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Background: Fibrinogen is increasingly being studied as an inflammatory biomarker in chronic obstructive pulmonary disease
(COPD), but there are limited data on the role of fibrinogen in assessing the severity of acute exacerbation of COPD (AECOPD). This
study aimed to explore whether circulating fibrinogen could be used as a surrogate to measure the severity and predict the prognosis of
AECOPD.
Methods: A total of 535 AECOPD patients diagnosed at our center from January 2016 to June 2021 were retrospectively enrolled in
this study. The electronic medical record of each patient was retrieved to collect data on baseline characteristics and laboratory
parameters, as well as the use of noninvasive positive-pressure ventilation (NPPV) and prognosis. Multiple linear regression analysis
was used to identify independent factors associated with circulating fibrinogen values. Receiver-operating characteristic curve and
multivariate logistic regression analysis were applied to further verify the use of fibrinogen to predict NPPV failure.
Results: Compared to patients with fibrinogen <4 g/L, patients with increased fibrinogen levels (>4 g/L) tended to have elevated
inflammatory response and higher incidence of DVT/PTE, emphysema, pneumonia, and atherosclerosis. In addition, fibrinogen
levels in NPPV-failure patients were significantly higher than non-NPPV patients and NPPV-success ones. The presence of
emphysema, pneumonia, and history of long-term oxygen therapy and higher CRP levels and leukocyte counts were independent
risk factors associated with increased fibrinogen levels in AECOPD. Furthermore, our data indicated that fibrinogen could be
considered as a reliable biomarker to predict NPPV failure (AUC, 0.899, 95% CI 0.846–0.952), with an OR of 7.702 (95% CI
2.984–19.875; P<0.001).
Conclusion: The level of circulating fibrinogen can be used to measure severity of AECOPD, and among AECOPD patients managed
with NPPV, fibrinogen >3.55 g/L can independently predict NPPV failure.
Keywords: COPD, noninvasive positive-pressure ventilation, acute exacerbation, fibrinogen, predictor

Background
Chronic obstructive pulmonary disease (COPD) is characterized by progressive airflow limitation that is not fully
reversible.1 It is associated with chronic inflammation, both locally and systemically, which increases further during
acute exacerbations (AEs).2 It has been known that some inflammatory biomarkers are associated with AE,3 disease
progression, and severity of airflow obstruction.4–6 Identification of these biomarkers not only provides a method of
predicting prognosis but also helps with better understanding of the pathogenesis of COPD.

A key modulator of inflammation and fibrosis development, as well as tissue injury,7 fibrinogenhas been approved by
the US Food and Drug Administration as a COPD biomarker for severity assessment.8 Higher baseline fibrinogen
is associated with increasing incidence of COPD, COPD hospitalization, and all-cause mortality9 and related to severity
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of COPD.10 One study found that fibrinogen level was higher during AE of COPD (AECOPD) and returned to baseline
40 days after exacerbation.11 Fifteen-year follow-up data from the CARDIA study of 2,132 individuals showed an
association between higher fibrinogen and greater loss of forced expiratory volume in 1 second (FEV1) and forced vital
capacity (FVC), regardless of smoking status.12 Other studies have suggested that increasing fibrinogen levels are
associated with the occurrence of COPD complications.13,14 However, there has been little research on the role of
fibrinogen during AECOPD and its association with noninvasive positive-pressure ventilation (NPPV). Our study aimed
to explore whether circulating fibrinogen could be used as a surrogate to measure the severity and predict the prognosis
of AECOPD.

Methods
Study Design and Participants
A total of 535 patients diagnosed with AECOPD at Beijing Chao-Yang Hospital (west campus) from January 2016 to
June 2021 were retrospectively enrolled in this study. The patient-selection process is shown in Figure 1. The hospital’s
ethics committee determined that this study qualified for waiving patient consent according to its policies, because it
analyzed a large data set without patient identifiers, which is in compliance with the Declaration of Helsinki regarding
patient-data confidentiality (2016-KE-95).

Inclusion criteria were age ≥45 years, primary diagnosis of COPD determined by spirometry data of airflow
obstruction with bronchodilator (FEV1/FVC <0.7, previous spirometry also considered, since a minority of patients
had had pulmonary function tests during AE period), and admission to hospital due to AECOPD (defined as an acute
worsening of respiratory symptoms requiring additional treatment). Indications for NPPV use during hospitalization were
arterial blood pH <7.35 and/or PaCO2 >45 mmHg and/or presence of dyspnea at rest assessed using accessory respiratory
muscles or paradoxical abdominal breathing.

