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Abstract 

Background: Fibrinogen (FIB) is an independent risk factor for mortality and cardiovascular events in the general 
population. However, the relationship between FIB and long-term mortality among CAD patients undergoing PCI 
remains unclear, especially in individuals complicated with diabetes mellitus (DM) or prediabetes (Pre-DM).

Methods: 6,140 patients with CAD undergoing PCI were included in the study and subsequently divided into three 
groups according to FIB levels (FIB-L, FIB-M, FIB-H). These patients were further grouped by glycemic status [nor-
moglycemia (NG), Pre-DM, DM]. The primary endpoint was all-cause mortality. The secondary endpoint was cardiac 
mortality.

Results: FIB was positively associated with hemoglobin A1c (HbA1c) and fasting blood glucose (FBG) in CAD patients 
with and without DM (P < 0.001). During a median follow-up of 5.1 years (interquartile range 5.0–5.2 years), elevated 
FIB was significantly associated with long-term all-cause mortality (adjusted HR: 1.86; 95% CI 1.28–2.69; P = 0.001) and 
cardiac mortality (adjusted HR: 1.82; 95% CI 1.15–2.89; P = 0.011). Similarly, patients with DM, but not Pre-DM, had 
increased risk of all-cause and cardiac mortality compared with NG group (all P < 0.05). When grouped by both FIB 
levels and glycemic status, diabetic patients with medium and high FIB levels had higher risk of mortality [(adjusted 
HR: 2.57; 95% CI 1.12–5.89), (adjusted HR: 3.04; 95% CI 1.35–6.82), all P < 0.05]. Notably, prediabetic patients with high 
FIB also had higher mortality risk (adjusted HR: 2.27; 95% CI 1.01–5.12).

Conclusions: FIB was independently associated with long-term all-cause and cardiac mortality among CAD patients 
undergoing PCI, especially in those with DM and Pre-DM. FIB test may help to identify high-risk individuals in this 
specific population.
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Background
Despite advances in revascularization strategies over 
recent decades, the clinical outcomes remain unfavora-
ble in patients with coronary artery disease (CAD), espe-
cially when complicated with diabetes mellitus (DM)1. 
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Regarded as a pivotal component of coagulation as well 
as a biomarker of inflammation, fibrinogen (FIB) plays a 
crucial role in the pathophysiological process of throm-
bosis and atherosclerosis2–5. Previous evidences sug-
gested that FIB was an independent risk factor of CAD 
development and cardiovascular events in the general 
population6, 7. Similar results on the prognostic value of 
FIB were also observed in patients with CAD8–10.

Glycemic metabolism abnormality, including DM 
and prediabetes (pre-DM), is increasingly prevalent on 
a global scale. By 2045, over 600 million individuals are 
projected to develop DM, with about the same num-
ber developing pre-DM11. The cardiovascular disease 
(CVD) risk, disability and mortality brought by glycemic 
metabolism abnormality is undisputedly a serious pub-
lic health concern. Interestingly, FIB level was found to 
be higher in diabetic and prediabetic patients, and was 
involved in glycemic metabolism abnormality and insu-
lin resistance12, 13. Moreover, recent studies reported 
that FIB was positively related with the glycemic metab-
olism (hemoglobin A1c [HbA1c] and fasting blood glu-
cose [FBG]) in patients with acute coronary syndrome 
(ACS) or stable CAD9, 10. However, few data are avail-
able examining the correlation between FIB and glycemic 
metabolism in CAD patients undergoing percutaneous 
coronary intervention (PCI). Furthermore, the asso-
ciation of FIB with long-term outcomes in this popula-
tion was far less investigated, particularly in those with 
impaired glycemic metabolism.

In light of the above, we aimed to evaluate the relation-
ship between FIB and glycemic metabolism, and further 
determine the combined effect of FIB and impaired gly-
cemic metabolism on long-term all-cause and cardiac 
mortality in CAD patients undergoing PCI.

Methods
Study population
This study was based on a prospective, observational, 
single-center cohort. From January 2013 to December 
2013, 10,724 CAD patients were consecutively enrolled 
undergoing PCI at Fuwai Hospital, Chinese Academy 
of Medical Sciences (Beijing, China) (Fig.  1). Patients 
with missing FIB (n = 4431) and Low-density lipo-
protein cholesterol (n = 153) values were excluded. A 
total of 6,140 patients were ultimately included in the 
analysis. The study protocol was approved by the Insti-
tutional Review Board of Fuwai Hospital and complied 
with the Declaration of Helsinki. All patients provided 
written informed consent before the intervention. Reg-
ular follow-up assessment of patients was performed 
at five time points (1-month, 6-month, 12-month, 
2-year, and 5-year after the discharge). Follow-up data 
were collected through medical records and telephone 

interview. The primary endpoint was all-cause mor-
tality. The secondary outcome was cardiac mortality. 
Mortality that could not be attributed to a noncar-
diac etiology was considered cardiac mortality. All 
endpoints were adjudicated centrally by 2 independ-
ent cardiologists, and disagreement was resolved by 
consensus.

