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Introduction

Chronic obstructive pulmonary disease (COPD) is a 
multicomponent disease comprising both lung and systemic 
effects that include airway remodelling, emphysema, 
chronic bronchitis, muscle wasting, and inflammatory 
response (1). This heterogeneity could also affect the 
prognosis and progression of the disease. Although forced 
expiratory volume in 1 s (FEV1) is the most commonly 

used marker to predict the severity and progression of the 
disease, airway limitation poorly correlates with symptoms 
or the progression of disease (2). Hence, exploring novel 
biomarkers for the risk stratification and assessment of 
therapeutic intervention is imperative. 

Fibrinogen is a glycoprotein synthesized in hepatocytes and 
released into blood circulation (3). Fibrinogen is an essential 
coagulation factor, and also plays a vital role as an acute-phase 
reactant. Elevated plasma fibrinogen levels have been reported 
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to be associated with a risk of COPD and other inflammatory 
diseases (4,5). Fibrinogen level might correlate with disease 
severity and exacerbation risk (6,7). Recently, United States 
Food and Drug Administration (FDA) and European 
Medicines Agency have considered plasma fibrinogen for 
qualification as a drug development tool (8).

Most studies on fibrinogen have been conducted in non-
Asian patients with COPD; therefore, this study aims to 
determine whether plasma fibrinogen could be a potential 
biomarker of disease severity and exacerbation rate in Asian 
patients with COPD.

Methods

Study design and patients

The Institutional Review Board (2017-0132) of Asan Medical 
Center approved this retrospective study and waived the 
need for informed consent. We reviewed the medical records 
of patients treated through an outpatient clinic between 
January 2013 and December 2016. We enrolled patients 
with COPD aged >40 years, for whom fibrinogen assessment 
results, without acute exacerbation for the previous 3 months 
were available. Exclusion criteria were as follows: lack of 
data regarding baseline lung function; diagnose of deep vein 
thrombosis, pulmonary thromboembolism, disseminated 
intravascular coagulation or hematological malignancy, and 
uncontrolled malignancy or anticancer treatment; and a 
history of asthma or asthma-COPD overlap syndrome. 

We extracted the fol lowing data:  demographic 
characteristics, comorbidities, spirometry results, respiratory 
symptoms, and laboratory findings [complete blood count, and 
C-reactive protein (CRP) and fibrinogen levels] at the time 
of fibrinogen measurement. We also reviewed the history of 
presence and frequency of exacerbation in the previous years. 
Grades of COPD was determined by the percentage predicted 
value of FEV1 (≥80%, mild; ≥50% and <80%, moderate; 
≥30% and <50%, severe; and <30%, very severe). The groups 
(assigned groups A, B, C, and D) were assigned based on 
the Global Initiative on Obstructive Lung disease, updated 
in 2017. Severity of COPD was calculated by three indexes: 
dyspnea, obstruction, smoking, exacerbation (DOSE); body 
mass index, airflow obstruction, dyspnea, exercise (BODE); 
and age, dyspnea, airflow obstruction (ADO).

Definitions

The plasma fibrinogen level was measured in patients with 

a stable phase of COPD. The plasma fibrinogen level was 
automatically evaluated per time for fibrin clot formation 
(Clauss assay) (9) using Dade Thrombin Reagent (Siemens 
Healthcare Diagnostics Products) and an automated 
coagulation analyzer Sysmex® CS-5100 system. In our 
center, the upper normal limit was defined as 400 mg/dL. 
However, the threshold at 350 mg/dL was applied to define 
the groups with high or low fibrinogen levels, as previously 
reported (7).

Exacerbation of COPD was defined as a composite 
of hospital admissions because of aggravated respiratory 
symptoms and/or treatment with systemic corticosteroids 
alone or in combination with antibiotics dispensed by 
pulmonologists.

