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Abstract
Background—Chronic obstructive pulmonary disease (COPD) is associated with an increased
risk for thromboembolic events. We investigated thrombin generation profiles in COPD patients
and their dependence on plasma factor/inhibitor composition.

Methods—Factors (f) (fII, fV, fVII, fVIII, fIX, fX), antithrombin, protein C (PC) and free tissue
factor pathway inhibitor (fTFPI) from 60 COPD patients (aged 64.2±10.1 years; a mean forced
expiratory volume in 1 second [FEV1], 55.6 ± 15.8% of predicted values) were compared with
those for 43 controls matched for age, sex, weight and smoking. Patients receiving anticoagulation
were excluded. Using each individual’s plasma coagulation protein composition, tissue factor-
initiated thrombin generation was assessed computationally.

Results—COPD patients had higher fII (115±16 vs 102±10%, p<0.0001), fV (114±19 vs
102±12%, p=0.0002), fVII (111±15 vs 102±17%, p=0.002), fVIII (170±34 vs 115±27%,
p<0.0001), and fIX (119±21 vs 107±17%, p=0.003), and lower fTFPI (17.7±3.2 vs 18.9±3.2 ng/
ml, p=0.047) compared with controls, while fX, antithrombin, and PC were similar in both groups.
Computational thrombin generation profiles showed that compared with controls, COPD patients
had higher maximum thrombin levels (+28.3%, p<0.0001), rates of thrombin generation (+46.1%,
p<0.0001) and total thrombin formation (+14.4%, p<0.001), together with shorter initiation phase
of thrombin generation (p<0.0001) and the time to maximum thrombin levels (p<0.0001).
Thrombin generation profiles in COPD patients can be normalized via correction of fII, fVIII, fIX
and TFPI. The severity of COPD and inflammatory markers were not associated with thrombin
generation profiles.

Conclusions—Prothrombotic phenotype in COPD patients is largely driven by increased
prothrombin, fVIII, fIX, and lower fTFPI.
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Introduction
The prevalence of chronic obstructive pulmonary disease (COPD) rises in the majority of
countries. Growing evidence indicates that COPD is associated with an increased risk for
myocardial infarction and two to four times higher risk for CV mortality, mostly due to
ischemic heart disease [1]. The Lung Health Study investigators reported that in subjects
with mild to moderate airways obstruction, every 10% decrease in forced expiratory volume
in one second (FEV1) is associated with 28% increase in CV mortality and 20% increase in
the risk for nonfatal coronary event [2]. Moreover, CV disease-related mortality represents
27% of all deaths observed in the COPD patients [3].

Potential mechanisms underlying the association between COPD and CV disease are
unclear. Evidence points to four major mechanisms, namely systemic inflammation,
prothrombotic state, platelet activation, and oxidative stress [4]. Increased thrombin
formation, reflected by elevated thrombin antithrombin complexes [5,6], tissue factor (Tf)
procoagulant activity and activated fXI in the blood of stable COPD [7,8] support the
concept that a hypercoagulable state occurs in patients with COPD and might contribute to
the occurrence of atherothrombotic events and venous thrombosis.

The aim of the current study was to investigate whether coagulation factors and inhibitors
differ in patients with COPD from those found in healthy individuals and which factors
influence thrombin generation in this chronic disease.

Materials and Methods
Patients

Sixty white patients with documented COPD not requiring oral corticosteroids on a regular
basis were recruited in an outpatient clinic at a tertiary reference center. Patients were
eligible if they were 40 years or more and had stable disease (defined as the lack of
exacerbations [9] within the previous month) with post-bronchodilatator FEV1 <80%
predicted in the presence of FEV1/forced vital capacity (FVC) ratio <70% for at least 2
months. The exclusion criteria were as follows: any acute illness, congestive heart failure
(NYHA class III or IV), left ventricular ejection fraction <40%, known cancer, hepatic
injury, renal insufficiency, a history of venous thromboembolism, current anticoagulant
therapy, statin administration, previous acute coronary event. Patients performed spirometric
tests following ATS standards. Age-, sex-, weight- and smoking-matched volunteers from
the hospital personnel served as controls. They had no history of COPD, confirmed by
normal results of standard spirometry. Subjects were eligible if they had mild arterial
hypertension and did not take any medication on a regular basis.

