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Abstract
Objective The aim of this work was to evaluate the predictive value of FAR combined with CACS for MACCEs.

Background The fibrinogen-albumin-ratio (FAR), a novel biomarker of inflammation, is associated with the severity of
coronary artery disease (CAD). Coronary calcification score (CACS) is associated with the severity of coronary stenosis
and is closely related to the prognosis of CAD patients. What is the prognostic value of FAR in patients with chest pain,
which has not been reported. This study aims to evaluate the relationship between CACS and FAR and their impact on
prognosis in patients with suspected CAD.

Methods We used information from 12,904 individuals who had coronary computed tomography angiography
(CTA) for chest pain and tracked down any significant adverse cardiac and cerebrovascular events (MACCEs). The
following formula was used to calculate FAR: fibrinogen (g/L)/albumin (g/L). Patients were separated into groups
with greater levels of FAR (FAR-H) and lower levels of FAR (FAR-L) in accordance with the ideal cut-off value of FAR for
MACCEs prediction. In addition, patients were divided into three groups based on their CACS scores (CACS <100,
100 < CACS <400, and CACS >400).

Results 4946 patients [62(55-71) years, 64.4% male] were ultimately enrolled in the present study. During follow-
up, a total of 234 cases (4.7%) of MACCEs were documented. Linear regression analysis results showed that CACS
(R2=0.004, Standard 3 =0.066, P<0.001) was positively associated with FAR in patients with chest pain.Compared
to ones with FAR-L, FAR-H had an increased risk for MACCEs (adjusted HR 1.371(1.053-1.786) P=0.019). Multivari-
ate Cox regression showed that age (adjusted HR 1.015 95% CI 1.001-1.028;0 =0.03), FAR (adjusted HR 1.355 95% Cl
1.042-1.763;,p =0.023),FBG (adjusted HR 1.043 95% Cl 1.006—-1.083;0 =0.024) and CACS (adjusted HR 1.470 95% Cl
1.250-1.727,p<0.001) were the independent risk factors for MACCEs. The FAR and CACS significantly improved MAC-
CEs risk stratification, contributing to substantial net reclassification improvement ( NRI 0.122, 95% Cl 0.054-0.198,
P<0.001) and integrated discrimination improvement(IDI 0.011, 95% Cl 0.006-0.017, P<0.001).
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Conclusion FAR was an independent risk factor for MACCEs. The results showed that CACS was positively associated
with FAR in patients with suspected CAD. A higher level of FAR and heavier coronary calcification burden was associ-
ated with worse outcomes among patients with suspected CAD. FAR and CACS improved the risk identification of
patients with suspected CAD, leading to a significant reclassification of MACCEs.

Keywords Coronary calcification score, Fibrinogen-to-albumin ratio, Coronary artery disease, Cardiovascular events

Introduction

Chest pain is a common outpatient and emergency
symptom in clinic. Determining whether chest pain is
caused by coronary artery disease (CAD) is essential to
guide appropriate symptomatic and preventive treat-
ment.Coronary computed tomography angiography
(CTA) plays an important role in the diagnosis of patients
with suspected CAD [1, 2]. Coronary CTA provides
prognostic information for the prediction of future cardi-
ovascular events and the incidence of major adverse car-
diovascular events (MACE) increases with the Coronary
calcification (CAC) burden [3, 4]. Coronary calcification
score (CACS) is associated with the severity of coronary
stenosis and is closely related to the prognosis of patients
with CAD [5, 6]. Previous studies have shown that vari-
ous inflammatory biomarkers are associated with the
severity and prognosis of CAD [7].

The relationship between serum albumin content
and inflammatory and hemostatic processes has been
documented [8]. Additionally, albumin could inhibit
platelet activation [9]. A risk factor for CAD, particu-
larly myocardial infarction (MI), is hypoproteinemia
[10]. Fibrinogen, which is created by the liver, is bio-
marker of the inflammatory response and a proco-
agulant status indicator [11]. According to studies,
plasma fibrinogen levels can indicate cardiovascular
events in the general population and are related to
how severe CAD is [12]. Fibrinogen and albumin are
therefore regarded as key indicators of inflammatory
transformation. Recent research found that the pres-
ence of FAR was closely linked to the severity of CAD
[13, 14] and to being a known prognostic factor for
breast cancer and liver cancer [15, 16]. In addition,
In a cohort study, higher FAR levels were associated
with worse 5-year outcomes in patients with coro-
nary heart disease undergoing percutaneous coronary
intervention [13].

CACS and FAR reflect plaque load and inflammatory
status, respectively. We speculate that FAR and CACS
can better identify high-risk individuals in patients with
suspected coronary heart disease, and more accurate risk
assessment should be performed in these populations.
However, no studies have investigated the relationship
between CACS and FAR in patients with suspected CAD.

In addition, the prognostic value of FAR is not clear for
patients with suspected CAD. In the light of the above,
the present study was conducted to evaluate the relation-
ship between FAR and CACS, and further determine the
joint effect of FAR and CACS in patients with suspected
coronary heart disease.

Methods

Study patients

We used the data of 12,893 patients undergoing
Coronary CTA for chest pain to perform the study.
Patients were enrolled following described exclusion
criteria: (1) Non-cardiac chest pain, previous myo-
cardial infarction (MI) and CAD, coronary revascu-
larization, or stroke. (n=1711). (2) acute infection or
were diagnosed with chronic inflammatory disease
(n=1346). (3) severe valvular heart disease and heart
failure, peripheral arterial disease, and other vascu-
lar diseases. (n=1463). (4) Autoimmune disease his-
tory, prior chemoradiotherapy, severe renal or hepatic
disease,and a history of another malignancy (n=1736)
(Fig. 1). After excluding, the 6637 patients with chest
pain who were followed up from January 2014 to April
2021 by telephone or outpatient clinical visit each
year, 5683 (85.7%) patients completed the follow-
up. Patients having inconsistent or missing data were
excluded (n=737). Finally, a total of 4946 patients
were included in the study. The study was approved by
the ethics committee of the First Affiliated Hospital of
Xinjiang Medical University.

