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Abstract
Objectives  The aim of this study was to investigate the 
association of serum fibrinogen with cardiovascular events 
(CVE) in Chinese patients with type 2 diabetes mellitus 
(T2DM) and stable coronary artery disease (CAD).
Design  An observational study.
Setting  FuWai Hospital in Beijing, China.
Participants  A cohort of 1466 patients with T2DM and 
angiographic-proven stable CAD was evaluated.
Outcome measures  Baseline serum fibrinogen levels 
were measured and trisected into ‘low’, ‘middle’ and 
‘high’. Their association with CVE was explored using Cox 
proportional hazard models.
Results  With 20.2 months (average) follow-up, 44 (3%) 
were lost to follow-up and 96 patients developed CVE. 
Compared with the patients without CVE, the ones who 
developed CVE had higher levels of fibrinogen. Univariable 
regression revealed a significant relation of fibrinogen to 
CVE (HR (HR) 1.25, 95% CI 1.06 to 1.47, p=0.010) per 
SD increase of fibrinogen at baseline. After adjusting for 
multiple established cardiovascular disease (CVD) risk 
factors, the association persisted (HR 1.30, 95% CI 1.02 
to 1.66, p=0.037). Moreover, after adjusting for CVD 
risk factors, the HRs for middle-serum and high-serum 
fibrinogen concentration, using ‘low’ group as reference, 
were 1.23 (95% CI 0.69 to 2.20) and 2.20 (95% CI 1.11 to 
3.36, p=0.049).
Conclusions  We first indicated that elevated fibrinogen 
level was independently associated with increased CVE in 
Chinese patients with T2DMand stable CAD.

Introduction
Fibrinogen, as a marker of thrombosis and 
inflammation, is associated with cardiovascular 
diseases (CVD). It has been demonstrated 
that elevated fibrinogen level is significantly 
associated with intima-media thickness and 
subclinical atherosclerosis.1–5 Also, previous 
study revealed that fibrinogen independently 
predicted future ischaemic stroke risk and inci-
dent hypertension.6–8 What is more, fibrinogen 

has been well established to be a strong and 
independent cardiovascular risk factor in 
general population.8–12 Data suggested that 
baseline plasma fibrinogen level could predict 
cardiovascular events (CVE) in general indi-
viduals and non-diabetics.3 9 10 13

It is worthy of mentioning that individ-
uals with type two diabetes mellitus (T2DM) 
have higher levels of plasma fibrinogen 
compared with those without T2DM.8 14 The 
most common cause for mortality in patients 
with DM is coronary artery disease (CAD). 
Thereby, it is logically hypothesised that 
hyperfibrinogenaemia could contribute to 
increase CVE in this disease. However, studies 
on the role of fibrinogen in cardiovascular 
outcomes in diabetes are both limited and 
controversial.6 15–17

Based on such situation and combined with 
a fact that no data are currently available so far 
with regard to the relationship between fibrin-
ogen and CVE in patients with T2DM and stable 
CAD, we, therefore, performed a prospective 
observational study of the association of base-
line plasma fibrinogen and the risk of CVE in 
patients with diabetes and stable CAD.
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Strengths and limitations of this study

►► We, for the first time, reported that baseline fibrinogen 
was associated with cardiovascular events (CVEs) in 
Chinese patients with type 2 diabetes (T2DM) and 
stable coronary artery disease (CAD).

►► The number of CVEs was relatively small and the 
follow-up duration was relatively short, so further 
study is needed.

►► We just investigated whether the one-time baseline 
level of fibrinogen was a predictor of short-term 
outcome in patients withT2DM and stable CAD.
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Patients and methods
Study population
In this study, consecutive patients hospitalised in our divi-
sion were screened between April 2011 and July 2015 for 
the following inclusion criteria: over the age of 18 years, 
T2DM and angiographic-proven stable CAD. Exclusion 
criteria were acute coronary syndrome (ACS), in-hospital 
cardiac death at first admission in our division, unavailable 
data of baseline fibrinogen concentration, the existence 
of any infectious or systematic inflammatory diseases, 
significant haematologic disorders, thyroid dysfunc-
tion, severe liver insufficiency (transaminases >10 times 
upper reference levels) and/or severe renal insufficiency 
(end-stage renal disease or chronic dialysis treatment) 
and malignant tumours. According to the inclusion and 
exclusion criteria, a total of 1466 eligible patients were 
enrolled (figure 1). The study was performed according 
to the Declaration of Helsinki, and the hospital ethics 
review board (Fuwai Hospital and National Center for 
Cardiovascular Diseases, Beijing, China) approved the 
protocol. All the subjects gave written informed consent.

