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Background: Pulmonary hypertension (PH) is the one of the most common complications of chronic obstructive pulmonary disease
(COPD). Whereas, the associated diagnostic factors are uncertain. The present study aims to investigate useful diagnostic factors in
patients with COPD and PH (COPD-PH).

Patients and Methods: A total of 111 patients with COPD in Shanxi Bethune Hospital from December 2019 to December 2020
were divided into COPD (PASP<50 mmHg) and COPD-PH groups (PASP>50 mmHg). Pulmonary function and chest CT results were
collected. Routine blood, biochemical, and blood coagulation function indices were examined for all patients. Arterial blood gas
analysis and serum cytokines were also measured. Differences in the distribution of the above indicators between the two groups were
analyzed using binary logistic regression analysis to identify the risk factors of COPD-PH, and multiple linear regression analysis to
determine the factors affecting PASP. The influencing factors and joint predictive factors of the above linear regression analysis were
analyzed using the ROC curve. The area under the curve and the best cut-off value were calculated, and their predictive value and
clinical significance in disease diagnosis were discussed.

Results: A total of 27 indexes with statistically significant differences between the two groups were identified (P < 0.05). Binary
Logistic regression analysis showed that the factors influencing the diagnosis of pulmonary hypertension were serum GABA, NE,
VEGF, BUN, and LYM% levels (P < 0.05). Multiple linear regression showed that the factors influencing PASP were serum NE, ET-1,
GABA, and VEGEF levels, and the goodness of fit of the model was 0.748 (P < 0.001). ROC curve showed that the AUC of the
combined diagnosis of serum NE, ET-1, GABA, and VEGF levels was 0.966 (sensitivity, 87.5%; specificity, 93.65%).
Conclusion: Serum NE and ET-1 are risk factors for COPD-PH, whereas serum GABA and VEGF are protective factors against
COPD-PH. The combined diagnostic value of serum NE, ET-1, GABA, and VEGF levels was the highest.
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Introduction

Chronic obstructive pulmonary disease (COPD) manifests as persistent respiratory symptoms and progressive airflow
obstruction and can further develop into pulmonary heart disease. COPD is a common chronic disease caused by respiratory
failure.! Cigarette smoke and other harmful pollutants are common risk factors for COPD and usually cause abnormal
pulmonary inflammatory response.” More than three million people die annually from COPD.?
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Pulmonary hypertension (PH) is one of the most common complications of COPD. Compared to COPD patients without
PH, presence of PH showed worse clinical symptoms, higher medical costs, increased exacerbations, and prognosis.“’5
Repeated infections and airflow limitations can cause endothelial cell dysfunction, and finally induced PH. Inflammatory
injury and repair can lead to pulmonary vascular remodeling and eventually PH. Studies suggest that PH is an independent risk
factor for increased mortality in COPD.> ® Therefore, early diagnosis of PH is essential. Right heart catheterization is the gold
standard for diagnosing PH;* however, it is invasive and unsuitable to most patients. Moreover, the overlapping symptoms of
PH and COPD obstructive pulmonary disease present diagnostic challenges. Therefore, there is an urgent need to identify new
biomarkers of COPD and PH (COPD-PH).

The occurrence and progression of COPD-PH are related to inflammatory responses, and previous studies have found that
many cytokines are related to PH. Norepinephrine (NE) is one of the most excitatory sympathetic neurotransmitters highly
expressed in animals with PH.%'° While y-aminobutyric acid (GABA) is one of the inhibitory sympathetic neurotransmitters;
and the heart feature is related to decreased inhibitory role of GABA.!" The application of GABA can inhibit the release of NE
and decrease peripheral sympathetic activity, thereby decreasing pulmonary arterial pressure.'® Endothelin-1 (ET-1), secreted
by endothelial cells, is the strongest vasoconstricting substance in development of PH. ET-1’s main role is binding to ET-A in
the pulmonary vascular smooth muscle.'*'*> As for the role of vascular endothelial growth factor (VEGF), still remains
controversial; although few studies recommend it is a protecting factor,'* other suggests that it promotes pulmonary vascular
remodeling.'®> Currently, the focus on these cytokines in COPD-PH remains limited.

