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The Fibrinogen-to-Albumin Ratio Is Associated
With Outcomes in Patients With Coronary
Artery Disease Who Underwent
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Abstract
Coronary artery disease (CAD) is a systemic chronic inflammatory disease, and serum fibrinogen and albumin are 2 important
factors in systemic inflammation. We aimed to investigate the relationship between the fibrinogen–albumin ratio (FAR) and
outcomes in patients with CAD who underwent percutaneous coronary intervention (PCI). All patients were from the Clinical
Outcomes and Risk Factors of Patients with Coronary Heart Disease after PCI (CORFCHD-PCI) study, which is a retrospective
cohort study (Identifier: ChiCTR-ORC-16010153) that includes a total of 6050 patients with CAD after PCI from January 2008 to
December 2016. A total of 5829 patients with CAD after PCI were recruited in the present study. They were divided into 2
groups according to the FAR cutoff value, which was calculated using a receiver operating characteristic curve, a low group (FAR <
0.095, n ¼ 3811), and a high group (FAR � 0.095, n ¼ 2018). The average follow-up time was 35.9 + 22.6 months. The mul-
tivariate Cox proportional hazards model showed that FAR was independently correlated with all-cause mortality (adjusted
hazard ratio [HR] ¼ 1.432 [1.134-1.808], P ¼ .003), cardiac mortality (adjusted HR ¼ 1.579 [1.218-2.047], P ¼ .001), major
adverse cardiac and cerebrovascular events (adjusted HR¼ 1.296 [1.125-1.494], P < .001), major adverse cardiac events (adjusted
HR¼ 1.357 [1.170-1.572], P < .001), and heart failure (adjusted HR¼ 1.540 [1.135-2.091], P¼ .006). The present study indicated
that the FAR was associated with adverse outcomes in patients with CAD who underwent PCI.
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Introduction

Coronary artery disease (CAD) is a major cause of morbidity

and death worldwide. The pathophysiological mechanisms of

CAD are complex. Previous studies have confirmed that

inflammation and oxidative stress lead to plaque rupture, and

oxidative stress can further promote plaque rupture by stimu-

lating inflammation.1,2 Coronary artery disease is a chronic

inflammatory state, and inflammation is involved throughout

the pathological course of atherosclerosis. It is known that

inflammatory markers are associated with increased adverse

cardiac events in patients with CAD.3 Albumin is an essential

protein in human plasma. It has been proposed that the serum

albumin concentration is related to inflammatory and
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hemostatic processes.4,5 In addition, albumin can inhibit plate-

let activation.6,7 Several studies have shown that serum albu-

min levels are inversely associated with cardiovascular

mortality and morbidity.8,9 Furthermore, lower albumin levels

were reported to be significantly associated with long-term all-

cause mortality (ACM) in acute myocardial infarction (AMI).10

Additionally, hypoalbuminemia can predict the no-flow phe-

nomenon in patients with AMI after percutaneous coronary

intervention (PCI).11 Fibrinogen, produced by the liver, serves

as an indicator of the procoagulant state and plays a role in

inflammatory responses at various levels.12 Previous studies

have shown that the plasma fibrinogen level is associated with

the severity of CAD and may predict cardiovascular events in

the general population.13,14

Therefore, both fibrinogen and albumin are important fac-

tors of systemic inflammatory and hemorheological altera-

tions. The fibrinogen–albumin ratio (FAR), comprising

these 2 indicators, has been reported as a new inflammatory

marker closely related to tumor progression and severity of

CAD.15-18 However, the prognostic value of the FAR for

patients with CAD who underwent PCI remains unclear.

Therefore, the purpose of this study was to explore the rela-

tionship between the FAR and prognosis in patients with CAD

who underwent PCI.

Methods

Study Design and Population

The design of the study has been described previously.19-21

Briefly, this is a single-center, observational, retrospective

cohort study based on case records and follow-up registry. A

total of 6050 patients with CAD who underwent PCI in the First

Affiliated Hospital of Xinjiang Medical University from Jan-

uary 2008 to December 2016 were enrolled. The details of the

design are registered at http://www.chictr.org.cn (identifier:

ChiCTR-ORC-16010153). The PCIs were performed by expe-

rienced interventionalists in the Department of Cardiology at

the First Affiliated Hospital of Xinjiang Medical University. As

shown in Figure 1, Patients without baseline serum albumin

and fibrinogen were excluded. A total of 5829 patients were

included in the present study. The study protocol was reviewed

and approved by the Ethics Committee of the First Affiliated

Hospital of Xinjiang Medical University in accordance with the

Declaration of Helsinki.

