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Abstract: Objective: To identify risk factors for pulmonary arterial hypertension (PAH) in patients with acute exac-
erbation of chronic obstructive pulmonary disease (AECOPD) and develop a nomogram model to facilitate early 
clinical identification of high-risk patients and guide personalized treatment plans. Methods: This retrospective 
study included 602 AECOPD patients treated at Zhoushan Women and Children’s Hospital from June 2018 to May 
2023. Patients were divided into two groups based on the presence or absence of PAH. Univariate and multivariate 
logistic regression analyses were performed to identify independent risk factors for AECOPD with PAH. A nomogram 
model was then established based on these factors. The Bootstrap self-sampling method was used to evaluate the 
predictive performance of the model. Indicators such as the area under the receiver operating characteristic curve 
(AUC), sensitivity, specificity, and consistency index (C-index) were calculated to evaluate the discrimination and 
calibration of the model. Results: Among 602 AECOPD patients, 8.31% developed PAH. Compared with the non-PAH 
group, the PAH group exhibited a higher proportion of Chronic Obstructive Lung Disease (GOLD) grade IV, hyperten-
sion, and elevated neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and N-terminal pro-brain 
natriuretic peptide (NT-proBNP) levels. Multivariate logistic regression analysis identified GOLD grade, hypertension, 
NLR, PLR, and NT-proBNP as independent risk factors for AECOPD-associated PAH. A nomogram prediction model 
was developed based on these variables. The model’s AUC, sensitivity, and specificity in the training set were 0.906 
(95% confidence interval (CI): 0.847-0.966), 0.850, and 0.862, respectively, and those in the validation set were 
0.861 (95% CI: 0.715-0.932), 0.700, and 0.948, respectively. The C-index for the calibration curves of the model in 
both the training and validation sets was high (0.906 and 0.861, respectively). Decision curve analysis indicated a 
positive net benefit within a certain risk threshold. Conclusion: PAH in AECOPD patients was associated with GOLD 
grade, hypertension, NLR, PLR, and NT-proBNP. The developed nomogram demonstrated strong predictive perfor-
mance and clinical utility.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a prevalent and globally significant chronic 
respiratory disorder. According to the latest epi-
demiological data, COPD is among the leading 
causes of morbidity and mortality worldwide, 
imposing a substantial burden on healthcare 
systems and society [1]. It is primarily charac-
terized by persistent airflow limitation that pro-
gressively worsens over time, closely linked to 

an enhanced chronic inflammatory response in 
the airways and lung tissues due to exposure to 
harmful gases and particles, such as cigarette 
smoke, biomass fuel smoke, and industrial 
pollutants.

Patients with COPD typically manifest a range 
of symptoms, including cough, expectoration, 
shortness of breath, and dyspnea. These symp-
toms substantially impair daily activities, reduce 
work capacity, and limit social participation. In 
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severe cases, COPD can be life-threatening, 
with a high risk of respiratory failure and other 
serious complications [2].

The acute exacerbation of COPD (AECOPD) rep-
resents a critical stage in the disease’s pro-
gression, characterized by sudden symptom 
worsening, increased airway inflammation, mu- 
cus hypersecretion, and further lung function 
deterioration. The development of pulmonary 
arterial hypertension (PAH) as a complication 
during AECOPD further exacerbates disease 
severity and significantly elevates the mortality 
risk of patients [3].

In recent years, the global prevalence of COPD 
has risen, heightening awareness of its signifi-
cant public health impact. Consequently, there 
has been growing interest in understanding the 
complex pathophysiology of AECOPD and its 
associated complications. The coexistence of 
PAH in AECOPD patients has become a major 
clinical concern, as it exacerbates respirato- 
ry and cardiovascular symptoms while compli-
cating diagnosis, treatment, and prognosis  
[4]. Despite advances in medical technology  
and expanding research on COPD, the specific 
mechanisms underlying PAH development in 
AECOPD patients remain incompletely under-
stood, necessitating further in-depth investi- 
gation.

