
O R I G I N A L  R E S E A R C H

Correlation of Coagulation Dysfunction with 
Infection and Hypercapnia in Acute Exacerbation 
of COPD Patients
Li-Li Zheng1, Sheng Wang1, Ze-Geng Li2, Lei Han2, Chun-Dong Zhu1, Chun-Ying Li1, Xing-Xing Zhang1, 
Xue Deng1

1Department of Respiratory Medicine of Geriatrics Center, The First Affiliated Hospital of Anhui University of Traditional Chinese Medicine, Hefei, 
230000, People’s Republic of China; 2Anhui University of Traditional Chinese Medicine, Hefei, 230000, People’s Republic of China

Correspondence: Sheng Wang, Department of Respiratory Medicine, Geriatrics Center, The First Affiliated Hospital of Anhui University of Traditional 
Chinese Medicine, 117 Meishan Road, Shushan District, Hefei, 230000, People’s Republic of China, Tel +86 13855182043, Email wangs_sheng@163.com 

Background: This study aims to explore the factors influencing the coagulation function of patients with chronic obstructive 
pulmonary disease (COPD) and its effects on thrombosis.
Methods: A total of 155 COPD patients, including 118 patients with acute exacerbation of COPD (AECOPD) and 37 patients with stable 
COPD (SCOPD), were enrolled in this study. Meanwhile, 50 patients with gastrointestinal polyps found during physical examination and 
treated with surgery in the same period were enrolled as the control group. The basic data, routine blood tests, C-reactive protein (CRP), 
procalcitonin (PCT), and coagulation indexes of the three groups were collected, as well as arterial blood gas indexes of AECOPD patients.
Results: The differences in erythrocyte count and hemoglobin among groups were not statistically significant. Compared with the 
SCOPD group and control group, white blood cell (WBC), neutrophil percentage, PCT, CRP, prothrombin time (PT), and fibrinogen 
(FIB) in the AECOPD group increased significantly, while the international normalized ratio (INR) decreased (P < 0.05). The 
differences in activated partial thromboplastin time (APTT) and D-dimer among groups were not statistically significant (P > 0.05). 
Thrombin time (TT) in the AECOPD group was shorter than that of the control group, and PT was longer than that of the SCOPD 
group (P < 0.05). Five patients with AECOPD and one patient with SCOPD had venous thrombosis.
Conclusion: The abnormal coagulation function in AECOPD patients is related to the degree of infection and hypercapnia, which 
may be a risk factor for thrombosis.
Keywords: acute exacerbation of chronic obstructive pulmonary disease, AECOPD, abnormal coagulation function, infection, 
thrombosis

Background
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable chronic airway disease that is 
characterized by persistent airflow restriction and corresponding respiratory symptoms; its pathological changes are mainly 
airway and/or alveolar abnormalities, which are usually related to significant exposure to harmful particles or gases, genetic 
susceptibility, abnormal inflammatory response, abnormal lung development, and other host factors participating in 
pathogenesis.1,2 Academician Chen Wang et al3 reveal that, at present, the overall prevalence of COPD among people aged 
20 and over in China is 8.6%, of which the prevalence among people aged 40 and over is 13.7%; it is estimated that nearly 
100 million people in China have COPD. COPD patients suffer 0.5–3.5 times more each year from acute exacerbation, and the 
average hospitalization cost per person is up to 12,000 yuan, which has seriously increased the economic burden of patients and 
society. The early inflammatory response of COPD is confined to the trachea and lungs, but in the course of the disease, hypoxia 
and chronic inflammation affect the whole body. When respiratory failure occurs in patients with acute exacerbation of COPD 
(AECOPD), circulatory and coagulation dysfunction often occurs, which is considered to be the cause of thrombotic events.4 
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Furthermore, abnormal coagulation and thrombosis may accelerate the progress of COPD, resulting in prolonged hospitalization, 
high hospitalization costs, poor prognosis, and even increased mortality.