In the present study, we generated some clinical indices of patients with COPD and COPD-PH and determined
cytokine levels to identify the key protective and risk factors in patients with PH. Moreover, we evaluated the diagnostic
effectiveness of the key factors, providing a basis for the early diagnosis of COPD-PH.

Materials and Methods

Participant

A total of 111 patients with COPD from the Respiratory and Critical Care Department of Shanxi Bethune Hospital
between December 2019 and December 2020 were included in this study. All patients underwent transthoracic
echocardiography in accordance with the diagnostic standards of the 2019 Global Initiative for Chronic Obstructive
Lung Disease (GOLD)'® and performed transthoracic echocardiography (TTE). Each participant’s COPD diagnosis was
based on the Global Initiative for Chronic Obstructive Lung Disease guideline standards (forced expiratory volume
during the first second of forced breath [FEV1] to forced vital capacity [FVC] ratio after bronchodilation <0.70). Based
on pulmonary artery systolic pressure (PASP), all patients were divided into COPD and COPD-PH groups according to
the Chinese Guidelines for the Diagnosis and Treatment of Pulmonary Hypertension 2018.'” COPD groups was defined
as with PASP<50 mmHg or peak tricuspid regurgitation < 3.4 m/s; COPD-PH groups was defined as with PASP>50
mmHg or peak tricuspid regurgitation > 3.4 m/s. All enrolled patients signed informed consent forms prior to their
participation this study. This study was approved by the risk factor for increased mortality in Ethics Committee of the
Third Hospital of Shanxi Medical University (approval no. YXLL-2020-073) and complied with the Declaration of
Helsinki.

Exclusion Criterion

The following were the exclusion criteria: (1) patients with various diseases of the blood system; (2) patients with severe
nervous system disorders; (3) patients with severe liver and kidney dysfunction; (4) patients with a history of
hemodialysis in the last three months; (5) patients with a history of blood transfusion in the last 2 weeks; (6) patients
with a history of lung surgery; (7) severe valvular disease and right ventricular outflow tract disease; (8) PH caused by
a malignant tumor, rheumatic disease, left heart failure, pulmonary thromboembolism, and other unknown causes.

Information Collection
General information, such as sex, age, body mass index (BMI), and smoking index, was collected after admission. Routine
blood indices, including white blood cell count (WBC), neutrophil count (NEUT), neutrophil percentage (NETU%),
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lymphocyte count (LYM), lymphocyte percentage (LYM%), eosinophil count (EOS), eosinophil percentage (EOS%), red
blood cell count (RBC), hemoglobin (Hb), red blood cell distribution width (RDW), and platelet count were collected.
Serum biochemical parameters, including serum creatinine (Scr), blood urea nitrogen (BUN), alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) were collected. Coagulation function indices such as prothrombin time (PT),
activated partial thromboplastin time (APTT), and international normalized ratio (INR) were also collected. Finally, the
procalcitonin (PCT), N-terminal pro-brain natriuretic peptide (NT-proBNP), arterial blood gas, TTE, and chest CT results
were recorded.

Lung function test results of patients were obtained after admission for three months. Serum specimen was collected
and GABA, NE, ET-1, VEGF, hypoxia inducible factor-lo. (HIF-1a), interleukin-6 (IL-6), homocysteine (Hcy), and
tumor necrosis factor-a (TNF-a) were determined.

Arterial Blood Gas Analysis

We collected 2 mL arterial blood samples within half an hour of admission. Arterial blood gas analysis was performed
using a GEM-3500 blood gas analyzer within half an hour. Hydrogen potential (pH), partial pressure of oxygen (PO2),
partial pressure of carbon dioxide (PCO,), and fraction of inspiration O, (FiO,) were recorded. Finally, the oxygenation
index (OI) was calculated as follows: OI= PO,/Fi0,%100%.

Cardiac Color Ultrasound

Color Doppler imaging was used to measure the maximum regurgitation velocity and peak velocity of the valve orifice
using Vivid E9 echocardiography (GE Healthcare, USA). Systolic pulmonary artery pressure was measured by a senior
professional physician. PASP was estimated from the tricuspid regurgitation velocity after excluding valvular disease and
obstructive disease of the right heart. The PASP was determined by averaging multiple measurements.