Exclusion criteria were presence of other severe pulmonary diseases (such as severe bronchiectasis or pulmonary
tuberculosis), end-stage chronic diseases (eg, chronic kidney failure, chronic heart failure, and malignancy) with <1 year
of expected survival, requiring intubation before admission, incomplete data, and endotracheal intubation for other

Figure 1 Patient-selection flowchart.
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; NPPV, noninvasive positive-pressure ventilation; non-NPPV, no use of NPPV;
NPPV-S, NPPVsuccess; NPPV-F, NPPVfailure.
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diseases (such as acute heart failure, kidney failure, and shock). For patients with multiple admissions during the study
period, only the last was selected.

NIPPV failure was defined as worsening of pH and PaCO2 in arterial blood (defined as arterial pH <7.25 with PaCO2

increased by >20% compared with baseline or PaO2 <60 mmHg, despite maximum tolerated supplemental oxygen), clinical
signs suggestive of severely decreased consciousness (eg, coma, delirium), excessive respiratory secretions with weak cough,
use of accessory respiratory muscles or paradoxical thoracoabdominal movement, severe upper gastrointestinal bleeding with
aspiration or vomiting, and severe hemodynamic instability despite fluid repletion and use of vasoactive agents.15

Data Collection
Baseline characteristics of age, sex, length of stay (LOS), heart rate, systolic pressure, diastolic pressure, temperature,
respiratory rate, history of smoking, history of long-term oxygen therapy (LTOT), and history of domestic noninvasive
ventilation (DNV) were recorded. In addition, data on comorbidities, ie, deep-vein thrombosis/pulmonary thromboem-
bolism, emphysema, pneumonia, hypertension, diabetes, Cor pulmonale, chronic heart disease, atherosclerosis, chronic
kidney disease, cerebrovascular disease, and other malignancies were collected. Arterial blood gas and peripheral venous
blood (routine blood, CRP, and coagulation index <24 hours after admission) and the use of antibiotics and management
of NPPV were also reviewed.

Concentration of serum fibrinogen was measured using immuno-scatter turbidimetry with a Werfen ACL Top 700.
Normal fibrinogen levels are 2–4 g/L. Concentration of serum CRP were measured using immunoscatter turbidimetry
with a Goldsite Aristo. Normal CRP levels are 0–5 mg/L. Parameters for noninvasive ventilation were set according to
clinical practice and patients’ tolerance. An oronasal mask was used for all subjects. Arterial blood gas was intermittently
analyzed by physicians according to clinical needs. When the patient reached the criteria for NPPV failure, a physician
made the clinical decision (intubation or continuation of NPPV) based on laboratory data, symptoms, signs, and the
inclination of the patients and their family members. The prognosis of each patient was recorded.

Statistical Analysis
Descriptive data are expressed as medians with IQRs or numbers with percentages as appropriate. Differences between
groups were measured with the Mann–Whitney U test for continuous variables and x2 test for categorical variables.
Spearman correlations were used for correlation analysis, and the results are displayed as correlation coefficients with
P values. Multiple linear regression models were applied to identify independent risk factors of increasing fibrinogen
levels. Differences in laboratory parameters among non-NPPV, NPPV-success (NPPV-S), and NPPV-failure (NPPF-F)
groups were examined using the Kruskal–Wallis H test. Receiver-operating characteristic (ROC) curves were constructed
to evaluate the ability of inflammatory markers to predict NPPV failure. For each ROC curve, the optimal cutoff,
sensitivity, specificity, Youden’s index, area under the curve (AUC), and 95% CI were calculated. Logistic regression
analyses with a conditional forward stepwise–regression model were used to determine whether any factors were
independently associated with NPPV failure. All analyses were two-tailed, and differences were considered statistically
significant at P<0.05. SPSS 21.0 was utilized for all statistical analysis.

Result
Baseline-Characteristic and Laboratory-Data Comparison Between Higher and Lower
Fibrinogen Values
In sum, 1,925 AECOPD patients were screened and 535 selected. Among the latter, 312 (58.3%) were not managed with
NPPV and 223 (41.7%) received NPPV management. Of all patients managed with NPPV, 177 (79.4%) were categorized
as NPPV-S and 46 (20.6%) NPPV-F (Figure 1). In the NPPV-F group, 20 patients were intubated and 26 not, with three
and 18, respectively, dying (Figure 1).