Statistical analysis

We compared the study subgroup characteristics using the 
analysis of variance, Kruskal–Wallis test, unpaired t-test, 
or the Mann–Whitney U-test for continuous variables, 
and Fisher’s exact test for categorical variables. We tested 
the correlation between variables using the Spearman’s 
correlation coefficient and assessed clinical phenotypes 
of patients with high fibrinogen level by linear regression 
analysis. We evaluated associations of all the variables by 
univariate analysis; the variables considered significant 
(P<0.2 in univariate analysis) were then included in 
multivariate analysis. Five variables, including Charlson 
comorbidity index (CCI) score, COPD assessment test 
(CAT) score, spirometry finding (FEV1, percentage 
predicted value), distance of 6-minute walk test (6MWT), 
and history of acute exacerbation, were selected for risk-
adjusted analysis. We conducted multivariate analysis 
using stepwise backward elimination method to identify 
independent factors associated with the fibrinogen level.

We performed statistical analyses using Statistical 
Package for the Social Sciences® Version 24.0 (IBM 
Corporation, Armonk, NY, USA). Data were expressed 
as mean ± standard deviation, and a P value of <0.05 was 
considered statistically significant.

Results

Baseline characteristics

We enrolled 155 patients in this study, but 2 hematologic 
and 13 non-hematologic malignancies were excluded in final 
analysis. Table 1 summarizes the baseline characteristics of 
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the study population. The mean age of the patients was 70.3 
(IQR: 64.5–77.0) years, 88.6% were males, and the overall 
mean body mass index (BMI) was 22.6 kg/m2. Overall, 121 
(86.4%) patients had a smoking history, with a mean of  
33.6 pack-years, and the mean CCI score was 1.9. 

Characteristics of lung function were as follows: mean 
forced vital capacity (FVC), 3.0 L (75.1% predicted); FEV1, 
1.4 L (50.9% predicted); and mean FEV1/FVC, 0.48. The 

mean diffusion capacity for carbon monoxide (DLCO) was 
assessed as 53.1% predicted. All patients exhibited an ability 
to walk for a mean of 381.9 m in the 6MWT.

Comparison between patients with low and high-level 
fibrinogen

Table 2 summarizes the characteristics of the patients based 
on the fibrinogen level. We categorized 140 patients into 
two groups as follows: low (92 patients, 65.7%, <350 mg/dL)  
and high fibrinogen level (48 patients, 34.3%, ≥350 mg/dL).  
Overall, the mean fibrinogen level was 327.2 (±94.7) mg/dL.  
The mean fibrinogen level in the low-level and high-
level groups was 272.1 (±48.5) and 432.9 (±67.8) mg/dL, 
respectively; we observed no significant differences in the 
age (P=0.654), sex (P=0.994), BMI (P=0.562), smoking 
status (P=0.861) and smoking duration (P=0.867) between 
both groups. 

Regarding respiratory manifestation, although no 
significant difference was observed in the modified Medical 
Research Council (mMRC) dyspnea grade (P=0.115), and 
the high-level group had higher CAT score than the low-
level group (P=0.001). The high-level group comprised 
more patients with medical history of acute exacerbations 
(P=0.006). The deterioration in lung function, including 
FEV1 (P=0.008), FVC (P=0.039), and distance of 6MWT 
(P=0.012), was significantly worse in the high-level group 
than in the low-level group.

Regarding laboratory findings, we observed no difference 
in the number of leukocytes (P=0.167), neutrophils 
(P=0.082), lymphocytes (P=0.134), and eosinophils 
(P=0.389). In particular, CRP level was elevated in the high-
level group (P<0.001). 

Clinical phenotype associated with fibrinogen

Table 3 shows the clinical phenotypes of COPD associated 
with high fibrinogen level. 

In univariate analysis, a high fibrinogen level correlated 
with a high CAT score (P<0.001), low FEV1 (P=0.012), and 
an experience of acute exacerbation (P<0.001). However, 
age, sex, BMI, smoking status, and dyspnea grade did not 
affect the fibrinogen level. 