Endpoints and follow-up

The primary endpoint was a major adverse cardiac and
cerebrovascular events (MACCEs). MACCEs were
defined as cardiac death, Non-fatal MI, stroke, all-cause
death, or revascularization. After the coronary CTA, fol-
low-up for adverse clinical outcomes until the occurrence
of an endpoint of interest or end of follow-up (April
2021), whichever came first.

Coronary CTA acquisition and analysis

Those CTA were uniformly acquired by using multi-
detector row CT scanners consisting of 64-rows or
greater. CACS were measured by using the scoring system
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Patients undergoing CCTA for chest pain(n=12
893)

Patients were followed up from January 2014
to April 2021(n=6637)

patients completed the follow-up(n= 5683)

4946 patients were included in the
study

Fig. 1 Flow chart for the inclusion and exclusion of study patients

developed by Agatston [17]. For this investigation, we
evaluated the severity of coronary artery calcification from
three different groups (CACS <100, 100<CACS <400,
and CACS >400).

Data collection and risk factors definitions

Clinical information was gathered from all of the med-
ical records by trained clinicians who were unaware
of the study’s objectives. The information included
information on age, gender, smoking history, fam-
ily history of CAD, history of diabetes and hyperten-
sion, and blood pressure (SBP and DBP) and CACS.
Upon admission, peripheral venous blood samples
were taken following an overnight fast, and they were
examined promptly after sampling. The following
measurements were examined: albumin, fibrinogen,
uric acid, creatinine, triglyceride, high-density lipo-
protein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), fasting blood glucose (FBG), and
total cholesterol (TC).The FAR was calculated from
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(1) Non-cardiac chest pain previous
infarction (MI) and CAD, coronary
stroke.(n=1711)

(2)acute infection or were

inflammatory disease. (n=1346)

myocardial
revascularization ,

diagnosed  chronic

(3) severe valvular heart disease and heart failure,

peripheral arterial disease and other vascular diseases.
(n=1463)

(4)Autoimmune disease history prior

chemoradiotherapy, severe renal or hepatic disease ,and a

history of another malignancy. (n=1736)

Patients having inconsistent or missing data were
excluded(n=737)

serum fibrinogen and albumin concentrations. All of
the patients underwent the first Coronary CTA during
this hospitalization. The estimated glomerular filtra-
tion rate (eGFR) was calculated by the Modification of
Diet in Renal Disease (MDRD) formula [18].

Statistics

Categorical variables were analyzed as frequencies
with percentages. Continuous variables that do not
conform to the normal distribution are expressed as
the median value (25th to 75th percentile), and other
continuous variables that conform to the normal distri-
bution are expressed as the mean and standard devia-
tion (SD) values. Mann Whitney U test was used to
assess differences in continuous variables that did not
meet the assumption of a normal distribution. Com-
parison of categorical variables among different groups
was analyzed by Chi-square test or Fisher’s exact test,
as appropriate. Univariate and multivariate stepwise
Cox proportional hazard regression analyses were
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constructed to identify the independent predictors of
MACCESs. Pearson correlation and linear regression
analysis were constructed to evaluate the cor-relation
between FAR and CACS. We selected the optimum cut-
off for the FAR by identifying the value that maximised
Youden’s | statistic (sum of sensitivity and specificity)
on time-dependent receiver operating characteristic
(ROC) curve analysis for MACCEs to ensure an opti-
mum balance between sensitivity and specificity in our
models. Cox proportional hazard models were used to
estimate the association between FAR and MACCEs.
Survival probabilities are estimated by the Kaplan—
Meier method. By adding the FAR and CACS to a base-
line model consisting of traditional risk factors, we
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assessed the improvement in model performance and
discrimination and risk classification by (1) comparing
the C statistic (area under the curve [AUC]) of the two
nested models (from time-dependent ROC analysis),
(2) doing a likelihood ratio test (in Cox regression mod-
els), and (3) calculating the integrated discrimination
improvement (IDI) and net reclassification improve-
ment (NRI) indices for censored data. We used boot-
strapping with 200 replications to calculate 95% CIs for
AUC, NRI and IDI [19].

We did statistical analyses with the SPSS program (ver-
sion 22.0; SPSS) and R version 3.4.0 (survival, PredictA-
BEL, and nricens). All tests were two-sided and o was set
at 0.05.

Table 1 Comparison of baseline characteristics stratified by the primary endpoint