No significant differences in terms of age, sex, LOS, systolic pressure, temperature, smoking history, pH, PaCO2,
HCO3

–, or BMI were identified between patients with low (≤4 g/L) and high (>4 g/L) fibrinogen levels. However, as
suggested in Table 1, patients with higher fibrinogen (>4 g/L) presented faster heart beats and respiratory rates. There
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were more patients managed with LTOT and DNV in the high-fibrinogen group than the low-fibrinogen group. DVT/
PTE, emphysema, pneumonia, and atherosclerosis were more commonly observed among patients with >4 g/L fibrino-
gen. In addition, increased CRP levels and leukocyte and neutrophil counts, decreased lymphocyte counts and PaO2

/FiO2, and more frequent use of antibiotics were observed among patients with increased fibrinogen.
Next, we examined differences among the non-NPPV, NPPV-S, and NPPV-F groups and discovered that patients in the

NPPV-F group had higher levels of fibrinogen, CRP, leukocytes, and neutrophils including those in the non-NPPV and
NPPV-S groups (Figure 2). In addition, there were significant differences among the non-NPPV, NPPV-S, and NPPV-F
groups in terms of lymphocytes, pH, PaCO2, and PaO2/FiO2. For HCO3

– levels, there were differences between the non-
NPPV and NPPV-S groups and non-NPPV and NPPV-F groups, but none between the NPPV-S and NPPV-F groups.

Risk Factors of Increased Fibrinogen Levels During AECOPD
Table 2 shows positive correlations between fibrinogen levels and heart rate (x=0.130, P=0.003), respiratory rate
(x=0.098, P=0.023), CRP (x=0.461, P<0.001), leukocytes (x=0.280, P<0.001), neutrophils (x=0.316, P<0.001), and

Table 1 Baseline characteristics of AECOPD subjects according to fibrinogen value

Fib ≤4 g/L (n=449) Fib >4 g/L (n=86) P

Age (years), median (IQR) 71 (63–79) 73 (66–79) 0.411

Male sex, n (%) 335 (74.6) 66 (76.7) 0.786

LOS (days), median (IQR) 9 (7–12) 10 (7–12) 0.298
HR (beats/min), median (IQR) 85 (78–96) 91 (80–106) 0.012

SP (mmHg), median (IQR) 130 (120–139) 129 (114–134) 0.17

DP (mmHg), median (IQR) 78 (70–85) 72 (66–79) 0.001
Temperature (°C), median (IQR) 36.5 (36.2–36.7) 36.5 (36.2–36.8) 0.326

RR (breaths/min), median (IQR) 20 (20–22) 21 (20–23) 0.036

Ever-smokers, n (%) 278 (61.9) 46 (53.5) 0.15
LTOT, n (%) 68 (15.1) 29 (33.7) <0.001

Domestic noninvasive ventilation,

n (%)

68 (15.1) 22 (25.6) 0.026

DVT/PTE, n (%) 25 (5.6) 11 (12.8) 0.031

Emphysema, n (%) 226 (50.3) 72 (83.7) <0.001

Pneumonia, n (%) 52 (11.6) 21 (24.4) 0.003
Hypertension, n (%) 205 (45.7) 39 (45.3) 1

Diabetes, n (%) 90 (20) 23 (26.7) 0.194

Cor pulmonale, n (%) 142 (31.6) 28 (32.6) 0.9
Chronic heart disease, n (%) 136 (30.3) 27 (31.4) 0.898

Atherosclerosis, n (%) 215 (47.9) 53 (61.6) 0.025

Chronic kidney disease, n (%) 32 (7.1) 5 (5.8) 0.818
Cerebrovascular diseases, n (%) 24 (5.3) 3 (3.5) 0.599

Malignancy, n (%) 24 (5.3) 8 (9.3) 0.21

CRP (mg/L), median (IQR) 6 (5–20) 50 (16–99) <0.001
Leukocytes (×109/L), median (IQR) 6.8 (5.5–8.6) 8.5 (6.6–11.8) <0.001

Neutrophils (×109/L), median (IQR) 4.6 (3.5–6.4) 6.3 (4.8–9.4) <0.001

Lymphocytes (×109/L), median (IQR) 1.4 (1.0–1.8) 1.1 (0.7–1.5) <0.001
pH, median (IQR) 7.41 (7.38–7.44) 7.42 (7.33–7.45) 0.818

