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Abstract 

Objective: Although the levels of plasma fibrinogen and albumin have been proven to be in relation to coronary 
heart disease (CHD), the association between fibrinogen-to-albumin ratio (FAR) and acute coronary syndrome (ACS) 
has not been adequately investigated. The aim of this study is to investigate the relationship between FAR and the 
presence and severity of CHD in patients with ACS.

Methods and results: A total of 1575 individuals who received coronary angiography (CAG) were enrolled. Patients 
were divided into the ACS group and the control group. The severity of ACS was determined by Gensini score, num-
ber of diseased coronary artery and the presence of myocardial infarction (MI). Data showed that the level of FAR in 
ACS group was higher than in the control group (81.20 ± 35.45 vs. 72.89 ± 20.24, P < 0.001). The results from subgroup 
analysis indicated that the values of FAR in the high Gensini score group, MI group and multiple-vessel stenosis group 
were higher than the matched subgroups. After adjustment for confounders, FAR was still independently related to 
the presence and severity of ACS (MI OR 2.097, 95%CI 1.430–3.076; High GS: OR 2.335, 95%CI 1.567–3.479; multiple-
vessel disease: OR 2.088, 95%CI 1.439–3.030; P < 0.05).

Conclusion: The levels of FAR are independently associated with the presence and the severity of coronary artery 
disease in patients with ACS. Furthermore, FAR, as a more convenient and rapid biological indicator, may provide a 
new idea for predicting the presence and severity of ACS.
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Introduction
Coronary heart disease (CHD) is a kind of ischemic 
cardiovascular condition caused by coronary athero-
sclerosis which affects vessel wall at different degrees. 
Although the prevalence of CHD has decreased over the 

past decade, it remains the leading cause of mortality 
worldwide [1]. Acute coronary syndrome (ACS), a com-
mon and a more severe type of CHD, is a consequence 
of acute coronary thrombotic occlusion followed by myo-
cardial ischaemia and necrosis [2, 3]. It is acknowledged 
that there is a strong relationship between ACS and car-
diovascular risk factors such as hypertension, diabetes, 
hyperlipidemia and inflammation [4–8]. Recent studies 
proposed that the ratio of fibrinogen-to-albumin (FAR) 
provided a simple and feasible laboratory method for 
predicting the severity of atherosclerosis, however, the 
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association between FAR and the extent and severity of 
ACS has not been thoroughly studied.

Fibrinogen is an indicator of the state of coagulation 
and a biomarker of different degrees of inflammation 
[9]. It is reported that the level of plasma fibrinogen in 
patients with ACS was higher than that in healthy con-
trols, and the higher level of plasma fibrinogen might 
be an independent predictor of major adverse cardiac 
events during short-term and long-term follow-up [10, 
11]. In addition, albumin is inversely related to the degree 
of inflammatory response [12], and it is an important 
inhibitor of platelet activation and aggregation [13]. Sev-
eral evidence indicate that low albumin level is associated 
with atherosclerotic cardiovascular diseases and related 
to the major adverse cardiovascular events (MACE) [14, 
15]. Recent researches revealed that FAR is efficient in 
predicting the presence and severity of diseased coronary 
artery in ST-segment elevation myocardial infarction 
(STEMI) [16, 17]. In this study, we aim to investigate the 
relation of FAR with the presence and severity of coro-
nary artery disease in patients with ACS undergoing cor-
onary angiography (CAG).

Methods
Study population
From February 2019 to December 2019, a total of 3000 
consecutive patients who received electrocardiography 
(ECG) and CAG due to angina-like chest pain were eval-
uated and we had access to information that could iden-
tify individual participants during or after data collection. 
ACS was defined based on criteria created by the Ameri-
can College of Cardiology and the European Society of 
Cardiology and the ACS group was further divided into 
the unstable angina (UA) group and acute myocardial 
infarction (AMI) group. As per the inclusion criteria for 
the control group, patients with normal ECG and with-
out a history of coronary artery disease (CAD) and no 
stenosis or stenosis degree < 50% on CAG were included. 
The exclusion criteria of this study included patients with 
infectious or systemic inflammatory disease, a history of 
MI or percutaneous coronary intervention (PCI), severe 
valvular disease, liver and/or renal insufficiency, hemato-
logical disorders, thyroid dysfunction and malignant dis-
ease. Patients who received the following treatment were 
also excluded: diuretics, thrombolytic therapy, cytotoxic 
drugs, corticosteroid and glycoprotein IIb/IIIa inhibitors. 
Finally, a cohort of 1575 subjects were enrolled in our 
final analysis. The baseline characteristics and medical 
history were collected from all subjects.

Clinical characteristics
Hypertension was defined as office systolic blood pres-
sure (SBP) values ≥ 140  mmHg and/or diastolic blood 

pressure (DBP) values ≥ 90  mmHg at least two times 
in different environments [18]. Type 2 diabetes mel-
litus (T2DM) was defined according to the American 
Diabetes Association (ADA) criteria: (1) hemoglobin 
A1c (HbA1c) ≥ 6.5% and/or (2) fasting plasma glucose 
(FPG) ≥ 126 mg/dL (7.0 mmol/L) and/or (3) 2-h plasma 
glucose ≥ 200  mg/dL (11.1  mmol/L) during an oral glu-
cose tolerance test (OGTT) and/or (4) in a patient with 
classic symptoms of hyperglycemia or hyperglycemic 
crisis, a random plasma glucose ≥ 200  mg/dL [19]. An 
individual who drank more than 20 g/day was defined as 
Alcohol drinker. Smokers were defined as those who had 
smoking regularly over the previous six months.