Some potential risk factors for PAH in AECOPD 
patients have been identified, including age, 
impaired lung function, hypoxemia, and the 
inflammatory response [5]. Aging is associated 
with structural and functional changes in the 
pulmonary vasculature, making older patients 
more susceptible to PAH. Impaired lung func-
tion, commonly measured by forced expiratory 
volume in one second (FEV1), is closely related 
to COPD severity and linked to an increased 
risk of PAH. Hypoxemia, frequently observed in 
AECOPD patients, induces pulmonary vasocon-
striction and vascular remodeling, contributing 
to PAH development. The inflammatory res- 
ponse, characterized by elevated levels of cyto-
kines and chemokines, also plays a role in PAH 
pathogenesis in AECOPD. However, the precise 
contributions and interactions of these factors, 
as well as other potential risk factors, require 
further exploration.

The development of an accurate and reliable 
nomogram model has become an essential 

approach in clinical medicine. A nomogram is a 
graphical tool that integrates multiple risk fac-
tors to provide a comprehensive assessment of 
disease risk or prognosis [6]. In the context of 
AECOPD complicated by PAH, a well-developed 
nomogram model can assist clinicians in rap-
idly and accurately evaluating the risk of PAH in 
patients, enabling more informed treatment 
decisions. This approach has the potential to 
improve treatment outcomes and prognosis in 
AECOPD patients with PAH.

This study is motivated by the urgent need  
to address the knowledge gaps regarding the 
risk factors for PAH in AECOPD and the lack  
of a practical, accurate risk assessment tool. 
By conducting a comprehensive analysis of a 
large clinical dataset, we aim not only to identi-
fy key risk factors but also to establish a clini-
cally applicable nomogram model. We hope 
that this study will contribute to a better under-
standing of disease mechanisms and provide 
valuable insights for clinicians, ultimately im- 
proving diagnostic accuracy, treatment strate-
gies, and patient outcomes. 

Materials and methods

Research subjects

A total of 602 AECOPD patients treated at 
Zhoushan Women and Children’s Hospital be- 
tween June 1, 2018, and May 31, 2023, were 
retrospectively included in this study.

Inclusion criteria: (1) Patients diagnosed with 
COPD according to the Global Initiative for Chr- 
onic Obstructive Lung Disease (GOLD) guide-
lines [7]; (2) Patients aged 18 years or older; (3) 
Patients without mental disorders; (4) Patients 
with complete clinical data.

Exclusion criteria: (1) Incomplete laboratory 
test results; (2) Severe comorbidities, including 
liver and kidney failure; (3) History of allergic 
diseases; (4) Recent (within two weeks) se- 
vere lung infection or immunosuppressant  
use; (5) Presence of other respiratory diseases 
that could interfere with COPD management; 
(6) Malignant tumors or severe hematological 
disorders.

This study was approved by the Ethics Com- 
mittee of Zhoushan Women and Children’s 
Hospital.



Risk factors for PAH complicated by AECOPD

3919 Am J Transl Res 2025;17(5):3917-3927

Data collection

Clinical data were collected for all patients, 
including sex, age, body mass index (BMI), 
smoking history, COPD duration, GOLD grade, 
respiratory failure status, underlying diseases/
comorbidities (pneumonia, hypertension, atrial 
fibrillation, fever), and pulmonary function pa- 
rameters (forced expiratory volume in one sec-
ond [FEV1], forced vital capacity [FVC], FEV1/
FVC ratio, residual volume [RV], and total lung 
capacity [TLC]). Additionally, arterial blood  
gas parameters (PaO2, PaCO2), hematological 
markers (neutrophil-to-lymphocyte ratio [NLR], 
platelet-to-lymphocyte ratio [PLR]), N-terminal 
pro-brain natriuretic peptide (NT-proBNP), and 
other relevant indicators were recorded.

The GOLD classification [8] was determined 
based on the percentage of predicted FEV1 
(FEV1% pred) after bronchodilator administra-
tion. Grade I: FEV1% pred ≥80% (mild airflow 
limitation); Grade II: 50%≤FEV1% pred <80% 
(moderate airflow limitation); Grade III: 30%≤ 
FEV1% pred <50% (severe airflow limitation); 
Grade IV: FEV1% pred <30% (extremely severe 
airflow limitation).

A 6 mL fasting blood sample was collected in 
the morning using sodium citrate for antico- 
agulation. Samples were centrifuged at 2000 r/
min for 15 minutes to separate the serum. 
Hematological parameters (neutrophils, lym-
phocytes, and platelets) were measured using 
a Mindray BC-7500 CS fully automated hema-
tology analyzer. NLR and PLR were calculated 
as follows: NLR = platelets/lymphocytes; PLR = 
Platelets/Lymphocytes. The Beckman Coulter 
DX1800 fully automatic chemiluminescence 
immunoassay analyzer was used to determine 
NT-proBNP levels.