Variable ALL Non-MACCEs MACCEs P value
(4946) (4712) (234)
Age years 62 (55-71) 62 (54-70) 65 (58-74) 0.001
Male, n (%) 3182 (64.3) 3021(64.1) 161(68.8) 0.144
Hypertension,n (%) 3415 (69.0) 3249 (69.0) 166 (70.9) 0.521
DM,n (%) 1532 (31.0) 1451 (30.8) 81 (34.6) 0217
Family history of CAD, n (%) 693(14.0) 663(14.1) 30(12.8) 0.591
Smoking,n (%) 1223 (24.7) 1175 (24.9) 48 (20.5) 0.126
SBPmmHg 129 (120-140) 129 (120-140) 129 (120-140) 0.713
DBPmmHg 78 (70-84) 78 (70-84) 78 (70-83) 0.756
BMI, kg/m2 2571 (23.49-284) 25.71(23.44-2841) 2561 (23.71-28.09) 0.739
Creatinine,umol/L 69.0 (58.97-80.00) 59 (58.6-79.68) 71 (62-84.76) 0.004
UA, mg/dL 320 (266-376.21) 320 (266-376) 325 (267-382.24) 0.268
eGFR, mL/min/1.73 m? 91.28 (69.45-117.50) 91.84 (70.02-118.08) 83.702 (62.8-109.23) 0.001
FBG, mmol/L 537 (4.75-6.82) 5.35(4.75-6.78) 5.54 (4.82-7.64) 0.024
TG, mmol/L 1.62 (1.13-2.43) 1.62 (1.13-2.44) 147 (1.07-2.23) 0.037
TC, mmol/L 4,18 (3.52-4.88) 4.18(3.52-4.87) 4.20(3.35-4.98) 0.657
HDL-C, mmol/L 1.11(0.93-1.32) 1.11(0.93-1.33) 1.05 (0.87-1.26) 0.002
LDL-C, mmol/L 2.72(2.12-333) 2.72(2.13-3.32) 2.74(2.07-3.50) 0.466
Total protein, g/L 67.7 (64.3-72.00) 67.7 (64.3-72.00) 6745 (63.8-71.9) 0.71
Albumin,g/L 41.2(38.64-43.70) 41.2(38.7-43.73) 40.55(37.50-43.10) 0.001
Fibrinogen, g/L 3.27(2.82-3.69) 3.26 (2.81-3.68) 3.37(3.03-3.83) 0.001
FAR 0.0787(0.0671-0.0913) 0.0785 (0.0669-0.0909) 0.0833 (0.0727-0.0974) 0.001
CACS 75.55(18.20-259.73) 73.20 (17.5-253.3) 156.40 (39.2-498.1) 0.001
Medication
Aspirin, n (%) 2365(47.8) 2260(48.0) 105(44.9) 0.356
B-blocker, n (%) 1528(30.9) 1465(31.1) 63 (26.9) 0.178
ACEI/ARB, n (%) 1357(27.4) 1317(27.9) 40(17.1) 0.001
Statins, n (%) 2639(53.4) 2525(53.6) 114 (48.7) 0.145
CCB, n (%) 1305 (26.4) 1268 (26.9) 37(15.8) 0.001

Values are median (25th to 75th percentile) or number (%)

MACCEs major adverse cardiovascular and cerebral events, FAR fibrinogen-to-albumin ratio, BMI body mass index, DM diabetes mellitus, CAD coronary artery disease,
FBG fasting blood glucose, TG triglyceride, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, eGFR estimated
glomerular filtration rate, CACS Coronary calcification score, ACEl angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, CCB calcium-channel

blocker

p-values < 0.05 were considered significant
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Results

Baseline characteristics

A total of 4946 patients were enrolled in the final anal-
ysis. The median follow-up time was 42.20 months.
Baseline characteristics are presented in Table 1. MAC-
CEs were reported in 234 of the patients. Overall,
patients with MACCEs were older than patients with
no MACCEs during the follow-up period. In addition,
they had higher levels of creatinine, fasting blood glu-
cose, and fibrinogen, while lower levels of GER, TG,
HDL-C, and albumin. Furthermore, CACS and FAR
were significantly higher than those in the non-MAC-
CEs group (both p=0.001). A total of 2809 patients
(56.8%) were categorized as FAR-H (>=0.0817), and
2137 patients (43.2%) were categorized as FAR-L group
(<0.0817) according to the optimal cutoff value. In
addition,comparison of baseline characteristics strati-
fied by low or high FAR, participants and non-partici-
pants in supplemental Table 1 and 2.

Relationship between FAR and CACS

Linear regression analysis was conducted to evalu-
ate the correlation between FAR and CACS (Supple-
mental Table 3 and Fig. 1). The results showed that
CACS (R2=0.004, Standard =0.066, P<0.001) was
positively associated with FAR in patients with chest
pain. Furthermore, both in the MACCEs and in the
non-MACCEs, there was also a positive relation-
ship between FAR and CACS (R2=0.024, Standard
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p=0.167 P=0.011; R2=0.003, Standard B=0.053,
P<0.001, respectively).

The poor prognosis associated with FAR-H

Univariate  Cox  regression  analysis  showed
that age (crude HR 1.026, 95% CI 1.013-
1.038;,=0.001), FBG(crude HR 1.055, 95% CI

1.017-1.095;P =0.005), FAR (crude HR 1.457, 95% CI
1.139-1.910;p =0.003),ACEI/ARB(crude HR 0.564,
95% CI 0.401-0.793;P=0.001),CCB(crude HR 0.469,
95% CI 0.330-0.666;P <0.001) and CACS (crude HR
1.572, 95% CI 1.347-1.835;p=0.001)were associated
with MACCEs. Furthermore, multivariate Cox regres-
sion showed that age (adjusted HR 1.015 95% CI
1.001-1.028;p =0.03), FAR (adjusted HR 1.355 95% CI
1.042-1.763;p = 0.023),FBG (adjusted HR 1.043 95% CI
1.006-1.083;p =0.024)and CACS(adjusted HR 1.470
95% CI 1.250-1.727;p<0.001) were the independ-
ent risk factors for MACCEs (Table 2).

Univariable analysis showed that FAR-H was asso-
ciated with higher risks of MACCESs, all-cause
death, and cardiac death(crude HR 1.475, 95% CI

1.139-1.910,p=0.0003; crude HR 1.78, 95% CI
1.236-2.564,p =0.002; crude HR 2.323, 95% CI
1.485-3.634,p<0.001) (Table 3). After adjusting for

age, smoking, male, Fasting glucose, BMI, diabe-
tes mellitus, hypertension, CACS, the FAR-H group
had a higher risk of cardiac death (adjusted HR
1.863(1.182-2.937)  P=0.007) and  MACCEs
(adjusted HR 1.371(1.053-1.786) P=0.019). In Fig. 2,

Table 2 Univariate and multivariate COX regression analysis for predicting MACCEs

Variables Univariate HR(95% Cl) P Multivariate HR (95% Cl) P value
Age, years 1.026 (1.013-1.038) 0.001 1.015(1.001-1.028) 0.03
LDL-C 1.091 (0.950-1.253) 0219

SBP 1.002 (0.995-1.009) 0.537

DBP 1.001 (0.990-1.013) 0.844

Creatinine,umol/L 1.001(0.999-1.004) 0.288

eGFR, mL/min/1.73 m? 0.996(0.993-1.000) 0.059

FBG, mmol/L 1.055(1.017-1.095) 0.005 1.043(1.006-1.083) 0.024
TG, mmol/L 0.986(0.940-1.034) 0.561