Multivariate analysis using the five variables that were 
significant factors in the univariate analysis revealed an 
elevated fibrinogen level mostly associated with CAT 
(P=0.001) score. Based on the multivariate analyses using 
the stepwise backward elimination method, this study 

Table 1 Baseline characteristics of study patients

Patients characteristics Value

Age (years) 70.3±8.4

Sex (male) 124 (88.6%)

BMI (kg/m
2
) 22.6±3.9

Smoking history

Non-smoker 19 (13.6%)

Ex-smoker 95 (67.9%)

Current smoker 26 (18.6%)

Pack-years 33.6±24.5

Charlson Comorbidity Index 1.9±1.0

Age-adjusted Charlson Comorbidity Index 4.4±1.4

Respiratory medications

LAMA 118 (84.3%)

LABA 111 (79.3%)

ICS 53 (37.9%)

Pulmonary function tests

FVC (L) 3.0±0.9

FVC (% predicted) 75.1±17.5

FEV1 (L) 1.4±0.6

FEV1 (% predicted) 50.9±19.4

FEV1/FVC 0.48±0.16

DLCO (% predicted) 53.1±20.0

6MWD (m) 381.9±112.8

SpO2 nadir (%) 90.6±5.3

Data are presented as numbers (%) or mean ± standard 
deviation unless otherwise indicated. BMI, body mass index; 
LAMA, long-acting muscarinic antagonists; LABA, long-acting 
beta-agonists; ICS, inhaled corticosteroid; FVC, forced vital 
capacity; FEV1, forced expiratory volume in 1 s; DLCO, diffusing 
capacity for carbon monoxide; 6MWD, 6-minute walk distance; 
SpO2 nadir, the lowest oxygen saturation during the 6-minute 
walk test.
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Table 2 Characteristics of the study population based on the level of fibrinogen 

Parameters Fibrinogen <350 mg/dL (n=92) Fibrinogen ≥350 mg/dL (n=48) P

CCI 1.8±1.0 1.9±0.9 0.653

Respiratory manifestation

Dyspnea (mMRC grade) 0.115

0 7 (7.6%) 5 (10.4%)

1 46 (50.0%) 14 (29.2%)

2 13 (14.1%) 13 (27.1%)

3 21 (22.8%) 11 (22.9%)

4 5 (5.4%) 5 (10.4%)

CAT score 17.8±8.3 24.9±11.3 0.001

History of acute exacerbation 20 (21.7%) 22 (45.8%) 0.006

Pulmonary function

FEV1 (% predicted) 54.1±18.2 45.0±20.2 0.008

FVC (% predicted) 77.3±15.9 70.9±19.6 0.039

DLCO (% predicted) 55.2±20.7 48.8±17.7 0.036

6MWD (m) 399.3±112.9 348.0±106.3 0.028

Laboratory findings

Fibrinogen (mg/dL) 272.1±48.5 432.9±67.8 <0.001

Leukocytes (/mm
3
) 7,353.3±1,998.3 7,881.2±2,371.3 0.167

Neutrophils (/mm
3
) 4,235.0±1,754.6 4,827.6±2,159.8 0.082

Lymphocytes (/mm
3
) 2,471.9±1,744.9 2,154.6±733.5 0.134

Monocytes (/mm
3
) 578.0±192.4 635.5±263.0 0.185

Eosinophils (/mm
3
) 198.3±189.1 230.1±237.5 0.389

CRP (mg/dL)   0.2±0.3 1.4±1.4 <0.001

Data are presented as numbers (%) or mean ± standard deviation unless otherwise indicated. CCI, Charlson Comorbidity Index; mMRC, 
modified Medical Research Council Dyspnea Scale; CAT, Chronic obstructive pulmonary disease Assessment Test; FVC, forced vital 
capacity; FEV1, forced expiratory volume in 1 s; DLCO, diffusing capacity for carbon monoxide; 6MWD, 6-minute walk distance; WBC, 
white blood cells; CRP, C-reactive protein.

demonstrated that the high fibrinogen level independently 
correlated with two factors, including poor CAT score 
(P<0.001), and an experience of exacerbation (P=0.033).