Coagulation dysfunction and its role in COPD have been explored for many years. More and more evidence show that 
a hypercoagulable state exists in COPD, involving changes in a variety of coagulation factors.5 However, the pathogenesis of 
coagulation dysfunction caused by COPD remains unclear. Its main pathological manifestation, though, is local hypoxia in the 
lung, induced by inflammatory mediators acting on vasoactive receptors in the lung parenchyma, thereby resulting in repeated 
damage and repair of the airway wall, thickening and narrowing of the lumen, destruction of lung parenchyma, and thickening 
of the pulmonary vascular wall.6,7 Inflammatory mediators aggravate the airway inflammatory response, leading to pulmonary 
vascular injury and thereby making the function of endothelial cells of pulmonary arterioles abnormal. This results in the 
release of a large number of inflammatory and coagulation mediators, thus activating the coagulation mechanism, finally 
leading to abnormal platelet and coagulation functions and a sudden increase in the level of D-dimer (D-D) in the blood.8,9 

Smoking is an important risk factor for thrombotic diseases. Toxic substances in cigarettes, such as nicotine and tar, can 
damage vascular endothelium and cause vascular endothelial dysfunction, thus promoting thrombosis.10 Additionally, 
smoking can damage lung tissue, resulting in the secretion of macrophages, participate in the inflammatory response, and 
activate the coagulation system. Therefore, the risk of thrombotic disease in people who have been exposed to cigarette smoke 
for a long time is higher than that of the general population.11 Studies reveal that when COPD patients have hypercapnia, they 
develop coagulation dysfunction. Activation of the coagulation system is a common phenomenon in inflammatory diseases. 
The degree of activation of the coagulation system increases during exacerbation of COPD.12 Studies reveal that abnormal 
coagulation function is seriously high in severe infection and that the main reason for its formation is the imbalance between 
the formation and clearance of intravascular fibrin.13,14 However, the risk factors for coagulation dysfunction in COPD 
patients are not clear. Obviously, discovering the causes of coagulation dysfunction in AECOPD is helpful in taking early 
intervention measures to improve the prognosis of patients. In this study, COPD patients hospitalized in the Department of 
Geriatric Respiratory Medicine of our hospital from January 2020 to December 2021 were enrolled as research subjects to 
explore the influencing factors of coagulation status and its impact on thrombosis in patients with COPD for the sake of 
devising timely and effective intervention methods to reduce the occurrence of pulmonary embolism secondary to COPD.15

Methods
Subjects
A total of 155 consecutive COPD patients hospitalized in our department from January 2020 to December 2021, along with 50 
age-matched patients with gastrointestinal polyps found in physical examinations conducted during the same period, were 
fully enrolled as research subjects. All COPD patients met the Guidelines for the Diagnosis and Treatment of Chronic 
Obstructive Pulmonary Disease (2013 Revision) formulated by the respiratory branch of the Chinese Medical Association and 
had previously been clinically diagnosed with COPD. The other inclusion criteria included patients who did not receive 
anticoagulation treatment in recent three months; patients who had no history of drug allergy and drug contraindications; and 
patients who knew about the study and could cooperate. The exclusion criteria were as follows: patients with tumors; patients 
suffering from pulmonary tuberculosis, bronchiectasis, asthma, or other lung diseases; patients suffering from diabetes, blood 
system diseases, and other diseases; patients with infections at other sites; patients with autoimmune diseases; and patients 
with liver and kidney dysfunction. This study was discussed and approved by the ethics committee of our hospital, and signed 
informed consent was given by all patients.

Data Acquisition
Using the method of retrospective investigation, the data of the cases that met the above conditions in the electronic 
medical record system were retrieved, and each case was recorded in detail, including the general information of the 
patient (course of disease, inpatient number, name, gender, and age); venous thrombosis of the lower limbs; blood 
examination results, including the first routine blood test results after admission (white blood cell [WBC] count, red 
blood cell count, hemoglobin, and neutrophil percentage [N%]), coagulation function indicators (prothrombin time [PT], 
activated partial thromboplastin time [APTT], international standardized ratio [INR], fibrinogen [FIB], thrombin time 
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[TT], and D-D), and blood inflammation indicators (C-reactive protein and procalcitonin). In AECOPD patients, the 
blood gas analysis results of the latest blood samples were noted.

Statistical Analysis
Data were statistically analyzed using SPSS 26.0 software. Normally distributed data were expressed as a mean ± standard 
deviation (X �SD) and compared among multiple groups using one-way analysis of variance. For data with homogeneity of 
variance, pairwise comparison was conducted using the least significant difference (LSD) test, and data with heterogeneity of 
variance was compared using Dunnett’s T3 test. Non-normally distributed measurement data were expressed as the median, 
compared among multiple groups using the Kruskal–Wallis rank sum test, and pairwise comparison was conducted using the 
Bonferroni test. Count data were expressed as percentages (%) and compared between two groups using the Chi-square test. 
Correlation analysis was conducted using Spearman correlation analysis. P < 0.05 was considered statistically significant.