FAR 1.475(1.139-1.910) 0.003 1.355(1.042-1.763) 0.023
CACS 1.572(1.347-1 835) 0.001 1.470(1.250-1.7727) <0.001
Aspirin 0.884 (0.683-1.144) 0.350

B-blocker 0.856 (0.641-1.144) 0.293

ACEI/ARB 0.564 (0.401-0. 793) 0.001 0.575 (0.409-0.808) 0.001
Statins 0.846 (0.654-1.093) 0.846

CCB 0.469 (0.330-0. 666) <0.001 0.469 (0.330-0.667) <0.001

Adjust variables were Age, FBG, FAR, CACS, ACEI/ARB, and CCB

FAR fibrinogen-to-albumin ratio, FBG fasting blood glucose, TG triglyceride, eGFR estimated glomerular filtration rate, CACS Coronary calcification score, ACE!
angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, CCB calcium-channel blocker
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Table 3 Baseline FAR and prediction of MACCEs
Variables FAR Events(n/total) Event rate(%) Crude HR(95% Cl) Pvalue Adjusted HR(95% Cl) P value
MACCES Low 104/2809 3.7 Reference —

High 130/2137 6.1 1.475(1.139-1.910) 0.003 1.371(1.053-1.786) 0.019
Revascularization Low 49/2809 17 Reference —

High 49/2137 2.3 1.186(0.798-1.764) 0.398 1.086 (0.792-1.764) 0.298
Non-fatal MI Low 6/2809 0.2 Reference —

High 9/2137 04 1.743(0.619-4.905) 0.292 1.343 (0.629-2.905) 0.392
All-cause death Low 48/2809 1.7 Reference —

High 73/2137 34 1.78(1.236-2.564) 0.002 1411 (0.973-2.045) 0.069
Cardiac Death Low 29/2809 1.0 Reference —

High 57/2137 2.7 2.323(1.485-3.634) <0.001 1.863 (1.182-2.937) 0.007
Stroke Low 20/2809 0.7 Reference —

High 15/2137 0.7 0.873(0.446-1.707) 0.691 0.773 (0.446-1.207) 0.591

Adjust: age, smoking,male, FBG,BMI, DM, hypertension, CACS

MACCEs major adverse cardiovascular and cerebral events, FAR fibrinogen-to-albumin ratio, Ml myocardial infarction, FBG fasting blood glucose, BMI body mass index,

DM diabetes mellitus, CACS Coronary calcification score
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Fig. 2 Kaplan-Meier curves showing from MACCES according to the Coronary calcification score

there are significant differences in the prognosis of
patients in different CACS groups. The higher the
CACS, the worse the prognosis.The Kaplan—Meier
curve showed that the prognosis of the FAR-H group
was significantly poorer than that of the FAR-L group

(Fig. 3).

Relationship between FAR combined with CACS

and primary endpoints

We calculated the number of events and cumulative
event incidence in patients by high and low FAR val-
ues and CACS of <100, 100 < CACS <400, and > 400. Cox

regression showed that the rate for MACCEs increased
with the FAR level and further increased with the sever-
ity of coronary artery calcification, especially in patients
of CACS>400, yielding a higher event risk in those with
the FAR-H (HR 1.972, 95% CI 1.199-3.245, P=0.007)
(Table 4). The similar trends were seen for all-cause and
cardiac deaths. In the CACS 100 < CACS <400 group, the
incidence of MACCEs (HR: 1.664, 95% CI: 1.199-3.245,
P=0.007), all-cause death (HR 1.917, 95% CI 1.009—
3.639, P=0.047) and cardiac death (HR 2.693, 95% CI
1.232-5.887, P=0.0013) was higher and statistically sig-
nificant in patients with FAR-H.
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Predictive value of FAR combined with CACS for MACCEs

Additionally, we tested the performance of FAR and
CACS for predicting MACCEs (Table 5 and Fig. 4).
The AUC of FAR and CACS were 0.590 (95%CI 0.576—
0.604) and 0.609 (95%CI 0.596-0.623), respectively.
The AUC for the base model was 0.655 (95% CI 0.642—
0.668) for MACCEs. After adding FAR and CACS to
the base model the AUC was 0.667 (95% CI, 0.654—
0.680), and 0.666 (95% CI, 0.653-0.679) for MAC-
CEs respectively. The combining FAR and CACS with
the base model the AUC was raised to 0.678(95% ClI,
0.665-0.691). Combining FAR and CACS significantly
improved MECCEs risk stratification, contributing to
net reclassification improvement ( NRI 0. 122, 95% CI
0.054-0.198, P<0.001) and integrated discrimination
improvement(IDI 0.011, 95% CI 0.006-0.017, P <0.001).

Discussion

In this real, retrospective, observational study, we inves-
tigated the association between different fibrinogen-to-
albumin ratio levels and CACS with adverse outcomes
in patients with chest pain in a large cohort from China.
Our data showed that suspected CAD patients with a
higher level of FAR have a significantly increased risk

of long-term MACCEs,compared with patients with a
lower level of FAR. The results showed that CACS was
positively associated with FAR in patients with sus-
pected CAD. Furthermore, suspected CAD patients with
FAR-H and higher CAC burden also have a higher risk
of MACCEs and cardiac death than patients with FAR-L
and burden of CAC. Multivariate COX regression analy-
sis also showed that FAR was an independent risk factor
for MACCEs. In addition, with the addition of FAR and
CACS, the base model’s performance of prediction has
also been improved.

We found a higher incidence of MACCEs in patients
with 100<CACS <400 and CACS>400 combined with
high FAR, suggesting that FAR could identify patients
at higher risk of MACCEs in patients with moderate to
severe coronary calcification and optimizing the risk
assessment. For the CAD patients with high FAR at risk
of MACCE, we should take more aggressive treatment
and more attention. In addition, Risk factors such as
blood pressure, blood lipids and blood glucose should be
more strictly managed.