The University Ethical Committee at the Jagiellonian University approved the study. All
participants provided written, informed consent.

Blood collection
Fasting blood samples were taken into 0.1 volume of 3.2% trisodium citrate from an
antecubital vein with minimal stasis on the same day that clinical data were recorded.
Citrated blood samples were centrifuged within 15 minutes of collection and stored in
aliquots at −80°C until further use. Glucose and C-reactive protein were assayed by routine
laboratory techniques.
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Coagulation Protein Analyses
Fibrinogen was determined using the Clauss method. Factors II, V, VII, VIII, IX, and X
were measured by one-stage clotting assays using factor-deficient plasmas (Dade Behring,
Liederbach, Germany). Antithrombin activity was measured using Berichrom (Dade
Behring). Protein C (PC) activity was measured using a chromogenic substate assay (Dade
Behring). Immunoenzymatic assays were used to determine plasma free TFPI (Diagnostica
Stago, Asnieres, France), serum interleukin-6 (IL-6) and serum tumor necrosis factor-α
(TNFα), both from R&D Systems, Abingdon, Great Britain. All measurements were
performed by technicians blinded to the origin of the samples. The intra-assay and inter-
assay coefficients of variation for all the data were <7% (n=24).

Computational Model
The mathematical model used in the current study yields concentration versus time profiles
for selected species when electronic mixtures of fII, fV, fVII/fVIIa, fVIII, fIX and fX, and
anticoagulants, free TFPI and antithrombin are exposed to 5 pM Tf as previously described
[11,12]. Factor levels expressed as a percentage were translated into molar concentrations by
using literature values for mean plasma concentrations. Each individual’s plasma factor
concentration was entered into the computer database, and simulated reactions were initiated
with Tf and solved for active thrombin over 1200 s. The outputs of these active thrombin
curves were assessed using a set of parameters that describe the initiation, propagation and
termination phases of thrombin generation: maximum level of thrombin generation,
maximum rate of thrombin generated, time to 10 nM thrombin (clot time), time to maximum
level of thrombin generated and total thrombin generated (area under the curve, AUC)
[11,12]. A systematic analyses of the contribution of the plasma factors to the thrombin
generation output was conducted on the populations as previously described [12] by
adjusting the factors to mean physiologic concentrations and reevaluating the thrombin
generation profiles.

Statistical analysis
Data are expressed as the mean ±SD or median (interquartile range). The Kolmogorov-
Smirnov test was used to assess conformity with a normal distribution. Categoric values
were analyzed using the χ2 test or Fisher’s exact test as appropriate. Continuous variables
were compared by Student t test when normally distributed or by the Mann-Whitney U test
for non-normally distributed variables. Correlations between the individual parameters were
calculated using the Pearson or Spearman rank correlation as appropriate. A p-value <0.05
was considered statistically significant.

Results
A total of 60 COPD patients comprised subjects with advanced disease having a mean
FEV1, 55.6 ± 15.8% of the predicted values. Proportions of the patients classified according
to the GOLD stages [9] were as follows: II - 35 (58.3%), III - 22 (36.7%), IV - 3 (5.0%).

They used inhaled long and short acting β2-agonists (88% and 7%, respectively), short
acting inhaled anticholinergics (75%), inhaled corticosteroids (53%) and theophylline
(28%). Nine (15%) COPD patients had diabetes. Acetylsalicylic acid was used by 10% of
COPD patients; other cardiovascular medication included angiotensin-converting enzyme
inhibitors (23%), diuretics (15%) and cardioselective β-blockers (11.6%). Enhanced
inflammatory state in COPD patients was reflected by elevated concentrations of fibrinogen,
CRP, IL-6, and TNFα (Table 1).
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Coagulation factors and inhibitors
Compared with controls, COPD patients had significantly higher prothrombin (by 12.7%),
fV (by 11.8%), fVII (by 8.8%), fVIII (by 47.8%), and fIX (by 11.2%), while fX was similar
in both groups (Table 1). Antithrombin and PC did not differ between both groups, however
free TFPI levels were slightly lower (by 6.6%), but at the level of borderline significance, in
COPD patients (Table 1). None of the coagulation variables was associated with age,
gender, BMI, current smoking, or hypertension in the COPD group. We found no
differences in coagulation factors and inhibitors between patients with COPD stage II vs.
stages III and IV, except for protein C activity (104±12 vs. 112±16%, p=0.023). The
severity of COPD, fibrinogen or C-reactive protein showed no correlations with coagulation
factors or inhibitors (r<0.2, p>0.1).

