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Abstract

Background: Abnormal glucose metabolism is present in most patients with coronary artery disease (CAD). Inflammation is considered
to be a common risk factor for CAD and diabetes. Fibrinogen-to-albumin ratio (FAR), a novel inflammation biomarker, has been proposed
as a predictor for cardiovascular disease. However, the relationship between the level of FAR and long-term mortality including all-cause,
cardiovascular and cancer mortality, remains unknown in CAD patients, especially those with prediabetes. Methods: We enrolled 66,761
CAD patients from 2007 to 2020 from a multi-center registry cohort study. The primary outcomes were the all-cause, cardiovascular
and cancer mortality. FAR was calculated using the following formula: Fibrinogen (g/L)/Albumin (g/L). Patients were divided into
three groups by FAR tertile (low FAR (FAR-L), median FAR (FAR-M), high FAR (FAR-H)), and further categorized into 9 groups
according to FAR and glucose metabolism status (normal glucose regulation (NGR), prediabetes mellitus (PreDM), diabetes mellitus
(DM)). Cox regression models and competing risk models were used to examine the relationships between FAR and clinical outcomes.
Results: 66,761 patients (63.1 £ 11.0 years, 75.3% male) were enrolled. During the follow-up, 10,534 patients died, including 4991
cardiovascular deaths and 1092 cancer deaths. After adjusting for confounders, higher FAR was associated with increased risk of all-
cause and cause-specific mortality in CAD patients with NGR, PreDM and DM. The risk of all-cause and cardiovascular mortality was
highest in FAR-H with DM (HR (95% CI) = 1.71 (1.58-1.86), 2.11 (1.86-2.38), respectively; p < 0.001). FAR-H with PreDM was
significantly associated with the highest risk of cancer mortality (HR (95% CI) = 2.27 (1.70-3.02), p < 0.001). Adding FAR to the
original model significantly improved the prediction of long-term mortality. Conclusions: Increased FAR was significantly associated
with higher risk of all-cause and cause-specific mortality in CAD patients with NGR, PreDM and DM. Abnormal glucose metabolism
augments the relationship between FAR and mortality. Clinical Trial Registration: ClinicalTrials.gov NCT05050877.
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1. Introduction Abnormal glucose metabolism, including diabetes

Coronary artery disease (CAD) is identified as a ma- mellitus (DM) and prediabetes mellitus (PreDM), is present
jor cause of death with more than 9 million deaths in 2019, 11 most patients with CAD [3]. The 2019 ESC Guidelines
accounting for 16% of all-cause deaths worldwide [1]. De- on diabetes, prediabetes, and cardiovascular diseases indi-
spite the significant advancements in medical treatment, pa-  cate that about 20—30% 'ofpatiﬁ:nts Wi'fh CAD have DM, and
tients with CAD still face a substantial risk of death, which ~ up to 70% of the remaining patients will be newly diagnosed

imposes immense health and economic burdens worldwide ~ With DM or PreDM [4]. Multiple epidemiological studies
[2]. have confirmed that DM is one of the risk factors for CAD

patients [5,6]. In addition, PreDM also increases the risk
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were enrolled from 2007 to 2020 (n1=99,699)

Patients diagnosed with coronary artery disease
undergoing coronary angiography on initial admission

Exclusion Criteria:

(1) patients who were younger than 18 years (n=638)

(2) patients missing survival information (n=2,923)

(3) patients without baseline plasma fibrinogen and plasma albumin
data (n=29,111)

(4) patients without baseline fasting blood glucose and hemoglobin

Alc (n=266)

Final cohort (n=66,761)

Patients were categorized by FAR tertile

!

v

FAR-L (n=22,335) FAR-M (n=22,466)

FAR-H (n=21,960)

Fig. 1. Flow of patients through the study. FAR, fibrinogen-to-albumin ratio; FAR-L, low FAR; FAR-M, median FAR; FAR-H, high

FAR.

of adverse prognosis in CAD patients [7,8]. As a result, it
is critical to pay closer attention to the glucose metabolism
status of CAD patients in order to stratify their risk and bet-
ter manage these risk factors for patients who are at high
risk.