Coronary CTA could assess the degree of vessel ste-
nosis, among which severe stenosis (70-99% luminal
stenosis) requires invasive coronary angiography to
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Table 4 Evaluation of Predictive Models for MACCEs
The severity
. of coronary Events Event
End Point FA HR 95%CI P
artery (n/total) rate (%)
calcification
MACCEs CACS <100 FAR-L 51/1595 3.20%
®
FAR-H  43/1151 3.74% 1.036  0.690-1.556 ! 0.864
]
]
100<CACS <400 FAR-L 29/755 3.84% ?
FAR-H  43/580 7.41% 1664 10382667 0.035
]
CACS>400 FARL  24/459 5.23% ¢
]
FAR-H 44/406 10.84% 1.972 1.199-3.245 i —— 0.007
]
All-cause death CACS <100 FAR-L 14/1595 0.88% $
]
FAR-H 18/1151 1.56% 1.599 0.794-3.219 E ; 0.188
100<CACS <400 FAR-L 15/755 1.99% $
FAR-H 25/580 4.31% 1.917 1.009-3.639 H 0.047
——
CACS>400 FAR-L 19/459 4.14% i
FAR-H 30/406 7.39% 1.647 0.927-2.928 ? 0.089
]
Cardiac Death CACS <100 FAR-L 9/1595 0.56% i ¢ !
]
Rats #
]
FAR-H 13/1151 1.13% 1.799 0.768-4.213 |.E_’_| 0.176
]
100<CACS < 400 FAR-L 9/755 1.19% ‘
]
FAR-H  21/580 3.62% 2693 12325887 i 0.013
b & 1
CACS>400 FAR-L 11/459 2.40% i
FAR-H 23/406 5.67% 2.225 1.084-4.568 i 0.029
:|—’_|
:
0 2 4 6
FAR fibrinogen-to-albumin ratio, CACS Coronary calcification score
Table 5 FAR predicting MACCEs among different severity of coronary artery calcification
Variables AUC-Statistic Pvalue NRI P value IDI Pvalue
FAR 0.590 (0.576-0.604) <0.001
CACS 0.609 (0.596-0.623) <0.001
Base model 0.655 (0.642-0.668) <0.001 Reference — Reference —
Base model 4 FAR 0.667 (0.654-0.680) <0.001 0.087(0.026-0.139) 0.002 0.007(0.003-0.011) <0.001
Base model + CACS 0.666 (0.653-0.679) <0.001 0.063(0.012-0.111) 0.017 0.005(0.001-0.009) <0.001
Base model+ FAR+ CACS 0.678 (0.665-0.691) <0.001 0.122(0.054-0.198) <0.001 0.011(0.006-0.017) <0.001

Base model: age, sex, BMI, smoking,FBG, Hypertension, DM,Aspirin, ACEI/ARB, 3-blocker, Statins, and CCB

MACCEs major adverse cardiovascular and cerebral events, FAR fibrinogen-to-albumin ratio, FBG fasting blood glucose, BMI body mass index, DM diabetes mellitus,
CACS Coronary calcification score, ACEl angiotensin converting enzyme inhibitors, ARB angiotensin receptor blockers, CCB calcium-channel blocker
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evaluate whether to perform coronary revasculariza-
tion. When there was evidence of nonobstructive (10
to 50% cross-sectional luminal stenosis) or CAD the
CTA, the physician should be prompted to prescribe
preventive therapies [20]. In addition, noninvasive and
intracoronary imaging has been used to analyze the
association between plaque components and serum
biomarkers [21, 22]. Future study may need to explore
the relationship between FAR and plaque features using
non-invasive and intra-coronary imaging modalities.
Atherosclerosis is considered a chronic inflamma-
tion in which inflammatory cells infiltrate lesions and
participate in plaque progression and thrombosis,
leading to acute coronary syndrome [23]. Fibrinogen
plays a key role in the inflammatory and clotting cas-
cade [11, 24]. The relationship between fibrinogen
and inflammation has been reported in several kinds
of literature, in which high fibrinogen level was associ-
ated with adverse outcomes of CAD [25, 26]. One of
these studies demonstrated that plasma fibrinogen lev-
els were an independent predictor of the severity and
severity of CAD, estimated based on the number of
vessels affected and the Gensini score [25]. Peng et al.
showed that fibrinogen > 3:17 g/L was an independent
predictor of all-cause mortality and cardiac mortality

in patients with CAD at admission [26]. Albumin, a
major component in maintaining the osmotic pressure
of plasma colloids, involves the acute inflammatory
response [8, 9]. Many observational studies and meta-
analyses have shown that serum albumin levels were
inversely associated with cardiovascular outcomes
[27-29]. Low serum albumin levels at admission have
been reported to predict the absence of reflux after
direct percutaneous coronary intervention in STEMI
patients [27]. Rezkalla et al. showed that hypopro-
teinemia may aggravate ischemia—reperfusion injury
in patients without coronary artery reflow [28]. Both
plasma fibrinogen and albumin are useful inflamma-
tory biomarkers and are strongly associated with car-
diovascular events. There has been little research on
their value in patients with chest pain. More research
is needed to further assess their correlation and
whether they can help identify individuals at high risk
for patients with chest pain.