Biochemical analysis and baseline examination
Overnight fasting blood samples were drawn from each 
patient at admission and centrifuged at room tempera-
ture within 2 hours. As described in our previous 
studies,18 19 the plasma levels of fibrinogen were 

quantitatively measured by the method of Clauss and a 
Stagoauto analyser with STA Fibrinogen kit (Diagnostic 
Stago, Taverny, France). Glucose, haemoglobinA1c 
(HbA1c), uric acid and lipid profile were determined 
by standard methods. The concentrations of high-sensi-
tivity C-reactive protein (hs-CRP) were determined using 
immunoturbidimetry (Beckmann Assay 360, Bera, Cali-
fornia, USA).

Height and weight were measured, and body mass index 
(BMI) (kg/m2) was calculated. DM was defined as a fasting 
plasma glucose  ≥126 mg/dL (7.0 mmol/L) in multiple 
determinations and/or the current use of medication for 
diabetes. Hypertension was defined as repeated blood 
pressure measurements ≥140/90/90 mm Hg (at least two 
times in different environments) or currently taking anti-
hypertensive drugs. Stable CAD was defined as typical 
angina-like chest pain brought on by exertion and relieved 
by rest or sublingual nitrates or both, a positive treadmill 
exercise test (>1 mm ST-segment depression) and stable 
obstructive lesion >50% in at least one of the three major 
coronary arteries or major branches assessed by at least 
two independent senior interventional cardiologists who 
had no knowledge of the patients’ clinical characteristics 
and biochemical results. Dyslipidaemia was considered to 
be present in patients if they had fasting total cholesterol 
≥200 mg/dL or triglyceride ≥150 mg/dL.

Figure 1  Flow chart of the study. CAD, coronary artery disease.
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Definition of events and follow-up
The primary outcomes were CVE. CVE were defined 
as the cardiac death, stroke, non-fatal myocardial 
infarction (MI), postdischarge revascularisation (percu-
taneous coronary intervention  (PCI)/coronary artery 
bypass grafting  (CABG)) due to clinical deterioration 
or unstable angina (UA).The follow-up data collection 

was performed by the trained nurses or cardiologists 
who were blinded to the aim of this study by means of 
standardised telephone interviews at 6-month intervals. 
Follow-up time was calculated as the number of months 
from the enrolment up  to the last traceable hospital 
outpatient or inpatient record or telephone interview 
before March 2016, and was censored on the date of 

Table 1  Characteristics of the study cohort with and without cardiovascular events of myocardial infarction, cardiac death, 
myocardial revascularisation and fatal or non-fatal stroke