Laboratory tests
Venous blood samples were obtained from all partici-
pants. The blood parameters were determined by the 
clinical laboratory of the First Affiliated Hospital of Xi’an 
Jiaotong University. Levels of white blood cells (WBC), 
hemoglobin (Hb), platelets (PLT), neutrophils (NEUT) 
counts, monocyte (MONO) counts, fibrinogen (FIB) 
were measured on admission. Levels of total cholesterol 
(TC), triglyceride (TG), high density lipoprotein choles-
terol (HDL-C), low density lipoprotein cholesterol (LDL-
C), apolipoprotein A (ApoA), apolipoprotein B (ApoB), 
apolipoprotein E (ApoE), lipoprotein (a) [Lp(a)], serum 
creatinine (Scr), glucose, blood urea nitrogen (BUN), uric 
acid (UA), albumin (ALB) were measured after 12  h of 
overnight fast. The FAR was respectively computed using 
the absolute fibrinogen count divided by the absolute 
albumin count.

Definition of ACS and Gensini score
CAD was defined as 50% luminal diameter stenosis in 
at least one major epicardial vessel by diagnostic CAG 
and the diagnostic criteria for ACS recommended by 
the European Society of Cardiology [20]. In this study, 
the severity of CAD was determined by the number of 
diseased vessels and Gensini score (GS). GS is consid-
ering the degree of luminal narrowing and the impor-
tance of its location, the specific method is as follows: 1 
point for less than 25% obstruction, 2 points for 26–50% 
obstruction, 4 points for 51–75% obstruction, 8 points 
for 76–90% obstruction, 16 points for 91–99% obstruc-
tion, 32 points for complete occlusion (100%). Then the 
score is multiplied by the factor which depending on 
the functional significance of the area supplied by that 
segment. 5 for the left main coronary artery, 2.5 for the 
proximal segment of left anterior descending artery or 
circumflex artery, 1.5 for the middle segment of left ante-
rior descending artery, 1 for the apical segment of left 
anterior descending artery or the middle or distal seg-
ment of circumflex artery or the entire segment of the 
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right coronary artery, 0.5 for other small branches of 
the coronary artery [21]. The result of coronary angiog-
raphy was reported by two experienced interventional 
cardiologists. If the viewpoints of the two cardiologists 
were inconsistent, a third expert was consulted. Another 
expert interventional cardiologist calculated the scores 
in all angiograms. Firstly, all patients enrolled were 
divided into ACS group and control group. Moreover, the 
patients with ACS were divided into MI group and non-
MI group according to their medical history. Finally, the 
patients with ACS were further classified into the follow-
ing subgroups including multiple-vessel disease group, 
high GS group and their matched subgroups in order to 
evaluate the relation between FAR levels and severity of 
diseased coronary artery.

Statistical analyses
The continuous variables were expressed as the 
mean ± SD, data was compared with the Student’s t-test 
or Mann–Whitney U test. One-way analysis of variance 
or Kruskal–Wallis test were performed more than two 
groups. The category variables were expressed as per-
centage (%), data was compared with the Chi-square test. 

FAR was examined in quartiles. Univariate and multivari-
ate logistic regression were used to assess the relationship 
between different FAR levels and coronary artery severity 
in patients with ACS. P < 0.05 was considered statistically 
significant. All data were statistically analyzed using the 
SPSS software version 22.0 for Windows.

Results
Baseline characteristics
A total of 1575 individuals were included in our final 
analysis according to our inclusion and exclusion crite-
ria (Fig. 1). The individuals were divided into ACS group 
(n = 1250) and control group (n = 325), the baseline 
characteristics of the individuals were shown in Table 1. 
Higher levels of FAR were found in ACS group than that 
in the non-CAD group (81.20 ± 35.45 vs 72.89 ± 20.24, 
P = 0.001). Moreover, age, levels of the WBC, NEUT, 
MONO, GLU, ApoA, FIB, prevalence of diabetes melli-
tus, hypertension, and current smoking were significantly 
higher in the patients with ACS (P < 0.001). Patients with 
ACS had higher levels of Scr (P = 0.001), TG (P = 0.049), 
and Lp(a) (P = 0.017), but lower level of ALB (P = 0.001) 
and HDL-C (P < 0.001) than patients without CAD. 

Fig. 1 A flow chart of the inclusion and exclusion of patients
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Moreover, the left ventricular ejection fraction (LVEF) 
was much lower in patients with ACS (P < 0.001). There 
were no significant differences in ALB, TC, ApoB, ApoE 
between ACS group and the non-CAD group (P > 0.05).

Relation of FAR levels and the presence and severity 
of diseased coronary artery
According to each individual’s CAG, medical history 
and laboratory examination, the patients with ACS were 
divided into the following subgroups including MI group, 
multiple-vessel disease group, high GS group and their 
matched subgroups in order to further evaluate the rela-
tion between FAR levels and severity of diseased coro-
nary artery.

In detail, the patients with ACS were firstly divided 
into MI group (n = 436) and UA group(n = 814), 
patients with MI had significantly higher levels of FAR 
and FIB (FAR 87.97 ± 21.91 vs. 77.57 ± 21.24, P < 0.001; 
FIB 3.44 ± 1.29  g/L vs. 3.16 ± 0.72  g/L, P < 0.001), 
they also had a lower ALB (40.72 ± 5.35  g/L vs. 
41.26 ± 3.82 g/L, P = 0.038) compared with those in UA 
group(Table 2). In addition, the patients with MI were 
divided into STEMI group and Non-ST segment eleva-
tion myocardial infarction (NSTEMI) group, patients 
with STEMI had higher risk of cardiac arrest and lethal 
arrhythmia (P < 0.001), accompanying higher FAR 
and lower LVEF (FAR 96.77 ± 21.87 vs. 84.48 ± 21.02, 
P = 0.026; LVEF 53.36 ± 9.84 vs. 58.22 ± 10.83, 
P < 0.001) (Additional file 1: Table 1). Then the patients 