Thrombin Generation
Figure 1 presents the thrombin generation curves for each individual in the COPD group and
controls. Exact values of thrombin generation variables for both groups are given in Table 2.
Significantly higher maximum thrombin levels (by 28.3%), rates of thrombin formation (by
46.1%), and maximum total thrombin generation (by 14.4%) were observed in the COPD
patients when compared to the control group. There were also shorter clot time (time to
achieve 10 nM thrombin) and time to maximum levels of thrombin in COPD patients (by
16.3% and 12.7%), respectively.

In COPD patients the major determinant of time to 10 nM thrombin, time to maximum rate
and that to maximum level of thrombin formation was free TFPI (r from −0.70 to −0.82,
p=0.01 or less). The maximum level of thrombin generation and total production (AUC) are
potently determined by prothrombin (both, r=0.69, both p<0.0001) and antithrombin (r=
−0.50 and r=−0.57, respectively, both p<0.0001). None of the calculated thrombin
generation parameters showed correlations with lung function tests, CRP, IL-6 or TNFα
(data not shown).

Thrombin Dependence on Plasma Composition—The contribution of each
individual protein was evaluated by the relative shift in the thrombin generation curve that
occurs after setting that protein to the mean physiologic control. These analyses showed that
fII, fVIII, fIX and free TFPI have the greatest impact on thrombin generation. When all the
four proteins are set to mean physiologic levels, thrombin generation profiles are very
similar (Figure 2).

Discussion
The current study shows that there are significant changes in the composition of plasma
coagulation factors and inhibitors in the COPD patients that favor prothrombotic tendency.
We are the first to show that a marked increase in FVIII, a crucial cofactor of intrinsic tenase
leading to more efficient thrombin formation than extrinsic tenase, accompanied by slightly,
but significantly, elevated other coagulation factors such as prothrombin, fV, fVII, and fIX,
contribute to prothrombotic phenotype observed in COPD patients. In contrast to
rheumatoid arthritis patients who also displayed even higher fVIII levels in plasma [14], we
did not observe increased levels of coagulation inhibitors, antithrombin and protein C, that
could reduce prothrombotic effects of elevated coagulation factors in COPD patients. Of
note, coagulation factors were uniformly elevated in COPD patients and showed no
associations with the severity of the disease or serum concentrations of inflammatory
markers such as CRP, IL-6, or TNFα. This indicates that prothrombotic phenotype related to
higher levels of several coagulation factors and lower free TFPI is a common feature of
COPD and composition of coagulation factors and/or inhibitors is not driven by IL-6- or
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TNFα-mediated inflammatory pathways. Since our study was performed on stable COPD
patients, it remains to be established to what extent exacerbations of COPD enhance the
alterations in plasma coagulation factors thus contributing to increased prothrombotic
phenotype.

Simulations of thrombin generation performed as described in previous papers [11–13]
demonstrated that in COPD thrombin generation is markedly accelerated and a burst of
thrombin formation occurs faster. Importantly, total thrombin formation in our model is also
14% higher in COPD patients from that observed in controls. These findings clearly suggest
that relatively small changes in plasma coagulation factor composition determine significant
alterations in the kinetics of thrombin formation. Since thrombin generation is
predominantly determined by prothrombin, which is higher in COPD, and antithrombin
levels, which were similar in both groups, the increase in total thrombin formation in COPD
is close to the increase observed in prothrombin levels (14% vs 13%, respectively, Table 1
and 2). The ultimate effect of all the alterations in plasma factor composition facilitates
thrombus formation by faster and more massive thrombin formation in COPD.

Altogether, altered thrombin generation profiles associated with slight prothrombotic shifts
in coagulation factor levels in COPD indicate that circulating blood thrombogenicity in
COPD patients with the background of atherosclerotic vascular disease stimulated by
enhanced inflammation might contribute to increased risk for thrombotic cardiovascular
events, including myocardial infarction and stroke, in this common disease [4].