Inflammation is considered to be a common risk fac-
tor for CAD and diabetes [9,10]. A number of studies have
shown that inflammatory markers have increased sensitiv-
ity for predicting the prognosis of both diabetes and CAD
[11-14]. Fibrinogen (FIB), an inflammatory marker syn-
thesized by the liver, as well as a coagulation factor in-
volved in the formation of thrombosis and the progres-
sion of atherosclerosis, has been found to be closely re-
lated to the poor prognosis of CAD patients [15,16]. Al-
bumin (ALB) is the most abundant plasma protein and has
anti-inflammatory, antioxidant, and antithrombotic proper-
ties. Previous studies have indicated that low serum al-
bumin concentration is associated with an increased risk
of adverse cardiovascular events in CAD patients [17,18].
Fibrinogen-to-albumin ratio (FAR) is an innovative inflam-
matory biomarker that combines the above two indica-
tors and has been widely used to predict adverse progno-
sis among patients with various cancers [19,20]. Recently,
several studies have also confirmed that FAR is strongly
linked to the severity of coronary lesions and poor clin-
ical outcomes in patients with ST-segment elevation my-
ocardial infarction (STEMI) and multivessel disease [21—

23]. However, the relationship between FAR, all-cause and
cause-specific mortality is not fully understood in CAD pa-
tients with different glucose metabolism, especially those
with prediabetes.

The purpose of this study was to investigate the po-
tential relationship between FAR and long-term mortality
among CAD patients, including all-cause, cardiovascular
and cancer mortality, and further determine whether the as-
sociation between FAR levels and clinical outcomes varies
according to the glucose metabolism status, especially in
those patients with prediabetes.

2. Materials and Methods
2.1 Study Population

This multi-center cohort study was based on the Car-
diorenal Improvement IT (CIN-II) study, which included pa-
tients recruited from 5 large tertiary hospitals in China be-
tween January 2007 and December 2020 (Cardiorenal Im-
provement II, ClinicalTrials.gov NCT05050877). We en-
rolled 66,761 CAD patients who underwent coronary an-
giography (CAG) at the time of initial admission. The
exclusion criteria were as follows: (1) patients younger
than eighteen years; (2) patients missing survival informa-
tion; (3) patients without baseline plasma fibrinogen and
plasma albumin data; (4) patients without baseline fast-
ing blood glucose (FBG) and hemoglobin Alc (HbAlc)
(Fig. 1). This research was approved by the Ethics Com-
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mittee of the Guangdong Provincial People’s Hospital (No.
GDREC2019-555H-2). To protect the privacy of patients,
we removed all traceable personal identifiers from the
database, and each participating site obtained institutional
review board permission from the local ethics committees.
Since this research involved retrospective cases, no addi-
tional intervention was necessary. Furthermore, the data
we used has been desensitized and patient informed consent
was not required. The study complied with the Declaration
of Helsinki.

2.2 Baseline Data Collection

The baseline information including demographic
characteristics, complications, procedures, laboratory ex-
aminations, and medications were obtained from the elec-
tronic clinical management system (ECMS). On initial
admission, biochemistry data such as plasma fibrinogen,
plasma albumin and HbAlc were obtained. Survival in-
formation was derived from a cause-specific surveillance
dataset at the regional Center for Disease Control and Pre-
vention (CDC).

2.3 Study Outcomes and Clinical Definition

The outcomes of this study were all-cause, cardiovas-
cular and cancer mortality. FAR was defined as the ratio of
fibrinogen (g/L) to albumin (g/L). According to the Ameri-
can Diabetes Association [24], DM was identified by FBG
>7.0 mmol/L (126 mg/dL), or HbAlc >6.5%, or 2-h blood
glucose of oral glucose tolerance test >11.1 mmol/L (200
mg/dL), or a previous diagnosis of DM with antidiabetic
treatment. PreDM was diagnosed by 5.6 mmol/L < FBG
< 7.0 mmol/L or 5.7% < HbAlc < 6.5%. Normal glucose
regulation (NGR) was defined as patients without PreDM
or DM. The Chronic Kidney Disease Epidemiology Collab-
oration (CKD-EPI) equation was used to calculate the esti-
mated glomerular filtration rate (¢GFR), and chronic kidney
disease (CKD) was defined as eGFR 60 mL/min/1.73 m?
[25,26]. Hyperlipemia, acute myocardial infarction (AMI)
and hypertension (HT) were defined by using the 10th Re-
vision Codes of the International Classification of Diseases
(ICD-10) codes. Congestive heart failure (CHF) was de-
fined as New York Heart Association class >3 or Killip
class >1.