Table 1 Baseline characteristics of all patients with or without CAD

Values are expressed as mean ± SD or n (%)

SD, Standard deviationl; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; NEUT, neutrophil; MONO, monocyte; FIB, fibrinogen; BUN, urea nitrogen; Scr, serum 
creatinine; UA, uric acid; TP, total protein; ALB,albumin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; ApoA, apolipoprotein A; ApoB, apolipoprotein B; ApoE, apolipoprotein E; Lp(a), lipoprotein (a); FAR, fibrinogen-to-albumin ratio; LVEF, left 
ventricular ejection fraction

Characteristics ACS group (n = 1250) Non-CAD group (n = 325) P value

Age (years) 60.90 ± 10.11 58.41 ± 9.82 < 0.001

Gender, Male, n (%) 861 (68.8) 154(47.4) < 0.001

Hypertension, n (%) 727 (58.2) 155(47.7) 0.001

Diabetes, n (%) 326(26.8) 50 (15.4) < 0.001

Smoker, n (%) 613 (49.0) 104 (32.0) < 0.001

Alcohol drinker, n (%) 172(13.8) 36 (11.1) 0.203

Laboratory parameters

WBC (×  109/L) 7.38 ± 3.23 5.89 ± 1.51 < 0.001

Hb (g/L) 146.96 ± 15.46 138.93 ± 15.01 0.070

PLT (×  109/L) 206.10 ± 58.51 211.70 ± 57.32 0.388

NEUT (×  109/L) 5.24 ± 2.76 3.89 ± 1.32 < 0.001

MONO (×  109/L) 0.38 ± 0.18 0.30 ± 0.12 < 0.001

FIB (g/L) 3.26 ± 1.07 3.01 ± 0.68 < 0.001

Glucose (mmol/L) 7.56 ± 3.32 6.52 ± 2.54 < 0.001

BUN (mmol/L) 5.71 ± 2.76 5.51 ± 1.46 0.076

Scr (umol/L) 64.85 ± 29.61 60.84 ± 15.15 0.001

UA (umol/L) 332.74 ± 150.30 326.60 ± 146.00 0.510

ALB (g/L) 41.07 ± 4.42 41.97 ± 4.74 0.001

TC (mmol/L) 3.85 ± 0.96 3.83 ± 1.01 0.762

TG (mmol/L) 1.61 ± 1.12 1.47 ± 1.041 0.049

HDL-C (mmol/L) 0.97 ± 0.22 1.05 ± 0.27 < 0.001

LDL-C (mmol/L) 2.28 ± 0.83 2.19 ± 0.74 0.069

APOA (g/L) 1.14 ± 0.20 1.21 ± 0.28 < 0.001

APOB (g/L) 0.81 ± 0.44 0.74 ± 0.20 0.157

APOE (mg/L) 37.36 ± 17.83 37.09 ± 15.12 0.806

Lp(a) (mg/L) 250.93 ± 146.48 216.63 ± 123.25 0.017

FAR 81.20 ± 35.45 72.89 ± 20.24 < 0.001

LVEF (%) 62.3 ± 13.6 66.6 ± 8.8 < 0.001
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diagnosed with ACS were classified into single-vessel 
(n = 388), two-vessel (n = 325), and multiple-vessel (≥ 3 
vessels, n = 513) group based on CAG. We found that 
the levels of FAR and FIB in three-vessel group were 
significantly higher (FAR 85.04 ± 31.53 vs. 83.22 ± 50.93 
vs. 74.65 ± 21.98, P < 0.001; FIB 3.41 ± 1.03  g/L vs. 
3.25 ± 1.02  g/L vs. 3.07 ± 0.81  g/L, P < 0.001), and the 
levels of ALB were lower (ALB 41.06 ± 4.44  g/L vs. 
39.72 ± 4.44  g/L vs. 37.46 ± 3.82  g/L, P = 0.032) than 
that in two-vessel and single-vessel group (Table  3). 
Based on the quartiles of the GS, the patients with 

ACS were then divided into three groups: low GS 
(GS < 24, n = 401), intermediate GS (GS 24–58, n = 433) 
and high GS (GS > 58, n = 416) group (Table  3). In 
high GS group, the levels of FAR and FIB were sig-
nificantly higher (FAR 86.10 ± 34.06 vs. 82.65 ± 45.51 
vs. 74.55 ± 20.32, P < 0.001; FIB 3.45 ± 1.07  g/L vs. 
3.26 ± 1.02 g/L vs. 3.06 ± 0.74 g/L, P < 0.001), and ALB 
were lower (ALB 41.17 ± 5.125 g/L vs. 39.67 ± 4.32 g/L 
vs. 37.41 ± 3.66 g/L, P = 0.048) than those in intermedi-
ate and low GS groups.

In order to further clarify the relationship between 
FAR and coronary artery severity in patients with ACS, 
we divided patients with ACS into three groups accord-
ing to the quartiles of the FAR levels in the study (quar-
tile1: < 68.27; quartile 2: 68.27–85.46; quartile 3: > 85.46). 
As shown in Table 4, the proportion of myocardial infarc-
tion, multiple vessel lesions and Gensini score increased 
as the FAR values increased (P < 0.001), as well as the pro-
portion of MI, cardiac arrest, lethal arrhythmia (P < 0.05). 
Meanwhile, the levels of FIB and Lp(a) in patients with 
ACS were gradually tending higher as the FAR quartile 
increased (P < 0.001). However, there were decreasing 
trend of ALB levels and LVEF in patients with ACS as 
the FAR quartile increased (P < 0.05). There were also sig-
nificant differences of other variables such as age, gender, 
WBC, PLT, NEUT, MONO, TC, LDL-C and ApoA and 
ApoE among these groups (P < 0.05). There were no sig-
nificant differences of other variables such as hyperten-
sion, Hb, blood glucose, BUN, Scr, TC, TG and HDL-C 
among these groups (P > 0.05).