Diagnostic methods and criteria for PAH

PAH was diagnosed based on the 2018 Chinese 
Guidelines for the Diagnosis and Treatment of 
Pulmonary Hypertension [9]. Clinical manifes-
tations include dyspnea, fatigue, chest pain, 
which may be accompanied by an accentuated 
second heart sound over the pulmonary valve 
area. At sea level and under resting conditions, 
a mean pulmonary artery pressure (mPAP) of 
≥25 mmHg, measured by right heart catheter-
ization, was used as the diagnostic threshold.

Risk factor analysis

AECOPD patients without PAH were assigned 
into the non-PAH group, and those with PAH-
complicated AECOPD were assigned into the 
PAH group. Potential risk factors were initially 
assessed using univariate analysis. Variables 
showing statistical significance were further 
analyzed using multivariate logistic regression 
to identify independent risk factors associated 
with PAH in AECOPD patients.

Establishment and evaluation of nomogram 
model

According to the results of multivariate analy-
sis, independent risk factors were used to 
develop a nomogram model.

(1) Construction method and principle of nomo-
gram model: First, the independent risk factors 
associated with PAH in AECOPD patients we- 
re identified. Each risk factor was assigned  
a score according to its regression coefficient. 
The scales for each factor and their corre-
sponding scores were plotted on a coordinate 
axis. By summing the scores based on the pa- 
tient’s specific risk factor values, a total score 
was obtained, which was then mapped to the 
probability of concurrent PAH. The principle of 
the nomogram is to comprehensively quantify 
multiple risk factors, visually demonstrating the 
contribution of each factor to the outcome and 
providing an overall prediction result.

(2) Model evaluation method: We used R soft-
ware to divide the dataset into a training set 
and a validation set at a ratio of 7:3. The train-
ing set was used to develop the nomogram 
model, while the validation set was used to 
evaluate the performance of the model.

In the training set, internal verification was per-
formed using the Bootstrap self-sampling me- 
thod with 500 repetitions. The consistency in- 
dex (C-index) was calculated to assess the dis-
crimination and accuracy of the model. This 
approach helps evaluate the model’s ability to 
distinguish between patients with and without 
PAH in the training data. It also provides an esti-
mate of the model’s predictive accuracy within 
the dataset used for its construction.

For the validation set, additional evaluation me- 
trics such as calibration plots and the area 
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under the receiver operating characteristic cur- 
ve (AUC) were used to further assess the mod-
el’s performance in an independent dataset. 
These methods further assess the model’s per-
formance on an independent dataset, ensuring 
its generalizability to new patients and different 
clinical settings.

By dividing the dataset into a training set and a 
validation set and employing robust internal 
and external verification methods, the perfor-
mance and reliability of the nomogram model 
for predicting PAH in AECOPD patients were 
comprehensively evaluated.

Statistical processing

The data were statistically analyzed using SPSS 
23.0. In univariate analysis, for continuous vari-
ables, independent sample t-test (for data con-
forming to a normal distribution, mean±standa- 
rd deviation) or Mann-Whitney U test (data not 
conforming to normal distribution) was used to 
compare the differences between the PAH gr- 
oup and non-PAH group. For categorical vari-
ables, chi-square test was used to analyze the 
differences between the two groups.

In multivariate analysis, multivariate logistic re- 
gression was used to identify independent risk 
factors for PAH in AECOPD patients. Variables 
showing statistical significance in univariate 
analysis were included in the multivariate logis-
tic regression model, whether concurrent PAH 
was taken as the dependent variable (0 = no 
complication, 1 = complication), and the signifi-
cant variables screened out by univariate anal-
ysis were taken as independent variables. The 
independent risk factors were finally screened 
out by stepwise regression method, with regres-
sion coefficient, odds ratio (OR) and its 95% 
confidence interval (CI) of each risk factor being 
determined. OR>1 indicated an increased risk 
of concurrent PAH, while OR<1 indicated a pro-
tective effect against PAH. The predictive abili- 
ty of each independent influencing factor for 
AECOPD complicated with PAH was analyzed 
using receiver operating characteristic curve 
(ROC). Pearson correlation analysis was used 
to assess relationships between normally dis-
tributed continuous variables, and Spearmen 
rank correlation analysis was applied for asso-
ciations between ordinal and continuous vari-
ables. A P-value <0.05 was considered statisti-
cally significant.