Determination of Lung Function

A master screen pulmonary function instrument (CareFusion, Germany) was used to determine lung function. The optimal
value was calculated three consecutive times by experienced pulmonary function technicians. Forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV 1), forced expiratory volume in 1 second as percentage of predicted value (FEV1%
pred, and forced expiratory volume in 1second/forced vital capacity (FEV1/FVC) were recorded.

Chest CT

After admission, patients underwent chest CT using the German SOMATOM Definition Flash CT system, and CT scans
were performed at the end of maximum inspiration by radiologists. All images were reviewed by two experienced
radiologists, and other diseases that may cause respiratory symptoms and airflow limitations were excluded.

Determination of Cytokine Level

We collected 5 mL fasting venous blood within 24 h of admission. The blood was centrifuged at 3000r/min for 10 min
and the supernatant was quick-frozen in liquid nitrogen and stored at —80°C. Serum GABA, NE, ET-1, VEGF, HIF-1a,
IL-6, Hcy, and TNF-a were detected using a kit from Shanxi Boao Xinyuan Biotechnology Co., LTD. The determination
method used was enzyme-linked immunosorbent assay (ELISA). The procedure was performed strictly in accordance
with the manufacturer’s instructions.

Statistical Analysis

All the analyses were conducted in SPSS 26.0. Variables with normal distribution are presented as mean =+
standard deviation (SD), and variables with non-normal distribution are presented as medians (interquartile
ranges). For the comparison between the two groups, the Mann—Whitney test was adopted for non-normally
distributed data, and two independent sample t-tests were adopted for normally distributed measurement data.
With PH as the dependent variable and indicators with statistically significant differences between the two groups
as independent variables, a multivariate binary logistic regression analysis was performed using the Wald method.
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Variables with P < 0.05 were considered as risk factors for COPD-PH. Multiple linear regression was performed
with logistic regression risk factors and ET-1 as independent variables, and PASP as the dependent variable to
determine the factors influencing PASP. Receiver operating characteristic (ROC) curve analysis was performed on
the influencing factors and combined predictors.

Results

Information About the Patients

A total of 111 patients were included in this study, 63 with COPD and 48 with COPD-PH. There were no significant
differences in age, BMI, or smoking index between the COPD and COPD-PH groups (Table 1). These results suggested
that there was no heterogeneity in the selected samples.

Differences in Arterial Blood Gas Analysis, Blood Routine Index, Coagulation Function
Index, PCT, NT-proBNP, Serum Biochemical Index, Lung Function, and Cytokines

Arterial blood was collected during calm oxygen inhalation (Fi0,=29%), and the pH, PCO,, and OI were calculated. The
pH and PCO, levels were not significantly different between the COPD and COPD-PH groups. The OI was lower in the
COPD-PH group than in the COPD group (Table 2, t = 2.484, P =0.014).

Fasting blood samples were collected within 24h of admission to complete the first routine blood examination. The
results showed that The levels of NETU%, LYM%, LYM, EOS%, EOS, RBC, Hb, RDW, and PLT were significantly
different between the COPD and COPD-PH groups (Table 3; P < 0.05).

Fasting blood samples were collected within 24h after admission, and the coagulation function index, PCT, and NT-
proBNP were examined. The results showed that PT, APTT, INR, PCT, and NT-proBNP levels were significantly
different between the COPD and COPD-PH groups (Table 4, P < 0.05).

Fasting blood samples were collected within 24h after admission. Scr, BUN, ALT, AST, and Na" levels differed
significantly between the COPD and COPD-PH groups (Table 5, P < 0.05).

Lung function was determined within three months after admission. FEV1, FVC, FEV1%, and FEV1/FVC were
significantly different between the COPD and COPD-PH groups (Table 6; P < 0.05).

Fasting blood samples were collected for enzyme-linked immunosorbent assay. GABA, VEGF, Hcy, HIF-1a, NE, ET-
1, and TNF-o were significantly different between COPD and COPD-PH groups (Table 7, P < 0.05).