Moreover, in ROC curve analysis FAR had an AUC of 
0.706 (95%CI 0.660–0.742) to predict high Gensini sore 
in patients with ACS, which was statistically signifi-
cantly better than FIB (AUC 0.663, 95%CI 0.605–0.720, 
P < 0.001) and ALB (AUC 0.617, 95%CI 0.559–0.675, 
P < 0.001) (Fig. 2).

Univariate and multivariate logistic regression analysis 
of the association between FAR and the severity of cor-
onary artery in patient with ACS are shown in Table  5. 
In univariate regression analysis, FAR was associated 
with the severity of diseased coronary artery (MI group 
vs. non-MI group: OR = 1.744, 95% CI 1.314–2.314, 
P < 0.001; high GS group vs. low GS group: OR = 2.703, 
95% CI 1.917–3.810, P < 0.001; multiple-vessel disease 
group vs. single-vessel disease group: OR = 2.520, 95% CI 
1.808–3.513, P < 0.001). Moreover, even after adjustment 
for confounders in the multiple regression analysis, such 
as age, gender, hypertension, diabetes, smoker, alcohol 
drinking, NEUT, LYM, MONO, glucose, TC, HDL-C, 
LDL-C and Lp (a), FAR levels remained to be indepen-
dently associated with the severity of diseased coronary 
artery (MI group vs. non-MI group: OR = 2.097, 95% 
CI 1.430–3.076, P < 0.001; high GS group vs. low GS 

Table 2 Baseline characteristics of all patients enrolled with or 
without MI

Values are expressed as mean ± SD or n (%)

SD, Standard deviation; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; 
NEUT, neutrophil; MONO, monocyte; FIB, fibrinogen; BUN, urea nitrogen; 
Scr, serum creatinine; UA, uric acid; ALB, albumin; TC, total cholesterol; TG, 
triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; ApoA, apolipoprotein A; ApoB, apolipoprotein B; ApoE, 
apolipoprotein E; Lp(a), lipoprotein (a); FAR, fibrinogen-to-albumin ratio; LVEF, 
left ventricular ejection fraction

Characteristics MI group (n = 436) UA group 
(n = 814)

P value

Age (years) 59.18 ± 11.33 61.83 ± 9.28 < 0.001

Gender, Male, n (%) 347(79.6) 514(63.1) < 0.001

Hypertension, n (%) 227 (52.1) 500 (61.4) < 0.001

Diabetes, n (%) 91 (20.9) 235 (28.9) 0.001

Smoker, n (%) 265 (60.8) 348 (42.8) < 0.001

Alcohol drinking, 
n (%)

59 (13.5) 113 (13.9) 0.931

Laboratory parameters

WBC (×  109/L) 9.51 ± 4.09 6.24 ± 1.82 < 0.001

Hb (g/L) 142.90 ± 17.32 149.31 ± 16.77 0.0494

PLT (×  109/L) 209.47 ± 61.03 204.30 ± 57.07 0.136

NEUT (×  109/L) 7.29 ± 3.30 4.14 ± 1.56 < 0.001

MONO (×  109/L) 0.45 ± 0.22 0.34 ± 0.16 < 0.001

FIB (g/L) 3.44 ± 1.29 3.16 ± 0.72 < 0.001

Glucose (mmol/L) 7.75 ± 3.67 7.46 ± 4.62 0.259

BUN (mmol/L) 5.60 ± 3.87 5.77 ± 1.92 0.301

Scr (umol/L) 67.23 ± 42.94 63.57 ± 18.85 0.037

UA (umol/L) 327.88 ± 219.00 335.34 ± 95.00 0.403

ALB (g/L) 40.72 ± 5.35 41.26 ± 3.82 0.038

TC (mmol/L) 4.01 ± 0.91 3.76 ± 0.97 < 0.001

TG (mmol/L) 1.65 ± 1.05 1.59 ± 1.17 0.374

HDL-C (mmol/L) 0.96 ± 0.21 0.97 ± 0.22 0.262

LDL-C (mmol/L) 2.44 ± 0.79 2.20 ± 0.84 < 0.001

APOA (g/L) 1.11 ± 0.18 1.16 ± 0.21 < 0.001

APOB (g/L) 0.83 ± 0.22 0.80 ± 0.27 0.582

APOE (mg/L) 38.37 ± 13.07 36.81 ± 19.53 0.196

Lp(a) (mg/L) 263.20 ± 128.57 244.37 ± 155.43 0.140

FAR 87.97 ± 21.91 77.57 ± 21.24 < 0.001

LVEF (%) 54.51 ± 10.33 66.17 ± 13.35 < 0.001
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group: OR = 2.335, 95% CI 1.567–3.479, P < 0.001; mul-
tiple-vessel disease group vs. single-vessel disease group: 
OR = 2.088, 95% CI 1.439–3.030, P < 0.001).

Discussion
The main finding of our study is that FAR levels are inde-
pendently associated with CAD and severity of coronary 
stenosis presented as MI, GS, multiple-vessel disease in 
patients with ACS. Similarly, patients with more severe 
coronary stenosis strongly suggest higher FAR levels, an 
increased level of FAR relatively indicates higher GS in 
patients with ACS.

Nevertheless, previous studies on the relation of FAR 
to severity of ACS remain to be further explored. To our 
best knowledge, no data are currently available regarding 
between FAR levels and GS, which accepted as a simple, 
wieldy, and widely used tool in evaluating the severity 
of coronary stenosis among ACS group. So it is impor-
tant to understand the relationship between FAR and GS 
stratification so that physicians can be able to instantly 
quantitatively evaluate clinical severity in ACS patients 

admitted to emergency department based on FAR levels 
which acquired from laboratory tests at admission.