Procedure and medications
Before the procedure, patients receiving selective PCI 
were treated with aspirin (300 mg) and ticagrelor (load-
ing dose, 180 mg) or clopidogrel (loading dose, 300 mg), 
except for patients already on dual antiplatelet therapy; 
for patients with ACS receiving emergency PCI, the same 
dose of aspirin and ticagrelor or clopidogrel (loading 
dose, 300–600  mg) were administered as soon as pos-
sible. All patients were administered with unfraction-
ated heparin (100 U/kg), and interventional cardiologist 
decided whether to use glycoprotein IIb/IIIa antagonist 
according to the clinical conditions and coronary lesions 
during the procedure. After the procedure, the dual anti-
platelet therapy including aspirin (100 mg daily), ticagre-
lor (90 mg, twice daily) or clopidogrel (75 mg, daily) were 
recommended for at least 1  year. The choice of equip-
ment and techniques during PCI was at the discretion of 
the physicians.

Definition of clinical status
Glycemic categories were based on the guideline rec-
ommendations of American Diabetes Association14. 
Diabetes mellitus (DM) was defined by HbA1c lev-
els ≥ 6.5%, or fasting blood glucose (FBG) ≥ 7.0 mmol/L, 
or 2-h blood glucose levels of oral glucose tolerance 
test ≥ 11.1  mmol/L), or current use of hypoglyce-
mic medications. Prediabetes (Pre-DM) was defined 
as nondiabetic patients with FBG ranging from 5.6 to 
6.9  mmol/L, HbA1c levels ranging from 5.7% to 6.4%. 
Patients without Pre-DM or DM were defined as nor-
moglycemia (NG). Hypertension was defined as systolic 
blood pressure ≥ 140 mmHg and/or diastolic blood pres-
sure ≥ 90 mmHg and/or current use of antihypertensive 
drugs. Low-density lipoprotein cholesterol ≥ 3.4 mmol/L, 
fasting total cholesterol ≥ 5.2  mmol/L, triglycer-
ide ≥ 1.7  mmol/L, high-density lipoprotein choles-
terol < 1.0  mmol/L and/or chronic use of lipid-lowering 
drugs were considered criteria for dyslipidemia. Left main 
disease was defined as stenosis of ≥ 50% in left main cor-
onary artery, and three-vessel disease was defined as ste-
nosis of ≥ 50% in all three main coronary arteries (right 
coronary artery, left circumflex artery and left anterior 
descending artery) confirmed by coronary angiography.
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Laboratory analysis
Fasting blood samples were drawn from all patients 
within 24  h after admission. Enzymatic hexokinase 
method was used to measure the concentrations of blood 
glucose. Tosoh Automated Glycohemoglobin Analyzer 
(HLC-723G8) was used to measure the HbA1c levels. 
Stago autoanalyzer with the STA fibrinogen kit (Diagnos-
tica Stago, Taverny, France) was used to measure the con-
centrations of FIB. All other laboratory measurements 
were conducted at the biochemistry center of Fu Wai 
Hospital by standard biochemical techniques.

Statistical analysis
Continuous variables were presented as mean ± stand-
ard deviation, while categorical variables were pre-
sented as frequency and percentage. Differences of 
continuous and categorical variables were analyzed by 

analysis of variance or Kruskal–Wallis test and χ2 test 
or Fisher’s exact test, as appropriate. Pearson correla-
tion and linear regression analysis were performed to 
evaluate the correlation between FIB and glycemic 
metabolism (HbA1c and FBG). In survival analysis, the 
association between FIB and clinical endpoint was ini-
tially examined using restricted cubic splines. The FIB 
was subsequently analyzed as both a continuous and a 
categorical variable. For categorical analysis, patients 
were grouped according to tertiles of the distribution 
[FIB-L(< 2.98  mg/dL), FIB-M(2.98–3.59  mg/dL), FIB-
H(< 3.59 mg/dL)]. Survival distributions were presented 
by Kaplan–Meier curves and compared by log-rank 
test. Cox regression analyses were performed to calcu-
late the hazard ratios (HRs) and 95% confidence inter-
val (CI). Proportional hazards assumption was verified 
by Schoenfeld residuals. In multivariate Cox analyses, 

Fig. 1 Study flowchart. FIB, fibrinogen, LDL-C, low-density lipoprotein cholesterol, PCI, percutaneous coronary intervention
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covariates including age, sex, body mass index (BMI), 
hypertension, family history of CAD, prior PCI/CABG, 
LVEF, LDL-C, creatine, DES implantation, clopidogrel, 
ACEI/ARB were adjusted because of their statistical 
significance in univariate analysis or clinical impor-
tance. The prognostic impact of glycemic metabolism 
status (NG, Pre-DM and DM) for all-cause mortality 
was also assessed by using the model mentioned above. 
Patients were further divided into 9 groups by both FIB 
levels and glycemic metabolism status to calculate HRs 
for all-cause mortality using FIB-L plus NG as refer-
ence. Statistical analyses were conducted with SPSS 
version 25.0 (IBM Corp., Armonk, N.Y., USA), R Pro-
gramming Language version 4.0.0 (R Core Team, 2014), 
and GraphPad Prism version 7.0.0 for windows (Graph-
Pad Software, San Diego, California USA). A two-tailed 
P value < 0.05 was considered statistically significant.