FAR is a promising serum measure that predicts
MACE more accurately and specifically than fibrinogen
and albumin by themselves. According to Sapmaz [30]
and colleagues, significantly higher FAR values may be
linked to a higher risk of cardiovascular events. They also
proposed that hemorheological substances like albumin
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and fibrinogen, which can affect blood viscosity, are cru-
cial in the development of pathological vascular throm-
bosis. The levels of albumin and fibrinogen may need to
be measured in tandem in order to fully understand the
pathophysiology of cardiovascular events. Several arti-
cles have been published on the prognostic value of FAR
in different clinical settings [31, 32]. Karahan et al. [31]
found that FAR was significantly correlated with SYN-
TAX score in predicting CAD severity in STEMI patients.
Xiao et al. [32] analyzed 475 patients with ST-segment
elevation myocardial infarction (STEMI) who received
the percutaneous coronary intervention and found that
FAR was an independent predictor of percutaneous coro-
nary intervention in STEMI patients. More importantly,
a large body of evidence suggested that elevated CAC lev-
els are closely associated with an increased risk of MACE
in stable, symptomatic patients with suspected CAD,
with a higher CAC score associated with an increased
risk [6, 33]. One meta-analysis included 19 studies evalu-
ating the prognostic value of CAC in predicting the risk
of MACE in patients with suspected stable CAD [6]. The
final results showed that increased coronary artery cal-
cium levels are strongly associated with an increased risk
of major adverse cardiac events and that Coronary CTA
should aid clinical decision-making in a significant num-
ber of stable patients with chest pain. Our study showed
that FAR was positively associated with CACS, and the
combination of both could improve the predictive power
for adverse cardiovascular outcome events in patients
with chest pain. It is of great significance to study the
effect of the combined application of FAR and CAC on
long-term MACCEs in patients with chest pain. How-
ever, there is little literature on the relationship between
FAR, different CACS, and cardiovascular events.

Our study is the first to demonstrate that a higher level
of FAR combined with CACS is strongly associated with
an increased risk of long-term MACCEs. In addition,
patients with a higher level of FAR and a heavier CAC
burden had a higher risk of all-cause mortality and car-
diac death than patients with a lower level of FAR and
a lighter burden of CAC. In the traditional risk factor
model, adding FAR and CACS can significantly improve
the performance of prediction of MACCEs. Interestingly,
we observed no significant differences between groups
in the risk of other components of MACCEs, such as
Non-fatal MI, stroke, or revascularization, as observed
in other studies [13]. This is worth further exploring in
future studies.

Another issue to be discussed is the potential mecha-
nism by which FAR and CAC are associated with poor
prognosis. First, previous studies have confirmed that
fibrinogen upregulates IL-1, TNF-a, and other proinflam-
matory cytokines expression, thereby inducing vascular
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inflammation and endothelial dysfunction [34, 35]. This
is followed by monocyte or macrophage adhesion, which
stimulates vascular smooth muscle cell proliferation and
migration, ultimately leading to atherosclerotic plaque
formation and vulnerability. Furthermore, previous lit-
erature suggests that higher concentrations of plasma
fibrinogen may increase blood viscosity and peripheral
resistance [36], thereby increasing the risk of thrombotic
and ischemic events during follow-up. Second, some
basic studies have proved that serum albumin at physi-
ological concentrations can inhibit the expression of vas-
cular cell adhesion molecule-1, increase the scavenging
of oxygen free radicals, and ultimately attenuate inflam-
matory responses, suggesting that albumin has protective
anti-inflammatory effects [8]. Third, inflammation is a
common precursor to CAC and atherosclerosis [37, 38].
Fourth, CACS is associated with the severity of coronary
stenosis and is closely related to the prognosis of patients
with CAD [5, 6]. In addition, further research is needed
to elucidate the possible mechanisms.

The current understanding of natural history of coro-
nary atherosclerosis includes subclinical plaque healing
as a cause of lesion progression [39]. Inflammatory cells
infiltrate plaques and participate in plaque progression
and thrombosis, leading to acute coronary syndrome
[23, 40]. When plaque rupture or erosion occurs in a
prothrombotic milieu, subocclusive or occlusive throm-
bosis results, causing a symptomatic acute coronary
event; otherwise, if thrombosis resisting factors pre-
vail, thrombus formation is contained, and plaque heal-
ing occurs [23, 41]. Plaque erosion is due to endothelial
damage or denudation and thrombosis in the absence of
fibrous cap formation [40]. Fibrin is involved in throm-
bosis and can reflect the level of inflammation [11].
Albumin is associated with inhibition of platelet activa-
tion and inflammation [8]. A high FAR may represent
a greatly increased risk of thrombosis during plaque
rupture or erosion [42]. To sum up, FAR may reflect
the environmental state before thrombosis to a certain
extent.

Study limitations

The study has several limitations. Firstly, FAR levels
were calculated only at baseline. The dynamics of this
new biomarker were absent during follow-up. The
dynamics of this new biomarker were absent during
follow-up. Secondly, due to the nature of observational
studies, potential confounders cannot be fully adjusted.
Further randomized clinical trials are needed to con-
firm our findings. Thirdly, there is a lack of data on
detailed medication outcomes, including the intensity
and compliance rate of lipid-lowering drugs and the use
of hypoglycemic agents. This study was a single-center
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study. All patients had chest pain confirmed by CTAs,
so the applicability of the conclusions of this study
needs further study to examine patients with no clinical
symptoms. Finally, the study involved Chinese patients,
so these results need to be replicated in other ethnic
groups.

Conclusion

In this real-world study, a higher level of FAR and heavier
CAC burden was associated with worse outcomes among
patients with suspected CAD. Our results may help guide
treatment allocation in clinical practice, personalize the
use of preventive therapy by conducting more accu-
rate risk assessments and inform the updating of future
guidelines.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-023-03193-z.

Additional file 1: Supplemental Table 1. Comparison of baseline
characteristics stratifiedby low or high FAR. Supplemental Table 2. Com-
parison of baselinecharacteristics of participants and non-participants due
to exclusioncriteria. Supplemental Table 3. Correlation analysis between
CACS and FAR inpatients with MACCE, Non-MACCE and whole. Supple-
mental Figure 1. linear regressionwith scatter dots about FAR and CACS.

Acknowledgements
The authors thank the other investigators, the staff, and the participants of the
studies for their valuable contributions.

Ethical statement

Due to the retrospective nature of this study, Basic information and
disease diagnoses about patients needed to be retrieved from the
hospital medical records department. Because the patient’s privacy

was not violated in the study, the Ethics Committee of the First Affili-
ated Hospital of Xinjiang Medical University agreed with the exemption
of informed consent.