Fibrinogen, a plasma protein produced in the liver, 
plays an important role in inducing endothelial cell dis-
organization and migration, stimulates smooth muscle 
proliferation, and enhances the release of endothelial 
cell-derived growth factors, which contribute to patho-
genesis of vascular inflammation and atherosclerosis [9]. 
Furthermore, fibrinogen is important for incorporating 
platelets into a developing thrombus [22]. In addition 
to the important role of plasma fibrinogen in indicat-
ing thrombotic status, recent studies had shown that 
plasma fibrinogen levels are closely related to the degree 
of coronary atherosclerosis in patients with stable CAD 
or STEMI [11, 17]. Tabakc et al. showed that fibrinogen 
was an easily detected systemic inflammatory marker 
and was independently associated with coronary sever-
ity in patients with CAD [9]. They had demonstrated 
that plasma fibrinogen with an optimal cut-off value of 
411 mg/dL predicts high Syntax score with a sensitivity 
of 75% and a specificity of 64%. Furthermore, S. Kaptoge 

Table 3 Characteristics of all patients enrolled with different severity of diseased coronary artery

Values are expressed as mean ± SD or n (%)

SD, Standard deviation; WBC, white blood cell; FIB, fibrinogen; ALB, albumin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; FAR, fibrinogen-to-albumin ratio; LVEF, left ventricular ejection fraction

Variables 1 vessel (n = 388) 2 vessels (n = 325)  ≥ 3 vessels (n = 513) P value

WBC (×  109/L) 6.97 ± 2.95 7.33 ± 2.95 7.77 ± 3.57 0.014

FIB (g/L) 3.07 ± 0.81 3.25 ± 1.02 3.41 ± 1.03 < 0.001

Glucose (mmol/L) 7.03 ± 2.48 7.75 ± 3.70 7.86 ± 3.70 0.012

ALB (g/L) 37.46 ± 3.82 39.72 ± 4.44 41.06 ± 4.44 0.032

TC (mmol/L) 3.76 ± 0.95 3.84 ± 0.93 3.92 ± 0.97 0.040

TG (mmol/L) 1.54 ± 1.34 1.57 ± 0.91 1.67 ± 1.06 0.166

HDL-C (mmol/L) 1.01 ± 0.23 0.96 ± 0.22 0.94 ± 0.21 < 0.001

LDL-C (mmol/L) 2.16 ± 0.78 2.29 ± 0.81 2.36 ± 0.86 0.001

APOA (g/L) 1.17 ± 0.21 1.14 ± 0.21 1.12 ± 0.19 < 0.001

APOB (g/L) 0.74 ± 0.22 0.81 ± 0.57 0.81 ± 0.23 0.009

LVEF (%) 64.25 ± 9.57 62.34 ± 10.91 61.17 ± 11.52 0.016

FAR 74.65 ± 21.98 83.22 ± 50.93 85.04 ± 31.53 < 0.001

Low GS (< 24) Intermediate GS (24–58) High GS (> 58) P value

N 401 433 416

WBC (×  109/L) 6.38 ± 2.39 7.61 ± 3.72 8.11 ± 3.15 < 0.001

FIB (g/L) 3.06 ± 0.74 3.26 ± 1.02 3.45 ± 1.07 < 0.001

Glucose (mmol/L) 7.15 ± 5.50 7.41 ± 3.32 8.11 ± 3.86 0.004

ALB (g/L) 37.41 ± 3.66 39.67 ± 4.32 41.17 ± 5.125 0.048

TC (mmol/L) 3.74 ± 0.94 3.81 ± 0.88 3.99 ± 1.03 0.001

TG (mmol/L) 1.61 ± 1.35 1.60 ± 1.03 1.62 ± 0.98 0.982

HDL-C (mmol/L) 0.99 ± 0.23 0.96 ± 0.22 0.96 ± 0.22 0.049

LDL-C (mmol/L) 2.14 ± 0.78 2.27 ± 0.75 2.43 ± 0.92 < 0.001

LVEF (%) 66.4 ± 6.9 62.6 ± 18.3 58.9 ± 11.5 < 0.001

FAR 74.55 ± 20.32 82.65 ± 45.51 86.10 ± 34.06 < 0.001
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et  al. found that plasma fibrinogen levels could predict 
MACE in people at medium cardiovascular risk [23]. 
However, a meta-analysis revealed that current studies 
barely supported a causal relationship between fibrino-
gen and cardiovascular disease, especially in unstable 
CAD [24]. For the first time, in our study population 

consisting of ACS, the elevated fibrinogen levels reflect 
more complex coronary atherosclerosis and may provide 
evidence for risk stratification of ACS patients at first 
medical contact.

Albumin, the main protein in human extracellu-
lar fluid, plays significant physiological functions as an 

Table 4 Characteristics of ACS patients in different FAR levels

Values are expressed as mean ± SD or n (%)

SD, Standard deviation; WBC, white blood cell; Hb, hemoglobin; PLT, platelet; NEUT, neutrophil; MONO, monocyte; FIB, fibrinogen; BUN, urea nitrogen; Scr, serum 
creatinine; UA, uric acid; ALB, albumin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
ApoA, apolipoprotein A; ApoB, apolipoprotein B; ApoE, apolipoprotein E; Lp(a), lipoprotein (a); LVEF, left ventricular ejection fraction

Characteristics Quartile 1
(< 68.27)

Quartile 2
(68.27–85.46)

Quartile 3
(> 85.46)