Results
Baseline characteristics of patients with different FIB levels
Among the 6,140 patients, the mean age was 
58.4 ± 10.4 years, and 4771(77.7%) were male. The base-
line characteristics of patients according to the tertiles of 
FIB are summarized in Table 1. Patients with higher FIB 
levels were older and less likely to be male (all P < 0.05). In 
addition, they had higher proportion of diabetes, hyper-
tension, prior stroke, ACS, and left main or three-vessel 
disease (all P < 0.05). Moreover, patients with elevated 
FIB levels had higher FBG, HbA1c, hs-CRP, D-dimer, 
TC, LDL cholesterol, creatinine, lesion vessels, SYNTAX 
score, but lower LVEF and lower rate of complete revas-
cularization (all P < 0.05). No significant differences were 
noted regarding dyslipidemia, family history of CAD, 
smoking, HDL cholesterol, number of stents and DES 
implantation among these groups (all P > 0.05).

Comparison of clinical data among groups with different 
glycemic metabolism status
In Table  2, Patients were divided into three subgroups 
based on different glycemic metabolism status. In gen-
eral, the DM and pre-DM group had a less favorable 
cardiovascular risk profile. Patients with DM or pre-DM 
tended to be older and female, with a larger burden of 
concomitant diseases, such as hypertension, dyslipidemia 
and prior stroke compared with those in NG group (all 
P < 0.05). Additionally, the prevalence of prior PCI/
CABG and left main or three-vessel disease was higher 
in the DM and pre-DM group (all P < 0.05). Meanwhile, 
there were also higher BMI, FBG, HbA1c, TG, number of 
diseased vessels, SYNTAX score, and lower LVEF, HDL 

cholesterol, complete revascularization, DES implan-
tation in the DM group (all P < 0.05). Notably, FIB lev-
els were significantly elevated from NG to DM group 
(P < 0.001).

Relationship between HbA1c/FBG and FIB
Linear regression analysis was used to assess the 
correlation between glycemic metabolism and FIB 
(Table  3). The results showed that both admission 
HbA1c  (R2 = 0.018, Standard β = 0.133, P < 0.001) 
and FBG  (R2 = 0.012, Standard β = 0.111,P < 0.001) 
were positively associated with FIB in the whole 
cohort. In DM patients, HbA1c  (R2 = 0.026, Standard 
β = 0.163, P < 0.001) and FBG  (R2 = 0.012, Standard 
β = 0.111,P < 0.001) were also positively associated with 
FIB. Furthermore, this positive relationship between 
HbA1c  (R2 = 0.012, Standard β = 0.111, P < 0.001) and 
FBG  (R2 = 0.009, Standard β = 0.096, P < 0.001) with FIB 
remained significant in the non-DM patients (Fig.  2). 
Of note, the correlation coefficients between HbA1c/
FBG and FIB were relatively weak and may not be able 
to provide sufficient clinical value despite of statistically 
significant correlation.

Predictive value of FIB on all‑cause mortality and cardiac 
mortality
The median follow-up time was 5.1  years (interquar-
tile range 5.0–5.2  years), and the response rate was 
91.2% (Fig.  1). During follow-up, 214 (3.5%) patients 
died, with 127 (59.3%) of whom from cardiac causes. 
Myocardial infarction (37.8%) was the most frequently 
reported cause of cardiac mortality, while malignancy 
(13.1%) was the most common cause of non-cardiac 
mortality (Additional file 1: Table S1).

The incidence of all-cause mortality in FIB-L, FIB-M 
and FIB-H group was 2.1%, 3.7% and 4.7%, respectively. 
Restricted cubic splines visualized a positive relation 
between FIB on a continuous scale with long-term risk 
of all-cause mortality and cardiac mortality (all P for 
non-linearity > 0.05) (Additional file  1: Figure S1). The 
Kaplan–Meier survival curve revealed that patients 
with higher FIB levels had significantly increased risk 
of all-cause mortality and cardiac mortality (all log-
rank P < 0.001) (Fig.  3a, Additional file  1: Figure S2a). 
The univariate Cox analysis showed a strong rela-
tion between continuous FIB with all-cause mortality 
(HR: 1.36; 95% CI 1.20–1.55 per 1 unit increase in FIB; 
P < 0.001) and cardiac mortality (HR: 1.46; 95% CI 1.25–
1.71 per 1 unit increase in FIB; P < 0.001). On multivari-
ate analysis, the relationship between continuous as 
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Table 1 Baseline characteristics for patients with different FIB levels

Values are presented as mean ± standard deviation or number (%)

ACEI angiotensin-converting enzyme inhibitors, ACS acute coronary syndrome, ARB angiotensin II receptor blockers, BMI body mass index, CAD coronary artery 
disease, CABG coronary artery bypass grafting, CCB calcium channel blocker, DES drug-eluting stent, FIB fibrinogen, FBG fasting blood glucose, hs-CRP high sensitivity 
C-reactive protein, HbA1c Hemoglobin A1c, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, LM left main disease, LVEF left 
ventricular ejection fraction, MI myocardial infarction, PCI percutaneous coronary intervention, SAP stable angina pectoris, TC total cholesterol, TG triglycerides
a Calculated using an online calculator (http:// www. synta xscore. com/) by a dedicated research group blinded to the clinical data