2.4 Statistical Analysis

According to the baseline FAR, patients were catego-
rized into three groups: FAR-L, FAR-M, FAR-H, and fur-
ther divided into nine groups according to FAR and glu-
cose metabolism status (NGR, PreDM, DM). For the base-
line characteristics, continuous variables were presented
as mean with standard deviation (SD) or median with in-
terquartile range (IQR) as appropriate. Categorical vari-
ables were described as counts and percentages. One-way
ANOVA or the Kruskal-Wallis test was used for continuous
variables. The x? test was used for categorical variables.

&% IMR Press

In order to examine the correlation between FAR levels as
a continuous variable and mortality for all-cause, cardio-
vascular, and cancer, we conducted restricted cubic splines
(RCS) analyses. Kaplan-Meier survival curves were used
to describe the time-to-event data, and differences were as-
sessed using the log-rank tests. We evaluated the relation-
ship between FAR and all-cause mortality by Cox regres-
sion models. FAR and cause-specific mortality were as-
sessed by competing-risk models. Models were adjusted
for the following covariates: age, gender, HT, CHF, AMI,
CKD, stroke, hyperlipemia, respectively. A variance infla-
tion factor >5 indicates the presence of multicollinearity
between variables. The C-index was constructed to evalu-
ate the change in the predictive accuracy of long-term mor-
tality after the addition of FAR to the original clinical risk
factors model (age, gender, HT, CHF, AMI, CKD, stroke,
hyperlipemia). Correlations between HbAlc, FBG, FAR
and its components were assessed using the Spearman cor-
relation test. All data were analyzed using R version 4.0.3.
(R Foundation for Statistical Computing, Vienna, Austria).
A two-sided p value < 0.05 was considered statistically sig-
nificant.

3. Results

3.1 Baseline Characteristics

A total of 66,761 patients with CAD (the mean age
63.1 + 11.0 years, 75.3% were men) were enrolled in this
study, including 21,982 patients with NGR, 20,723 with
PreDM and 24,056 patients with DM. Based on the baseline
FAR, the patients were categorized into 3 groups: FAR-L
group (n = 22,335), FAR-M group (n = 22,466), FAR-H
group (n = 21,960). The baseline characteristics between
patients with different FAR are presented in Table 1. The
FAR-M group had the highest proportion of females. From
the FAR-L to the FAR-H group, patients with higher FAR
were more likely to have HT, CHF, CKD, hyperlipemia
and anemia. In addition, they had higher levels of eGFR,
HbAlc, FIB, and lower levels of HGB, HDLC and ALB.

During a median follow-up of 4.68 years, 10,534
(15.8%) participants died, of which, 4991 (7.5%) were
cardiovascular-specific deaths, and 1092 (1.6%) were
cancer-specific deaths. For all-cause death or cause-
specific death, the proportion of patients with a higher FAR
was significantly higher than the FAR-L group (Table 1).
A similar trend was also observed in patients with different
glucose metabolism status (Table 2).

3.2 Different Glucose Metabolism Status, FAR, and
Clinical Outcomes

RCS analysis demonstrated that the risk of all-cause
or cause-specific death increased as FAR increased in CAD
patients, but the relationship was not linear (all nonlinear
p < 0.001) (Fig. 2). Kaplan-Meier curves indicated that
the FAR-H group had the highest risk of all-cause mortal-
ity. The risk of cause-specific mortality also showed sim-
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Table 1. Baseline characteristics based on FAR levels.