CVE (n=96) No CVE (n=1326) p-Value

Age (years) 58.54±10.65 59.29±9.81 0.473

Body mass index (kg/m2) 26.32±3.07 26.22±3.21 0.790

Gender, men, % (n) 70.8 (68) 70.7 (938) 0.984

Dyslipidaemia, % (n) 88.5 (85) 80.6 (1068) 0.055

Hypertension, % (n) 78.1 (75) 72.9 (966) 0.265

Current smoking, % (n) 56.3 (54) 51.2 (679) 0.343

Duration of diabetes (years) 10.24±6.66 8.64±6.50 0.151

Previous PCI, % (n) 22.9 (22) 24.0 (318) 0.810

Previous CABG, % (n) 1.0 (1) 3.4 (45) 0.208

Family history of CAD, % (n) 17.7 (17) 14.8 (195) 0.224

Systolic blood pressure (mm Hg) 124.94±14.64 127.86±16.41 0.117

Diastolic blood pressure (mm Hg) 74.93±9.12 77.01±10.17 0.071

Left ventricle ejection fraction (%) 60.4±10.2 63.7±8.0 <0.001

Total cholesterol (mmol/L) 4.10±1.16 4.10±1.21 0.962

HDL-cholesterol (mmol/L) 0.98±0.28 1.03±0.27 0.126

LDL-cholesterol (mmol/L) 2.44±0.99 2.46±0.96 0.827

Triglycerides (mmol/L) 1.79 (1.28, 2.53) 1.56 (1.18, 2.21) 0.054

Apo A1 (g/L) 1.36±0.37 1.32±0.28 0.140

Apo B (g/L) 0.99±0.34 0.94±0.33 0.113

HbA1c (%) 7.89±1.54 7.50±1.33 0.007

Glucose (mmol/L) 7.52±2.68 7.18±2.28 0.155

hs-CRP, mg/L 1.83 (1.08, 4.47) 1.54 (0.77, 3.23) 0.017

Uric acid (µmol/L) 368.39±96.44 340.26±93.36 0.005

eGFR (mL/min) 82.03±24.55 80.12±25.58 0.471

Fibrinogen (g/L) 3.52±0.85 3.30±0.8 0.015

Medication

 � Statin, % (n) 69.8 (67) 71.9 (953) 0.707

 � Aspirin, % (n) 88.1 (84) 86.7 (1149) 0.794

 � Beta-blocker, % (n) 52.4 (50) 48.2 (639) 0.601

 � Calcium channel blocker 11.5 (11) 20.7 (275) 0.166

 � ACEI/ARB 30.0 (29) 26.5 (351) 0.521

 � OADs, % (n) 48.9 (47) 54.3 (720) 0.296

 � Insulin, % (n) 27.1 (26) 25.8 (342) 0.813

 �  OADs+insulin, % (n) 13.5 (13) 19.9 (264) 0.215

Data are presented as mean ± SD, median (25th, 75th percentiles) or % (n).
p-values <0.05 in bold. 
ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker; Apo, apolipoprotein; CVE, cardiovascular events; eGFR, 
estimated glomerular filtration rate; HbA1c, glycosylated haemoglobin type A1C; HDL, high-density lipoprotein; hs-CRP, high-sensitivity 
C-reactive protein; LDL, low-density lipoprotein; OADs, oral antidiabetic drugs. 
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the first CVE. Death of a participant was reported by 
relatives or the general practitioner who treated the 
participant. Three experienced physicians who were 
blinded to any of the study data independently classi-
fied the events.

Statistical analysis
Continuous variables were presented as mean±SD or 
median (25th, 75th percentiles) and categorical vari-
ables as percentages. Fibrinogen levels were trisected 
into ‘low’ (≤2.91 g/L), ‘middle’ (2.91–3.51 g/L) and 
‘high’ (≥3.51 g/L). Comparisons of continuous base-
line data between two or more groups were performed 
with Student t-test and analysis of variance, respectively, 
and χ2 test was used to compare categorical data. Krus-
kal-Wallis H test was used for non-normal variables. 
Test for linear trend (Jonckheere-Terpstra test) was 
performed by assigning median value for each tertile 
and treated as continuous variables.

Participants who were lost during follow-up were treated 
as censored observations and not used for follow-up anal-
ysis. Using the Cox proportional hazards model, HRs of 
CVE, with 95% CIs were calculated using crude models as 

well as models adjusted for potential confounding factors. 
A p<0.05 for two-sided testing was considered statistically 
significant. The statistical analysis was performed with 
SPSS V.19.0.

Results
Baseline characteristics
The baseline demographic, clinical characteristics and 
laboratory findings of the study cohort classified by 
outcome status (with CVE or not) were listed in table 1. 
Compared with the patients without CVE, the ones who 
developed CVE had lower left ventricle ejection fraction 
(LVEF) but higher levels of fibrinogen, HbA1c, hs-CRP 
and uric acid. Meanwhile, we found that there is a 
tendency to higher fasting triglyceride level in CVE group 
(p=0.054). In addition, there is no significant difference 
in age, BMI, gender, status of hypertension, smoking 
status and medical history between the patients with or 
without CVE.