Results

Comparison of demographic characteristics 
between the PAH and non-PAH groups

Among the 602 AECOPD patients, 50 cases 
were diagnosed with concurrent PAH, resulting 
in an incidence rate of 8.31%. The proportion of 
GOLD grade IV and hypertension, as well as the 
levels of NLR, PLR, and NT-proBNP in the PAH 
group were significantly higher than those in 
the AECOPD group (all P<0.05) (Table 1).

Identification of risk factors for PAH in AECOPD 
patients

Multivariate logistic regression analysis was 
conducted on the potential risk factors identi-
fied as significant in univariate analysis. The 
results showed that GOLD grade, hypertension, 
NLR, PLR, and NT-proBNP were independent 
influencing factors for PAH in AECOPD patients 
(all P<0.05) (Table 2).

Predictive performance of independent risk 
factors for PAH in AECOPD

ROC curves were drawn to evaluate the predic-
tive ability of each independent risk factor for 
PAH in AECOPD (Figure 1). The area under the 
receiver operating characteristic curve (AUC) 
for GOLD grade, hypertension, ET-1, NLR, PLR, 
and NT-proBNP for predicting PAH in AECOPD 
all exceeded 0.6, indicating moderate predic-
tive value. Among these, NT-proBNP demon-
strated the highest predictive accuracy (AUC = 
0.811), followed by NLR (AUC = 0.789) (Table 
3). 

Correlation analysis

Correlation analysis showed that there was no 
linear relationship among GOLD grade, hyper-
tension, ET-1, NLR, PLR, and NT-proBNP (P> 
0.05) (Table 4).

Establishment of a nomogram prediction 
model

The influencing indicators of the training set 
and the validation set are shown in Table 5. A 
nomogram prediction model was developed 
based on the identified independent risk fac-
tors (GOLD grade, hypertension, NLR, PLR, NT- 
proBNP), providing an intuitive assessment of 
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the contribution of each factor to PAH risk in 
AECOPD patients (Figure 2). Each risk factor 
was assigned a score proportional to its impact 
on PAH risk. The total score was calculated by 
summing the individual scores of all risk fac-
tors, with higher total scores indicating a great-
er likelihood of PAH. Risk factors with stronger 
predictive power were assigned higher scores. 

ROC analysis

A total of 184 patients were included in the vali-
dation set, among which 10 patients had PAH 
and 174 patients had non-PAH. The distribution 
of independent risk factors in the validation set 

was as follows: In terms of the GOLD classifica-
tion, there were 39 patients at grade I, 43 
patients at grade II, 31 patients at grade III, and 
71 patients at grade IV. Regarding hyperten-
sion, there were 92 patients with hypertension 
and 92 patients without hypertension. The NLR 
was 2.90±0.69. The PLR was 204.89±56.01. 
The level of NT-proBNP was (95.52±31.49) pg/
mL.

The nomogram model demonstrated strong 
predictive performance in both the training set 
and validation set based on ROC results. In the 
training set, the model achieved a high AUC 
(0.906, 95% CI: 0.847-0.966), indicating excel-

Table 1. Comparison of baseline information between the PAH and non-PAH groups
Group PAH group (n = 50) Non-PAH group (n = 552) χ2/t P
Sex (Male/Female, n) 37/13 335/217 3.441 0.064
Age (year, 

_
x±s) 68.23±6.38 66.68±7.29 1.454 0.147

Body mass index (kg/m2, 
_
x±s) 22.39±4.37 22.62±3.52 0.433 0.665

Smoking history (yes/no, n) 26/24 274/278 0.102 0.749
Course of COPD (year, 

_
x±s) 9.18±2.64 9.46±2.88 0.663 0.508

GOLD grade [n (%)] 14.455 0.002
    I 2 (4.00) 132 (23.91)
    II 17 (34.00) 134 (24.28)
    III 8 (16.00) 121 (21.92)
    IV 23 (46.00) 165 (29.89)
Respiratory failure [n (%)] 0.013 0.910
    yes 8 (16.00) 85 (15.40)
    no 42 (84.00) 467 (84.60)
Underlying diseases/comorbidities (yes/no, n)
    pneumonia 19/31 268/284 2.046 0.153
    Hypertension 40/10 302/250 11.951 0.001
    Atrial fibrillation 4/46 54/498 0.167 0.682
Fever 5/45 56/496 0.001 0.974