Correlation between the COPD severity and fibrinogen 
level

Table 4 and Figure 1 present the correlation between the 
three severity indices of COPD and fibrinogen level. 
The fibrinogen level demonstrated statistically significant 
positive correlations with DOSE (ρ=0.185, P<0.05), BODE 

(ρ=0.195, P<0.05), and ADO (ρ=0.175, P<0.05) indexes. The 
analysis revealed positive correlation of the CRP level with 
the BODE (ρ=0.207, P<0.05) index. However, no significant 
relationship was established between the leukocyte count 
and severity index of COPD. 

Fibrinogen level according to the COPD grade or group

Among all patients, the numbers of those with a mild, 
moderate, severe, and very severe grade of COPD, assessed 
by spirometric FEV1 were 12, 60, 43, and 23, respectively 
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Table 3 Clinical phenotypes associated with the level of fibrinogen

Parameter
Univariate Multivariate (entered) Multivariate (stepwised elimination)

Estimate SEM P Estimate SEM P Estimate SEM P

Age –0.158 0.955 0.869

Sex –0.423 25.245 0.987

BMI –0.868 2.051 0.673

Current smoker –3.235 20.653 0.876

CCI 11.749 8.075 0.148 16.899 11.612 0.150

mMRC 7.667 7.203 0.289

CAT 3.558 0.863 <0.001 3.973 1.100 0.001 3.896 0.939 <0.001

FEV1 (% predicted) –1.042 0.409 0.012 –0.111 0.596 0.852

DLCO (% predicted) –0.483 0.398 0.227

6MWD (m) –0.137 0.085 0.108 0.080 0.112 0.475

History of AE 61.854 16.718 <0.001 37.565 21.887 0.090 43.969 20.228 0.033

BMI, body mass index; CCI, Charlson Comorbidity Index; mMRC, modified Medical Research Council Dyspnea Scale; CAT, Chronic 
obstructive pulmonary disease Assessment Test; FEV1, forced expiratory volume in 1 s; DLCO, diffusing capacity for carbon monoxide; 
AE, acute exacerbation 

Table 4 Correlation between the COPD severity index and the level of fibrinogen

Fibrinogen Leukocytes CRP DOSE index BODE index ADO index

Fibrinogen 1 0.222 0.699 0.185 0.195 0.175

Leukocytes 1 0.285 0.083 0.136 0.058

CRP 1 0.158 0.207 0.165

DOSE index 1 0.838 0.753

BODE index 1 0.841

ADO index 1

WBC, white blood cells; CRP, C-reactive protein; DOSE, dyspnea, obstruction, smoking, exacerbation; BODE, body mass index, airflow 
obstruction, dyspnea, exercise; ADO, age, dyspnea, airflow obstruction; COPD, chronic obstructive pulmonary disease.
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Figure 1 Correlation between the COPD severity index and the level of fibrinogen. DOSE, dyspnea, obstruction, smoking, exacerbation; 
BODE, body mass index, airflow obstruction, dyspnea, exercise; ADO, age, dyspnea, airflow obstruction; COPD, chronic obstructive 
pulmonary disease.
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(Table 5). Fibrinogen level tended to increase with increasing 
grade of COPD, although statistically nonsignificant 
(P=0.306). 

Based on the COPD groups assigned by the Global 
Initiative on Obstructive Lung Disease, groups A, B, C, and 
D, were comprised of 24, 93, 3, and 20 patients, respectively 
(Table 5). We observed a significant difference in the 
fibrinogen level among groups (P=0.040), especially in 
group C which had only three patients; however, the mean 
fibrinogen level of group C was higher than that of other 
groups (P<0.05). 

Discussion

In Korean patients with COPD, our results revealed that 
the high-level fibrinogen group had more patients with 
history of acute exacerbation than the low-level fibrinogen 
group. Patients with high fibrinogen level exhibited a 
clinical phenotype with high CAT score, and frequent 
experience of acute exacerbations. The plasma fibrinogen 
level demonstrated a positive correlation with the COPD 
severity indexes, including the DOSE, BODE, and ADO.