P value

N 416 416 418

Age (years) 58.01 ± 10.20 61.97 ± 9.61 62.72 ± 9.91 < 0.001

Gender, Male, n (%) 324 (77.9) 270 (64.9) 267 (63.9) < 0.001

Hypertension, n (%) 241 (57.9) 237 (56.9) 249(59.6) 0.326

Diabetes, n (%) 85 (20.4) 113 (27.2) 128 (30.6) 0.001

Smoker, n (%) 222 (53.4) 186 (44.7) 205 (49.0) 0.114

Alcohol drinking, n (%) 59  (14.2) 60 (14.4) 53 (12.7) 0.283

MI, n (%) 119 (28.6) 131 (31.5) 186 (44.5) < 0.001

NSTEMI, n (%) 111 (26.7) 94 (22.6) 107 (25.6) 0.135

Killip class > 1, n (%) 32 (7.7) 35 (8.4) 34 (8.2) 0.086

Cardiac arrest, n (%) 7 (1.7) 10 (2.4) 14 (3.3) 0.037

Lethal arrhythmia, n (%) 5 (1.2) 11 (2.6) 12 (3.3) 0.042

Laboratory parameters

WBC (×  109/L) 7.54 ± 4.20 6.98 ± 2.61 7.62 ± 2.42 0.008

Hb (g/L) 151.13 ± 18.42 141.03 ± 15.82 148.71 ± 17.18 0.612

PLT (×  109/L) 200.82 ± 58.53 204.4 ± 54.11 213.05 ± 62.05 0.008

NEUT (×  109/L) 5.38 ± 3.30 4.87 ± 2.43 5.47 ± 2.43 0.003

MONO (×  109/L) 0.36 ± 0.20 0.36 ± 0.14 0.42 ± 0.20 < 0.001

FIB (g/L) 2.41 ± 0.54 3.17 ± 0.32 4.19 ± 0.90 < 0.001

Glucose (mmol/L) 7.22 ± 2.93 7.54 ± 3.30 7.92 ± 6.01 0.066

BUN (mmol/L) 5.81 ± 3.97 5.70 ± 1.70 5.61 ± 2.05 0.563

Scr (umol/L) 65.53 ± 42.91 62.85 ± 17.80 66.15 ± 21.72 0.232

UA (umol/L) 414.00 ± 333.39 416.00 ± 323.48 418.00 ± 341.3 0.230

ALB (g/L) 42.87 ± 4.00 41.52 ± 3.57 38.85 ± 4.64 < 0.001

TC (mmol/L) 3.85 ± 1.06 3.92 ± 0.89 3.77 ± 0.91 0.065

TG (mmol/L) 1.63 ± 1.32 1.64 ± 1.07 1.55 ± 0.95 0.436

HDL-C (mmol/L) 0.97 ± 0.22 0.99 ± 0.21 0.95 ± 0.22 0.059

LDL-C (mmol/L) 2.27 ± 0.90 2.34 ± 0.77 2.23 ± 0.80 0.122

APOA (g/L) 1.15 ± 0.19 1.16 ± 0.21 1.10 ± 0.19 < 0.001

APOB (g/L) 0.84 ± 0.40 0.79 ± 0.21 0.80 ± 0.51 0.712

APOE (mg/L) 35.57 ± 18.71 38.76 ± 18.98 35.74 ± 15.51 0.048

Lp(a) (mg/L) 210.09 ± 106.25 245.69 ± 171.56 2956.59 ± 149.75 < 0.001

Number of diseased vessels, n (%)

Single 168(40.4) 122 (29.3) 98 (23.4) < 0.001

Double 105(25.2) 105(25.2) 115 (27.5) 0.689

Triple 134(32.2) 182 (43.8) 197 (47.1) < 0.001

LVEF (%) 63.29 ± 10.58 60.51 ± 10.72 57.32 ± 13.47 0.036

Gensini Score 42.00 ± 35.71 50.37 ± 39.52 56.60 ± 37.72 < 0.001
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inflammation biomarker and a mediator of platelet-
induced CAD. The relationship between serum albu-
min and inflammation involved in progression of ACS 
has been reported in many literatures. Plasma albumin 
inhibits platelet aggregation by increasing the production 
of PGD2 in peroxides, and it is shown that low albumin 
caused more high blood viscosity than plasma fibrino-
gen or triglyceride by increasing red blood cell lysophos-
phatidyicholine [13, 25]. Furthermore, some studies and 
meta-analysis demonstrated that low serum albumin was 
associated with an increased risk of major adverse car-
diovascular events and mortality [15, 26]. Previous data 
have demonstrated that a lower albumin level is closely 
related to CAD, but there is currently no literature on 
the specific relationship in patients with ACS. Our study 
showed that there were significant difference in plasma 
albumin levels between the high GS group, MI group and 
multi-vessel disease subgroups, indicated the relation-
ship between ALB and severity of coronary stenosis in 
patients with ACS.

Although both plasma fibrinogen and albumin are 
associated with cardiovascular events, previous studies 

showed limited evidence about those systemic inflam-
matory biomarkers alone examining this reciprocal 
relationship to severity of coronary artery in ACS. There-
fore, more and more studies have proposed a combining 
indicator FAR, which can reflect the state of inflamma-
tion and demonstrate this relationship more significantly 
and more powerfully as a simple index. Current litera-
ture have pointed out that FAR has better sensitivity and 
specificity in predicting MACE than fibrinogen and albu-
min alone [16, 27]. For example, Xiao L et al. performed a 
prospective study revealed that preoperative FAR was an 
independent prognostic factor in STEMI patients under-
going PCI and might improve risk stratification in STEMI 
[27]. Another study suggested that the value of FAR at 
admission could be used as an independent predictor of 
spontaneous recanalization of infarct related arteries in 
STEMI, and it could be used for early evaluation clini-
cally[28]. Moreover, Karahan et al. found that higher FAR 
levels were significantly related to higher Syntax score 
of CAD in patients with STEMI [16]. Occurrence and 
development of ACS and formation of coronary stenosis 
are involved unstable plaques and secondary thrombosis 

Fig. 2 Receiver operating characteristic curve for the diagnostic accuracy of fibrinogen to albumin ratio, fibrinogen and albumin in high Gensini 
Score
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result from a series of systemic inflammatory responses. 
Therefore, the effects of FAR as a combining inflamma-
tory biomarker in patients with ACS remain to be further 
determined.