PaCO2 (mmHg), median (IQR) 46.8 (40.0–60.2) 51 (39.4–71.4) 0.17

PaO2/FiO2 (mmHg), median (IQR) 303 (238–357) 265 (217–312) 0.001
HCO3

– (mmol/L), median (IQR) 28.1 (25.4–32.0) 29.0 (25.0–33.0) 0.828

BMI (kg/m2), median (IQR) 28.1 (20.3–25.9) 22.9 (20.3–25.4) 0.543

Use of antibiotics, n (%) 392 (87.7) 82 (95.3) 0.039

Abbreviations: Fib, fibrinogen; LOS, length of stay; HR, heart rate; SP, systolic pressure; DP, diastolic pressure; RR, respiratory rate;
LTOT, long-term oxygen therapy; DVT/PTE, deep-vein thrombosis/pulmonary thromboembolism; PaCO2, partial pressure of carbon
dioxide; PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; HCO3

–, bicarbonate; BMI, body-mass index.
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PaCO2 (x=0.098, P=0.024). Negative correlations between fibrinogen and lymphocytes (x=−0.144, P=0.001) and PaO2

/FiO2 (x=−0.147, P=0.001) were identified. In the multiple linear regression model, we included emphysema, pneumonia,
atherosclerosis, LTOT, DNV, HR, RR, CRP, leukocytes, neutrophils, lymphocytes, PaCO2, and PaO2/FiO2 as covariates
and found that emphysema, pneumonia LTOT, CRP, and leukocytes were independent factors associated with circulating
fibrinogen levels during AECOPD (R2=0.302, P<0.001; Table 3).

Risk Factors of NPPV Failure
The ROC curves for fibrinogen, CRP, leukocytes, neutrophils, and lymphocytes in the NPPV-F group are presented in
Figure 3. As shown in Table 4, the AUC for fibrinogen (0.899, 95% CI 0.846–0.952) was higher than those for CRP
(0.71, 95% CI 0.625–0.795), leukocytes (0.724, 95% CI 0.637–0.812), neutrophils (0.795, 95% CI 0.724–0.867), and
lymphocytes (0.792, 95% CI 0.707–0.876). Cutoffs for predicting NPPV-F were fibrinogen >3.55 g/L, CRP >17 mg/L,
leukocytes >8.05×109/L, neutrophils >6.72×109/L, and lymphocytes <0.68×109/L. Associations between NPPV-F and
clinical parameters were analyzed by multivariate logistic regression, and the results showed that fibrinogen (OR 7.702,
95% CI 2.984–19.875) was independently associated with NPPV-F (Figure 4).

Discussion
In this study, we found that 16.1% (n=86) of patients in the current study had fibrinogen >4 g/L, which was associated
with a more robust inflammatory response. The fibrinogen level during AECOPD was related to CRP expression and

Figure 2 Laboratory-parameter comparisons among non-NPPV, NPPV-S, and NPPV-F. (A) Comparison of fibrinogen. (B) Comparison of CRP. (C) Comparison of leukocyte
between non-NPPV, NPPV-S and NPPV-F. (D) Comparison of neutrophils. (E) Comparison of lymphocytes. (F) Comparison of pH. (G) Comparison of PaCO2. (H)
Comparison of PaO2/FiO2. (I) Comparison of HCO3

–.
Abbreviations: non-NPPV, no use of noninvasive ventilation; NPPV-S, noninvasive ventilation success; NPPV-F, noninvasive failure.
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leukocyte counts, as well as the presence of LTOT, emphysema, and pneumonia. Among those managed with NPPV,
circulating fibrinogen (OR 7.702, 95% CI 2.984–19.875; P<0.001) was the independent factor predicting NPPV-F in the
laboratory data.

Table 2 Correlations between fibrinogen levels
and baseline characteristics/laboratory results

Fibrinogen (g/L)

x P

Age, years 0.05 0.25
LOS, days 0 0.999

HR, beats/min 0.13 0.003

SP, mmHg −0.034 0.432
DP, mmHg −0.072 0.097

Temperature, °C 0.066 0.126

RR, breaths/min 0.098 0.023
CRP, mg/L 0.461 <0.001

Leukocytes, ×109/L 0.28 <0.001

Neutrophils, ×109/L 0.316 <0.001
Lymphocytes, ×109/

L

−0.144 0.001

pH −0.065 0.132
PaCO2, mmHg 0.098 0.024

PaO2/FiO2, mmHg −0.147 0.001

HCO3
–, mmol/L 0.034 0.432

BMI, kg/m2 0 0.997

Abbreviations: LOS, length of stay; HR, heart rate; SP, systolic
pressure; DP, diastolic pressure; RR, respiratory rate; PaCO2,
partial pressure of carbon dioxide; PaO2, partial pressure of oxy-
gen; FiO2, fraction of inspired oxygen; HCO3

–, bicarbonate; BMI,
body-mass index.