A heterogeneous complex disease, COPD is characterized 
by various phenotypes, including emphysema, chronic 
bronchitis, and frequent exacerbation (10-12), rendering 

the prediction of disease progression and mortality and the 
application of pharmacologic agents challenging. Although 
some biomarkers might have become a milestone for 
effective therapies against COPD, the identification of 
biomarkers for defining the COPD subtypes or severity 
provides statistical power and financial benefit to clinical 
trials (13). At present, fibrinogen is the first biomarker 
drug development tool qualified for use in COPD under 
the FDA’s drug development tool qualification program (8); 
this guidance was based on five major studies, including 
the Atherosclerosis Risk in Communities (ARIC), 
Cardiovascular Health Study (CHS), Framingham Heart 
Study Offspring Cohort (FHSOC), National Health and 
Nutrition Examination Survey III (NHANES III), and 
Evaluation of COPD Longitudinally to Identify Predictive 
Surrogate Endpoints (ECLIPSE) studies (7). Although the 
fibrinogen level could be affected by several demographic 
characteristics such as age, sex, smoking, BMI, and 
physical activity (4), these studies included only 0–20.7% 
non-Caucasians, and consequently, the results had limited 
applicability to Asian patients with COPD. 

The mean fibrinogen level obtained in this study was 
lower than that obtained in the ECLIPSE study, but was 
similar to that in the ARIC, CHS, FHSOC, and NHANES 
III studies (7). This difference could be attributed to the 

Table 5 Fibrinogen level according to COPD grade or group

COPD grade/group N Number of patients with high-level fibrinogen (%) Level of fibrinogen (mg/dL)

COPD grade

Mild 12 4 (33.3) 315.5±103.9

Moderate 60 16 (26.7) 320.1±90.4

Severe 43 17 (39.5) 324.4±89.7

Very severe 23 11 (47.8) 366.1±105.4

P 0.272 0.306

COPD GOLD group

A 24 5 (20.8) 302.0±76.3

B 93 33 (35.5) 327.7±93.5

C 3 3 (100.0) 506.3±47.0

D 20 7 (35.0) 328.6±100.6

P 0.052 0.040

COPD grade (mild, FEV1 ≥80% predicted value; moderate, ≥50% and <80% predicted value; severe, ≥30% and <50% predicted value; 
very severe <30% predicted value); COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative on Obstructive Lung Disease. 
COPD group (A, B, C, and D) assigned by the GOLD guidelines, updated in 2017. Data are presented as numbers (%) or mean ± standard 
deviation.
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difference in the assessment method. Several assays have 
been established to determine the plasma fibrinogen 
concentration, including the von Clauss, prothrombin time-
derived, clottable protein, and immunological assays (3). Of 
these, the von Clauss method, assessing thrombin-clottable 
proteins in plasma, is the leading method in the clinical 
setting. However, several factors, including instrument type 
and reagent, could affect the results (3). In a laboratory 
setting, an immunological method could be used, 
similar to the ECLIPSE study (14). Thus, assay method 
standardization is warranted for fibrinogen to become a 
generally accepted biomarker for COPD.

As expected, the high-level group comprised more 
patients with history of acute exacerbation. Severe 
exacerbation necessitating hospitalization was reported 
more in the high-level group, supporting the correlation 
of high plasma fibrinogen level with exacerbation, and 
indicating that plasma fibrinogen could play an essential 
role as a biomarker to predict exacerbation in Asian patients 
with COPD. The CAT score, a promising tool to quantify 
COPD exacerbation, was significantly higher in the high-
level group. However, some studies have demonstrated 
that plasma fibrinogen affected the risk and frequency of 
exacerbation in only a small subset of patients categorized 
according to the COPD severity (15-17). 

Nonetheless, the correlation between fibrinogen level 
and disease severity remains debatable. In this study, the 
high-level group had more severe respiratory manifestation 
and exacerbation, with a higher tendency for the mMRC 
grade to be elevated and pulmonary functions to be 
deteriorated. Moreover, FEV1 significantly decreased in 
the high-level group than in the low-level group. Plasma 
fibrinogen negatively correlated with FEV1 (ρ=–0.199, 
P=0.019), and tended to increase with increasing grade 
of COPD. The FEV1 is a traditional indicator used to 
differentiate disease severity according to airway limitation 
in COPD (18-20). However, a recent study reported that an 
FEV1-based comparator might be ineffective in explaining 
the phenotype of COPD (4). Thus, we ascertained the 
correlation between the level of fibrinogen and severity 
through COPD severity indexes. The high-level group had 
higher DOSE, BODE, and ADO indexes (data not shown), 
and these values positively correlated with the fibrinogen 
level, suggesting a significant association between plasma 
fibrinogen level and COPD severity. 

