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Purpose: Chronic obstructive pulmonary disease (COPD) is often complicated by pulmonary hypertension (PH), leading to symptom 
exacerbation, increased mortality, and poor prognosis. Early identification of high-risk patients is crucial for timely intervention. This 
study aims to construct and validate a machine learning-based predictive model for COPD patients with PH.
Patients and Methods: A retrospective analysis was conducted on 537 COPD patients admitted to Anhui NO.2 Provincial People’s 
Hospital from December 2023 to November 2025. The patients were randomly divided into a model construction group (n=376) and 
an internal validation group (n=161) at a ratio of 7:3. Clinical and laboratory data were collected. LASSO regression, a method that 
effectively selects the most relevant predictors by shrinking less important variables to zero, was used to screen predictive variables. 
This was followed by the construction of a nomogram model through multivariate logistic regression. Model performance was 
evaluated using the area under the receiver operating characteristic curve (AUC), calibration curve, and clinical impact curve.
Results: LASSO regression identified six independent predictors: Duration of COPD, Long-Term Domiciliary Oxygen Therapy, 
systemic inflammatory response index, red blood cell distribution width, arterial oxygen partial pressure, and B-type natriuretic 
peptide. The nomogram model demonstrated excellent discriminative power, with an AUC of 0.812 (95% CI: 0.762–0.863) in the 
model group and 0.826 (95% CI: 0.754–0.897) in the validation group. Calibration curves and clinical impact curves showed high 
consistency between predicted and observed values.
Conclusion: Our study constructed and internally validated a nomogram model based on LASSO regression, incorporating six easily 
accessible clinical variables, which can be used to predict the risk of PH in COPD patients. The model facilitates early clinical 
identification of high-risk patients, risk stratification, and implementation of individualized management.
Keywords: chronic obstructive pulmonary disease, pulmonary hypertension, LASSO regression, predictive model, nomogram

Introduction
Chronic obstructive pulmonary disease (COPD) is a chronic respiratory disorder characterized by a persistent decline in 
lung function and extensive lung damage. It accounts for approximately 55% of all respiratory diseases and causes over 
3 million deaths annually, making it the third leading cause of death globally, representing 6% of total global mortality.1,2 

Although there is no cure, various comprehensive treatment approaches can effectively control symptoms, improve 
patients’ quality of life, reduce acute exacerbations, and delay disease progression. COPD leads to impaired pulmonary 
ventilation and decreased oxygen uptake capacity, resulting in increased pulmonary vascular resistance and a gradual 
elevation of pulmonary artery pressure.3 In patients with COPD, the expression of inflammatory cytokines, particularly 
the pro-inflammatory cytokines IL-1β, IL-6, IL-8, and TNF-α, is increased. These factors play a key role in the 
development of pulmonary hypertension by promoting pulmonary vascular remodeling, endothelial dysfunction, and 
smooth muscle cell proliferation.4 In the early stage of the disease, the right ventricle compensates for increased 

International Journal of General Medicine 2026:19 599529                                                      1
© 2026 Zhou et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                         

Open Access Full Text Article

https://doi.org/10.2147/IJGM.S599529
Received: 16 February 2026
Accepted: 11 May 2026
Published: 20 May 2026

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


pulmonary artery pressure through compensatory hypertrophy. However, as the disease progresses, this compensatory 
mechanism gradually fails, and the symptoms of pulmonary hypertension and cor pulmonale (pulmonary heart disease) 
gradually emerge, ultimately leading to heart failure and death. According to data from the 2022 China Cardiovascular 
Health and Disease Annual Report, there are currently 5 million patients with cor pulmonale in China.5 Clinically, 80% 
of chronic cor pulmonale is caused by COPD.6 As COPD progresses to PH, symptoms worsen, mortality rates increase, 
and the risk of acute exacerbations rises. COPD patients with PH have a poor long-term prognosis, with a median 
survival of only 2–5 years after diagnosis.7 Studies report a prevalence of PH in COPD patients ranging from 30% to 
70%.8 COPD patients with PH often present with more complex and severe symptoms. In addition to the symptoms of 
COPD itself, such as cough, sputum production, shortness of breath, and dyspnea, manifestations of right heart failure 
may also occur, including lower limb edema, jugular vein distension, and hepatomegaly. These conditions significantly 
limit the patient’s daily activities and substantially reduce their quality of life. Therefore, in clinical practice, early 
identification of factors contributing to pulmonary hypertension (PH) and timely intervention are of positive significance 
for the prevention and management of COPD.