FEV1 (%, 
_
x±s) 47.15±4.28 46.72±5.13 0.575 0.566

FVC (%, 
_
x±s) 62.71±11.39 63.18±11.22 0.283 0.777

FEV1/FVC (
_
x±s) 0.75±0.17 0.73±0.16 0.842 0.400

RV (%,
_
x±s) 148.23±30.28 147.69±32.16 0.114 0.909

TLC (%,
_
x±s) 125.61±23.24 124.39±25.82 0.322 0.747

PaO2 (mmHg,
_
x±s) 68.33±3.39 68.52±3.52 0.367 0.714

PaCO2 (mmHg,
_
x±s) 50.28±4.67 49.24±5.59 1.276 0.203

NLR (x±s) 3.91±1.03 2.82±0.65 6.188 <0.001
PLR (x±s) 248.33±62.15 209.42±56.19 3.228 0.002
NT-proBNP (pg/mL,

_
x±s) 138.60±42.39 91.58±28.23 6.388 <0.001

PAH: pulmonary arterial hypertension; AECOPD: acute exacerbation of chronic obstructive pulmonary disease; COPD: chronic 
obstructive pulmonary disease; GOLD: the Global Initiative for Chronic Obstructive Lung Disease; FEV1: Forced expiratory vol-
ume in one second; FVC: Forced vital capacity; RV: residual volume; TLC: Total lung capacity; PaO2: Partial pressure of oxygen; 
PaCO2: Partial pressure of carbon dioxide; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; NT-proBNP: 
N-terminal pro-brain natriuretic peptide.
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lent discrimination between positive and nega-
tive cases. Additionally, the high sensitivity of 
0.850 indicated that the model can effectively 
identify true positive samples; and the specific-
ity of 0.862 indicated the model’s ability in 
reducing the likelihood of false positives (Figure 
3A). 

In the validation set, the model also performs 
well, with an AUC of 0.861, (95% CI: 0.715-
0.932), confirming its stability and generaliza-
tion ability. The sensitivity (0.700) and specific-
ity (0.948) remained within a reasonable limits, 
further validating its reliability across different 
datasets (Figure 3B).

Calibration curve analysis

In the training set, the discrimination index 
shows good performance. The C-index (0.906) 

indicated excellent discrimination ability, distin-
guishing samples of different risk levels effec-
tively. The calibration curve closely aligned with 
the ideal curve, demonstrating that the model’s 
predictions were highly consistent with actual 
outcomes (Figure 4A). 

In the validation set, the model also showed 
good discrimination and calibration with a C- 
index of 0.861, verifying its robust generaliza-
tion ability. The calibration curve in the valida-
tion set similarly showed good agreement 
between predicted and actual outcomes, fur-
ther reinforcing the model’s reliability and accu-
racy (Figure 4B).

Decision curve analysis

In the training set, the decision curve demon-
strated a positive net benefit across a defined 
risk threshold range (Figure 5A), suggesting 
that using the nomogram for clinical decision-
making provides practical value. In the valida-
tion set, this nomogram model also showed a 
positive net benefit within an appropriate risk 
threshold range (Figure 5B), further corroborat-
ing its clinical applicability and generalization 
ability across datasets. 

Discussion

In AECOPD, the presence of PAH significantly 
worsens disease severity and increases mor-
tality risk. Through an extensive analysis of 
clinical cases, we identified several potential 
risk factors, including impaired lung function 
and inflammatory response, both of which con-
tribute to PAH development. Impaired lung 
function directly affects pulmonary gas ex- 
change, while inflammatory response may dam-
age pulmonary vascular structure and function 

Table 2. Risk factor analysis
B SE Wals P OR (95% CI)

GOLD grade 6.614 0.045
    I -1.566 0.796 3.874 0.049 0.209 (0.044-0.993) 
    II -0.691 0.517 1.782 0.182 0.501 (0.182-1.382) 
    III -1.108 0.597 3.447 0.063 0.330 (0.103-1.064) 
Hypertension 0.929 0.496 3.508 0.041 2.531 (0.958-6.688) 
NLR 1.737 0.299 33.745 <0.001 5.680 (3.161-10.206)
PLR 0.011 0.004 9.467 0.002 1.011 (1.004-1.018) 
NT-proBNP 0.044 0.007 38.160 <0.001 1.045 (1.031-1.060) 
GOLD: the Global Initiative for Chronic Obstructive Lung Disease; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lympho-
cyte ratio; NT-proBNP: N-terminal pro-brain natriuretic peptide; SE: standard error; OR: odds ratio; CI: confidence interval.