Clinical and Demographic Characteristics Collection

Clinical risk factors for CAD, such as demographic data, pre-

viously diagnosed diabetes mellitus (DM), history of hyperten-

sion (HP), smoking, drinking, family history of cardiovascular

disease, and previous history of CAD, were recorded. The

medical history, including the use of antiplatelet therapy, cal-

cium channel blockers, angiotensin-converting enzyme inhibi-

tors or angiotensin receptor blockers, b-blockers, and statins,

was also recorded.

All patients had venous blood samples collected from the

antecubital veins after admission; the blood collection was per-

formed prior to coronary angiography. Fibrinogen, albumin, g-

glutamyl transferase (GGT), glucose (GLU), total bilirubin

(TBil), blood urea nitrogen (BUN), creatinine (Cr), uric acid

(UA), total cholesterol (TC), triglyceride (TG), high-density

lipoprotein cholesterol (HDL-C), low-density lipoprotein cho-

lesterol (LDL-C), apolipoprotein A1 (apo A-I), apolipoprotein

B (apo B), and lipoprotein (a) were measured using standard

methods in the Central Laboratory of the First Affiliated Hos-

pital of Xinjiang Medical University.

End Points

The primary end points were long-term ACM and cardiac mor-

tality (CM). Secondary end points were stroke, heart failure,

bleeding events, readmission, major adverse cardiac events

(MACEs), and major adverse cardiac and cerebrovascular

events (MACCEs). Major adverse cardiac events were defined

as combined cardiac death, recurrent myocardial infarction,

and target vessel reconstruction. Major adverse cardiac and

cerebrovascular events were defined as combined cardiac

death, recurrent myocardial infarction, target vessel reconstruc-

tion, and stroke.

Follow-Up

All patients were scheduled for elective clinical follow-up at

1 month, 3 months, 6 months, 1 year, 3 years, and 5 years, and

the longest follow-up time was 10 years. We clinically mon-

itored the patients for cardiovascular events and medication

status. The investigators followed up with the patients, either

by office visits or by telephone contact, as necessary.

Statistical Analyses

All analyses were performed using SPSS 22.0 software (SPSS

Inc). Continuous variables were expressed as the mean + stan-

dard deviation, and categorical variables were expressed as the

number of patients and percentages. The differences between

the 2 groups were analyzed by independent t test or w2 test.

Multivariable analysis was performed to assess the predictive

value of the FAR for outcomes during follow-up. Moreover,

the variables found to be significant in the univariate model

were included in the multivariate Cox model. The results are

reported as hazard ratios (HRs) with their 95% CIs. A P < .05

(2-sided) was considered significant.

Results

Baseline Data

All patients were administered standard dual antiplatelet ther-

apy during the first 6 months after PCI. The study included

5829 patients who were divided into 2 groups according to the

FAR cutoff value, which was calculated using a receiver oper-

ating characteristic curve: a low group (FAR <0.095; n¼ 3811)
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and a high group (FAR�0.095; n¼ 2018). The baseline data are

shown in Table 1. Several variables were significantly different

between the 2 groups, including sex, GLU, TG, and HDL-C (all

P < .05). There were no significant differences in age, smoking,

alcohol consumption, DM, HP, BUN, Cr, TC, or LDL-C.

Clinical Outcomes

There were 297 ACMs during the follow-up. The incidence of

ACM in the high FAR group was 124 (6.1%) and in the low

FAR group was 173 (4.5%). The ACM incidence was signifi-

cantly higher in the high FAR group than in the low FAR group

(P ¼ .008). Cardiac mortality was significantly higher in the

high FAR group than in the low FAR group (5.2% vs 3.5%, P¼
.002). Major adverse cardiac and cerebrovascular events

occurred in 824 patients. The incidence of MACCE was higher

in the high FAR group than in the low FAR group (16.3% vs

13.0%, P ¼ .001). Additionally, the MACE incidence was

15.3% in the high FAR group and 11.6% in the low FAR group

(P < .001). Furthermore, HF incidence was more frequent in the

high FAR group than in the low FAR group (3.9% vs 2.5%, P¼
.003). The multivariate Cox proportional hazards model