Subjects and Methods
Study Subjects and Inclusion/Exclusion Criteria
This retrospective study continuously enrolled COPD patients hospitalized in the Department of Respiratory Medicine at 
Anhui NO.2 Provincial People’s Hospital from December 2023 to November 2025. Inclusion criteria: Post- 
bronchodilator FEV1/FVC < 0.70, with chest CT findings indicating emphysema or airway abnormalities, meeting the 
diagnostic criteria for COPD according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023 
report.9 Exclusion criteria: incomplete clinical data; comorbidities including tumors, bronchial asthma, interstitial lung 
disease, deep vein thrombosis, severe heart failure, severe hepatic or renal dysfunction, significant sequelae of cere
brovascular disease, or cognitive impairment; other diseases causing pulmonary hypertension (PH), such as systemic 
lupus erythematosus, idiopathic pulmonary hypertension (IPH), familial pulmonary hypertension, thrombotic pulmonary 
hypertension, left heart disease-induced pulmonary hypertension, or high-altitude pulmonary hypertension; and use of 
medications that may elevate pulmonary artery pressure. The study was conducted in accordance with the Declaration of 
Helsinki and Good Clinical Practice guidelines. The protocol was approved by the Medical Ethics Committee of Anhui 
NO.2 Provincial People’s Hospital (Approval No: (R) 2025-152). Due to its retrospective nature, informed consent was 
waived. The committee also approved the confidentiality measures, and we confirm that all patient data were anonymized 
and maintained with strict confidentiality prior to analysis.

Data Collection
Patient data collection included: (1) General information: age, gender, Duration of COPD, body mass index (BMI), and 
medical history (including smoking, alcohol use, diabetes, stroke, hypertension, coronary artery disease, and long-term 
domiciliary oxygen therapy (LTDO2). (2) Laboratory parameters: complete blood count (neutrophil count, lymphocyte 
count, monocyte count, hematocrit (HCT), hemoglobin (Hb), red blood cell distribution width (RDW), platelet count 
(PLT)), arterial blood gas analysis (pH, arterial oxygen partial pressure (PaO2), arterial carbon dioxide partial pressure 
(PaCO2), bicarbonate (HCO3-), lactate (Lac)), D-dimer, fibrinogen (FIB), fibrin degradation products (FDP), B-type 
natriuretic peptide (BNP), procalcitonin (PCT), albumin (Alb), blood urea nitrogen (BUN), creatinine (Crea), uric acid 
(UA), C-reactive protein (CRP), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL- 
c). Systemic Inflammatory Response Index (SIRI) = neutrophil count × monocyte count / lymphocyte count. (3) Imaging 
data: cardiac ultrasound.

Diagnostic Criteria for PH
Due to the invasiveness of right heart catheterization for pulmonary artery pressure measurement, its implementation in 
non-surgical patients is challenging. Therefore, the ESC/ERS guidelines recommend Doppler echocardiography as the 
preferred non-invasive diagnostic tool for suspected PH in COPD patients. Accordingly, this study referenced the 
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diagnostic criteria outlined in the 2022 European Society of Cardiology and Respiratory Society (ESC/ERS) Guidelines 
for the Diagnosis and Treatment of Pulmonary Hypertension10: Transthoracic echocardiography was performed to 
measure the peak flow velocity of tricuspid regurgitation at rest, and pulmonary systolic pressure was calculated using 
the revised Bernoulli equation. A peak flow velocity of tricuspid regurgitation>2.8 m/s was considered indicative of 
pulmonary systolic pressure>40 mmHg. (Equipment: Philips EPIQ 7C, probe frequency 2–5 MHz). The examination was 
performed independently by one attending physician with ≥5 years of experience in cardiac ultrasound, who was blinded 
to the patients’ clinical, laboratory, and blood gas analysis results. The average value of 3–5 clear cardiac cycles was 
taken as the final measurement. Inter-observer agreement was assessed by having another physician independently 
perform the measurements.

Statistical Analysis
Data analysis was performed using SPSS (version 26.0) and R (version 4.5.2). Continuous variables were expressed as 
mean ± standard deviation (SD) when following a normal distribution. Between-group comparisons were conducted 
using the independent samples t-test. For non-normally distributed continuous variables, median with interquartile range 
(IQR) was used, and Mann–Whitney U-test was employed for inter-group comparisons. Categorical variables were 
presented as frequency and percentage, with differences between groups analyzed using the chi-square test. A P-value 
<0.05 was considered statistically significant.