Table | Normal Information of the Patients

COPD-PH COPD t/Z value P value
Sex (male/female) 38/10 51/12 - -
Age 69.46+8.94 68.838.12 0.390 0.698
BMI (kg/m?) 21.98+4.35 20.98+3.73 1.307 0.194
Smoking index (package/year) 30(6,50) 16.25 (0,40) —-1.897 0.058
GOLD classification (1-2/3/4 stage) 5/14/29 8/15/40 0.471 0.790
Table 2 Differences in Arterial Blood Gas Analysis
COPD-PH COPD t value P value

pH 7.38+0.04 7.39+0.04 -1.932 0.109

PCO, (mmHg) 52.79+14.65 47.99+£10.76 1911 0.059

Ol(mmHg) 212.93+59.02 245.86+75.56 —2.494 0.014

Note: Red bold presents P < 0.05.
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Table 3 Difference in Blood Routine Index

Blood Routine Index COPD-PH COPD t/Z value P value
WBC (1079/L) 6.6612.24 6.44+2.73 0.455 0.650
NEUT%(%) 70.88+11.61 62.88+12.05 3.521 0.001
NEUT (1079/L) 4.88+2.19 4.17£2.20 1.683 0.095
LYM% (%) 17.67+10.52 23.96+10.78 -3.077 0.003
LYM (1079/L) 1.13+0.65 1.43+0.64 —2.384 0.019
EOS% (%) 1.90 (0.67,4.30) | 0.91 (0.25,3.09) —2.352 0.019
EOS (1079/L) 0.15 (0.04,0.25) | 0.06 (0.02,0.17) —2.838 0.005
RBC (107 12/L) 4.91x1.00 4.35+0.68 3.345 0.001
Hb (g/L) 151.31+26.84 136.71£25.17 2.941 0.004
RDW (%) 16.03+1.88 14.63+1.81 3.971 <0.001
PLT (1079/L) 160.67+63.90 196.83+61.93 —3.006 0.003

Note: Red bold presents P < 0.05.

Table 4 Differences in Coagulation Function Index, PCT, and NT-proBNP

COPD-PH COPD t/IZ value P-value
PT(s) 14.61+5.21 12.69+1.46 2.476 0.017
INR 1.17 (1.11,1.23) 123 (1.16,1.38) 2.959 0.003
APTT(s) 34.78+8.75 31.18+£3.43 2.694 0.009
PCT (ug/L) 0.07 (0.07,0.10) 0.11 (0.07,0.25) 3.899 <0.001
NT-proBNP (ng/L) | 978 (302.75, 2477.50) | 326 (108, 759) ~3.662 <0.001
Note: Red bold presents P < 0.05.
Table 5 Differences in Serum Biochemical Index
COPD-PH COPD t/IZ value P value
ALT (U/L) 13.70 (11.80,23.00) | 23.30 (15.70,40.93) 3.462 0.001
AST (U/L) 19.10 (15.50,24.20) | 29.20 (22.68,36.50) 3.638 0.001
Scr (ummol/L) 77.66+20.53 66.58+11.58 3.354 0.001
BUN (mmol/L) 6.73%1.73 5.08%1.53 5.339 <0.001
K* (mmol/L) 3.84+0.52 3.9240.53 —-0.783 0.435
Na* (mmol/L) 140.15+3.63 138.65+4.02 2.021 0.046
cr (mmol/L) 100.84+5.67 99.71£4.77 1.140 0.257
Note: Red bold presents P < 0.05.
Table 6 Differences in Lung Function
Index COPD-PH COPD t/Z value P value
FEV,(L) 1.10+0.56 1.06+0.52 0.382 0.703
FVC(L) 2.06+£0.67 2.1440.65 -0.679 0.498
FEV %pred(%) | 48.32+25.33 | 46.27+23.90 0.437 0.663
FEV/FVC(%) 51.25+13.37 | 48.35£13.40 1.129 0.261

Logistic and Linear Regression Analysis for Identification of Diagnostic Factors for
COPD-PH

After the above analysis, factors that showed significant differences between the COPD and COPD-PH groups were
included in multivariate binary logistic regression. The potential factors influencing COPD-PH included serum GABA,
NE, VEGF, BUN, and LYM% levels (Table 8; P < 0.05). Among these, GABA, VEGF, and LYM% were protective
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Table 7 Differences in Cytokines