showed that the FAR was an independent predictor of ACM

(adjusted HR ¼ 1.432 [1.134-1.808], P ¼ .003), CM (adjusted

HR ¼ 1.579 [1.218-2.047], P ¼ .001), MACCE (adjusted HR

¼ 1.296 [1.125-1.494], P < .001), MACE (adjusted HR ¼
1.357 [1.170-1.572], P < .001), and HF (adjusted HR ¼
1.540 [1.135-2.091], P ¼ .006). The data are shown in Tables

2 and 3 and Figure 2.

Discussion

In the present study, we demonstrated that the FAR was sig-

nificantly associated with long-term outcomes in patients with

CAD who underwent PCI. This is the first study of a large

sample size population with a long-term follow-up time to

report the association of the FAR with outcomes of patients

with CAD who underwent PCI.

Previous studies suggested that both higher plasma fibrino-

gen levels and lower serum albumin levels were correlated with

adverse cardiovascular outcomes.4,5,11,12 Albumin, which is

mainly synthesized in the liver, is the most abundant protein

Table 1. Characteristics of Participants of the 2 Groups.

Variables FAR < 0.095 (n ¼ 3811) FAR � 0.095 (n ¼ 2018) w2 or t P value

Age, years 59.29 + 10.80 59.82 + 10.83 �1.801 .072
Sex, Male, n (%) 2880 (75.6) 1458 (72.2) 7.644 .006
Smoking, n (%) 1545 (40.5) 795 (39.4) 0.720 .396
Alcohol drinking, n (%) 1130 (29.7) 575 (28.5) 0.854 .355
Diabetes, n (%) 895 (23.5) 516 (25.6) 3.127 .077
Hypertension, n (%) 1593 (41.8) 882 (43.7) 1.963 .161
BUN, mmol/L 5.54 + 1.63 5.50 + 1.80 0.984 .325
Cr, umol/L 75.75 + 20.37 76.34 + 20.67 �1.048 .295
GLU, mmol/L 6.49 + 3.03 6.77 + 3.34 �3.207 .001
TG, mmol/L 1.93 + 1.28 1.84 + 1.24 0.147 .008
TC, mmol/L 3.98 + 1.11 3.93 + 1.10 1.652 .098
LDL-C, mmol/L 2.48 + 0.91 2.43 + 0.93 0.358 .051
HDL-C, mmol/L 1.03 + 0.50 0.99 + 0.45 0.210 .003

Abbreviations: BUN, blood urea nitrogen; Cr, creatinine; FAR, fibrinogen–albumin ratio; GLU, glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; UA, uric acid.

Table 2. Outcomes Comparison Between Groups.

Outcomes
FAR <0.095
(n ¼ 3811)

FAR �0.095
(n ¼ 2018) w2 P value

ACM, n (%) 173 (4.5) 124 (6.1) 7.030 .008
CM, n (%) 134 (3.5) 105 (5.2) 9.550 .002
MACCE, n (%) 496 (13.0) 328 (16.3) 11.402 .001
MACE, n (%) 441 (11.6) 308 (15.3) 16.050 <.001
Heart failure, n (%) 95 (2.5) 78 (3.9) 8.629 .003
Bleeding events, n (%) 112 (2.9) 58 (2.9) 0.020 .889
Readmission, n (%) 501 (13.1) 291 (14.4) 1.824 .177
TVR, n (%) 184 (4.8) 116 (5.7) 2.288 .130

Abbreviations: ACM, all-cause mortality; CM, cardiac mortality; MACE, major
adverse cardiovascular events; MACCE, major adverse cardiovascular and cer-
ebrovascular events; TVR, target vessel reconstruction.

Table 3. Hazard Ratio for Outcomes Before and After Adjustments.