Figure 1. Receiver operating characteristic (ROC) 
curve analysis for each independent risk factor in 
predicting PAH in AECOPD. AECOPD: acute exacerba-
tion of chronic obstructive pulmonary disease; PAH: 
pulmonary arterial hypertension; GOLD: the Global 
Initiative for Chronic Obstructive Lung Disease; NLR: 
neutrophil-to-lymphocyte ratio; PLR: platelet-to-lym-
phocyte ratio; NT-proBNP: N-terminal pro-brain natri-
uretic peptide.
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[10]. The nomogram model developed in this 
study integrates multiple risk factors, providing 
clinicians with an efficient and practical risk 
assessment tool. This facilitates early interven-
tion and personalized treatment strategies, 
ultimately improving patient prognosis and 
quality of life [11]. Given the severe impact of 
PAH on AECOPD patients and the potential clini-
cal benefits of this model, our findings offer 

important insights for risk assessment and dis-
ease management.

This study analyzed 602 AECOPD patients, 
revealing a PAH incidence of 8.31%, which is 
lower than the 21% reported by Nakayama et 
al. [12]. Compared to the non-PAH group, 
patients in the PAH group exhibited significantly 
higher proportions of GOLD grade IV, hyperten-

Table 3. The predictive performance of each independent risk factor for PAH in AECOPD patients 
Variables AUC (95% CI) SE P Sensitivity Specificity Optimum cutoff value
GOLD grade 0.678 (0.605-0.751) 0.037 <0.001 62.00% 70.10% -
Hypertension 0.656 (0.587-0.726) 0.035 <0.001 86.00% 45.30% -
NLR 0.789 (0.706-0.872) 0.042 <0.001 54.00% 95.30% 3.85 
PLR 0.688 (0.607-0.768) 0.041 <0.001 62.00% 70.50% 242.35 
NT-proBNP 0.811 (0.738-0.884) 0.037 <0.001 52.00% 98.20% 146.55 
AECOPD: acute exacerbation of chronic obstructive pulmonary disease; PAH: pulmonary arterial hypertension; GOLD: the 
Global Initiative for Chronic Obstructive Lung Disease; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; 
NT-proBNP: N-terminal pro-brain natriuretic peptide; AUC: the area under the receiver operating characteristic curve; CI: confi-
dence interval; SE: standard error.

Table 4. Correlation analysis among independent risk factors
Variable GOLD grade Hypertension NLR PLR NT-proBNP
GOLD grade r 1.000 0.058 0.071 -0.010 0.098 

P 0.159 0.081 0.815 0.016 
Hypertension r 1.000 0.113 0.066 0.046 

P 0.006 0.107 0.257 
NLR r 1.000 0.098 0.068 

P 0.016 0.097 
PLR r 1.000 0.008 

P 0.843 
NT-proBNP r 1.000 

P
GOLD: the Global Initiative for Chronic Obstructive Lung Disease; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lympho-
cyte ratio; NT-proBNP: N-terminal pro-brain natriuretic peptide. 

Table 5. The influencing indicators of the training set and the validation set
Group Training set (n = 418) Validation set (n = 184) χ2/t P
GOLD grade [n (%)] 5.731 0.125
    I 95 (22.73) 39 (21.20)
    II 105 (25.12) 43 (23.37)
    III 95 (22.73) 31 (16.85)
    IV 123 (29.43) 71 (38.59)
Hypertension 235/203 110/74 1.971 0.160
NLR (

_
x±s) 2.92±0.78 2.90±0.69 0.300 0.764

PLR (
_
x±s) 216.08±57.97 208.89±56.01 1.416 0.157

NT-proBNP (pg/mL, 
_
x±s) 95.46±30.66 95.52±31.49 0.022 0.983

GOLD: the Global Initiative for Chronic Obstructive Lung Disease; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lympho-
cyte ratio; NT-proBNP: N-terminal pro-brain natriuretic peptide.
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Figure 2. The nomogram prediction model based on risk factors. GOLD: the 
Global Initiative for Chronic Obstructive Lung Disease; NLR: neutrophil-to-
lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; NT-proBNP: N-terminal 
pro-brain natriuretic peptide.