Fibrinogen is a known principal acute-phase reactant, 
and CRP is the most commonly used biomarker for 
systemic inflammation (21). An investigation of the 

relationship among three inflammatory markers, including 
leukocyte count, CRP level and fibrinogen level revealed a 
positive correlation. Especially, the CRP level significantly 
correlated with fibrinogen, and was elevated in the high-
level group. Previous studies have reported that the 
combination of these three markers could enhance the 
predictability of all-cause mortality in patients with 
obstructive lung functions or exacerbations in individuals 
with COPD (22,23). However, a study demonstrated 
that fibrinogen offers advantages over CRP in terms of 
repeatability over time; in that study, fibrinogen was the 
most stable variable in the 3-month follow-up, but CRP 
level was the most capricious biomarker (14). Perhaps, 
this difference could be attributed to the different pro-
inflammatory cytokines required for the activation of 
acute-phase reactants. Fibrinogen is released following 
interleukin-6 and glucocorticoid-mediated stimulation as 
class 2 acute-phase reactant. However, CRP, a class 1 acute-
phase reactant, is primarily regulated by interleukin-1 (15).  
Nevertheless, additional studies are needed to firmly 
establish the role of fibrinogen and CRP in COPD. 

Patients with COPD often exhibit comorbidities, 
including ischemic heart disease, peripheral vascular 
disease, metabolic diseases, and lung cancer (24). In 
these comorbidities and COPD, smoking is the most 
important etiology. Patients with COPD exhibiting 
comorbidity can be affected to a greater extent by persistent 
systemic inflammation and exhibit increased mortality 
and exacerbation rates than those without comorbidity. 
Hence, an indicator is required to determine the severity 
of systemic inflammation. Some studies have reported 
that patients with chronic inflammatory diseases exhibit 
elevated levels of fibrinogen. Hence, it is imperative to 
validate the correlation between the comorbidity severity 
and fibrinogen level. We applied CCI as a severity marker 
for comorbidity; and this is the most common method used 
to assess the 1-year mortality rate according to comorbidity 
(25,26). In this study, the fibrinogen level was not correlated 
with the CCI score (ρ=0.150, P=0.077). However, previous 
studies have reported fibrinogen as an independent risk 
factor for the development of heart disease and related 
mortality (27,28). On the other hand, another study insisted 
that inflammatory markers, including fibrinogen, were 
simply confounding factors related to the cause (29). In 
COPD, whether fibrinogen is the consequence of systemic 
inflammation or an independent risk factor of exacerbation 
and mortality remains unclear. 

This study has several limitations. Firstly, this was a 
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retrospective cross-sectional study with a small sample 
size, which might have affected the results or statistical 
power in the analysis. However, further extensive, 
prospective studies have already been conducted on 
patients of other races, except Asians. Secondly, we could 
not investigate the usefulness of fibrinogen in predicting 
mortality in this study. Hence, a well-designed prospective 
study in Asian patients with COPD is required to confirm 
the role of fibrinogen in predicting mortality. Thirdly, we 
did not exclude the 9 patients with past medical history 
of malignancy, but they had no evidence of disease for 5 
years. The proportion of men among the patient in this 
study was higher than that in other studies. As mentioned 
previously, fibrinogen could be affected by various factors, 
including sex. Hence, further studies are warranted to 
confirm whether the study results are also applicable to 
Asian women. 

Conclusions

In Korean patients with COPD, plasma fibrinogen level 
associated with CAT score, and history of exacerbation. 
The COPD severity indexes positively correlated with the 
plasma fibrinogen level. Hence, plasma fibrinogen could be 
a useful biomarker to define the clinical phenotypes in Asian 
patients with COPD. 
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