Using the R package “caret”, the enrolled patients were randomly divided into a model group (n=376) and an internal 
validation group (n=161) in a 7:3 ratio for model development and internal validation. Lasso regression analysis was 
performed using the R package “glmnet”, with 10-fold cross-validation employed to determine the optimal λ and screen 
the optimal feature subset. Subsequently, multivariate logistic regression analysis was conducted. The “rms” package in 
R was utilized to construct nomogram, and the “pROC” software package was employed to generate receiver operating 
characteristic (ROC) curves, with the area under the curve (AUC) calculated to assess predictive accuracy. The 
“Resource Selection” package was used for Hosmer-Lemeshow test calibration to evaluate model stability. To ensure 
robustness, 10-fold cross-validation with the “caret” package was performed for internal validation. Further, the 
“ggDCA” package in R was employed to analyze clinical impact curves (CIC) to evaluate the clinical utility of the 
nomogram. The predictive capacity of the model was internally assessed using ROC curves, AUC, Hosmer-Lemeshow 
goodness-of-fit tests, calibration curves, and CICs to evaluate discrimination, calibration, and clinical benefit utility, with 
validation performed using the validation set data.

Results
Case Screening Results
A total of 1232 COPD patients hospitalized at Anhui NO.2 Provincial People’s Hospital from December 2023 to 
November 2025 were enrolled. Exclusion criteria included 102 cases of severe heart failure, 69 cases of severe hepatic or 
renal dysfunction, 58 cases with significant sequelae of cerebrovascular disease, 78 cases of cognitive impairment, 69 
cases of malignancy, 231 cases of bronchial asthma, 28 cases of interstitial lung disease, 35 cases of deep vein 
thrombosis, and 25 cases of other diseases leading to PH. Ultimately, 537 patients were included, with 376 in the 
model group (283 Non-PH Group and 93 PH Group) and 161 in the validation group (Figure 1).

Comparison of Demographic Characteristics and Clinical Data Between the Model 
Group and the Internal Validation Group
No significant differences were observed between the two groups in terms of age, gender, Duration of COPD, BMI, 
medical history (smoking, alcohol use, diabetes, stroke, hypertension, Coronary Artery Disease, LTDO2), SIRI, HCT, 
Hb, RDW, PLT, pH, PaO2, PaCO2, HCO3-, Lac, D-dimer, FIB, FDP, BNP, PCT, Alb, BUN, Crea, UA, CRP, LDL-C and 
HDL-C (p> 0.05) (Table 1).

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S599529                                                                                                                                                                                                                                                                                                                                                                                                       3

Zhou et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Comparison of Demographic Characteristics and Clinical Data Between the Non-PH 
Subgroup Within the Model Group and the PH Subgroup
No significant differences were observed between the two groups in terms of age, gender, BMI, medical history 
(smoking, alcohol use, diabetes, stroke, hypertension, Coronary Artery Disease), HCT, Hb, PLT, pH, PaCO2, HCO3-, 
Lac, D-dimer, FIB, FDP, PCT, Alb, BUN, Crea, UA, CRP, LDL-C, and HDL-C (p> 0.05). However, significant 
differences were observed between the two groups in terms of COPD duration, LTDO2, SIRI, RDW, PaO2, and BNP 
(p <0.05) (Table 2).

Figure 1 Enrollment Flowchart.

Table 1 Comparison of Population Characteristics and Clinical Data in the Model Group and Internal Validation Group

Variable Total (n=537) Model  
Group (n=376)

Internal Validation  
Group (n=161)

t.χ2/Z value Pvalue

Age (years, median [IQR]) 71.00 (68.00–75.00) 71.000 (68.00–75.00) 72.00 (68.00–75.00) 0.504 0.614

Male (n,%) 431 (80.26%) 299 (79.52%) 132 (81.99%) 0.291 0.589

Duration of COPD (years; M, IQR) 14 (8.00–19.00) 14.00 (8.75–19.00) 13.00 (8.00–18.00) 1.269 0.176

BMI, median [IQR] 25.33 (22.03–28.55) 25.30 (21.54–28.73) 25.40 (22.76–28.19) 0.790 0.321

History

Smoking (n,%) 418 (77.84%) 292 (77.66%) 126 (78.26%) 0.002 0.968

Alcohol Use (n,%) 146 (27.19%) 98 (26.06%) 48 (29.81%) 0.623 0.430

Diabetes (n,%) 109 (20.30%) 71 (18.88%) 38 (23.60%) 1.274 0.259

Stroke (n,%) 85 (15.86%) 55 (14.67%) 30 (18.63%) 1.074 0.300

Hypertension (n,%) 192 (35.75%) 127 (33.78%) 65 (40.37%) 1.858 0.173

Coronary Artery Disease (n,%) 148 (27.56%) 96 (25.53%) 52 (32.30%) 2.257 0.133

LTDO2 (n,%) 123 (22.91%) 83 (22.07%) 40 (24.85%) 0.346 0.557

(Continued)
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Table 1 (Continued). 