Overall FAR-L FAR-M FAR-H

p value
n= 66,761 n=22335 n=22,466 n=21,960
Demographic characteristics
Age, years 63.1 (11.0) 61.4(11.2) 63.7 (10.5) 64.5 (10.9) <0.0001
Age >60, n (%) 40,666 (60.8) 12,361 (54.2) 14,437(63.3) 13,823 (65.4) <0.0001
Female, n (%) 16,514 (24.7) 5086 (22.3) 6239 (27.4) 5170 (24.4) <0.0001
Complication
Glucose metabolism status <0.0001
NGR, n (%) 21,982 (32.9) 9439 (42.3) 6825 (30.4) 5715 (26.0)
PreDM, n (%) 20,723 (31.0) 6117 (27.4) 7632 (34.0) 6970 (31.8)
DM, n (%) 24,056 (36.0) 6779 (30.4) 8009 (35.6) 9262 (42.2)
AMI, n (%) 15,788 (23.6) 4512 (19.8) 3809 (16.7) 7420 (35.1) <0.0001
HT, n (%) 37,614 (56.3) 12,101 (53.1) 13,148 (57.6) 12,324 (58.3) <0.0001
CHF, n (%) 9933 (14.9) 2423 (10.6) 2654 (11.6) 4835 (22.9) <0.0001
CKD, n (%) 13,734 (20.5) 2757 (12.1) 4276 (18.7) 6689 (31.6) <0.0001
AF, n (%) 3005 (4.5) 1060 (4.6) 967 (4.2) 975 (4.6) 0.068
Stroke, n (%) 4141 (6.2) 1240 (5.4) 1366 (6.0) 1531 (7.2) <0.0001
Hyperlipemia, n (%) 43,135 (64.5) 13,524 (59.3) 14,483 (63.5) 15,078 (71.3) <0.0001
Procedure
PCIL, n (%) 48,050 (71.9) 14,544 (63.8) 16,533 (72.5) 16,919 (80.0) <0.0001
CABG, n (%) 104 (0.2) 24 (0.1) 38 (0.2) 42(0.2) 0.0407
DES, n (%) 45,842 (68.6) 13,855(60.8) 15,772 (69.2) 16,164 (76.4) <0.0001
BMS, n (%) 1048 (1.6) 267 (1.2) 359 (1.6) 422 (2.0) <0.0001
Laboratory tests
eGFR, mL/min/1.73 m? 78.5 (25.8) 84.2 (22.6) 79.3 (24.9) 71.6 (28.4) <0.0001
HGB, g/L 133.5(17.4) 138.0 (15.9) 134.4 (16.2) 127.7 (18.6) <0.0001
SCr, mg/dL 1.0[0.8,1.11 09][0.8,1.1] 0.97[0.8,1.1] 1.0[0.8,1.3] <0.0001
LDLC, mmol/L 2.9(1.0) 29(1.1) 2.9 (1.0) 2.9 (1.0) 0.2722
HDLC, mmol/L 1.0 (0.3) 1.1 (0.3) 1.0 (0.3) 0.9(0.3) <0.0001
HbAlc, % 6.6 (1.4) 6.4 (1.3) 6.5(1.3) 6.8 (1.6) <0.0001
FIB, g/L 39(1.3) 2.8(0.4) 3.7(0.4) 53 (1.1) <0.0001
ALB, g/L 37.6 (4.5) 40.5 (3.7) 37.8(3.3) 342 (4.1) <0.0001
FAR 0.108 (0.045)  0.070 (0.010)  0.098 (0.008)  0.158 (0.044) <0.0001
Medications
Beta blocker, n (%) 51,171 (80.0) 16,657 (77.7) 17,722 (80.4) 16,733 (82.1) <0.0001
Statins, n (%) 61,237 (95.8) 20,586 (96.0) 21,126 (95.9) 19,450 (95.4) 0.0047
CCB, n (%) 14,745 (23.1) 5395 (25.2) 5065 (23.0) 4261 (20.9) <0.0001
ACEI/ARB, n (%) 44,850 (70.1) 14,386 (67.1) 15,763 (71.5) 14,651 (71.9) <0.0001
Diuretics, n (%) 11,602 (18.1) 3112 (14.5) 3547 (16.1) 4929 (24.2) <0.0001
Antiplatelet, n (%) 62,188 (97.3) 20,788 (97.0) 21,444 (97.3) 19,885 (97.5) 0.0016
Clinical Outcomes
All-cause mortality, n (%) 10,534 (15.8) 2090 (9.4) 3237 (14.4) 5204 (23.7) <0.0001
Cardiovascular mortality, n (%) 4991 (7.5) 833 (3.7) 1378 (6.1) 2779 (12.7) <0.0001
Cancer mortality, n (%) 1092 (1.6) 193 (0.9) 365 (1.6) 533 (2.4) <0.0001