Variables Total (n = 6140) FIB‑L (n = 2069) FIB‑M (n = 2033) FIB‑H (n = 2038) P value

Age, years 58.4 ± 10.4 57.3 ± 10.2 58.2 ± 10.2 59.6 ± 10.6  < 0.001

Male, % 4771 (77.7) 1729(83.6) 1567(77.1) 1475(72.4)  < 0.001

BMI, kg/m2 25.9 ± 3.2 25.7 ± 3.1 26.1 ± 3.2 25.9 ± 3.3  < 0.001

Diabetes mellitus, % 1862 (30.3) 521(25.2) 656(32.3) 685(33.6)  < 0.001

Hypertension, % 3930 (64.0) 1248(60.3) 1328(65.3) 1354(66.4)  < 0.001

Dyslipidemia, % 4241 (69.1) 1403(67.8) 1436(70.6) 1402(68.8) 0.140

Family history of CAD, % 1433 (23.3) 501(24.2) 479(23.6) 453(22.2) 0.309

Smoking, % 3496 (56.9) 1197(57.9) 1173(57.7) 1126(55.3) 0.169

Prior MI, % 1219 (19.9) 465(22.5) 394(19.4) 360(17.7)  < 0.001

Prior PCI or CABG, % 1581 (25.7) 621(30.0) 514(25.3) 446(21.9)  < 0.001

Prior stroke, % 658 (10.7) 204(9.9) 206(10.1) 248(12.2) 0.033

Clinical presentation, %  < 0.001

 SAP 2572 (41.9) 995 (48.1) 874 (43.0) 703 (34.5)

 ACS 3568 (58.1) 1074 (51.9) 1159 (57.0) 1335 (65.5)

 LVEF, % 63.0 ± 7.2 63.6 ± 6.8 63.5 ± 6.8 62.0 ± 7.9  < 0.001

 FBG, mmol/L 6.1 ± 2.0 5.8 ± 1.8 6.1 ± 2.0 6.3 ± 2.2  < 0.001

 HbA1c, % 6.6 ± 1.2 6.4 ± 1.0 6.6 ± 1.2 6.8 ± 1.4  < 0.001

 FIB, mg/dL 3.40 ± 0.84 2.62 ± 0.28 3.26 ± 0.17 4.32 ± 0.74  < 0.001

 hs-CRP, mg/L 3.14 ± 3.77 1.31 ± 1.74 2.34 ± 2.65 5.81 ± 4.64  < 0.001

 D-dimer, μg/mL 0.41 ± 0.65 0.37 ± 0.70 0.38 ± 0.52 0.48 ± 0.70  < 0.001

 TC, mmol/L 4.17 ± 1.09 4.00 ± 1.07 4.21 ± 1.08 4.30 ± 1.11  < 0.001

 HDL-C, mmol/L 1.02 ± 0.28 1.02 ± 0.27 1.03 ± 0.28 1.00 ± 0.28 0.060

 LDL-C, mmol/L 2.48 ± 0.92 2.34 ± 0.91 2.50 ± 0.91 2.59 ± 0.93  < 0.001

 TG, mmol/L 1.81 ± 1.12 1.75 ± 1.12 1.85 ± 1.13 1.83 ± 1.12 0.015

 Creatinine (μmol/L) 75.4 ± 16.0 74.5 ± 14.1 74.6 ± 15.4 77.0 ± 18.2  < 0.001

 Lesion vessels 1.4 ± 0.7 1.4 ± 0.6 1.4 ± 0.7 1.5 ± 0.7  < 0.001

 LM/three-vessel disease, % 2773 (45.2) 865 (41.8) 909 (44.7) 999 (49.0)  < 0.001

 SYNTAX  scorea 12.0 ± 8.2 11.2 ± 7.8 11.9 ± 8.2 12.8 ± 8.5  < 0.001

 Complete revascularization, % 3310 (53.9) 1201 (58.0) 1090 (53.6) 1019 (50.0)  < 0.001

 Number of stents 1.8 ± 1.2 1.8 ± 1.1 1.8 ± 1.2 1.9 ± 1.2 0.148

 DES implantation, % 5778 (94.1) 1941 (93.8) 1923 (94.6) 1914 (93.9) 0.520

Medications at discharge, %

 Aspirin 6077 (99.0) 2051(99.1) 2011(98.9) 2015(98.9) 0.680

 Clopidogrel 6020 (98.0) 2023(97.8) 1997(98.2) 2000(98.1) 0.542

 β-blocker 5609 (91.4) 1878(90.8) 1868(91.9) 1863(91.4) 0.443

 ACEI/ARB 3150 (51.3) 983(47.5) 1049(51.6) 1118(54.9)  < 0.001

 CCB 2875 (46.8) 952(46.0) 973(47.9) 950(46.6) 0.482

 Statin 5923 (96.5) 2002(96.8) 1963(96.6) 1958(96.1) 0.473

 Nitrate 5984 (97.5) 2021(97.7) 1981(97.4) 1982(97.3) 0.683

http://www.syntaxscore.com/
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well as tertiles of FIB with all-cause mortality (adjusted HR: 1.23; 95% CI 1.07–1.42 per 1 unit increase in FIB; 
P = 0.004) and cardiac mortality (adjusted HR: 1.31; 
95% CI 1.10–1.55 per 1 unit increase in FIB; P = 0.003) 