Table  2  compared the baseline cardiovascular risk 
profiles of the study population, divided into ‘low’ 
(≥2.91 g/L), ‘middle’ (2.91–3.51 g/L) and ‘high’ 

Table 2  Baseline characteristics of the cohort of the diabetic patients with stable CAD according to serum fibrinogen levels at 
baseline

Variables

Fibrinogen tertiles (g/L)

p-ValueLow (≤2.91)(n=476) Middle (2.91–3.51)(n=476) High (≥3.51)(n=470)

Age (years) 58.65±9.66 59.16±9.69 59.91±10.22 0.142

BMI (kg/m2) 26.21±3.08 26.18±2.92 26.30±3.58 0.838

Gender, men, % (n) 78.4 (373) 68.5 (326) 65.3 (307) <0.001

Dyslipidaemia, % (n) 80.5 (383) 81.1 (385) 81.9 (385) 0.848

Hypertension, % (n) 71.4 (340) 72.0 (342) 76.4 (359) 0.170

Current smoking, % (n) 53.2 (253) 53.3 (253) 48.3 (227) 0.219

SBP (mm Hg) 126.82±15.45 127.57±17.08 127.58±17.04 0.723

DBP (mm Hg) 76.60±10.00 77.07±10.26 76.64±10.15 0.731

TC (mmol/L) 3.86±1.05 4.17±1.17 4.27±1.24 <0.001

HDL-C (mmol/L) 1.02±0.25 1.03±0.26 1.03±0.30 0.739

LDL-C (mmol/L) 2.28±0.89 2.52±0.94 2.60±1.01 <0.001

Triglycerides (mmol/L) 1.57 (1.12, 2.13) 1.60 (1.24, 2.34) 1.54 (1.19, 2.17) 0.092

HbA1C (%) 7.23±1.23 7.52±1.28 7.84±1.46 <0.001

Glucose (mmol/L) 6.81±2.10 7.22±0.32 7.58±2.43 <0.001

hs-CRP, mg/L 0.88 (0.52, 1.45) 1.54 (0.82, 2.71) 3.64 (1.83, 8.34) <0.001

Uric acid (µmol/L) 340.93±95.56 339.06±86.97 346.60±98.62 0.441

CVD events, % (n) 5.0 (24) 5.7 (27) 9.6 (45) 0.011

Duration of diabetes (years) 9.03±6.82 8.89±6.03 10.83±6.83 0.356

Gensini score 28 (19, 49) 30 (16, 56) 33 (17, 61) 0.315

Fibrinogen (g/L) 2.55±0.31 3.21±0.16 4.20±0.74 <0.001

Data are presented as mean ± SD, median (25th, 75th percentiles) or % (n). CVD events: myocardial infarction, cardiac death, myocardial 
revascularisation and fatal or non-fatal stroke. 
BMI, body mass index; CAD, coronary artery disease; CVD, cardiovascular disease events: myocardial infarction, cardiac death, myocardial 
revascularisation and fatal or non-fatal stroke; DBP, diastolic blood pressure; HbA1c, glycosylated haemoglobin type A1C; HDL-C, high-
density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood 
pressure; TC, total cholesterol.
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(≥3.51 g/L) subgroups on the basis of the fibrinogen 
concentration. The patients with middle and high levels 
of fibrinogen had higher percentage of CVE, female and 
higher levels of hs-CRP, total cholesterol, low-density lipo-
protein cholesterol (LDL-C), HbA1c and fasting glucose 
compared with the ‘low’ group. No significant difference 
was found in age, BMI, blood pressure and smoking 
status.