COPD-PH COPD t/Z value P value
GABA (umol/L) 5.12+0.75 5.71+0.99 —3.450 0.001
HIF-1a (pg/mL) 37.9615.98 35.3246.07 2.288 0.024
NE (pg/mL) 192.16+45.77 120.10£29.60 9.499 <0.001
IL-6 (pg/mL) 37.00+4.87 35.70+5.89 1.236 0.219
ET-1 (pg/mL) 128.85+31.26 95.20+18.75 6.607 <0.001
VEGF (pg/mL) 147.26+23.12 158.38+23.14 —2.509 0.014
Hcy (umol/L) 10.90 (9.90,12.32) | 9.95 (8.54,11.91) -2.012 0.044
TNF-a (pg/mL) 44.83+6.86 40.8119.16 2.648 0.009
Note: Red bold presents P < 0.05.
Table 8 Logistic Regression Analysis

Factors | Coefficient SE Wald OR OR 95% CI P value

GABA —-0.952 0.399 5.673 0.386 0.176~0.845 0.017

NE 0.094 0.023 16.309 1.098 1.049~1.150 <0.001

VEGF —0.067 0.021 9.844 0.935 0.897~0.975 0.002

BUN 0.592 0.229 6.699 1.808 1.155~2.830 0.010

LYM% —-0.123 0.049 6.376 0.884 0.804~0.973 0.012

Note: R2=0.668; Red bold presents P < 0.05.
Abbreviation: SE, standard error.

factors, while NE and BUN were risk factors. The goodness-of-fit of the model was 0.748. The diagnostic accuracy was
93.7%, with 3 misdiagnoses and 4 missed diagnoses (Table 9).

Considering that most publications have shown that ET-1 is a risk factor for PH,'*'* we combined ET-1 and the
above significant factors (GABA, NE, VEGF, BUN, and LYM%) in the multiple linear regression analysis. NE, ET-1,
GABA, and VEGF were confirmed as potential key factors in PH and were significantly correlated with PASP (Table 10,
P < 0.001). The goodness-of-fit of the linear model was 0.784.

Table 9 Diagnostic Accuracy of the Logistic Model

Group COPD | COPD-PH Sum Accuracy (%)

COPD 60 3 63 95.2

COPD-PH 4 44 48 91.7

Sum 64 47 I 93.7

Table 10 Multiple Linear Regression Analysis
Factors | Non-Standardized Regression SE Standardized Regression t P value
Coefficient Coefficient

Constant 23.941 9.347 - 2.561 0.012
NE 0.234 0.019 0.684 12.301 | <0.001
ET-1 0.141 0.032 0.237 4.402 <0.001
GABA —2.262 0.950 -0.119 —2.381 0.019
VEGF -0.082 0.037 -0.110 -2.222 0.028

Notes: R*=0.748, F=78.805, P<0.001; Red bold presents P < 0.05.
Abbreviation: SE, standard error.
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Table |1 Diagnostic Ability of the Factors

Factors Sensitivity | Specificity AUC AUC 95% CI Cut off Youden Index
NE 93.75 79.37 0.934 0.871-0.973 >141.4| 0.7312
ET-1 68.75 90.48 0.822 0.738-0.888 >113.86 0.5923
GABA 75.00 71.43 0.727 0.634-0.807 <5.54 0.4643
VEGF 75.00 57.14 0.637 0.541-0.727 <158.75 0.3214
Combined factors 87.50 93.65 0.966 0.914-0.991 - 08115

Diagnostic Value of the Combined Factors

Receiver operating characteristic (ROC) curve analyses were performed to evaluate the diagnostic ability of these factors.
The results showed that area under ROC curve (AUC) for NE, ET-1, GABA, and VEGF were 0.934, 0.822, 0.727, and
0.637, respectively (Table 11 and Figure 1). More importantly, the combined diagnostic ability of these factors was the
most effective with an AUC of 0.966.