Abbreviations: NGR, normal glucose regulation; PreDM, prediabetes mellitus; DM, diabetes mellitus; AMI, acute myocar-
dial infarction; HT, hypertension; CHF, congestive heart failure; CKD, chronic kidney disease; AF, atrial fibrillation; PCI,
percutaneous coronary intervention; CABG, coronary artery bypass grafting; DES, drug eluting stent; BMS, bare metal stent;
eGFR, estimated glomerular filtration rate; HGB, hemoglobin; SCr, serum creatinine; LDLC, low density lipoprotein choles-
terol; HDLC, high density lipoprotein cholesterol; HbAlc, hemoglobin Alc; FIB, fibrinogen; ALB, albumin; FAR, fibrinogen-
to-albumin ratio; CCB, calcium channel blocker; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor
blocker; FAR-L, low FAR; FAR-M, median FAR; FAR-H, high FAR.
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Table 2. Multivariable Cox regression models of the relationship between FAR and clinical outcomes in patients with different

glucose metabolism.

All-cause mortality

Cardiovascular mortality

Cancer mortality

FAR Events/subjects HR (95% CI) Events/subjects HR (95% CI) Events/subjects HR (95% CI)
NGR 3125/21,982 1395/21,982 315/21,982
FAR per-SD increase 1.12 (1.09-1.16) ** 1.19 (1.14-1.25) ** 1.22 (1.11-1.34) **
FAR-L 852/9439 Ref. 349/9439 Ref. 66/9439 Ref.
FAR-M 988/6825 1.18 (1.08-1.29) ** 405/6825 1.15 (1.00-1.33) 111/6825 1.69 (1.25-2.28) **
FAR-H 1283/5715 1.35(1.24-1.48) ** 640/5715 1.47 (1.28-1.68) ** 138/5715 2.02 (1.50-2.73) **
PreDM 3026/20,723 1238/20,723 386/20,723
FAR per-SD increase 118 (1.14-1.21) ** 1.23 (1.18-1.29) ** 1.25 (1.14-1.36) **
FAR-L 552/6117 0.86 (0.78-0.96) * 179/6117 0.68 (0.57-0.81) ** 62/6117 1.21 (0.87-1.70)
FAR-M 998/7632 0.99 (0.90-1.08) 381/7632 0.88 (0.76-1.02) 132/7632 1.61 (1.20-2.16) *
FAR-H 1476/6970  1.32 (1.21-1.44) ** 678/6970 1.34 (1.17-1.53) ** 192/6970 2.27 (1.70-3.02) **
DM 4383/24,056 2358/24,056 391/24,056
FAR per-SD increase 1.21 (1.18-1.25) ** 1.28 (1.24-1.33) ** 1.25 (1.14-1.37) **
FAR-L 705/6029 1.01 (0.91-1.11) 314/6029 1.07 (0.92-1.25) 66/6029 1.24 (0.88-1.74)
FAR-M 1283/8167 1.21 (1.11-1.32) ** 610/8167 1.29 (1.13-1.47) ** 127/8167 1.59 (1.18-2.15) *
FAR-H 2395/8959 1.71 (1.58-1.86) ** 1434/8959 2.11 (1.86-2.38) ** 198/8959 2.20 (1.66-2.92) **

Adjusted for age, gender, hypertension, acute myocardial infarction, stroke, chronic kidney disease, hyperlipemia, congestive heart failure.
FAR, fibrinogen-to-albumin ratio; NGR, normal glucose regulation; PreDM, prediabetes mellitus; DM, diabetes mellitus; FAR-L, low
FAR; FAR-M, median FAR; FAR-H, high FAR; HR, hazard ratio; CI, confidence interval; SD, standard deviation.

* p < 0.05;** p < 0.001.