Outcomes
The average follow-up time was 20.2 months (range from 
0.4 to 49.3). During the follow-up period, 96 patients expe-
rienced cardiovascular event: 19 (19.8%) non-fatal MIs, 
55 (57.3%) myocardial revascularisation procedures (PCI 
or CABG) because of clinical deterioration, 15 (15.6%) 
strokes and 7 (7.3%) cardiac deaths. We calculated the 
number of new events per 100 person-years, namely, 
2.0047/100 per 100 person-years. Patients who  suffered 
ACS and underwent revascularisation procedures were 
assigned once in the analysis. Of the 1466 patients with 
diabetes and stable coronary artery disease, 44 (3%) were 
lost to follow-up. Therefore, the data of 1422 participants 
were used for follow-up analysis.

HRs of fibrinogen for study outcomes
Univariable regression revealed significant associa-
tion between serum fibrinogen level at baseline and 
CVE (HR=1.25, 95% CI 1.06  to  1.47, p=0.010) per SD 
increase of serum fibrinogen at baseline. After adjusting 
for multiple established CVD risk factors, the associa-
tion persisted (HR=1.30, 95% CI 1.02 to 1.66, p=0.037) 
(table  3). Unadjusted HR for developing a CVE was 
significantly increased in the ‘high’ group compared 

with the ‘low’ group at baseline, and similar results were 
also found after adjusting for sex and age (figure  2). 
After adjusting for established CVD risk factors, the HR 
for middle and high serum fibrinogen concentration, 
using ‘low’ group as reference, were 1.23 (95% CI 0.69 to 
2.20) and 2.20 (95% CI 1.11 to 3.36)(p for trend 0.049)
(table 3).

Discussion
In this prospective observational study in single centre 
with a relative large sample size,  we, for the first time, 
found that baseline fibrinogen concentration was inde-
pendently associated with CVE in Chinese patients with 
T2DM with stable CAD. Although the study might be 
limited by follow-up duration, the present data provided 
novel and important information with regard to the key 
issue whether the baseline fibrinogen concentration 

Table 3  HRs for CVD events association with the plasma levels of fibrinogen (low, middle and high)

1 SD fibrinogen increase p-Value

Crude 1.25 (1.06 to 1.48) 0.010

Model 1 1.26 (1.06 to 1.49) 0.008

Model 2 1.25 (1.05 to 1.49) 0.013

Model 3 1.36 (1.07 to 1.72) 0.011

Model 4 1.34 (1.05 to 1.71) 0.017

Model 5 1.30 (1.02 to 1.66) 0.037

Model

HR (95% CI)

p for trendLow (Reference) Middle High

Crude 1.00 1.10 (0.64 to 1.91) 1.99 (1.21 to 3.26) 0.008

Model 1 1.00 1.10 (0.64 to 1.92) 2.00 (1.22 to 3.30) 0.007

Model 2 1.00 1.09 (0.63 to 1.89) 1.97 (1.19 to 3.26) 0.009

Model 3 1.00 1.14 (0.65 to 2.00) 2.15 (1.22 to 3.80) 0.012

Model 4 1.00 1.23 (0.69 to 2.19) 2.10 (1.16 to 3.80) 0.031

Model 5 1.00 1.23 (0.69 to 2.20) 2.02 (1.11 to 3.68) 0.049

Model 1: adjusted for sex and age; Model 2: Model 1+ total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein 
cholesterol, hypertension and smoking; Model 3: Model 2+ triglycerides, hs-CRP, and HbA1c; Model 4: Model 3+uric acid, body mass 
index and family history of CVD and Model 5: Model 4+left ventricle ejection fraction.
CVD, cardiovascular disease; HbA1c, glycosylated haemoglobin type A1C; hs-CRP, high sensitivity C-reactive protein.

Figure 2  Unadjusted (A) and adjusted by sex and age (B) 
cumulative hazard of cardiovascular events based on the 
levels of fibrinogen (low, middle and high).
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can be a marker for predicting the clinical outcomes in 
patients with T2DM and stable CAD.

