Reference
FAR > 0.084 60 (4.7) 1.96 (1.36-2.82) | <0.001 1.88 (1.30-2.71) 0.001 1.68 (1.12-2.52) 0.011
Myocardial infarction
FAR < 0.084 230 (8.3) Reference Reference Reference
FAR > 0.084 189 (14.8) 1.86 (1.53-2.26) | <0.001 1.76 (1.44-2.15) | <0.001 1.69 (1.37-2.08) | <0.001
Repeat revascularization
FAR < 0.084 528 (19.0) Reference Reference Reference
FAR = 0.084 244 (19.1) I.11 (0.95-1.29) 0.175 I.11 (0.95-1.29) 0.187 I.11 (0.94-1.30) 0.207
Angina pectoris readmission
FAR < 0.084 428 (15.4) Reference Reference Reference
FAR = 0.084 170 (13.3) 0.97 (0.81-1.16) 0.751 1.01 (0.84-1.21) 0.876 1.05 (0.87-1.27) 0.576
Heart failure readmission
FAR < 0.084 175 (6.3) Reference Reference Reference
FAR = 0.084 153 (12.0) 1.84 (1.48-2.30) | <0.001 1.66 (1.33-2.38) | <0.001 1.58 (1.25-2.00) | <0.001
Stroke
FAR < 0.084 53 (1.9) Reference Reference Reference
FAR > 0.084 20 (1.6) 0.75 (0.45-1.27) 0.296 0.74 (0.43—1.26) 0.270 0.69 (0.38-1.24) 0.216
MACCE
FAR < 0.084 759 (27.3) Reference Reference Reference
FAR > 0.084 442 (34.6) 1.34 (1.19-1.51) | <0.001 1.31 (1.16-1.47) | <0.001 1.28 (1.13—-1.46) | <0.001

Notes: *Model |: covariates were adjusted for age, sex and smoking; ®Model 2: covariates were adjusted for age, sex, smoking, hypertension, diabetes,
dyslipidemia and chronic kidney disease; “Model 3: covariates were adjusted for age, sex, smoking, hypertension, diabetes, dyslipidemia, chronic kidney
disease, left ventricular ejection fraction, acute coronary syndrome, left main trunk involvement, revascularization in hospital and SYNTAX score.

Abbreviations: Cl, confidence interval(s); FAR, fibrinogen-to-albumin ratio; HR, hazard ratio; MACCE, major adverse cardiac and cerebrovascular

events; SYNTAX: Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery; TVD, three-vessel disease.

addition of FAR, the models had incremental prognostic value for all-cause mortality. The similar results were found for
MACCE, which the discrimination and risk reclassification ability were significantly improved after FAR was added to
the traditional model (all p < 0.001). Additionally, to assess inflammatory risk factors more fully, commonly available
inflammatory biomarkers including hs-CRP, BNP and neutrophil-to-lymphocyte ratio were added to above traditional
model. The similar results were found for all-cause mortality and MACCE, which the discrimination and risk reclassi-
fication ability were significantly improved after FAR was added to inflammatory risk model (all p < 0.05) (Table 4).

Discussion
To our knowledge, this is the first and the largest study to report the relationship among the FAR and long-term clinical
outcomes in patients with TVD, and reveal the good predictive value of FAR for adverse outcomes in TVD patients

through a large cohort.
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Follow-up (Years) Follow-up (Years)
No. at risk No. at risk
Low FAR 2782 1731 826 275 46 Low FAR 2782 1707 800 264 45
High FAR 1279 742 326 107 24 High FAR 1279 729 317 102 24

Figure 3 Kaplan-Meier analysis for all-cause mortality (A) and MACCE (B) according to FAR in patients with TVD.
Abbreviations: FAR, fibrinogen-to-albumin ratio; MACCE, major adverse cardiac and cerebrovascular events; TVD, three-vessel disease.