All-cause death

Cardiovascular death

Cancer death

P-non-linear < 0.001

P-non-linear < 0.001 P-non-linear < 0.001

20
25

15
HR (95%Cl)
20

HR (95%Cl)
15

0.5

3.0
>

25

HR (95%Cl)
1.0 15

05

Fig. 2. Restricted spline curve for the association between FAR and all-cause, cardiovascular, and cancer mortality based on
multivariate Cox regression models. The multivariate Cox regression model includes adjustment for age, gender, hypertension, acute
myocardial infarction, stroke, chronic kidney disease, hyperlipemia, and congestive heart failure. FAR, fibrinogen-to-albumin ratio; HR,

hazard ratio.

ilar results (Fig. 3). In the FAR level as well as different
glucose metabolism states, CAD patients were further clas-
sified into 9 groups. DM Patients in FAR-H had the high-
est risk of all-cause mortality and cardiovascular mortality,
while the risk of cancer mortality was highest in FAR-H
with PreDM (Fig. 4).

Table 2 shows three Cox regression models to fur-
ther investigate the association among FAR, different glu-
cose metabolism states and clinical outcomes. After adjust-
ing for age, gender, HT, CKD, stroke, AMI, hyperlipemia,
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CHF, the higher FAR group had a higher risk for all-cause
and cause-specific mortality in NGR patients; similar re-
sults were found in the PreDM and DM groups. The risks
of all-cause mortality (NGR, PreDM, DM: HR (95% CI)
=1.12 (1.09-1.16), 1.18 (1.14-1.21), 1.21 (1.18-1.25), re-
spectively; all p values < 0.001), cardiovascular mortality
(NGR, PreDM, DM: HR (95% CI)=1.19 (1.14-1.25), 1.23
(1.18-1.29), 1.28 (1.24-1.33), respectively; all p values <
0.001) and cancer mortality (NGR, PreDM, DM: HR (95%
CI)=1.22 (1.11-1.34), 1.25 (1.14-1.36), 1.25 (1.14-1.37),
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All-cause death

Cardiovascular death

Cancer death
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0.0
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FAR-L

FAR-M
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FAR-H
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n

0.02

Gray’ s p < 0.001

Cumulative Incidence Function
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0.00

Time in years

Time in years

5 6 7 8 9 10 1 1 2 3 4 5 6 7 8 9 10

Time in years

Fig. 3. Kaplan—-Meier curves for all-cause, cardiovascular, and cancer mortality according to different FAR levels based on
univariate Cox regression models. FAR, fibrinogen-to-albumin ratio; FAR-L, low FAR; FAR-M, median FAR; FAR-H, high FAR.

All-cause death

Cardiovascular death

| Cancer death

FAR-L/NGR FAR-H/NGR FAR-L/PreDM

FAR-M/NGR

FAR-M /PreDM

FAR-M /DM

FAR-H/PreDM FAR-L/DM

FAR-H/DM

0.30

06

0.25

Log rank p < 0.001 Gray’s p < 0.001

0.20

04
0.15

0.10

Cumulative Incidence Function
02

Cumulative Incidence Function

0.05

0.0

0.00

0.04 0.05

Gray’s p < 0.001

0.03

Cumulative Incidence Function
0.02

0.01

0.00

Time in years

Time in years

Time in years

Fig. 4. Kaplan—Maeier curves for all-cause, cardiovascular, and cancer mortality according to states of both FAR levels and glucose

metabolism based on univariate Cox regression models. FAR, fibrinogen-to-albumin ratio; FAR-L, low FAR; FAR-M, median FAR;
FAR-H, high FAR; NGR, normal glucose regulation; PreDM, prediabetes mellitus; DM, diabetes mellitus.

respectively; all p values < 0.001) elevated with per 1-SD
increase in FAR. The risk increased with decreased levels
of glucose metabolism (all p for trend <0.001). In addition,
FAR-H with DM group had the highest risk of all-cause and
cardiovascular mortality (HR (95% CI)=1.71 (1.58-1.86),
HR (95% CI) = 2.11 (1.86-2.38), respectively; all p values
< 0.001). FAR-H with PreDM group was significantly as-
sociated with the highest risk of cancer mortality (HR (95%
CI)=2.27 (1.70-3.02), p value < 0.001).

3.3 Risk Prediction for Clinical Outcomes with Different
Glucose Metabolism Status

In order to determine whether FAR has an additional
predictive value compared with the original model, we cal-
culated the C-indexes with and without FAR. The original
model included age, gender, HT, CHF, AMI, CKD, stroke
and hyperlipemia. Regardless of all-cause or cause-specific

mortality, the addition of FAR to the model resulted in a sig-
nificant improvement in C-indexes for NGR, PreDM and
DM patients (all p value < 0.001) (Table 3).