Variable Total (n=537) Model  
Group (n=376)

Internal Validation  
Group (n=161)

t.χ2/Z value Pvalue

Laboratory testing

SIRI (median [IQR]) 2.32 (1.63–3.41) 2.32 (1.59–3.65) 2.320 (1.82–3.08) 0.206 0.836

HCT (%, median [IQR]) 0.42 (0.37–0.46) 0.41 (0.37–0.46) 0.42 (0.38–0.47) 1.202 0.229

Hb (g/L, median [IQR]) 126.00 (115.00–137.00) 126.00 (115.00–138.00) 126.00 (117.00–137.00) 0.312 0.755

RDW (% median [IQR]) 14.07 (13.12–14.77) 14.10 (13.10–14.78) 14.01 (13.15–14.77) 0.126 0.900

PLT (109/L, x� s) 186.80 ± 36.99 186.61 ± 37.30 187.24 ± 36.37 0.180 0.857

pH (% median [IQR]) 7.40 (7.37–7.43) 7.40 (7.37–7.43) 7.40 (7.38–7.43) 1.318 0.186

PaO2 (mmHg, median [IQR]) 84.00 (78.00–89.00) 84.00 (77.000–89.00) 84.00 (78.000–90.00) 1.259 0.208

PaCO2 (mmHg, median [IQR]) 42.00 (38.00–45.00) 41.50 (38.00–45.00) 43.00 (38.00–46.00) 1.035 0.300

HCO3- (mmol/L, median[IQR]) 24.00 (22.00–25.000) 24.00 (22.00–26.00) 23.00 (22.00–25.00) 0.974 0.327

Lac (mmol/L, median [IQR]) 1.77 (1.54–2.01) 1.77 (1.53–1.99) 1.77 (1.58–2.06) 1.449 0.147

D-Dimer (mg/L, median [IQR]) 0.44 (0.35–0.54) 0.44 (0.35–0.53) 0.42 (0.34–0.55) 0.294 0.769

FIB (g/L, x� s) 2.60 ± 0.35 2.60 ± 0.34 2.60± 0.36 0.071 0.943

FDP (ug/mL, x� s) 3.89 ± 0.92 3.92 ± 0.90 3.80 ± 0.95 1.469 0.142

BNP (ng/L, median [IQR]) 162.53 (139.48–187.65) 160.92 (139.34–187.98) 163.51 (140.97–187.00) 0.165 0.869

PCT (ng/mL, median [IQR]) 0.11 (0.09–0.13) 0.11 (0.09–0.13) 0.11 (0.09–0.13) 0.674 0.498

Alb (g/L, median [IQR]) 41.30 (37.00–45.90) 41.35 (36.90–45.73) 41.30 (37.30–46.20) 0.187 0.852

BUN (mmol/L, median [IQR]) 7.49 (5.80–9.35) 7.36 (5.77–9.24) 7.65 (5.96–9.68) 1.140 0.254

Crea (μmol/L, median [IQR]) 70.00 (54.00–88.00) 70.50 (54.00–88.00) 69.00 (54.00–89.00) 0.304 0.761

UA (μmol/L, x� s) 296.80 ± 54.021 297.63 ± 54.331 294.88 ± 53.41 0.539 0.590

CRP (mg/L, x� s) 15.32 ± 6.11 15.46 ± 6.04 15.00 ± 6.28 0.789 0.430

LDL-C (mmol/L, x� s) 2.81 ± 0.31 2.80 ± 0.316 2.85 ± 0.30 1.700 0.090

HDL-C (mmol/L, x� s) 1.38 ± 0.46 1.37 ± 0.46 1.39 ± 0.46 0.437 0.662

Abbreviations: BMI, Body Mass Index; LTDO2, Long-Term Domiciliary Oxygen Therapy; SIRI, Systemic Inflammatory Response Index; HCT, Hematocrit; Hb, Hemoglobin; 
RDW, Red Blood Cell Distribution Width; PLT, Platelet; FIB, Fibrinogen; FDP, Fibrinogen Degradation Products; BNP, B-type Natriuretic Peptide; PCT, Procalcitonin; Alb, 
Albumin; BUN, Blood Urea Nitrogen; Crea, Creatinine; UA, Uric Acid; CRP, C-reactive Protein; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density 
Lipoprotein Cholesterol.