In our study, we found that FAR were related to the 
presence of patients with ACS. In addition, we used 
Gensini score and conducted several subgroups analy-
ses the relationship between FAR and the severity of 
coronary artery in ACS. Our study demonstrates that 
FAR levels are significantly associated with the severity 
of coronary artery in ACS patients, suggesting that this 
combined biomarker may capable to be better indicative 
of severity of ACS.

There were several limitations in this study. Firstly, 
our article is a single-center with a limited number 
of participants and a cross-sectional study. Secondly, 
our study choose Gensini score to evaluate the severity 
of CAD in ACS, which mainly reflects plaque burden 
neglecting bifurcation, calcification and distortion of 
coronary artery compared to Syntax score. Thirdly, the 
mechanism between FAR and coronary artery severity in 
patients with ACS is unclear, which needs more studies 
to investigate.

Conclusion
The levels of FAR are independently associated with the 
presence and severity of CAD in patient with ACS. Fur-
thermore, FAR, as a more convenient and rapid biologi-
cal indicator, may provide a new idea for predicting the 
presence and severity of ACS.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12872- 021- 02400-z.

Additional file 1: Baseline characteristics between STEMI and NSTEMI.

Acknowledgements
We thank Pro. Yaling Zhao for helping with the statistical analysis.

Authors’ contributions
All authors participated in the design, collection and analysis of data, discus-
sions and critically appraised the manuscript. DH: revised the article and 
approved the final version. ZZD and CDL: collected the primary data and 
drafted the initial manuscript. BWF: assisted with the analysis of the data. All 
authors have read and approved the final manuscript as submitted and agree 
to be accountable for all aspects of the work.

Table 5 Odd ratios of MI, high GS and multiple-vessel disease in relation to quartiles of FAR

ORs, Odds ratios; CI, confidence interval
a Univariate model
b Adjusted for age, gender, hypertension, diabetes, smoker and alcohol drinking
c Adjusted for age, gender, hypertension, diabetes, smoker, alcohol drinking, lymphocyte, monocyte, glucose, total cholesterol, high-density lipoprotein cholesterol, 
low-density lipoprotein cholesterol and lipoprotein (a)

Variables Quartile 1 (0–68.27) Quartile 2 (68.27–85.46) Quartile 3 (> 85.46)

MI

Model  1a 1.000 (Ref.) 0.872 (0.648–1.173) 1.744 (1.314–2.314)

P value – 0.364 < 0.001

Model  2b 1.000 (Ref.) 1.087(0.796–1.484) 2.298(1.693–3.119)

P value – 0.600 < 0.001

Model  3c 1.000 (Ref.) 1.194(0.812–1.758) 2.097 (1.430–3.076)

P value – 0.367 < 0.001

High GS

Model  1a 1.000 (Ref.) 1.617 (1.150–2.275) 2.703 (1.917–3.810)

P value – 0.006 < 0.001

Model  2b 1.000 (Ref.) 1.739(1.218–2.483) 2.833 (1.981–4.053)

P value – 0.002 < 0.001

Model  3c 1.000 (Ref.) 1.637 (1.110–2.414) 2.335 (1.567–3.479)

P value – 0.013 < 0.001

Multiple-vessel disease

Model  1a 1.000 (Ref.) 1.870(1.354–2.583) 2.520(1.808–3.513)

P value – < 0.001 < 0.001

Model  2b 1.000 (Ref.) 1.922 (1.373–2.689) 2.516 (1.774–3.569)

P value – < 0.001 < 0.001

Model  3c 1.000 (Ref.) 1.784 (1.256–2.534) 2.088 (1.439–3.030)

P value – 0.001 < 0.001

https://doi.org/10.1186/s12872-021-02400-z
https://doi.org/10.1186/s12872-021-02400-z


Page 10 of 10Duan et al. BMC Cardiovascular Disorders          (2021) 21:588 

Funding
This study was supported by the Basic Research Foundation of the First Affili-
ated Hospital of Xi’an Jiaotong University, China (No. 2020QN-30).

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of the First Affiliated 
Hospital of Xi’an Jiao Tong University and complied with the Declaration of 
Helsinki. Written informed consents were obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1 Department of Peripheral Vascular Diseases, the First Affiliated Hospital 
of Xi’an Jiaotong University, Xi’an, People’s Republic of China. 2 Department 
of Cardiology, the First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, 
People’s Republic of China. 3 Department of Cardiovascular Surgery, the 
First Affiliated Hospital of Xi’an Jiaotong University, 277 Yanta West Road, 
Xi’an 710061, Shaanxi, People’s Republic of China. 

Received: 16 July 2021   Accepted: 19 November 2021

References
 1. Virani SS, et al. Heart disease and stroke statistics-2020 update: a report 

from the American Heart Association. Circulation. 2020;141(90):e139–596.
 2. Gao Y, Li H, Zhou Y, Lv H, Chen Y. PDCD4 expression in coronary 

atherosclerosis rat models and its mechanism. Exp Therap Med. 
2019;17(4):3150–4.

 3. Björk J, Forberg JL, Ohlsson M, Edenbrandt L, Öhlin H, Ekelund U. A simple 
statistical model for prediction of acute coronary syndrome in chest pain 
patients in the emergency department. BMC Med Inform Decision Mak-
ing. 2006;6(1):28.

 4. Zhang HW, Zhao X, Guo YL, et al. Elevated lipoprotein (a) levels are 
associated with the presence and severity of coronary artery disease 
in patients with type 2 diabetes mellitus. Nutr Metab Cardiovasc Dis. 
2018;28(10):980–6.