Sufficient evidence has demonstrated that plasma 
fibrinogen is a risk factor for CVD in general popu-
lation,3 6 8–10 but the role of fibrinogen in diabetes 
remains controversial. Some previous studies demon-
strated that hyperfibrinogenaemia was an important 
risk factor for vascular complications in diabetes.20 For 
instance, a prospective cohort of 2329 patients with 
T1DM revealed that fibrinogen was significant and inde-
pendent predictor of coronary heart disease in men.15 
Moreover, increased fibrinogen level was shown to be 
associated with diabetic nephropathy in patients with 
T2DM.21 22 and T1DM.15 23 24Gargano Heart Study showed 
that fibrinogen was a predictor of incident major CVE 
after adjusting for sex, age, smoking habit and BMI 
status in patients with diabetes.25 In parallel, Bruno et al 
26reported that fibrinogen had an independent predictive 
effect on cardiovascular mortality in T2DM. Further-
more, Stehouwer et al27 revealed that baseline fibrinogen 
concentrations were strongly and independently associ-
ated with risk of all-cause death in patients with T2DM. On 
the contrary, some studies reported that the association 
between fibrinogen and incident CAD in patients with 
T2DM was non-significant via multivariable analyses.17 28 
As we well known, the major cause of death in T2DM is 
macrovascular complications, especially CAD. Hence, in 
this study, we enrolled angiographic-proven CAD patients 
with T2DM and tried to examine the role of fibrinogen in 
such a study population of patients with T2DM and CAD. 
We found that elevated fibrinogen level at baseline was 
associated with increased CVE in patients with T2DM and 
stable CAD. In  addition, we also found that fibrinogen 
was higher among those patients who developed a cardio-
vascular event compared with those who did not, which 
is in agreement with previous studies.9 13 To our knowl-
edge, this is the first time to investigate the relationship 
between fibrinogen and CVE in patients with T2DM and 
stable CAD.

Recently, the Action in Diabetes and Vascular Disease: 
Preterax and Diamicron Modified Release Controlled 
Evaluation  (ADVANCE) study  reported that baseline 
fibrinogen level was associated with an increased risk 
of macrovascular events and death in univariate anal-
ysis, but after further adjustment, fibrinogen was not an 
independent predictor of macrovascular.17 In this study, 
our finding is not consistent with the ADVANCE study, 
and we speculate that some reasons could explain it. 
First, the inclusive criteria are different: we chose the 
patients with T2DM and stable CAD, while the ADVANCE 
study chose the subjects with T2DM and a history of 
CVD (stroke, myocardial infarction, transient ischaemic 
attack, unstable angina, coronary or peripheral revascu-
larisation, amputation, macroalbuminuria, proliferative 
retinopathy or photocoagulation, macular oedema or 
blindness in one eye) or one or more additional cardio-
vascular risk factors. Second, despite the patients from 
many countries in the ADVANCE study, Chinese and 

Indians were excluded. Actually, there are ethnic differ-
ences in fibrinogen levels.29–32 Thus, whether the results 
also persist in Chinese is undetermined. Finally, the defi-
nitions of outcomes are different. In ADVANCE study, 
major macrovascular events were cardiovascular death, 
non-fatal myocardial infarction, or non-fatal stroke, while 
our cardiovascular events were defined as cardiac death, 
stroke, non-fatal MI, postdischarge revascularisation 
(PCI/CABG) due to clinical deterioration or UA. In addi-
tion, our previous cross-sectional study has revealed that 
plasma fibrinogen is associated with severity of CAD eval-
uated using Gensini score in patients with diabetes,19 
which partly supports our present finding. Furthermore, 
in this study, we found that 3.515(g/L) is a cut-off value of 
fibrinogen to predict CVEs in our cohort, which is consis-
tent with previous study.33

There were several limitations of this study. First, the 
number of events is relatively small to assess the prognostic 
value of fibrinogen. The conclusion needs to be testified 
by large-scale study in the future. Second, the follow-up 
duration was relatively short and longer follow-up will 
be required. Third, this sample population was collected 
prospectively from a single centre in China. Fibrinogen 
varies in race,29 so we do not know if our results would 
apply to other ethnic groups and studies from multiple 
centres are needed to test our finding. Finally, we just 
collected one-time baseline level of fibrinogen.

In conclusion, we found that fibrinogen was associ-
ated with CVE in Chinese patients with T2DM and stable 
CAD. Further studies are required to clarify the issue 
completely.
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