Table 2 Baseline characteristics for patients with different glycemic metabolism status

Values are presented as mean ± standard deviation or number (%)

ACEI angiotensin-converting enzyme inhibitors, ACS acute coronary syndrome, ARB angiotensin II receptor blockers, BMI body mass index, CAD coronary artery 
disease, CABG coronary artery bypass grafting, CCB calcium channel blocker, DES drug-eluting stent, FIB fibrinogen, FBG fasting blood glucose, hs-CRP high sensitivity 
C-reactive protein, HbA1c Hemoglobin A1c, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, LM left main disease, LVEF left 
ventricular ejection fraction, MI myocardial infarction, PCI percutaneous coronary intervention, SAP stable angina pectoris, TC total cholesterol, TG triglycerides
a Calculated using an online calculator (http:// www. synta xscore. com/) by a dedicated research group blinded to the clinical data

Variables Total (n = 6140) NG (n = 1394) Pre‑DM (n = 2884) DM (n = 1862) P value

Age, years 58.4 ± 10.4 55.9 ± 10.8 58.9 ± 10.4 59.4 ± 9.8  < 0.001

Male, % 4771 (77.7) 1138(81.6) 2224(77.1) 1409(75.7)  < 0.001

BMI, kg/m2 25.9 ± 3.2 25.7 ± 3.1 25.8 ± 3.2 26.2 ± 3.2  < 0.001

Hypertension, % 3930 (64.0) 830(59.5) 1791(62.1) 1309(70.3)  < 0.001

Dyslipidemia, % 4241 (69.1) 906(65.0) 1910(66.2) 1425(76.5)  < 0.001

Family history of CAD, % 1433 (23.3) 355(25.5) 653(22.6) 425(22.8) 0.101

Smoking, % 3496 (56.9) 810(58.1) 1664(57.7) 1022(54.9) 0.098

Prior MI, % 1219 (19.9) 265(19.0) 567(19.7) 387(20.8) 0.426

Prior PCI or CABG, % 1581 (25.7) 322(23.1) 729(25.3) 530(28.5) 0.002

Prior stroke, % 658 (10.7) 130(9.3) 279(9.7) 249(13.4)  < 0.001

Clinical presentation, %  < 0.001

 SAP 2572 (41.9) 537 (38.5) 1193 (41.4) 842 (45.2)

 ACS 3568 (58.1) 857 (61.5) 1691 (58.6) 1020 (54.8)

 LVEF, % 63.0 ± 7.2 63.0 ± 7.2 63.3 ± 7.1 62.6 ± 7.4  < 0.001

 FBG, mmol/L 6.1 ± 2.0 4.7 ± 0.4 5.2 ± 0.6 7.3 ± 2.5 0.009

 HbA1c, % 6.6 ± 1.2 5.4 ± 0.2 6.0 ± 0.2 7.5 ± 1.3  < 0.001

 FIB, mg/dL 3.40 ± 0.84 3.32 ± 0.85 3.39 ± 0.85 3.47 ± 0.82  < 0.001

 hs-CRP, mg/L 3.14 ± 3.77 3.06 ± 3.82 3.11 ± 3.71 3.26 ± 3.82 0.260

 D-dimer, μg/mL 0.41 ± 0.65 0.38 ± 0.50 0.42 ± 0.65 0.42 ± 0.73 0.376

 TC, mmol/L 4.17 ± 1.09 4.18 ± 1.10 4.21 ± 1.08 4.10 ± 1.10 0.004

 HDL-C, mmol/L 1.02 ± 0.28 1.01 ± 0.28 1.04 ± 0.28 0.99 ± 0.27  < 0.001

 LDL-C, mmol/L 2.48 ± 0.92 2.50 ± 0.94 2.51 ± 0.92 2.41 ± 0.90 0.001

 TG, mmol/L 1.81 ± 1.12 1.78 ± 1.09 1.75 ± 0.94 1.92 ± 1.37  < 0.001

 Creatinine (μmol/L) 75.4 ± 16.0 75.6 ± 15.9 75.5 ± 15.2 75.0 ± 17.3 0.485

 Lesion vessels 1.4 ± 0.7 1.4 ± 0.6 1.4 ± 0.7 1.5 ± 0.7  < 0.001

 LM/three-vessel disease, % 2773 (45.2) 567 (40.7) 1224 (42.4) 982 (52.7)  < 0.001

 SYNTAX  scorea 12.0 ± 8.2 11.7 ± 7.9 11.7 ± 8.1 12.6 ± 8.5 0.001

 Complete revascularization, % 3310 (53.9) 798 (57.2) 1646 (57.1) 866 (46.5)  < 0.001

 Number of stents 1.8 ± 1.2 1.8 ± 1.1 1.8 ± 1.1 1.9 ± 1.3 0.028

 DES implantation, % 5778 (94.1) 1323 (94.9) 2730 (94.7) 1725 (92.6) 0.006

Medications at discharge, %

 Aspirin 6077 (99.0) 1372(98.4) 2859(99.1) 1846(99.1) 0.067

 Clopidogrel 6020 (98.0) 1366(98.0) 2827(98.0) 1827(98.1) 0.959

 β-blocker 5609 (91.4) 1250(89.7) 2622(90.9) 1737(93.3) 0.001

 ACEI/ARB 3150 (51.3) 697(50.0) 1396(48.4) 1057(56.8)  < 0.001

 CCB 2875 (46.8) 604(43.3) 1341(46.5) 930(49.9) 0.001

 Statin 5923 (96.5) 1332(95.6) 2801(97.1) 1790(96.1) 0.022

 Nitrate 5984 (97.5) 1358(97.4) 2820(97.8) 1806(97.0) 0.240

http://www.syntaxscore.com/
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remained statistically significant after adjustment for 
potential confounders (Table 4).