3.4 Association between FAR and Glucose Metabolism

FAR showed a significantly positive correlation with
glucose metabolism indexes including HbAlc (r = 0.14, p
< 0.001) and FBG (r = 0.10, p < 0.05). Supplementary
Fig. 1 shows all correlations between HbAlc, FBG, FAR
and its components.

4. Discussion

In this retrospective study, we demonstrated that ele-
vated FAR was significantly related to a higher risk of all-
cause, cardiovascular, and cancer mortality in CAD patients
with different glucose metabolism status. Furthermore, ab-
normal glucose metabolism increases this association. In
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Table 3. C-index of FAR for predicting clinical outcomes in subjects with different glucose metabolism status.

All-cause mortality

Cardiovascular mortality

Cancer mortality

Model
C-index p C-index P C-index p

NGR original model 0.682 (0.670-0.694) 0.720 (0.704-0.736) 0.720 (0.693-0.747)

NGR original model + FAR 0.687 (0.675-0.699)  <0.001  0.724 (0.708-0.74)  <0.001  0.733 (0.706-0.760) <0.001
PreDM original model 0.673 (0.661-0.685) 0.748 (0.732-0.764) 0.701 (0.676-0.726)

PreDM original model + FAR ~ 0.683 (0.671-0.695)  <0.001  0.758 (0.742-0.774)  <0.001  0.721 (0.697-0.745) <0.001
DM original model 0.691 (0.681-0.701) 0.734 (0.722-0.746) 0.685 (0.656-0.714)

DM original model + FAR 0.701 (0.693-0.709)  <0.001  0.748 (0.736-0.760)  <0.001  0.700 (0.673-0.727) <0.001

Original model included age, gender, hypertension, congestive heart failure, acute myocardial infarction, chronic kidney disease, stroke,

hyperlipemia.

FAR, fibrinogen-to-albumin ratio, NGR, normal glucose regulation; PreDM, prediabetes mellitus; DM, diabetes mellitus.

addition, adding FAR to the original model enhanced the
predictive power for long-term mortality. Our results indi-
cate that FAR is an effective risk stratification tool for CAD
patients with NGR, PreDM and DM.

Abnormal glucose metabolism is common in patients
with CAD [4]. In a diabetes and heart survey involving 110
centers in Europe, up to 31% of patients with CAD were
already known to have diabetes and 40% had newly dis-
covered glucose abnormalities [3]. Hyperglycemia caused
by insulin resistance induces mitochondrial dysfunction and
endoplasmic reticulum stress, leading to endothelial dys-
function, ROS accumulation and inflammation, which ul-
timately contributes to the development of CAD [27,28].
Several epidemiological studies have also demonstrated
that abnormal glucose metabolism was related to higher risk
of adverse cardiovascular events and mortality among CAD
patients. A large cohort study, including 3276 postinfarc-
tion patients, indicated that the occurrence of sudden car-
diac death was higher in DM patients compared to non-
DM patients [29]. Lenzen et al. [5] found that CAD pa-
tients with previously recognized and newly detected DM
was associated with a 1.4- and 1-fold elevated risk of 1-
year mortality, respectively, compared to those with NGR.
The first Diabetes Mellitus Insulin Glucose Infusion in
Acute Myocardial Infarction study also demonstrated an
apparent beneficial effect of enhanced insulin-based glu-
cometabolic control after AMI, which prolonged survival
by 2.3 years [30]. Therefore, it is critical to monitor the
glucose metabolism of CAD patients and intervene as soon
as possible to improve the long-term prognosis of high-risk
populations.