Among CAD patients, those with TVD were most susceptible to cardiovascular adverse events. It is widely

acknowledged that TVD is characterized by a persistent low-grade inflammatory state. Furthermore, compared to single

vessel disease, TVD patients exhibit a more prominent inflammatory state. Current evidence suggests that inflammation

Table 3 Evaluation of Predictive Models for Clinical Outcomes Using the C-Index, NRI and IDI

C-Index (95% CI) P value NRI (95% CI) P value IDI (95% CI) P value
All-cause mortality
Traditional risk factors 0.62 (0.60-0.63) Reference Reference - Reference -
Traditional risk factors + FAR 0.72 (0.71-0.73) <0.001 0.3778 (0.2004-0.5552) <0.001 0.0098 (0.005-0.0146) <0.001
Myocardial infarction
Traditional risk factors 0.60 (0.58-0.61) Reference Reference - Reference -
Traditional risk factors + FAR 0.63 (0.61-0.65) 0.001 0.2174 (0.1166-0.3183) <0.001 0.0113 (0.0072-0.0155) | <0.001
Repeat revascularization
Traditional risk factors 0.57 (0.55-0.58) Reference Reference - Reference -
Traditional risk factors + FAR 0.57 (0.55-0.58) 0.855 0.0323 (-0.0443-0.109) 0.408 2e-04 (—3e-04-7e-04) 0.449
Angina pectoris readmission
Traditional risk factors 0.59 (0.56-0.61) Reference Reference - Reference -
Traditional risk factors + FAR 0.59 (0.57-0.62) 0.367 0.0252 (—0.0612-0.1116) 0.567 8e-04 (0-0.0017) 0.056
Heart failure readmission
Traditional risk factors 0.62 (0.60-0.63) Reference Reference - Reference -
Traditional risk factors + FAR 0.66 (0.63-0.69) <0.001 0.3644 (0.2532-0.4756) <0.001 0.0144 (0.0092-0.0196) | <0.001
Stroke
Traditional risk factors 0.65 (0.63-0.66) Reference Reference - Reference -
Traditional risk factors + FAR 0.66 (0.64-0.67) 0.403 0.1234 (-0.1003-0.347) 0.279 3e-04 (—6e-04-0.0012) 0.520
(Continued)
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Table 3 (Continued).

C-Index (95% CI) | P value NRI (95% CI) P value IDI (95% CI) P value
MACCE
Traditional risk factors 0.53 (0.52-0.55) Reference Reference - Reference -
Traditional risk factors + FAR 0.57 (0.55-0.59) <0.001 0.1361 (0.0688-0.2033) <0.001 0.0063 (0.0038-0.0088) | <0.001

Notes: Traditional risk factors included age, gender, smoking, hypertension, diabetes mellitus and dyslipidemia.
Abbreviations: Cl, confidence interval; C-index, concordance index; FAR, fibrinogen-to-albumin ratio; IDI, integrated discrimination improvement; MACCE, major adverse
cardiac and cerebrovascular events; NRI, net reclassification improvement.

Table 4 Evaluation of Predictive Models for Endpoints Before and After Adding the FAR to Established Inflammatory Risk Factors

C-Index (95% CI) | P value NRI (95% CI) P value IDI (95% CI) P value
All-cause mortality
Inflammatory risk factors 0.65 (0.63-0.66) Reference Reference - Reference -
Inflammatory risk factors + FAR 0.74 (0.72-0.75) 0.015 0.4183 (0.2011-0.6354) | <0.001 | 0.0115 (0.0051-0.0179) | <0.001
MACCE
Inflammatory risk factors 0.55 (0.53-0.57) Reference Reference - Reference -
Inflammatory risk factors + FAR 0.59 (0.57-0.62) <0.001 0.1323 (0.0546-0.2099) | <0.001 | 0.0067 (0.0035-0.0098) | <0.001

Notes: Inflammatory risk factors included age, gender, smoking, hypertension, diabetes mellitus, dyslipidemia, high-sensitivity C-reactive protein, B-type natriuretic peptide
and neutrophil-to-lymphocyte ratio.

Abbreviations: Cl, confidence interval; C-index, concordance index; FAR, fibrinogen-to-albumin ratio; IDI, integrated discrimination improvement; MACCE, major adverse
cardiac and cerebrovascular events; NRI, net reclassification improvement.

plays a key role in all stages of coronary atherosclerotic thrombosis, including plaque progression, rupture, and
thrombosis leading to acute MI.'°

Plasma fibrinogen is involved in chronic low-grade inflammatory processes by upregulating the expression of pro-
inflammatory cytokines, activating platelets and upregulating the expression of adhesion molecules, inducing vascular
inflammation and endothelial dysfunction, and enhancing macrophage infiltration, thereby exacerbating atherosclerotic
plaque development.'”'® Furthermore, it has been reported that fibrinogen may accelerate platelet aggregation by binding
to GPIIb/Illa receptors on the platelet surface.'® Therefore, fibrinogen promotes the onset and progression of coronary
atherosclerosis and contributes to the development of ACS via its interactions with other inflammatory cells, vascular
endothelium and pro-thrombotic molecules.’ Previous study reported that the high value of fibrinogen was an indepen-
dent risk factor for ACS.?