Table 2 Comparison of Population Characteristics and Clinical Data in the Model Groups

Variable Total (n=376) Non-PH Group (n=283) PH Group (n=93) t.χ2/Z value Pvalue

Age (years, median [IQR]) 71.00 (68.00–75.00) 71.00 (68.00–75.00) 72.00 (68.00–76.00) 0.268 0.789

Male (n,%) 299 (79.52%) 227 (80.21%) 72 (77.42%) 0.186 0.667
Duration of COPD (years; M, IQR) 14.00 (8.75–19.00) 13.00 (7.00–18.00) 16.00 (13.00–20.00) 4.064 <0.001

BMI, median [IQR] 25.30 (21.54–28.73) 25.33 (21.45–28.74) 24.54 (21.77–28.65) 0.082 0.935

History
Smoking (n,%) 292 (77.66%) 219 (77.39%) 73 (78.49%) 0.006 0.937

Alcohol Use (n,%) 98 (26.06%) 76 (26.86%) 22 (23.66%) 0.224 0.636

Diabetes (n,%) 71 (18.88%) 50 (17.67%) 21 (22.58%) 0.806 0.369
Stroke (n,%) 55 (14.63%) 39 (13.78%) 16 (17.20%) 0.411 0.521

Hypertension (n,%) 127 (33.78%) 97 (34.28%) 30 (32.26%) 0.053 0.818

Coronary Artery Disease (n,%) 96 (25.53%) 69 (24.38%) 27 (29.03%) 0.570 0.45
LTDO2 (n,%) 83 (22.07%) 70 (24.74%) 13 (13.98%) 4.104 0.043

Laboratory testing

SIRI (median [IQR]) 2.32 (1.59–3.65) 2.11 (1.44–3.39) 2.73 (2.14–4.12) 4.383 <0.001
HCT (%, median [IQR]) 0.41 (0.37–0.46) 0.41 (0.37–0.45) 0.42 (0.38–0.46) 1.051 0.292

Hb (g/L, median [IQR]) 126.00 (115.00–138.00) 128.00 (116.00–138.00) 125.00 (113.00–135.00) 1.232 0.218

RDW (% median [IQR]) 14.10 (13.10–14.78) 13.90 (12.90–14.67) 14.56 (13.82–15.38) 4.451 <0.001

PLT (109/L, x� s) 186.61 ± 37.30 186.92 ± 35.52 185.70 ± 42.47 0.272 0.785

(Continued)
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Construction of the Prediction Model
Lasso Regression Analysis Variable Screening
Using the presence or absence of concurrent PH in the model group as the dependent variable, all independent variables 
were included in LASSO regression analysis to identify the most representative predictors of PH. The coefficient path 
diagram shows that as the penalty coefficient λ varies, the independent variable coefficients are progressively compressed 
to zero (Figure 2A). The cross-validation error plot presents the mean squared error (MSE) corresponding to different λ 
values, where the left dashed line represents the λ value corresponding to the minimum MSE (NULL), and the right 
dashed line represents the λ value one standard error higher than the minimum MSE (0.045), ie, the optimal penalty 
coefficient λ.1se of the model. Under this optimal coefficient, the model screened out 6 variables with non-zero 
coefficients as the optimal feature subset, specifically including: COPD disease duration, home oxygen therapy, SIRI, 
RDW, arterial oxygen partial pressure, and BNP (Figure 2B).

Establishment of the Visualized Nomogram Model
The six variables screened by Lasso regression were incorporated into a multivariate logistic regression analysis. The 
results demonstrated that Duration of COPD (OR = 1.085, 95% CI: 1.043–1.129; P < 0.001), SIRI (OR = 1.214, 95% CI: 
1.043–1.413; P = 0.012), RDW (OR = 1.696, 95% CI: 1.317–2.184; P < 0.001), and BNP (OR = 1.011, 95% CI: 
1.003–1.018; P = 0.005) were risk factors for PH, whereas LTDO2 (OR = 0.461, 95% CI: 0.219–0.972; P = 0.041) and 
PaO2 (OR = 0.912, 95% CI: 0.880–0.946; P < 0.001) were protective factors for PH (Table 3). A nomogram model was 
constructed based on these six predictors. Each independent predictor was scored according to the top scale (Points). The 
total score of the patient was the sum of all risk factor scores. The value on the risk axis corresponding to the total score 
represented the probability of COPD patients developing PH. A higher total score indicated a greater risk of PH in COPD 
patients (Figure 3).

Evaluation and Validation of Model Predictive Power
The ROC curve showed that the area under the curve (AUC) for the Nomogram model was 0.812 (95% CI: 
0.762–0.863), whereas the AUC for the validation set was 0.826 (95% CI: 0.754–0.897). The Youden’s index for this 

Table 2 (Continued). 