Table 3 Multiple linear regression analysis of fibrinogen

β SE t P VIF

Emphysema 0.258 0.063 4.063 <0.001 1.1
Pneumonia 0.179 0.09 1.986 0.048 1.062

Atherosclerosis 0.059 0.073 0.81 0.418 1.493

LTOT 0.218 0.086 2.533 0.012 1.216
Domestic noninvasive ventilation −0.03 0.094 −0.318 0.751 1.365

HR 0.002 0.002 0.908 0.364 1.106

RR 0.004 0.009 0.409 0.682 1.097
CRP 0.008 0.001 7.568 <0.001 1.344

Leukocytes 0.1 0.05 2.01 0.045 23.838
Neutrophils −0.051 0.05 −1.022 0.307 22.902

Lymphocytes −0.106 0.062 −1.699 0.09 2.67

PaCO2 0.001 0.002 0.391 0.696 1.958
PaO2/FiO2 −9.4E-06 0 −0.021 0.983 1.521

F 17.348
P <0.001

R2 0.302

Abbreviations: LTOT, long-term oxygen therapy; VIF, variance inflation factor; HR, heart rate; RR, respiratory rate; PaCO2, partial
pressure of carbon dioxide; PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen.
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Synthesized mainly by the liver and converted into fibrin by thrombin during blood coagulation,16 fibrinogen is
a major acute-phase reactant, and its synthesis is upregulated in response to inflammation. Polatli et al discovered that the
level of fibrinogen during AECOPD (4.48±1.28 mg/L) was higher than in stable periods (3.49±0.92 mg/L).17 However,
Valipour et al found no difference in fibrinogen between stable COPD (4.24 g/L) and AECOPD (4.19 g/L).18 Since the
current study did not include data prior to hospitalization and focused on the AE period only, we were not able to
compare differences in fibrinogen levels between stable COPD and AECOPD; therefore, conclusions drawn from this
study should be applied to the AECOPD population only.

Elevated fibrinogen induces a state of hypercoagulability that may lead to the progression of thrombosis.19 In this
study, the incidence of DVT/PET during AECOPD was 6.7% overall, and more patients developed DVT/PTE in the
high-fibrinogen group than the low-fibrinogen group. Furthermore, the incidence of atherosclerosis was much higher
in the >4 g/L fibrinogen group. A multicenter prospective observational study based in China of 1,144 AECOPD
patients showed that 78 (6.8%) were diagnosed with VTE, including 24 PE, 64 DVT, and ten combined PE and
DVT,20 which is consistent with our results. A meta-analysis involving 3,170 AECOPD patients showed that the
prevalence of PTE and DVT in AE-COPD patients was 17.2% and 7.1%, respectively.21 However, the link between
fibrinogen and DVT/PTE is unclear, since Watz et al found that fibrinogen was inversely associated with levels of
physical activity,14 and the lack of physical exertion is itself a risk factor of the development of DVT/PTE. AECOPD
patients tend to have reduced physical exercise due to respiratory dysfunction and/or muscle weakness, which could
partly contribute to higher levels of fibrinogen.22 Also, COPD is characterized by excessive activation of
neutrophils in both stable and AECOPD periods, and neutrophil extracellular traps (NETs), a defense mechanism of
neutrophils, have been demonstrated to play an important role in atherosclerosis and thrombosis.23 In the current
study, there was a significant positive correlation between neutrophil counts and fibrinogen, which might explain the
presence of atherosclerosis and DVT/PTE being higher in the AECOPD individuals with increased levels of

Figure 3 ROC curve of fibrinogen, CRP, leukocytes, neutrophils, and lymphocytes for predicting NPPV failure.
Abbreviation: ROC, receiver-operating characteristic.