Glycemic metabolism, FIB levels and occurrence 
of all‑cause mortality
The prevalence of all-cause mortality in NG, Pre-DM and 
DM group was 2.4%, 3.3% and 4.7%, respectively. The 
Kaplan–Meier curve demonstrated that patients with 
DM had significantly increased risk of all-cause mortal-
ity and cardiac mortality among the three groups (all 
log-rank P < 0.05) (Fig. 3b, Additional file 1: Figure S2b). 
Univariate Cox analysis revealed that DM group had 
1.91-fold higher risk of all-cause mortality (HR: 1.91; 95% 
CI 1.28–2.84; P = 0.001) and 2.18-fold higher risk of car-
diac mortality (HR: 2.18; 95% CI 1.28–3.37; P = 0.004) 
when compared with NG group. And this significant 
association remained unchanged after adjustment 
for other covariates. However, Pre-DM group did not 
increase the risk of all-cause mortality and cardiac mor-
tality compared with NG group (Fig. 4, Additional file 1: 
Figure S3).

When patients were evaluated according to both gly-
cemic metabolism and FIB levels, the Kaplan–Meier 
curve showed that those with DM and FIB-H levels had 
significantly highest risk of all-cause mortality compared 
with the reference group (NG plus FIB-L group, log rank 
P < 0.001). Furthermore, NG plus FIB-H, Pre-DM plus 
FIB-M, Pre-DM plus FIB-H and DM plus FIB-M groups 
also had significantly increased risk of all-cause mortal-
ity than the reference group (NG plus FIB-L group, all 
log rank P < 0.05) (Fig.  3c). The further univariate Cox 
analysis revealed similar results. Multivariate Cox analy-
sis according to both glycemic metabolism and FIB lev-
els indicated that patients in Pre-DM plus FIB-H, DM 

plus FIB-M and DM plus FIB-H groups had 2.27-fold 
(adjusted HR: 2.27; 95% CI 1.01–5.12), 2.57-fold (adjusted 
HR: 2.57; 95% CI 1.12–5.89) and 3.04-fold (adjusted HR: 
3.04; 95% CI 1.35–6.82) higher risk of all-cause mortality, 
respectively (all P < 0.05) (Table 5).

Discussion
Using a large, real-world, prospective cohort sample, 
we found that FIB positively correlated with glycemic 
metabolism in CAD patients undergoing PCI. Moreover, 
higher FIB levels, analyzed as continuous or categorical 
variables, were strongly associated with increased risk 
of long-term all-cause and cardiac mortality. Further-
more, poorer long-term outcomes were also found in 
diabetic patients, but not in prediabetic patients. Inter-
estingly, when patients were categorized into 9 groups 
according to both FIB levels and glycemic metabolism 
status, patients with pre-DM plus high FIB levels, DM 
plus medium FIB levels and DM plus high FIB levels had 
increased risk of all-cause mortality than those with NG 
and low FIB levels. For the first time, our study demon-
strated that FIB might affect the long-term prognosis in 
CAD patients with pre-DM undergoing PCI, and indi-
cated a joint prognostic value of FIB levels and impaired 
glycemic metabolism on mortality in CAD patients 
undergoing PCI.

FIB is a crucial glycoprotein consisting of three dif-
ferent polypeptides, which is mainly synthesized in the 
liver15. Upon action of thrombin, FIB is transformed into 
fibrin monomer which then crosslinks platelets, increases 
blood viscosity and ultimately leads to clot formation3. 
Besides, FIB levels are elevated in response to various 
chronic inflammatory conditions, including DM, obesity 
and atherosclerosis7, 12, 16. It is also directly involved 
in the pathogenesis of atherosclerosis through multiple 
mechanisms, such as inducing endothelial dysfunction, 
stimulating smooth muscle cell proliferation and migra-
tion, facilitating monocyte or macrophage adhesion and 
infiltration of atherosclerotic lesions, which will jointly 
potentiate plaque evolution17.