Authors’ contributions

Xin-Xin Tian: Writing - Original Draft, Formal analysis, Methodology. Jun-Yi
Luo: Writing - Review & Editing, Methodology, Methodology. Fen Liu: Formal
analysis, Project administration. Ya-Jing Qiu: Data Curation, Conceptualization.
Fan Luo: Data Curation, Conceptualization. Lu Zeng: Data Curation, Concep-
tualization. Zhuo-Ran Zhang: Data Curation, Conceptualization. Yi-Ning Yang:
Supervision, Conceptualization. Xiao-Mei Li: Supervision, Conceptualiza-

tion. The author(s) read and approved the final manuscript.

Funding

This study was supported by the Key R&D Projects in Xinjiang Uygur Autono-
mous Region (No. 2020B03002 and 2020B03002-1) and the National Natural
Science Foundation of China (No. 82160054 and 82070368). The funders had
no role in the study design, data collection, analysis, preparation, interpreta-
tion, or publication of the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Page 11 of 12

Declarations

Ethics approval and consent to participate

The study was approved by the ethics committee of the First Affiliated Hospi-
tal of Xinjiang Medical University (K202106-02). All methods were carried out
in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Cardiology, the First Affiliated Hospital of Xinjiang Medical
University, 137 Liyushan South Road, Urumaji 830054, Xinjiang, China. *State
Key Laboratory of Pathogenesis, Prevention and Treatment of High Incidence
Diseases in Central Asia, Clinical Medical Research Institute, The First Affiliated
Hospital of Xinjiang Medical University, Urumgji, China. *Department of Car-
diology, People’s Hospital of Xinjiang Uygur Autonomous Region, Urumgj,
China.

Received: 29 October 2022 Accepted: 21 March 2023
Published online: 04 April 2023

References

1. Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C,
et al. 2019 ESC Guidelines for the diagnosis and management of chronic
coronary syndromes. Eur Heart J. 2020;41(3):407-77.

2. Moss AJ, Williams MC, Newby DE, Nicol ED. The updated NICE guidelines:
cardiac CT as the first-line test for coronary artery disease. Curr Cardiovasc
Imaging Rep. 2017;10(5):15.

3. Hulten E, Carbonaro S, Petrillo S, Mitchell J, Villines T. Prognostic value of
cardiac computed tomography angiography: a systematic review and
meta-analysis. J Am Coll Cardiol. 2011;57(10):1237-47.

4. Nielsen L, Batker H, Serensen H, Schmidt M, Pedersen L, Sand N, et al.
Prognostic assessment of stable coronary artery disease as determined
by coronary computed tomography angiography: a Danish multicentre
cohort study. Eur Heart J. 2017,38(6):413-21.

5. Chol, O hartaigh B, Gransar H, ValentiV, Lin F, Achenbach S, et al. Prog-
nostic implications of coronary artery calcium in the absence of coronary
artery luminal narrowing. Atherosclerosis. 2017;262:185-90.

6. Lo-Kioeng-Shioe M, Rijlaarsdam-Hermsen D, van Domburg R, Hadamitzky
M, Lima J, Hoeks S, et al. Prognostic value of coronary artery calcium
score in symptomatic individuals: A meta-analysis of 34,000 subjects. Int J
Cardiol. 2020,299:56-62.

7. McCarthy C, McEvoy J, Januzzi J. Biomarkers in stable coronary artery
disease. Am Heart J. 2018;196:82-96.

8. Chojkier M. Inhibition of albumin synthesis in chronic diseases: molecular
mechanisms. J Clin Gastroenterol. 2005;39(2):143-6.

9. Dhindsa S, Ghanim H, Dandona P. Nonesterified fatty acids, albumin, and
platelet aggregation. Diabetes. 2015;64(3):703-5.

10. PlakhtY, Gilutz H, Shiyovich A. Decreased admission serum albumin level
is an independent predictor of long-term mortality in hospital survivors
of acute myocardial infarction. Soroka Acute Myocardial Infarction Il
(SAMI-II) project. Int J Cardiol. 2016;219:20-4.

11. Reinhart W. Fibrinogen-marker or mediator of vascular disease? Vasc Med
(London, England). 2003;8(3):211-6.

12. Kaptoge S, Di Angelantonio E, Pennells L, Wood A, White |, Gao P, et al.
C-reactive protein, fibrinogen, and cardiovascular disease prediction. N
EnglJ Med. 2012;367(14):1310-20.

13. Wang P, Yuan D, Zhang C, Zhu P, Jia S, Song Y, et al. High fibrinogen-
to-albumin ratio with type 2 diabetes mellitus is associated with poor
prognosis in patients undergoing percutaneous coronary intervention:
5-year findings from a large cohort. Cardiovasc Diabetol. 2022;21(1):46.

14. Deveci B, Gazi E. Relation Between Globulin, Fibrinogen, and Albumin
With the Presence and Severity of Coronary Artery Disease. Angiology.
2021;72(2):174-80.


https://doi.org/10.1186/s12872-023-03193-z
https://doi.org/10.1186/s12872-023-03193-z

Tian et al. BMC Cardiovascular Disorders

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

(2023) 23:181

Zheng Y, Wu C, Yan H, Chen S. Prognostic value of combined preoperative
fibrinogen-albumin ratio and platelet-lymphocyte ratio score in patients
with breast cancer: a prognostic nomogram study. Clin Chim Acta.
2020;506:110-21.

Huang L, Mo Z, Hu Z, Zhang L, Qin S, Qin X, et al. Diagnostic value of
fibrinogen to prealbumin ratio and gamma-glutamyl transpeptidase to
platelet ratio in the progression of AFP-negative hepatocellular carci-
noma. Cancer Cell Int. 2020;20:77.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano
R. Quantification of coronary artery calcium using ultrafast computed
tomography. J Am Coll Cardiol. 1990;15(4):827-32.

Levey A, Bosch J, Lewis J, Greene T, Rogers N, Roth D. A more accurate
method to estimate glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of diet in Renal Disease Study
Group. Ann Intern Med. 1999;130(6):461-70.

Pencina M, D’Agostino R, Pencina K, Janssens A, Greenland P. Interpret-
ing incremental value of markers added to risk prediction models. Am J
Epidemiol. 2012;176(6):473-81.