 5. Kurtul A, Yarlioglues M, Murat SN, et al. The association of plasma 
fibrinogen with the extent and complexity of coronary lesions in patients 
with acute coronary syndrome. Kardiologia Polska (Polish Heart Journal). 
2016;74(4):338–45.

 6. Wan K, Zhao J, Huang H, et al. The association between triglyceride/
high-density lipoprotein cholesterol ratio and all-cause mortality in 
acute coronary syndrome after coronary revascularization. PLoS ONE. 
2015;10(4):e0123521.

 7. Turin TC, Okamura T, Afzal AR, et al. Impact of hypertension on the life-
time risk of coronary heart disease. Hypertens Res. 2016;39(7):548–51.

 8. Newman JD, Rockman CB, Kosiborod M, et al. Diabetes mellitus is a 
coronary heart disease risk equivalent for peripheral vascular disease. Am 
Heart J. 2017;184:114–20.

 9. Tabakcı MM, Gerin F, Sunbul M, et al. Relation of plasma fibrinogen level 
with the presence, severity, and complexity of coronary artery disease. 
Clin Appl Thromb/Hemost. 2017;23(6):638–44.

 10. Toss H, Lindahl B, Siegbahn A, et al. Prognostic influence of increased 
fibrinogen and C-reactive protein levels in unstable coronary artery 
disease. Circulation. 1997;96(12):4204–10.

 11. Shi Y, Wu Y, Bian C, et al. Predictive value of plasma fibrinogen levels 
in patients admitted for acute coronary syndrome. Texas Heart Inst J. 
2010;37(2):178.

 12. Don BR, Kaysen G. Serum albumin: relationship to inflammation and 
nutrition. Semin Dial. 2004;17(6):432–7.

 13. Gresele P, Deckmyn H, Huybrechts E, et al. Serum albumin enhances 
the impairment of platelet aggregation with thromboxane synthase 
inhibition by increasing the formation of prostaglandin D2. Biochem 
Pharmacol. 1984;33(13):2083–8.

 14. Ang L, Behnamfar O, Palakodeti S, et al. Elevated baseline serum fibrino-
gen: effect on 2-year major adverse cardiovascular events following per-
cutaneous coronary intervention. J Am Heart Assoc. 2017;6(11):e006580.

 15. Zhu L, Chen M, Lin X. Serum albumin level for prediction of all-cause 
mortality in acute coronary syndrome patients: a meta-analysis. Biosci 
Rep. 2020;40(1):BSR20190881.

 16. Karahan O, Acet H, Ertaş F, et al. The relationship between fibrinogen to 
albumin ratio and severity of coronary artery disease in patients with 
STEMI. Am J Emerg Med. 2016;34(6):1037–42.

 17. Celebi S, Ozcan Celebi O, Berkalp B, et al. The association between 
the fibrinogen-to-albumin ratio and coronary artery disease sever-
ity in patients with stable coronary artery disease. Coron Artery Dis. 
2020;31(6):512–7.

 18. Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines for the 
management of arterial hypertension: the Task Force for the manage-
ment of arterial hypertension of the European Society of Cardiology 
(ESC) and the European Society of Hypertension (ESH). Eur Heart J. 
2018;39(33):3021–104.

 19. American Diabetes Association. Standards of medical care in diabe-
tes—2010. Diabetes Care. 2010;33(Supplement 1):S11–61.

 20. Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the manage-
ment of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation: task force for the management of 
acute coronary syndromes in patients presenting without persistent ST-
segment elevation of the European Society of Cardiology (ESC). Eur Heart 
J. 2016;37(3):267–315.

 21. Gensini GG. A more meaningful scoring system for determining the 
severity of coronary heart disease. Am J Cardiol. 1983;51:606.

 22. Mosesson MW. Fibrinogen and fibrin structure and functions. J Thromb 
Haemost. 2005;3(8):1894–904.

 23. Collaboration ERF. C-reactive protein, fibrinogen, and cardiovascular 
disease prediction. N Engl J Med. 2012;367(14):1310–20.

 24. Sabater-Lleal M, Huang J, Chasman D, et al. Multiethnic meta-analysis 
of genome-wide association studies in > 100000 subjects identifies 23 
fibrinogen-associated Loci but no strong evidence of a causal association 
between circulating fibrinogen and cardiovascular disease. Circulation. 
2013;128(12):1310–24.

 25. Joles JA, Willekes-Koolschijn N, Koomans HA. Hypoalbuminemia causes 
high blood viscosity by increasing red cell lysophosphatidylcholine. 
Kidney Int. 1997;52(3):761–70.

 26. Chien SC, Chen CY, Leu HB, et al. Association of low serum albumin 
concentration and adverse cardiovascular events in stable coronary heart 
disease. Int J Cardiol. 2017;241:1–5.

 27. Xiao L, Jia Y, Wang X, et al. The impact of preoperative fibrinogen-albumin 
ratio on mortality in patients with acute ST-segment elevation myocardial 
infarction undergoing primary percutaneous coronary intervention. Clin 
Chim Acta. 2019;493:8–13.

 28. Zhao YP, Ji YY, Wang FY, et al. Value of fibrinogen to albumin ratio on 
predicting spontaneous recanalization of infarct-related artery in patients 
with acute ST-segment elevation myocardial infarction. Zhonghua Xin 
Xue Guan Bing Za Zhi. 2019;47(2):123–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Association between fibrinogen-to-albumin ratio and the presence and severity of coronary artery disease in patients with acute coronary syndrome
	Abstract 
	Objective: 
	Methods and results: 
	Conclusion: 

	Introduction
	Methods
	Study population
	Clinical characteristics
	Laboratory tests
	Definition of ACS and Gensini score
	Statistical analyses

	Results
	Baseline characteristics
	Relation of FAR levels and the presence and severity of diseased coronary artery

	Discussion
	Conclusion
	Acknowledgements
	References