Discussion
The prevalence of COPD is extremely high, and COPD-PH is an independent predictive factor for worsening disease and
shortened life expectancy.” ® Therefore, early diagnosis of PH is important. Nevertheless, the gold diagnostic standard of
right heart catheterization for PH is not acceptable for most patients, and the overlapping symptoms of PH and COPD
suggest a diagnostic challenge. In the present study, we generated the clinical factors and some cytokines factors
including GABA, NE, ET-1, VEGF, HIF-la, IL-6, Hcy, and TNF-a for further analysis. The regression and ROC
curve analysis found that among these factors, NE, ET-1, GABA, and VEGF are the effective diagnostic factors in
COPD-PH. Moreover, the combined diagnostic effect of these cytokines was valuable with an AUC of 0.966.
Previous studies have emphasized the important roles of NE, ET-1, GABA, and VEGF in COPD and PH. NE is
a catecholamine derived from catecholamines that are circulating and released by sympathetic nerve fibers in the middle
of blood vessels.'® In patients with PH and PH rat models, the sympathetic nervous system is activated, and NE levels are
elevated.”'®!"” In chronic cor pulmonale, serum NE levels increase, and the reason is that chronic hypoxia induces
a hyperadrenergic state.”® In a study of 21 patients with idiopathic PH, NE is positively correlated with pulmonary
arterial pressure (=0.66, P < 0.01) and pulmonary vascular resistance (r=0.69, P < 0.001),>' which is consistent with our
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Figure | The receiver operator characteristic (ROC) curve analysis for the key factors.
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results. In patients with COPD, the sympathetic nervous system is also activated and NE level increased, which exerts
vasoactive effects by binding to a- and B-adrenergic receptors.”? Stimulation of al-adrenergic receptors located on
pulmonary vascular smooth muscle causes pulmonary vasoconstriction, and stimulation of endothelial a2-adrenergic
receptors causes pulmonary vasodilatation. Ciarka et al demonstrated that hypersympathetic activity in patients with PH
is associated with disease progression.'® Nevertheless, a previous study suggested that patients with PH have normal
sympathetic nervous system activity, basal plasma catecholamine levels, and stimulated plasma catecholamine levels,”’
which demonstrates that the current results need further exploration.

ET-1 is the strongest vasoconstrictor produced by endothelial cells and acts by binding to ET-A or ET-B receptors in lung
vessels. ET-1 levels in idiopathic PH are elevated and is positively related to right atrial pressure (r=0.74, P < 0.0001).%'
HouWeling et al demonstrated a correlation between pulmonary vascular resistance and circulating ET-1 levels, supporting the
role of ER-1 in PH.?* In our study, ET-1 expression increased in patients with COPD-PH, which is in agreement with the above
studies. Elevated ET levels in COPD-PH may be the result of decreased ET clearance, and increased ET production. When ET-
1 binds to the ET-A receptor on pulmonary artery smooth muscle, intracellular Ca*" levels increase rapidly and then activate
PKC, causing contraction and proliferation of pulmonary artery smooth muscle.> Endothelium-dependent ET-B1 receptor-
mediated vasodilation is impaired in PH rats, while the ET-A synergic ET-B2 receptor-mediated vasodilation response is
enhanced.*® Therefore, we believe that ET-1 plays a major role in the imbalance of vasodilating-systolic function in PH and is
involved in the abnormal proliferation of pulmonary vascular smooth muscle and pulmonary vascular remodeling. Selective
blocking of the ET-A and ET-B2 receptors may be an effective treatment for COPD-PH.