Results
Comparison of Demographic Baseline Data
A total of 205 subjects were included in this study. There were 118 cases in the AECOPD group, 37 cases in the stable COPD 
(SCOPD) group, and 50 cases in the healthy control group. Of the 118 AECOPD patients, 101 patients were male (85.6%), 17 
patients were female (14.4%), the average age was 78.53 ± 7.82 years old, and venous thrombosis was found in five patients by 
B-ultrasound. Of the 37 patients with SCOPD, 33 patients were male (89.2%), 4 patients were female (10.8%), the average age 
was 78.22 ± 5.21 years old, and lower limb venous thrombosis was found in one patient by B-ultrasound. Of the 50 patients in the 
control group, 42 patients were male (84%), 8 patients were female (16%), and the average age was 76.86 ± 3.82 years old. There 
were no significant differences in age or gender between the AECOPD group, the SCOPD group, and the control group (Table 1).

Comparison of Routine Blood Test, PCT, and CRP
The differences in erythrocyte count and hemoglobin levels among groups were not statistically significant (P > 0.05). 
The differences in WBC, N%, PCT, and CRP among the three groups were all statistically significant (P < 0.05). WBC, 
N%, PCT, and CRP were significantly higher in the AECOPD group than in the SCOPD group and the control group, 
where the differences were statistically significant (P < 0.05, Table 2). In this study, blood gas analysis data of AECOPD 
patients were collected and retrieved. The results revealed that some patients had abnormal blood gas and acidosis. 
Among them, 21 cases (17.8%) had arterial blood pH lower than 7.35, and 61 cases (51.69%) had arterial blood CO2 
partial pressure (PaCO2) higher than 50 mmHg.

Comparison of Coagulation Indicators
There were no significant differences in APTT and D-D levels among the AECOPD group, the SCOPD group, and the control 
group (P > 0.05). The differences in TT, PT, FIB, and INR among the three groups were all statistically significant (P < 0.05). 
Compared with the SCOPD group and the control group, the FIB index in the AECOPD group was significantly higher, while 
the INR value was significantly lower, the differences being statistically significant (P < 0.05). PT in the AECOPD group was 
significantly longer than that of the SCOPD group, and TT in the AECOPD group was significantly shorter than that of the 
control group, the differences being statistically significant (P < 0.05, Table 3).

Table 1 Baseline Data of Patients in Three Groups

AECOPD Group 
(n=118)

SCOPD Group 
(n=37)

Control Group 
(n=50)

F/χ2 

value
P value

Gendern (%) 0.487 0.784
Male 101(85.6) 33(89.2) 42(84)

Female 17(14.4) 4(10.8) 8(16)

Age 78.53±7.82 78.22±5.21 76.86±3.82 1.124 0.327
Number of thrombotic events (n) 5(4.2) 1(2.7) 0(0) 2.227 0.328
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Factors Affecting Coagulation State
The correlation analysis results for each factor and the coagulation indexes in AECOPD patients are shown in Figure 1. 
D-D, PT, and FIB levels were positively correlated with PCT, and INR was negatively correlated with PCT. The 
differences in PT (rs = 0.185, P < 0.001), FIB (rs = 0.358, P < 0.001), D-D (rs = 0.307, P < 0.001), and INR (rs = −0.277, 
P < 0.001) were statistically significant. D-D, PT, and FIB levels were significantly positively correlated with CRP levels, 
the correlation coefficients being PT (rs = 0.377), FIB (rs = 0.704), and D-D (rs = 0.361). INR was negatively correlated 
with CRP (rs = −0.553). In patients with abnormal blood gas analysis indicators, PT was negatively correlated with pH (rs 

= −0.184) and positively correlated with PaCO2 (rs = 0.199), suggesting that the abnormal coagulation state is related to 
hypercapnia and acidosis (Figure 1).