To date, studies have been conducted on the prognos-
tic value of FIB in different clinical settings. Aside from 
the positive association with all-cause and CVD mortal-
ity in general individuals6, 18, 19, FIB was reported to be 
an independent risk factor of the occurrence and severity 
of CAD20. Further, both small sample and large epide-
miological studies showed that FIB was associated with 
worse clinical outcomes in patients with stable CAD10, 
21, 22. A recent prospective study from China indicated 
elevated FIB was also strongly associated with MACE 
risk in ACS patients, especially when complicated with 
DM9. Similarly, the present study found FIB had an inde-
pendent association with long-term all-cause and cardiac 

Table 3 Correlation analysis between glycemic metabolism and 
FIB in patients with DM, without DM and whole

DM diabetes mellitus, FBG fasting blood glucose, FIB fibrinogen, HbA1c 
Hemoglobin A1c, SEM standard error of estimate

Variables Adjusted  R2 Coefficient Standard β SEM P value

Whole

 HbA1c, % 0.018 0.133 0.133 0.009  < 0.001

 FBG, 
mmol/L

0.012 0.111 0.111 0.005  < 0.001

DM

 HbA1c, % 0.026 0.162 0.163 0.013  < 0.001

 FBG, 
mmol/L

0.012 0.111 0.111 0.007  < 0.001

Non-DM

 HbA1c, % 0.012 0.112 0.111 0.020  < 0.001

 FBG, 
mmol/L

0.009 0.097 0.096 0.012  < 0.001
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Fig. 2 Correlation analysis of the relationship between glycemic metabolism and FIB. a Linear regression analysis of the relationship between 
glycemic metabolism (HbA1c and FBG) and FIB in whole patients. b Correlation analysis of the relationship between glycemic metabolism (HbA1c 
and FBG) and FIB in patients with DM. c Correlation analysis of the relationship between glycemic metabolism (HbA1c and FBG) and FIB in patients 
without DM. DM, diabetes mellitus, FBG, fasting blood glucose, FIB, fibrinogen, HbA1c, hemoglobin A1c
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Fig. 3 Kaplan–Meier analysis for all-cause death according to different FIB levels (a), glycemic metabolism status (b), and status of both FIB levels 
and glycemic metabolism (c)
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mortality in CAD patients undergoing PCI. Instead, 
the ADVANCE study including 3,865 diabetic patients 
showed FIB was not an independent predictor of 5-year 
mortality. It is worth noting that only limited number of 
patients in the ADVANCE study underwent coronary 
revascularization, while in our study all patients were 
treated with PCI [23]. The PRIME study including 926 
men aged 50 to 59 without CAD found that FIB was not 
a risk marker of MI-coronary death. The differences in 
endpoints and sample size might contribute to the differ-
ence in results between this study and ours24. The EPIC-
Norfolk study including 16,850 participants who were 
free of cancer, MI and stroke at baseline found that FIB 

was not a predictor of all-cause and cardiovascular mor-
tality. However, the data used in the EPIC-Norfolk cohort 
are rather old and the serum used for measuring FIB 
and other biomarkers was stored frozen for more than 
ten years, which might limit the reliability of the results 
25. Notably, none of these studies focused only on CAD 
population. This may be another possible explanation 
for the controversy between these studies and our find-
ings. In spite of the conflicting findings mentioned above, 
data from the latest clinical trials confirmed the benefit 
of anti-inflammatory effect both in patients with chronic 
coronary disease and acute MI26, 27. Considering the 
role of FIB as an inflammatory biomarker, additional 

Table 4 Predictive value of the FIB level for all-cause death and cardiac death in univariate and multivariate analysis

Model adjusted for age, sex, BMI, hypertension, diabetes, family history of CAD, prior PCI/CABG, LVEF, LDL-C, creatine, DES implantation, clopidogrel, ACEI/ARB

CI confidence interval, FIB fibrinogen

Variables Events/subjects Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

All-cause death 214/6140

FIB (per 1-unit increase) 1.36 (1.20–1.55)  < 0.001 1.23 (1.07–1.42) 0.004

FIB-L 43/2069 Reference – Reference –

FIB-M 75/2033 1.81 (1.24–2.63) 0.002 1.72 (1.18–2.51) 0.005

FIB-H 96/2038 2.35 (1.64–3.36)  < 0.001 1.86 (1.28–2.69) 0.001

Cardiac death 127/6140

FIB (per 1-unit increase) 1.46 (1.25–1.71)  < 0.001 1.31 (1.10–1.55) 0.003

FIB-L 28/2069 Reference – Reference –

FIB-M 36/2033 1.33 (0.81–2.18) 0.259 1.26 (0.76–2.07) 0.369

FIB-H 63/2038 2.36 (1.51–3.68)  < 0.001 1.82 (1.15–2.89) 0.011

Fig. 4 Relations of different glycemic metabolism status and all-cause death in univariate and multivariate survival analysis. Model adjusted for age, 
sex, BMI, hypertension, family history of CAD, prior PCI/CABG, LVEF, LDL-C, creatine, DES implantation, clopidogrel, ACEI/ARB. CI, confidence interval; 
NG, normoglycemia, Pre-DM, prediabetes; DM, diabetes mellitus
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studies are warranted to further evaluate whether FIB 
could be helpful to identify high-risk individuals in CAD 
patients.