GABA is the main inhibitory neurotransmitter in the human body and is found not only in the central nervous system but
also in the peripheral system. Most studies on GABA are related to neurological and psychiatric diseases. It has been proved
that in schizophrenia, the inhibitory effect of GABA on dopaminergic neural pathways is weakened, leading to dopamine
hyperactivity.?” The extent and density of sympathetic innervation in the pulmonary arteries vary among species, and dense
sympathetic innervation is observed in human pulmonary vessels.® Sympathetic ganglia have receptors for GABA and its
related amino acids; when activated, GABA receptors can depolarize neurons.?’ A previous study detects an inhibitory effect
of GABA on sympathetic nerve terminals.*® It has also been found that injection of the GABA receptor antagonist into the
paraventricular nucleus of the hypothalamus can excite sympathetic nerves and cause a strong pressure response.”’ The
pathogenesis of COPD-PH is not fully found, but sympathetic hyperactivity has been shown to be involved.>* Our results
showed that serum GABA levels in patients with COPD-PH were significantly lower than those in the COPD group, which
was a protective factor against PH. Low concentrations of GABA attenuate sympathetic inhibition, while sympathetic
excitation is characterized by elevated NE levels and gamma-aminobutyric acid transaminase (GABA-T) activity.> NE
stimulates the a1-adrenergic receptor located in the pulmonary vascular smooth muscle, leading to the proliferation disorder of
pulmonary artery smooth muscle and abnormal contraction of pulmonary vessels. At the same time, it can also affect the
formation of TXA2 and PGI2, eventually leading to PH. The latter can degrade GABA in the body, and a decrease in GABA
content weakens the inhibition of sympathetic nerves, increases the release of NE, and increases the activity of sympathetic
nerves. At the same time, the inhibition of the renin-angiotensin-aldosterone system is weakened, the secretion of angiotensin
is increased, and the contraction of vascular smooth muscle is enhanced, which eventually leads to PH. At present, researchers
have blocked or inhibited the sympathetic nerve pathway using surgery or drugs to reduce sympathetic nerve tension, thereby
reducing pulmonary hypertension and reversing right ventricular remodeling.’**>° This may be because, after thoracic
sympathetic nerve block, the sympathetic pathway is inhibited, similar to the inhibitory effect of GABA on sympathetic
nerves, resulting in vasodilation. A study has suggested that GABA treatment can reverse pulmonary hypertension by
inhibiting the sympathetic nervous system of PH rats and significantly reducing the plasma NE level.'” In addition, the
GABA-T inhibitor vigabatrin (GVG) can reverse the increase in NE levels and decrease in GABA levels, thereby reversing
PH and right ventricular remodeling.*® A previous study shows that serum GABA can reduce idiopathic PH by inhibiting the
expression of VEGF, VEGF mRNA, and MMP-9, thereby reducing pulmonary vascular remodeling.’” Recent studies have
confirmed that the inert gas argon reduces pulmonary vascular tone in rats and humans by activating GABA receptors;*®
therefore, argon may be suitable for patients with PH and right heart failure. These methods provide new ideas for the
treatment of COPD-PH; however, no large clinical trials have been conducted for such therapies, and their specific roles in
COPD-PH remain unclear and require further research. In the future, we may attempt to increase the level of GABA in the
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blood of patients by consuming GABA-rich foods, which may delay or improve the occurrence and development of PH to
a certain extent and increase patient compliance.

VEGF is a cytokine secreted by endothelial cells that induces fibroblast proliferation and promotes neovascularization.
VEGF has been demonstrated to be involved in the occurrence and development of COPD and eventually leads to PH.*
COPD patients usually have a history of smoking and hypoxemia, and inducible HIF-1a can stimulate VEGF production,
which increases reactive oxygen species (ROS) production through the transforming growth factor- (TGF-B)/NADPH
oxidase pathway and promotes pulmonary vascular remodeling.'> However, the results of the present study showed that
serum VEGF in patients with COPD-PH was lower than that in patients with COPD, which is a protective factor against PH,
which is inconsistent with the above results. This may be due to the small sample size, or it may be confirmed by many
researchers that serum VEGF levels are elevated in patients with COPD and mild-to-moderate PH. As the disease progresses,
pulmonary vascular destruction and apoptosis of pulmonary vascular endothelial cells decrease VEGF as a protective factor.
Interestingly, recent studies have shown that the loss of VEGF-specific receptors may exacerbate PH.'* The roles of VEGF
and its receptor in the pathogenesis of COPD-PH remain controversial and require further investigation.

Nevertheless, the present study has some limitations. First, the included patients were mostly those with acute
exacerbation of COPD, and participants in the stable period were absent. Second, the pulmonary arterial pressure of the
patients was estimated by echocardiography and not measured by the right heart floating catheter, which may have
caused some errors. Third, the sample size in the present study was small and needs to be further verified in prospective,
large-scale, and multicenter clinical trials.

Conclusion
Serum NE and ET-1 are risk factors for COPD-PH, whereas serum GABA and VEGF are protective factors. The
combination of serum NE, ET-1, GABA, and VEGF levels had the highest diagnostic value.
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