Table 4 ROC-curve data

Fibrinogen (g/L) CRP (mg/L) Leukocytes (×109/L) Neutrophils (×109/L) Lymphocytes (×109/L)

Cutoff 3.55 17 8.05 6.72 0.68

Sensitivity 0.848 0.696 0.696 0.739 0.587
Specificity 0.887 0.684 0.689 0.768 0.91

Youden’s index 0.735 0.38 0.385 0.507 0.497

AUC 0.899 0.71 0.724 0.795 0.792
95% CI 0.846–0.952 0.625–0.795 0.637–0.812 0.724–0.867 0.707–0.876

Abbreviations: ROC, receiver-operating characteristic; AUC, area under the curve.
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fibrinogen. Further study will be required to elucidate associations among the incidence of COPD comorbidity,
fibrinogen levels, and neutrophil counts.

It has been suggested that fibrinogen levels >3.93 g/L can predict COPD-related hospitalization. In a COPD-related
study of 20,192 subjects, mean fibrinogen was 3.07 g/L and 10% of the sample had levels >3.93 g/L.9 Singh et al used
3.5 g/L as a cutoff to predict AE, and the ratios were 1.03 for moderate exacerbations, 1.08 for moderate/severe
exacerbations, and 1.30 for severe exacerbations.24 In the current study, we grouped the patients using a cutoff of 4 g/L.
Mean fibrinogen was 3.33 g/L, and 16.1% of the patients had levels >4 g/L. Differences in mean numbers and
percentages of patients with high fibrinogen between this and other studies might be due to the fact that the current
study included only AECOPD individuals. Valvi et al9 included not only AECOPD subjects but also stable ones,
individuals with respiratory symptoms in the absence of any lung-function abnormality, and even healthy controls.
The current study demonstrated that AECOPD patients with >4 g/L fibrinogen had a more robust inflammatory response
and that it is possible that fibrinogen could be used as a marker of ongoing airway inflammation.

This study revealed that emphysematous AECOPD patients tended to have higher levels of fibrinogen and that the
presence of emphysema can significantly affect fibrinogen level. It has been proved that the end product of fibrinogen
is elevated in emphysematous stable COPD compared to patients without emphysema.25 Papaioannou et al reached
a similar conclusion that among stable COPD individuals, those with emphysema were prone to have higher plasma-
fibrinogen levels.26 Fibrinogen combined with other biomarkers is highly predictive of emphysema and associated
with progression of emphysema.27 Emphysema is a key contributor to airflow limitation in COPD individuals, and
fibrinogen itself is closely related to faster decline in lung function;28 therefore, there might be an association
between fibrinogen and emphysema, but the mechanism and causality of the association is not well established. In the
current study, patients with elevated ibrinogen (>4 g/L) had significantly lower PaO2/FiO2, and patients managed with
LTOT and DNV at baseline had increased fibrinogen, which could be partially attributable to the fact that higher
circulating fibrinogen correlated with the emphysema. According to the natural disease progression of COPD,
individuals with progressive emphysema were prone to have an advanced stage of airway and lung-parenchyma
inflammatory response, which could lead to worse gas-exchange functioning, and were more likely to require oxygen
therapy and noninvasive ventilation support. In the future, studies on whether anti-fibrinogen agents could slow the

Figure 4 ORs for NPPV failure.
Abbreviations: LTOT, long-term oxygen therapy; DVT/PTE, deep-vein thrombosis/ pulmonary thromboembolism; PaCO2, partial pressure of carbon dioxide; PaO2, partial
pressure of oxygen; FiO2, fraction of inspired oxygen.
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progression of emphysema should be conducted for further evaluation of the association between fibrinogen and
emphysema.

Another independent factor that can affect fibrinogen levelse during AECOPD is the presence of pneumonia. One
study demonstrated that inflammatory response was different between infection-induced AECOPD and uninfectious
AECOPD.29 Patients with moderate–severe COPD who have pathogenic microorganisms (PPMs) in their sputum have
an exaggerated airway inflammatory response and higher levels of plasma fibrinogen than subjects with non-PPMs in
their sputum.30 It has been found that fibrinogen was significantly higher in the presence of purulent sputum,
a symptomatic cold, or increased cough among AECOPD patients.31 Furthermore, it has been demonstrated that
fibrinogen increases threefold during acute-phase stimulation in response to increased IL6 production,32,33 which
is commonly observed in community-acquired pneumonia-associated AECOPD patients.34,35 The fact that the presence
of pneumonia contributed to a higher level of fibrinogen makes it a reasonable assumption that patients with fibrinogen
>4 g/L had higher inflammatory response and more frequent use of antibiotics.