The rate of albumin synthesis is influenced by nutritional intake and systemic inflammation. Serum albumin possesses
a variety of physiological properties such as anti-inflammatory, antioxidant, anticoagulant, antiplatelet aggregation and
maintenance of capillary membrane stability.”' In addition, serum albumin is an important inhibitor of platelet activation
and aggregation and an important mediator of platelet induction. There is evidence that hypoalbuminemia is associated
with adverse cardiac events in patients with CAD, heart failure, atrial fibrillation and stroke.”* *

Initially, as a recognized marker of inflammation, FAR, which comprised fibrinogen and albumin, was a well-
established prognostic factor in esophageal squamous cell carcinoma, breast cancer and hepatocellular carcinoma.” '
FAR was significantly associated with angiographic no-reflow, angiographic severity and adverse outcome in patients
with ST-elevation myocardial infarction (STEMI) undergoing PCI.*>2” Karahan et al showed that FAR was sig-
nificantly related to SYNTAX score in predicting the severity of CAD in patients with STEML*® Simultaneously,
FAR was an independent predictor for major adverse cardiac events (MACE) in CAD patients after stents

implantation.'?
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In the present research, we compared the inflammatory load revealed by FAR of patients with TVD. The rate of all-
cause mortality and MACCE was significantly high in the high FAR group compared with the low FAR group in the
three multivariable Cox regression analysis models after adjustment for other independent variables. C-index, NRI and
IDI were calculated and showed that the discrimination and risk reclassification ability were significantly improved after
FAR was added to the traditional risk model. Taken together, our study demonstrated that higher level of FAR was
strongly related to increased risks of long-term adverse outcomes in patients with TVD, for the first time. Therefore,
FAR, could be helpful to identify high-risk individuals in patients with TVD. Interestingly, we observed no significant
differences between groups in terms of risk for some other components of MACCE, which warrants further exploration
in future studies.

Both fibrinogen and albumin are important equivalent of hemorheological and inflammatory alteration. Elevated
fibrinogen levels are similar to decreased albumin levels and may be associated with pro-inflammatory cytokine
expression, endothelial dysfunction, and platelet aggregation. As a result of the interaction, the high ratio of fibrinogen
to albumin seems to indicate the presence of a chronic inflammatory load. Those above may be potential mechanisms by
which FAR is associated with poor prognosis in patients with TVD.

In the CANTOS study, IL-1p targeting Canakinumab, which was an anti-inflammatory therapy, significantly reduced
the incidence of MACE in patients previous MI.?’ Tranexamic acid, the inhibition of fibrinolysis, has been shown to
reduce inflammatory response in patients who underwent cardiopulmonary bypass.*® Therefore, the targeted therapeutic
strategies of FAR in TVD patients should be further investigated.

Limitations

This study has several limitations. First, the level of FAR was only calculated at baseline, and no further analysis of FAR
during the follow-up period was performed. Second, as the nature of the observational studies, potential confounders
could not be adequately adjusted. Third, cardiovascular cause-specific mortality was not obtained in this study. Fourth,
since both fibrinogen and albumin both are acute-phase reactants, the exact time of fibrinogen and albumin collection was
not recorded and adjusted, which may have affected the results. Fifth, inflammatory conditions like cancer, autoimmune
disorders, and recent infection were not adjusted in multivariate models. Large-scale randomized controlled studies are
still needed to further assess the predictive value of FAR on the prognosis of patients with TVD.

Conclusion

Higher level of FAR was associated with all-cause mortality and MACCE among patients with TVD. FAR could help to
improve the prognostic performance of the traditional risk factors as well. Thus, the FAR may serve as a convenient,
effective, and noninvasive biomarker to predict the prognosis, and to improve risk stratification in TVD patients. Large-
scale randomized controlled studies are still needed to further assess the predictive value of FAR on the prognosis of
patients with TVD.

Abbreviations
FAR, fibrinogen albumin ratio; TVD, three-vessel disease; MACCE, major adverse and cerebrovascular events; CAD,
coronary artery disease; ACS, acute coronary syndrome.
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