Variable Total (n=376) Non-PH Group (n=283) PH Group (n=93) t.χ2/Z value Pvalue

pH (% median [IQR]) 7.40 (7.37–7.43) 7.40 (7.37–7.43) 7.39 (7.36–7.43) 1.456 0.144

PaO2 (mmHg, median [IQR]) 84.00 (77.00–89.00) 85.00 (78.00–90.50) 78.00 (74.00–84.00) 6.053 <0.001
PaCO2 (mmHg, median [IQR]) 41.50 (38.00–45.00) 41.00 (38.00–46.00) 42.00 (38.00–45.00) 0.745 0.455

HCO3-(mmol/L, median [IQR]) 24.00 (22.00–26.00) 24.00 (22.00–26.00) 23.00 (21.00–25.00) 1.772 0.075

Lac (mmol/L, median [IQR]) 1.77 (1.53–1.99) 1.79 (1.54–2.00) 1.66 (1.48–1.99) 1.132 0.258
D-Dimer (mg/L, median [IQR]) 0.44 (0.35–0.53) 0.45 (0.35–0.54) 0.43 (0.35–0.50) 0.845 0.398

FIB (g/L, x� s) 2.59 (2.38–2.84) 2.60 (2.38–2.84) 2.55 (2.37–2.88) 0.160 0.873

FDP (ug/mL, x� s) 3.92 ± 0.90 3.92 ± 0.86 3.92 ± 1.00 0.029 0.977
BNP (ng/L, median [IQR]) 160.92 (139.34–187.98) 157.44 (136.58–184.45) 174.74 (153.27–194.32) 3.554 <0.001

PCT (ng/mL, median [IQR]) 0.11 (0.09–0.13) 0.11 (0.09–0.13) 0.11 (0.10–0.13) 0.225 0.821

Alb (g/L, median [IQR]) 41.35 (36.90–45.73) 42.00 (36.90–45.65) 40.80 (37.10–46.20) 0.465 0.642
BUN (mmol/L, median [IQR]) 7.36 (5.77–9.24) 7.33 (5.68–9.34) 7.50 (6.01–8.89) 0.007 0.995

Crea (μmol/L, median [IQR]) 70.50 (54.00–88.00) 70.00 (53.50–88.00) 72.00 (56.00–88.00) 0.403 0.687

UA (μmol/L, x� s) 297.63 ± 54.33 298.28 ± 56.10 295.63 ± 48.79 0.407 0.684
CRP (mg/L, x� s) 15.46 ± 6.04 15.51 ± 6.18 15.31 ± 5.62 0.277 0.782

LDL-C (mmol/L, x� s) 2.80 ± 0.32 2.81 ± 0.32 2.76 ± 0.30 1.214 0.225

HDL-C (mmol/L, x� s) 1.37 ± 0.46 1.37 ± 0.47 1.37 ± 0.42 0.012 0.991

Abbreviations: BMI, Body Mass Index; LTDO2, Long-Term Domiciliary Oxygen Therapy; SIRI, Systemic Inflammatory Response Index; HCT, Hematocrit; Hb, Hemoglobin; 
RDW, Red Blood Cell Distribution Width; PLT, Platelet; FIB, Fibrinogen; FDP, Fibrinogen Degradation Products; BNP, B-type Natriuretic Peptide; PCT, Procalcitonin; Alb, 
Albumin; BUN, Blood Urea Nitrogen; Crea, Creatinine; UA, Uric Acid; CRP, C-reactive Protein; LDL-C, Low-Density Lipoprotein Cholesterol; HDL-C, High-Density 
Lipoprotein Cholesterol.
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predictive model was 0.526, with sensitivities and specificities of 0.699 and 0.827, respectively (Figure 4A and B). The 
Hosmer-Lemeshow revealed a p-value of 0.276 for the model group and 0.162 for the validation group (p>0.05), 
indicating a good fit of the model. The calibration curve demonstrated high agreement between the actual curve and the 
bias-corrected curve, with a cutoff value of 0 and a slope of 1, indicating strong consistency between the model and 
observed values and good calibration. The calibration curve for the validation set also showed excellent fit (Figure 5A 
and B). The clinical impact curve (CIC) was used to evaluate the clinical utility of the columnar predictive model. The 
X-axis represents the high-risk threshold, and the Y-axis represents the number of PH per 1000 individuals. The red line 
indicates the number of PH predicted by the model, while the blue line represents the actual number of PH cases. When 
the risk threshold was 0.6, the predicted number was close to the actual number, with low rates of false positives and 
false negatives, suggesting good predictive performance and high clinical utility of the model (Figure 6A and B).

Discussion
We identified six key predictors from a large number of clinical indicators through Lasso regression: Duration of COPD, 
LTDO2, PaO2, RDW, SIRI, and BNP, and constructed a comprehensive Nomogram predictive model. All indicators are 
commonly used in clinical practice and are significantly beneficial for COPD treatment. The developed Nomogram 
predictive model demonstrates strong clinical applicability. It assists clinicians and community physicians in rapidly 
identifying high-risk COPD patients at risk of developing PH, supporting treatment selection, prognosis management, 
and rehabilitation planning decisions. Additionally, it facilitates discussions between physicians and patients/families 
regarding disease risk prognosis and treatment options.