Lawton J, Tamis-Holland J, Bangalore S, Bates E, Beckie T, Bischoff J, et al.
2021 ACC/AHA/SCAI guideline for coronary artery revascularization:
executive summary: a report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice Guide-
lines. Circulation. 2022;145(3):e4-17.

Matsumoto K, Ehara S, Hasegawa T, Otsuka K, Yoshikawa J, Shimada

K. Prediction of the filter no-reflow phenomenon in patients with

angina pectoris by using multimodality: magnetic resonance imag-

ing, optical coherence tomography, and serum biomarkers. J Cardiol.
2016;67(5):430-6.

Kanaya T, Noguchi T, Otsuka F, Asaumi Y, Kataoka Y, Morita Y, et al. Optical
coherence tomography-verified morphological correlates of high-inten-
sity coronary plaques on non-contrast T1-weighted magnetic resonance
imaging in patients with stable coronary artery disease. Eur Heart J
Cardiovasc Imaging. 2019;20(1):75-83.

Libby P. Mechanisms of acute coronary syndromes and their implications
for therapy. N Engl J Med. 2013;368(21):2004-13.

Guo Y, Hernandez |, Isermann B, Kang T, Medved L, Sood R, et al. Caveolin-
1-dependent apoptosis induced by fibrin degradation products. Blood.
2009;113(18):4431-9.

De Luca G, Verdoia M, Cassetti E, Schaffer A, Cavallino C, BolzaniV, et al.
High fibrinogen level is an independent predictor of presence and extent
of coronary artery disease among Italian population. J Thromb Throm-
bolysis. 2011;31(4):458-63.

Peng Y, Wang H, Li Y, Huang B, Huang F, Xia T, et al. Relation between
admission plasma fibrinogen levels and mortality in Chinese patients
with coronary artery disease. Sci Rep. 2016;6:30506.

Acet H, Ertas F, Aydin M, Kaya H, Yiksel M, Bilik MZ, et al. The utility of

the serum albumin levels on admission for predicting angiographic no
reflow after primary percutaneous coronary intervention in patients with
ST-segment elevation myocardial infarction. 2015.

Rezkalla S, Kloner R. Coronary no-reflow phenomenon: from the experi-
mental laboratory to the cardiac catheterization laboratory. Catheter
Cardiovasc Interv. 2008;72(7):950-7.

Bicciré F, Pastori D, Tanzilli A, Pignatelli B, Viceconte N, Barilla F, et al. Low
serum albumin levels and in-hospital outcomes in patients with ST
segment elevation myocardial infarction. Nutr Metab Cardiovasc Dis.
2021;31(10):2904-11.

Ismail S, Tonguc S, Cevahir H, Aydin T, Melis C, Davran C. Fibrinogen- albu-
min ratio: an intriguing relationship for assessing Trombosis risk and sus-
picious effect on blood viscosity. Iran Cardiovasc Res J. 2011;5(4):153-4.
Karahan O, Acet H, Ertas F, Tezcan O, Caliskan A, Demir M, 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.

Xiao L, Jia Y, Wang X, Huang H. 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.

Hou Z, Lu B, GaoYY, Jiang S, Wang Y, Li W, et al. Prognostic value of coro-
nary CT angiography and calcium score for major adverse cardiac events
in outpatients. JACC Cardiovasc Imaging. 2012;5(10):990-9.

34.

35.

36.

37.

38.

39.

40.

Page 12 of 12

JensenT, Kierulf P, Sandset PM, Klingenberg O, Skjnsberg OH. Fibrinogen
and fibrin induce synthesis of proinflammatory cytokines from isolated
peripheral blood mononuclear cells. Thromb Haemost. 2007,97(5):822-9.
Yakovlev S, Zhang L, Ugarova T, Medved L. Interaction of fibrin(ogen) with
leukocyte receptor alpha M beta 2 (Mac-1): further characterization and
identification of a novel binding region within the central domain of the
fibrinogen gamma-module. Biochemistry. 2005;44(2):617.

Aleman MM, Walton BL, et al. Fibrinogen and red blood cells in venous
thrombosis. Thrombosis Res. 2014;133(5):538-40.

Li H, Hong S, Qian J, Zheng Y, Yang J, Yi Q. Cross talk between the bone
and immune systems: osteoclasts function as antigen-presenting cells
and activate CD4+ and CD8+ T cells. Blood. 2010;116(2):210-7.

Bear M, Butcher M, Shaughnessy S. Oxidized low-density lipoprotein

acts synergistically with beta-glycerophosphate to induce osteoblast
differentiation in primary cultures of vascular smooth muscle cells. J Cell
Biochem. 2008;105(1):185-93.

Vergallo R, Crea F. Atherosclerotic plague healing. N Engl J Med.
2020,383(9):846-57.

Libby P, Pasterkamp G, Crea F, Jang |. Reassessing the mechanisms of
acute coronary syndromes. Circ Res. 2019;124(1):150-60.

41. Okafor O, Gorog D. Endogenous fibrinolysis: an important media-
tor of thrombus formation and cardiovascular risk. J Am Coll Cardiol.
2015;65(16):1683-99.

42. Guclu H, Ozal S, Pelitli Gurlu V, Ozgiin G, Ozgiin E. Increased fibrinogen
to albumin ratio in ischemic retinal vein occlusions. Eur J Ophthalmol.
2017,27(6):735-9.

Publisher’s Note

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

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prognostic value of fibrinogen-to-albumin ratio combined with coronary calcification score in patients with suspected coronary artery disease
	Abstract 
	Objective 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study patients
	Endpoints and follow-up
	Coronary CTA acquisition and analysis
	Data collection and risk factors definitions
	Statistics

	Results
	Baseline characteristics
	Relationship between FAR and CACS
	The poor prognosis associated with FAR-H
	Relationship between FAR combined with CACS and primary endpoints
	Predictive value of FAR combined with CACS for MACCEs

	Discussion
	Study limitations

	Conclusion
	Anchor 24
	Acknowledgements
	References