CAD and DM involve complex physiological pro-
cesses, and chronic inflammation has been widely accepted
as the pathological mechanism for these two diseases [9].
CAD is essentially an inflammatory disease, risk factors
such as dyslipidemia, hyperglycemia, smoking, and hyper-
tension induce endothelial cell damage, stimulate immune
cell proliferation, resulting in the upregulate of the expres-
sion of inflammatory and procoagulant cytokines such as
IL-15 and FIB [31-34], ultimately leading to CAD. In dia-
betes, hyperglycemia and elevated free fatty acids can acti-
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vate the JNK/IKK NF-xB pathway and inflammatory cas-
cade, which may trigger insulin resistance to exacerbate
the development of diabetes and long-term complications
[9,35,36]. Previous studies have showed that inflammation
biomarkers can be used as an effective tool to predict the
poor prognosis of CAD and DM patients. Higher FIB is in-
dependently linked to major adverse cardiovascular events
in CAD patients, particularly in PreDM and DM [37]. The
acute phase inflammatory biomarker albumin has also been
found to be strongly associated with cardiovascular out-
comes in CAD and DM patients [38—40]. Fibrinogen-to-
albumin ratio (FAR), is a widely used novel inflamma-
tory biomarker that has been shown outstanding capabil-
ity in predicting the risk of poor clinical outcomes in pa-
tients with cancer and cardiovascular disease [41,42]. Nev-
ertheless, the potential connection between FAR and long-
term mortality among CAD patients with different glucose
metabolism states, especially in those with PreDM, is not
entirely understood. This research, for the first time demon-
strates the relationship between FAR and long-term mortal-
ity in CAD patients with PreDM. We found that higher FAR
levels in both NGR, PreDM and DM patients were signif-
icantly correlated with higher risks of all-cause and cause-
specific mortality. In addition, the results of this study
showed that abnormal glucose metabolism amplifies the re-
lationship between FAR and mortality. The inflammatory
state in diabetic patients increases the expression of IL-6
and TNF-a, and these cytokines increase the synthesis of
FIB and the degradation of ALB, leading to the increased
activation of the coagulation pathway and decreased an-
tiplatelet capacity [17,43,44]. These changes will eventu-
ally result in the formation of thrombosis in vivo, which may
be the potential pathophysiological mechanism responsible
for this effect.

Several studies have found a strong connection be-
tween diabetes and cancer. Diabetes may stimulate the pro-
liferation and metastasis of cancer cells and influence the
development of tumors through various biological mecha-
nisms, such as hyperinsulinemia, hyperglycemia or chronic
inflammation [45]. Moreover, patients with diabetes have
a higher cancer mortality compared with non-diabetic pa-
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tients [46,47]. Therefore, this study also evaluated the pre-
dictive value of FAR for cancer death in CAD patients with
different glucose metabolism states. Consistently, our re-
search showed that PreDM and DM patients with FAR-H
were significantly linked to higher risks of cancer mortal-
ity. However, the connection between FAR and cancer
mortality in CAD patients classified by different glucose
metabolism states is not fully understood. Therefore, addi-
tional research is required to clarify these potential connec-
tions.

In our study, elevated FAR was associated with in-
creased long-term mortality in patients with CAD, and cor-
related with different glucose metabolism states. Abnor-
mal glucose metabolism amplifies the relationship between
FAR and death. Moreover, to the best of our knowledge,
this study revealed the predictive effect of FAR on mortal-
ity risk in CAD patients with prediabetes, for the first time.
On the basis of the correlation between FAR and mortality
risk, monitoring FAR levels and controlling inflammation
with several anti-inflammatory therapy may play an impor-
tant role in decreasing mortality in high-risk groups. Fur-
ther investigations will be necessary to prospectively verify
the prediction power of FAR for all-cause, cardiovascular
and cancer mortality among CAD patients with different
glucose metabolism status.

This research has several limitations. First, this re-
search was a retrospective observational analysis, which
didn’t reflect direct causation. Second, due to data limi-
tations, the effect of the severity of coronary artery disease
on the relationship between FAR and mortality was not an-
alyzed. Third, we only assessed FAR levels at the time of
admission. The dynamic changes of FAR were absent dur-
ing follow-up. Fourth, despite the adjustment for poten-
tial confounding factors, possible confounders could not be
fully adjusted. Fifth, this study only included CAD patients
in China, and whether the findings of this study can be gen-
eralized to other populations remains unclear.

5. Conclusions

In conclusion, FAR is a valuable tool for risk strat-
ification of CAD patients with NGR, PreDM, and DM.
Increased levels of FAR were significantly associated
with higher risks of all-cause and cause-specific mortality.
Moreover, abnormal glucose metabolism amplifies the re-
lationship between FAR and mortality. FAR levels can pro-
vide more precise risk stratification for high-risk CAD pa-
tients and provide essential information for improving the
long-term prognosis of these patients.
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