Figure 2 Variable Selection via LASSO Regression: (A) Distribution of LASSO Regression Coefficients for Candidate Predictor Variables. (B) Selection of the Optimal 
Penalty Coefficient in the LASSO Regression.

Table 3 Multivariate Regression Analysis of PH

Variable OR Coefficient 95% CI.low 95% CI.upp p.value

Duration of COPD 1.085 0.081 1.043 1.129 < 0.001

LTDO2 0.461 −0.774 0.219 0.972 0.041

SIRI 1.214 0.194 1.043 1.413 0.012
RDW 1.696 0.528 1.317 2.184 < 0.001

PaO2 0.912 −0.092 0.880 0.946 < 0.001

BNP 1.011 0.011 1.003 1.018 0.005

Abbreviations: LTDO2, Long-Term Domiciliary Oxygen Therapy; SIRI, Systemic Inflammatory Response Index; 
RDW, Red Blood Cell Distribution Width; BNP, B-type Natriuretic Peptide.
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In patients with COPD, the duration of the disease is closely associated with the development and progression of 
pulmonary hypertension (PH). As the course of COPD prolongs, pulmonary ventilation and gas exchange function 
progressively decline. Chronic hypoxemia can induce pulmonary vasoconstriction and remodeling, increase pulmonary 
circulatory resistance, and subsequently trigger PH.11,12 From a pathophysiological perspective, hypoxemia promotes the 
activation of key transcription factors and signaling pathways, thereby exacerbating inflammatory responses and 

Figure 3 Nomogram predicting pulmonary hypertension in patients with chronic obstructive pulmonary disease. 
Abbreviations: LTDO2, Long-Term Domiciliary Oxygen Therapy; SIRI, Systemic Inflammatory Response Index; RDW, Red Blood Cell Distribution Width; BNP, B-type 
Natriuretic Peptide.

Figure 4 Receiver operating characteristic (ROC) curve: (A) Model group; (B) Validation group.
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neutrophil infiltration, leading to pulmonary vascular endothelial cell damage and disruption of normal vascular structure 
and function.13 Meanwhile, the reduction of the pulmonary capillary bed due to destruction of the lung parenchyma 
further increases pulmonary circulatory pressure. Studies have shown that small pulmonary artery and microvascular 
remodeling in patients with COPD-PH may occur prior to the clinical diagnosis of PH and is associated with 
dysregulation of the miR-126/ADAM9 axis.14 As COPD progresses, respiratory function gradually deteriorates. Lung 
hyperinflation reduces intrathoracic blood volume and cardiac filling pressure, and mechanically compresses the right 

Figure 5 Calibration curves: (A) Model group; (B) Validation group.

Figure 6 Clinical impact curves (CIC): (A) Model group; (B) Validation group.
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ventricle. Expiratory airflow limitation leads to expiratory phase blood flow restriction in the pulmonary circulation, 
thereby impairing stroke volume at rest and during exercise.15 These hemodynamic changes contribute to heart failure 
and promote the development of PH.

Clinically, COPD patients, particularly those with prolonged disease duration, should be highly vigilant for PH. 
Regular monitoring through diagnostic tests such as echocardiography and electrocardiography is essential for early 
detection of PH. LTDO2 serves as a protective factor against PH, a finding of significant clinical importance. For severe 
COPD patients with long-standing hypercapnia, home oxygen therapy has been actively recommended to alleviate 
symptoms and reduce mortality.16–18 Recent studies suggest that LTDO2 has minimal or no significant impact on 3-year 
mortality in COPD patients with mild to moderate hypoxemia.18 However, that study did not include patients with severe 
disease, nor did it evaluate disease progression in the included patients. Despite the above controversy, this study 
suggests that home oxygen therapy should be considered for COPD patients even with mild-to-moderate hypoxemia, 
from the perspective of reducing PH risk. LTDO2 may increase oxygen saturation, alleviate hypoxemia, reduce 
pulmonary vasoconstriction and remodeling, and lower pulmonary circulatory resistance, thereby decreasing the risk 
of PH.19 In clinical practice, LTDO2 should be actively recommended for COPD patients, particularly those at risk of 
PH. However, the current adoption rate of LTDO2 remains suboptimal in real-world settings. Some patients may fail to 
receive standardized LTDO2 due to financial constraints or insufficient awareness of oxygen therapy. Therefore, 
healthcare providers should enhance health education to raise patients’ understanding of the importance of LTDO2, 
guide them in the proper use of oxygen equipment, and ensure the efficacy and safety of the treatment.