Discussion
Coagulation dysfunction is common in COPD patients. PT, APTT, TT, and FIB are common indicators for clinical testing 
of coagulation function, which can directly reflect the levels of endogenous and exogenous coagulation factors.16,17 In 
this study, compared to the SCOPD group and the control group, FIB levels in the AECOPD group were significantly 
higher, while INR values were significantly lower. Compared to the SCOPD group, PT in the AECOPD group was 
significantly longer. Compared to the control group, TT in the AECOPD group decreased significantly, but the value was 
still within the normal range. The decrease of TT has no special clinical significance. Although there was no significant 
difference in D-D among the three groups, the average D-D levels in the AECOPD group were higher than the normal 
range; in combination with the prolongation of APTT and PT coagulation indexes, it is certainly a possibility that the 
coagulation time may be prolonged after the consumption of coagulation factors. These results suggest that abnormal 

Table 2 Comparison of Routine Blood Test, PCT and CRP Indexes of Three Groups of Patients

Normal 
Range

AECOPD Group 
(n=118)

SCOPD Group 
(n=37)

Control Group 
(n=50)

P1 P2 P3

RBC 4.3~5.8(M) 4.27±0.57 4.40±0.46 4.24±0.70 0.247 0.812 0.236

(10 12/L) 3.8~5.1(F) 3.98±0.59 4.54±0.43 4.13±0.35 0.062 0.486 0.214

HGB(g/L) (M) 131.01±15.67 137.27±13.30 129.69±22.20 0.069 0.674 0.058
(F) 119.59±14.04 129.00±23.73 125.00±8.64 0.249 0.388 0.653

WBC(10 9/L) 3.5~9.5 7.71±2.59 5.73±1.33 5.40±1.50 <0.001 <0.001 0.477

N(%) 40~75 81.11(14.90) 61.80(9.95) 54.45(13.17) <0.001 <0.001 0.016
PCT(ng/mL) 0~0.05 0.06(0.07) 0.04(0.02) 0.03(0.02) <0.001 <0.001 0.046

CRP(mg/L) ≤5 8(46.91) 1.67(2.51) 1.28(2.40) <0.001 <0.001 0.639

Notes: P1 is the comparison between the AECOPD group and the SCOPD group; P2 is the comparison between the AECOPD group and the control 
group; P3 is the comparison between the SCOPD group and the control group. 
Abbreviations: RBC, Red Blood Cell Count; HGB, hemoglobin; WBC, Red Blood Cell Count; N%, neutrophilic granulocyte percentage; PCT, 
procalcitonin; CRP, C-reactive protein.

Table 3 Comparison of Coagulation Indexes of Three Groups of Patients

Normal 
Range

AECOPD Group 
(n=118)

SCOPD Group 
(n=37)

Control Group 
(n=50)

P1 P2 P3

TT(s) 14–21 16.10(1.43) 16.60(1.15) 16.55(1) 0.466 0.003 0.095

PT(s) 9–13 10.55(1.40) 10.50(1.40) 10.25(1.13) 0.370 0.011 0.230

APTT(s) 25–33.8 28.53±3.57 29.04±3.10 27.67±2.74 0.418 0.123 0.057
DD(mg/L) 0–0.55 0.97±1.77 0.91±1.82 0.55±0.50 0.848 0.114 0.287

FIB(g/L) 2–4 3.47(1.54) 2.86(0.57) 2.61(0.73) <0.001 <0.001 0.374

INR 0.89–1.25 0.93(0.08) 0.96(0.12) 0.97(0.12) <0.001 <0.001 0.577

Notes: P1 is the comparison between the AECOPD group and the SCOPD group; P2 is the comparison between the AECOPD group and the 
control group; P3 is the comparison between the SCOPD group and the control group. 
Abbreviations: TT, thrombin time; PT, Prothrombin Time; APTT, activated partial thromboplastin time; DD, D-dimer; FIB, fibrinogen; INR, 
international normalized ratio.
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coagulation function in AECOPD patients is a complex process.11 The present study reveals that the abnormal expression 
of coagulation indexes in COPD patients has a certain correlation with infection and hypercapnia, which may be involved 
in the formation of venous thrombosis of the lower limbs.