Currently, glycemic metabolism abnormality includ-
ing DM and pre-DM is prevalent in clinical practice, 
especially in patients with established CAD11. It has 
been previously demonstrated that DM independently 
increased the risk of adverse CVD events in CAD 
patients28. Notably, CAD patients with pre-DM seemed 
to share similar clinical outcomes with those with nor-
moglycemia10, 29. However, when combined with other 
disorders, such as dyslipidemia or hypertension, predia-
betic patients with CAD were demonstrated to have sig-
nificantly less favorable prognosis30–32. Interestingly, a 
large-sample observational study recently reported that 
elevated FIB increased the MACE risk in patients with 
stable CAD only in the presence of DM and pre-DM, 
indicating FIB to be valuable for prognostic assessment 
in prediabetic patients with stable CAD10. However, the 
combined value of FIB and impaired glycemic metabo-
lism on prediction of mortality in CAD patients under-
going PCI is still unclear. In this study, we observed that 
among CAD patients undergoing PCI, diabetic individu-
als with medium or high FIB levels had 2.57-fold and 
3.04-fold higher risk of mortality respectively during a 
median follow-up of 5.1 years. Furthermore, prediabetic 
patients also had higher mortality risk in the subgroup 
of high FIB levels, indicating that FIB may be useful for 

further risk stratification in CAD patients with mild 
impaired glycemic metabolism after PCI.

Patients with DM were confirmed to have higher lev-
els of plasma FIB12. Chronic mild inflammation is a 
recognized pathological mechanism of DM33. Elevated 
FIB existing in diabetic patients aggravates the inflam-
matory process and the burden of atherosclerosis4, 34. 
FIB also involves in insulin resistance and impair the 
normal glycemic regulation13. Moreover, elevated FIB 
could weaken platelet inhibition with clopidogrel in the 
presence of DM35. And this effect is mediated through 
its direct interaction with the GP IIb/IIIa receptor, 
which is independent from inflammation. Indeed, our 
study found that the average levels of FIB elevated from 
NG, pre-DM to DM. Moreover, FIB was also positively 
associated with glycemic metabolism (HbA1c and FBG) 
both in CAD patients with or without DM, which was 
basically consistent with the prior studies9, 10. Collec-
tively, although without established causality, the pre-
sent study revealed a significant association between 
FIB and glycemic metabolism, as well as the long-term 
mortality in CAD patients undergoing PCI. Given the 
relatively simple and cost-effective test of FIB, these 
findings encourage its potential value as a biomarker in 
this specific population to identify high-risk patients, 
especially in those with DM and pre-DM. Meanwhile, 
the importance of routine screening for impaired glyce-
mic metabolism also cannot be neglected.

Another issue to be discussed is the potential signifi-
cance of lowering FIB levels in this specific population. 
Previous evidence showed the contribution of some 
lifestyle factors such as smoking, sedentary behavior 
and unhealthy diet to the elevation of plasma FIB lev-
els36–38. On the contrary, exercise training significantly 
reduced FIB levels and improved cardiorespiratory fit-
ness39. Therefore, lifestyle modification for patients with 
high FIB levels to achieve clinically favorable outcomes 
may be a reasonable exploration. In addition to plasmin, 
several medications such as fibrates are known to reduce 
FIB levels as an additional effect40. However, to date, no 
medication can specifically reduce FIB levels in the long 
run. Future studies are warranted to investigate whether 
patients could benefit from pharmacologic intervention 
on the premise that specific drug targeting FIB on a long-
term basis is discovered.

This study has some limitations. First, FIB data at 
baseline was not available in about 40% patients, which 
might impair the strength of our study. Second, gly-
cemic evaluation to identify new-onset diabetes and 
prediabetes was not routinely performed during follow-
up. Third, information on other coagulation param-
eters such as prothrombin time (PT), activated partial 
thromboplastin time (APTT) and thrombin time (TT) 

Table 5 Relation of the FIB level and all-cause death in patients 
with different glycemic metabolism status

Model adjusted for age, sex, BMI, hypertension, diabetes, family history of CAD, 
prior PCI/CABG, LVEF, LDL-C, creatine, DES implantation, clopidogrel, ACEI/ARB

CI confidence interval, FIB fibrinogen, NG normoglycemia, Pre-DM prediabetes, 
DM diabetes mellitus

* P value < 0.05, ** P value < 0.01

Variables Events/subjects HR (95% CI)

214/6140 Crude model Adjusted model

NG

 FIB-L 7/537 Reference Reference

 FIB-M 13/433 2.35 (0.94–5.87) 2.08 (0.83–5.22)

 FIB-H 14/424 2.62 (1.06–6.49) * 1.96 (0.79–4.89)

Pre-DM

 FIB-L 21/1011 1.59 (0.68–3.74) 1.24 (0.53–2.93)

 FIB-M 33/944 2.73 (1.21–6.12) * 2.17 (0.96–4.93)

 FIB-H 40/929 3.40 (1.52–7.58) ** 2.27 (1.01–5.12) *

DM

 FIB-L 15/521 2.23 (0.91–5.46) 1.67 (0.68–4.10)

 FIB-M 29/656 3.45 (1.51–7.89) ** 2.57 (1.12–5.89) *

 FIB-H 42/685 4.91 (2.20–10.92) ** 3.04 (1.35–6.82) 
**
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were not collected previously. Fourth, the study 
period was relatively short and nearly 10% of patients 
were lost to follow-up. A longer follow-up such as ten 
years would be beneficial. Fifth, due to the observa-
tional design, potential confounders cannot be fully 
controlled.

Conclusions
FIB was independently associated with long-term 
all-cause and cardiac mortality among CAD patients 
undergoing PCI, especially in those with DM and Pre-
DM. FIB test may help to identify high-risk individuals 
in this specific population.
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