Perivascular inflammation is a significant pathological feature in most patients with PH. Increasing evidence 
suggests that perivascular inflammation plays a functional role in the initiation and/or progression of PH, as well as in 
pulmonary vascular remodeling.20 The pathophysiological mechanisms of pulmonary vascular remodeling in PH 
involve not only pathological damage to endothelial cell function but also excessive infiltration of inflammatory cells 
into the perivascular space.21 RDW, as a quantification of red blood cell size heterogeneity, is a routinely reported 
laboratory parameter in complete blood count and is primarily used for the differential diagnosis of anemia. RDW 
serves as a biomarker of red blood cell dysfunction associated with high systemic inflammation22 and is also 
a mortality predictor for various diseases, such as acute pancreatitis and heart failure.23 Recent studies have found 
that elevated RDW is correlated with the severity of acute exacerbation of chronic obstructive pulmonary disease24 

and mortality risk.25 SIRI is a well-recognized biomarker of systemic inflammatory and stress responses. As 
a composite indicator, SIRI can assess systemic inflammation and disease prognosis more accurately than any single 
count of neutrophils, lymphocytes, or monocytes. In recent years, SIRI has been identified as a critical prognostic 
marker in cardiovascular diseases, tumors, and infectious diseases.26–28 Many immune - inflammatory biomarkers, 
such as neutrophil - to - lymphocyte ratio (NLR),29 platelet - to - lymphocyte ratio (PLR),29 RDW,30 and Systemic 
Inflammatory Index (SII),29–31 have demonstrated predictive value for PH. SIRI can independently predict the 
severity and prognosis of PH, is associated with multiple PH severity indicators, and serves as a significant predictor 
of clinical deterioration, with higher predictive value than indicators such as SII, PLR, and NLR.32 For clinical 
application, RDW and SIRI, as routine testing indicators, offer the advantages of easy acquisition and low cost. 
Incorporating them into the predictive model for COPD with PH can provide clinicians with a more comprehensive 
and convenient assessment tool. Through simple complete blood count (CBC) tests, physicians can more sensitively 
detect the potential risk of PH in COPD patients, thereby enabling early intervention measures to improve patient 
outcomes.

Some studies on COPD-PH have excluded oxygen partial pressure due to concerns about the effect of inpatient 
oxygen therapy on blood gas results.29 At our center, COPD patients admitted via the emergency department generally 
undergo routine blood tests and arterial blood gas analysis in the emergency setting, while those admitted through 
outpatient clinics undergo these tests immediately upon hospital admission. Therefore, the blood gas results are 
minimally affected by oxygen therapy. The core pathological feature of COPD is chronic hypoxia. Following alveolar 
hypoxia, the body initially constricts intrapulmonary arteries to redirect blood flow to better-oxygenated lung segments, 
thereby optimizing the ventilation/perfusion ratio and enhancing pulmonary oxygenation.33 Hypoxia induces increased 
secretion of vascular endothelial growth factor (VEGF), leading to endothelial dysfunction, abnormal proliferation of 
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pulmonary artery smooth muscle cells, and vascular fibrosis.34 Hypoxia also triggers various epigenetic modifications, 
including RNA methylation, DNA methylation, histone modification, and non-coding RNA molecular changes, which 
block programmed cell death pathways such as apoptosis, autophagy, and ferroptosis, thereby promoting the develop
ment of PH.34

This study identified BNP as a risk factor for PH. In PH, ventricular cells are stimulated by transmural 
pressure, volume overload, hypoxia, or pro-inflammatory factors, inducing the transcription of the NPPB gene. 
The resulting preproBNP is subsequently cleaved in the sarcoplasmic reticulum into proBNP. Upon secretion into 
the bloodstream, proBNP is cleaved by serine proteases into the biologically active BNP and the non-biologically 
active NT-proBNP.35 Multiple studies have confirmed the correlation between circulating BNP and NT-proBNP 
levels and pulmonary hemodynamics in PH patients: NT-proBNP levels are associated with mean pulmonary artery 
pressure (mPAP), pulmonary vascular resistance (PVR), right atrial pressure, and cardiac index.36–38

The nomogram predictive model established in this study can effectively predict the risk of PH in COPD patients. 
However, since this is a single-center study, larger sample sizes and multicenter, prospective randomized controlled trials 
are still required to validate and optimize our findings. In summary, the nomogram can serve as a non-invasive clinical 
tool for predicting the risk of PH in COPD patients, demonstrating good clinical utility.

Conclusion
In conclusion, we constructed and internally validated a nomogram model incorporating six easily accessible clinical 
variables to predict PH risk in COPD patients. The model showed good performance and clinical utility, potentially 
aiding early identification and individualized management of high-risk patients. External validation in multicenter 
cohorts is needed.
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