Figure 1 Correlation between coagulation indexes and inflammatory markers in AECOPD patients.
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Respiratory infection is the most common predisposing factor for AECOPD. In the past, AECOPD was mainly considered 
to be related to bacterial infection, as about 30% of patients had obvious evidence of respiratory virus infection in the early 
stage of onset.18,19 When there is infection in the human body, the proper immune defense function is activated, and various 
inflammatory factors are released protectively to stimulate the vascular endothelial system and disorder the endothelial 
function; the coagulation pathway is also activated, leading to coagulation dysfunction.14,20,21 In this study, the N% in the 
AECOPD group was significantly higher than that of the SCOPD group, suggesting that AECOPD patients had bacterial 
infection (Table 2). PCT is the precursor of calcitonin and is mainly secreted by thyroid C cells. The level of PCT in peripheral 
blood of healthy people is very low, generally lower than 0.05ng/mL. When the body is infected by bacteria, fungi, parasites or 
affected by organ failure, PCT level is increased in the blood, which may be related to a large number of cytokines and 
endotoxins produced for the pathogen infection and they can inhibit PCT degradation. As an acute reaction protein, 
concentration of CRP is low in healthy people. When infection occurs in the body, under the stimulation of tumor necrosis 
factor-α (INF-α), interleukin (IL) −6 and other cytokines, its synthesis in the liver is increased, and its secretion into the blood 
is increased. CRP has been reported as an inflammatory cytokine to assist in the diagnosis of bacterial infections. Furthermore, 
we can find that, in addition to the neutrophil count and percentage, the increases of CRP and PCT were important 
inflammatory indexes apart from abnormal coagulation function, as the levels of CRP and PCT in the AECOPD group 
were significantly higher than those in SCOPD group. Closely monitoring the dynamic changes of these indicators plays an 
important role in understanding changes in the patients’ condition.

Coagulation dysfunction is common in AECOPD patients. In this study, compared to the SCOPD group, PT in the 
AECOPD group was significantly prolonged, and FIB in the AECOPD group was significantly increased (Table 3). As one of 
the molecular markers of hypercoagulability and hyperfibrinolysis in the body, D-D is a specific degradation product of cross- 
linked fibrin, which can better reflect the production of thrombin and the activity of fibrinolysin.22 Hypercoagulability is 
a significant feature of inflammatory lesions in COPD patients.21,23,24 In this study, the average level of D-D in the AECOPD 
patients was higher than that of the SCOPD group and the control group, suggesting that COPD patients have hypercoagul-
ability and that, especially in AECOPD patients, the risk of microthrombosis is higher. Meanwhile, in this study, we found that 
61 patients (51.69%) had hypercapnia with arterial carbon dioxide concentration exceeding 50mmHg, and 21 patients (17.8%) 
had acidosis. This study reveals that certain coagulation function indexes are positively correlated with PCT and CRP levels, as 
well as arterial blood carbon dioxide concentration. INR was significantly and negatively correlated with PCT and CRP. These 
results suggest that coagulation dysfunction is correlated with infection and hypercapnia.25 Among the subjects, five 
AECOPD patients and one SCOPD patient had deep venous thrombosis of the lower limbs, and it can reasonably be inferred 
that coagulation dysfunction is associated with infection, hypercapnia, and acid-base disturbance in COPD patients, coagula-
tion dysfunction may be an important risk factor for thrombosis.

However, this study also has certain limitations. Firstly, the subjects had been smoking for different periods, and some 
AECOPD patients had received anti-infective treatment outside the hospital of different degrees and at different times 
prior to admission. These differences may directly affect the inflammatory indexes, the corresponding coagulation 
results, and blood gas analysis indexes. Secondly, after admission, patients were treated with oxygen therapy of different 
concentrations. Some patients were treated with non-invasive auxiliary ventilation. To some extent, all of these factors 
affected the partial pressure of carbon dioxide, and the partial pressure of oxygen could not be accurately assessed. 
Therefore, it is impossible to analyze the correlation between hypoxia and coagulation dysfunction. Thirdly, this was 
a retrospective study, and the sample size was small. Moreover, the number of patients in the control group, the SCOPD 
group, and the AECOPD group was different, which affected the accuracy of the experimental results. The patients in the 
control group were polyp patients in our hospital and were therefore not entirely healthy people. Large sample and 
multicenter studies are needed to confirm the relationship between coagulation dysfunction with infection and hyper-
capnia in COPD patients. There are still many other potential factors in COPD patients with venous thrombosis that 
clinical workers urgently need to explore.26

Conclusion
In summary, the present study confirms that COPD patients suffered from hypercoagulability and that, especially in 
AECOPD patients, coagulation dysfunction was particularly high. There are many factors that cause hypercoagulability 
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in COPD patients; more common among these is that inflammation is associated with hypercapnia, which may be an 
important factor for thrombosis. Besides understanding the causes of abnormal coagulation function in COPD patients, 
alongside routine anti-infection treatment attention should also be paid to anticoagulation, which may improve the 
prethrombotic or microthrombotic status of patients, as it has a certain clinical value for alleviating the clinical symptoms 
and improving the prognosis.
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