Outcomes HR (95% CI)
P

values
Adjusted

HR (95% CI)
P

values

ACM 1.395 (1.107-1.757) .005 1.432 (1.134-1.808) .003
CM 1.526 (1.182-1.971) .001 1.579 (1.218-2.047) .001
MACCEs 1.284 (1.116-1.476) <.001 1.296 (1.125-1.494) <.001
MACEs 1.354 (1.171-1.567) <.001 1.357 (1.170-1.572) <.001
Heart

failure
1.592 (1.180-2.148) .002 1.540 (1.135-2.091) .006

Bleeding
events

0.998 (0.727-1.371) .992 0.990 (0.715-1.369) .949

Readmission 1.121 (0.970-1.296) .121 1.111 (0.959-1.287) .161
TVR 1.223 (0.969-1.543) .089 1.218 (0.963-1.540) .100

Abbreviations: ACM, all-cause mortality; CM, cardiac mortality; HR, hazard
ratio; MACE, major adverse cardiovascular events; MACCE, major adverse
cardiovascular and cerebrovascular events; TVR, target vessel reconstruction.
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in serum. Studies have shown that albumin �35 g/L at admis-

sion is an independent predictor of new-onset heart failure and

in-hospital death in patients with acute coronary syndrome.22

Plasma fibrinogen, an acute-phase reactant, is a particularly

appealing molecule to evaluate the development and pro-

gression of coronary atherosclerosis. Fibrinogen and its

degradation products can interact with endothelial cells, pla-

telets, monocytes, and lymphocytes to participate in the

inflammatory response of atherosclerosis, causing thrombo-

sis, vascular endothelial injury, and hemorheological

changes.23 Therefore, recently, the ratio of fibrinogen to albu-

min, FAR, has been considered in relation to thrombotic

events. Both fibrinogen and albumin are major components

of whole-blood viscosity, a risk marker for cardiovascular

disease.24-27 Coronary artery disease is a complex disease

with many risk factors. Older age, type 2 DM, HP, smoking,

hyperlipidemia, and inflammation are risk factors for CAD.

We believe that the FAR, as a readily available and less

expensive marker, has an important role in the evaluation of

inflammation and hemorheology and may help clinicians pre-

dict the outcomes of CAD after PCI.

As a novel biomarker, the FAR was an independent predic-

tor of patients with CAD as described in several recent publi-

cations.15,16,18 Karahan et al15 reported that the FAR was

significantly related to the SYNTAX score in patients with

CAD. Xiao et al16 analyzed 475 patients with ST-segment

elevation myocardial infarction (STEMI) patients undergoing

PCI and found that the FAR is an independent predictor of

patients with STEMI undergoing PCI. Zhao et al18 also

reported that the FAR was independently and positively asso-

ciated with 30-day ACM in patients with STEMI. Similarly, in

our study, we found that the FAR was an independent predictor

of long-term outcomes (including ACM, CM, MACCE, and

MACE) in patients with CAD who underwent PCI.

The 2 mechanisms associated with ischemic events and the

FAR are as follows: (1) The inflammatory response might be

the main mechanism. A previous study suggested that fibrino-

gen is an acute-phase reactant protein with positive

pro-inflammatory effects,28 and fibrinogen upregulates the

synthesis of pro-inflammatory cytokines such as interleukin-1

and tumor necrosis factor.29,30 (2) In addition, serum albumin is

also involved in acute inflammatory reactions but acts as a

negative inflammatory protein that has been shown to have

protective anti-inflammatory properties.31 Therefore, a high

FAR results in an increased risk of ischemic events.

In our study, we also found that TG and LDL-C levels were

significantly higher in the low FAR group than in the high FAR

group. As described earlier, a low FAR can result from

decreased plasma fibrinogen levels and/or increased albumin

levels. Therefore, the reason why TG and LDL-C levels are

increased in the low FAR group remains unclear. We also

found that male sex, GLU, and HDL-C were significantly dif-

ferent between the high FAR group and the low FAR group.

After adjustment for these confounders, the FAR remained

independently associated with the adverse outcomes of patients

with CAD who underwent PCI.

Nevertheless, several limitations of our study should be

stated. On the one hand, the present study is a single-center,

retrospective cohort study. Therefore, some variables, such as

the parameters of platelet activation, coagulation, and throm-

bosis, could not be collected at baseline. On the other hand, we

only collected the baseline characteristics of the patients.

Therefore, the relation between the dynamic changes in the

FAR and outcomes could not be analyzed.

Figure 1. The participant flow chart.
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In conclusion, this study suggests that the baseline FAR is a

simple, inexpensive, and independent predictor of adverse out-

comes in patients with CAD who underwent PCI.
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