Failure of noninvasive ventilation was associated with increased mortality among AECOPD patients, and the current
study showed that fibrinogen might be used in identifying those at great risk and who may therefore benefit from more
aggressive treatment like early intubation. It has been demonstrated that low molecular–weight heparin significantly
reduces fibrinogen and mean duration of mechanical ventilation among AECOPD individuals.36 We found that fibrinogen
is an independent risk factor of NPPV-F with an AUC value higher than other traditional inflammatory markers,
including CRP, leukocytes, neutrophils, and lymphocytes. This finding was not surprising, considering the fact that an
inverse correlation between circulating fibrinogen and FEV1 has been proved in previous studies already,28,37,38 and the
fact that fibrinogen can reflect the severity of AECOPD.24 Correlations between the incidence of domestic noninvasive
ventilation and fibrinogen value and between PaCO2 and fibrinogen in this analysis showed that AECOPD individuals
with higher fibrinogen tended to have worse ventilation function. Pathogens of airway colonization were associated with
higher fibrinogen than those with no detectable airway pathogens in two small studies.30,39

Pillay et al found that increased circulating concentrations of fibrinogen during the acute-phase response can act as
a natural antagonist of neutrophil recruitment by inhibiting neutrophil adhesion,40 which is an essential step in its
antimicrobial function. This imbalance between pathogen overload and suppression of neutrophil immunofunction made
the inflammatory response during AECOPD more intense, which was reflected by higher CRP, leukocytes, and
neutrophils. Although the cutoff value for fibrinogen to predict NPPV failure was 3.55 g/L, less than 4 g/L, in Table 2
the median fibrinogen value of NPPV-F patients was 4.10 g/L, which was higher than that of non-NPPV and NPPV-S
individuals. The NPPV-F population included in this study was relatively small (n=46), and maybe the cutoff for
fibrinogen deduced from a large population would be different. Collectively, fibrinogen levels suggested reduced
ventilation functioning together with more intense inflammation, which might eventually contribute to NPPV-F among
AECOPD individuals.

Given the evidence of an association between fibrinogen and the incidence of COPD, presence of exacerbations, and
mortality, certain anti-inflammatory drugs targeting fibrinogen may shed new light on the treatment of COPD. A p38
MAPK inhibitor was showed to reduce plasma fibrinogen by 11% in individuals with stable COPD after a 3-month
treatment.41 Clinically relevant improvement accompanied by a decline of fibrinogen should be further determined, but
the effect on the level of fibrinogen may suggest the potential utility of biomarkers in response to treatment and help the
physician to identify individuals who might benefit from certain interventions.

Limitations
A number of limitations must be acknowledged in the current study. Firstly, it was a single-center retrospective
observational study with a small sample, and thus our results may not be generalized to a broader population.
Secondly, a substantial proportion of pulmonary function data was missing, because most AECOPD patients were not
able to undergo a spirometry test during their hospital stay. Thirdly, NPPV-related data, such as pressure and tidal
volume, were unavailable, since they are not collected routinely in clinical settings.
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Conclusion
The current study suggested that circulating fibrinogen value during AECOPD strongly correlated with traditional
inflammatory markers and can reflect the severity of systematic inflammatory response. Increased fibrinogen may
indicate a need for antibiotics. Moreover, fibrinogen was a better marker for predicting NPPV-F than traditional
inflammatory ones, and this indicated that it might be used for identifying AECOPD patients who may not benefit
from NPPV. However, further study with a larger sample is needed to determine whether using fibrinogen as a biomarker
to assess AECOPD individuals could actually result in clinical benefit.

Abbreviations
Fib, fibrinogen; LOS, length of stay; HR, heart rate; SP, systolic pressure; DP, diastolic pressure; RR, respiratory rate;
LTOT, long-term oxygen therapy; DNV, domestic noninvasive ventilation; DVT/PTE, deep-vein thrombosis/pulmonary
thromboembolism; PaCO2, partial pressure of carbon dioxide; PaO2, partial pressure of oxygen; FiO2, fraction of inspired
oxygen; HCO3

–, bicarbonate; BMI, body-mass index; non-NPPV, no use of noninvasive ventilation; NPPV-S, noninva-
sive ventilation success; NPPV-F, noninvasive failure; ROC, receiver-operating characteristic; AUC, area under the
curve.
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