A novel and unexpected finding is the presence of slightly reduced free TFPI in plasma of
COPD patients compared to healthy controls. Its anticoagulant activity of TFPI, which
blocks the TF/FVIIa complex, is associated with the free form of TFPI in plasma and not
lipid-bound TFPI [15]. Decreased levels of free TFPI observed in our COPD population
could result from impaired TFPI release from dysfunctional endothelial cells [16]. It has
been reported that circulating TFPI antigen levels, accompanied by thrombomodulin levels,
are significantly higher in patients with COPD compared with controls [17,18]. Lower TFPI
concentrations in our COPD patients compared with the controls might be associated with
higher FEV1 values in the present study (a mean, 57% vs 44% in the previous study [18]). In
other populations increased total TFPI levels associated with lower free TFPI have been
observed. In the current study, a small reduction in free TFPI was found and this difference
might enhance prothrombotic mechanisms and contribute to the thrombotic potential in
COPD patients.

Mechanisms underlying alterations in blood coagulation factors, especially fVIII, in COPD
remain to be elucidated. Most likely, COPD is associated with enhanced production of
coagulation factors in the liver and endothelial cells, however reduced clearance of these
proteins cannot be excluded. Which mediator(s) account for the changes in plasma
composition observed in the current study is unknown. It is not certain that prothrombotic
phenotype is induced by environmental or disease-specific factors. Since phenotypic blood
composition at any time reflects ongoing systemic events (e.g. inflammation) as well as
genetic predisposition, we cannot exclude that prothrombotic state observed in COPD is to
some extent genetically determined as shown by Vormittag et al. [19] for fVIII activity and
a polymorphism in the low-density lipoprotein receptor-related protein 1 gene (663 C>T).
Other genetic factors may also be involved in the pathogenesis of prothrombotic phenotype
in COPD, for example, prothrombin G20210A mutation is known to be linked with
significantly increased prothrombin levels. Recently, it has been reported that hypoxia in
COPD patients enhances thrombin formation measured in peripheral blood [20]. Given the
fact that the current patients were clinically stable, it is unlikely that this factor contributes to
prothrombotic phenotype in COPD.
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Our study has several limitations. First, the number of the patients studied is limited.
However, it is unlikely that the differences reported here result from significant recruitment
bias. Second, we excluded subjects with serious comorbidities frequently encountered in
COPD patients such as renal insufficiency or liver injury. However, we can assume that
most subjects with comorbidities and COPD may display even more profound
prothrombotic alterations in plasma coagulation factor composition with the exception of
liver injury which could impair hepatic synthesis of some coagulation factors. The present
study did not address the issue of pharmacological modulation of prothrombotic phenotype
in COPD. However, oral corticosteroids, which are likely to affect blood coagulation by
elevation of fVII and fVIII as well as decreased fibrinogen [21], were not administered in
our study population. Inhaled bronchodilators are unlikely to alter coagulation factor levels.
Moreover, the effect of statins, known to suppress inflammatory response [22], could not be
evaluated in the current study, however they are unlikely to significantly alter inflammatory
markers and thrombin formation in COPD patients [6,23]. Finally, clinical implications of
the present study remain unknown. A larger study with long-term follow-up is needed to
assess the effect of altered kinetics of thrombin generation on clinical endpoints, including
myocardial infarction and venous thromboembolism in COPD.

In conclusion, we demonstrated that COPD is associated with altered kinetics of thrombin
generation and the changes are largely dependent on plasma coagulation factors
composition. The concentration of fVIII was greatest in COPD individuals over controls and
when the dynamics of the plasma composition were considered in context of thrombin
generation, fII, fVIII, fIX, and TFPI was able to correct the prothrombotic phenotype. These
observations yield new insights into the pathogenesis of atherothrombotic events in COPD
patients.
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Figure 1. Thrombin simulations of individuals with COPD
Computationally derived thrombin generation curves shown as the mean (+SD) for COPD
individuals (n=60) and control (n=43) populations.
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Figure 2. Plasma factor composition effect on thrombin simulations
Within the COPD population, fII, fVIII, fIX, and TFPI were able to correct the
prothrombotic phenotype when adjusted to concentrations in the controls.
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