Figure 3. Receiver operating characteristic (ROC) curve analysis for the 
model’s predictive performance in training (A) and validation (B) sets. AUC: 
the area under the receiver operating characteristic curve; CI: confidence 
interval.

Figure 4. Calibration curve for the predictive model. A. Training set; B. Valida-
tion set.

sion, NLR, PLR, and NT-proBNP 
levels, suggesting that these 
factors may be associated wi- 
th PAH development in AE- 
COPD patients. Multivariate 
logistic regression analysis 
identified GOLD grade, hyper-
tension, NLR, PLR, and NT- 
proBNP as independent risk 
factors for PAH in AECOPD. 
This indicates that these fac-
tors play a crucial role in pre-
dicting PAH occurrence and 
are not confounded by other 
variables. The nomogram pre-
diction model, which was de- 
veloped on these independent 
risk factors, demonstrated str- 
ong predictive performance in 
both the training set and the 
validation set. In the training 
set, the nomogram demon-
strated an AUC of 0.906 (95% 
CI: 0.847-0.966), with sensi-
tivity and specificity of 0.850 
and 0.862, respectively. The 
validation set showed an AUC 
of 0.861 (95% CI: 0.715-
0.932), and sensitivity and 
specificity of 0.700 and 0.948, 
respectively. In addition, the 
C-index values for the calibra-
tion curves were 0.906 (train-
ing set) and 0.861 (validation 
set), indicating strong model 
discrimination. The decision 
curve analysis further demon-
strated a positive net benefit 
within a defined risk thresh-
old, reinforcing the model’s 
clinical applicability and re- 
liability. 

GOLD grade IV is widely recog-
nized as an independent risk 
factor for PAH in AECOPD pa- 
tients, with multiple studies 
providing strong supporting 
evidence. For example, Gupta 
et al. [13] found a significant 
association between GOLD 
grade and PAH risk in COPD 
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patients. Their study showed that as GOLD 
grade increases, lung function gradually dete-
riorates, leading to pulmonary vascular remod-
eling and increased pulmonary vascular resis-
tance, thereby heightening PAH risk. Similarly, 
Song et al. [14] conducted a comprehensive 
analysis of lung function tests, blood gas analy-
sis, and cardiac ultrasound in AECOPD patients 
and confirmed a strong correlation between 
GOLD grade IV and PAH development. Their 
findings also highlighted that patients with 
GOLD grade IV often experience more severe 
hypoxemia and hypercapnia, which further con-
tribute to PAH progression. In addition, higher 
GOLD grades in AECOPD patients have been 
linked to elevated inflammatory marker levels 
[15]. These inflammatory factors may promote 
pulmonary vascular remodeling and PAH devel-
opment by damaging pulmonary vascular endo-
thelial cells and stimulating pulmonary vascular 
smooth muscle cell proliferation. These results 
underscore the close association between 
GOLD grade and PAH in AECOPD patients. 
Clinicians should closely monitor AECOPD pa- 
tients with higher GOLD grades, conduct early 
screening for PAH, and implement timely inter-
ventions to improve patient prognosis. 

Patients with hypertension already exhibit vas-
cular endothelial dysfunction and vascular re- 
modeling, which may compromise pulmonary 
vascular structure and function [16]. In AECOPD 
patients, hypertension may further aggravate 
pulmonary pulmonary vascular damage, pro-
moting the occurrence and development of 
PAH. NLR and PLR serve as inflammatory mark-
ers, and in AECOPD patients, the inflammatory 
response is often more pronounced. Elevated 
NLR and PLR may indicate inflammation-me- 
diated pulmonary vascular damage [17]. Cyto- 

ed pulmonary vascular pressure, further con-
tributing to PAH progression. According to Lewis 
et al. [19], NT-proBNP plays a crucial role in the 
diagnosis and risk stratification of PAH and cor-
relates with pulmonary hemodynamics. In con-
clusion, hypertension, NLR, PLR, and NT-proBNP 
are key risk factors for PAH in AECOPD patients, 
contributing to disease progression through 
vascular, inflammatory, and cardiac-related 
mechanisms.

The nomogram model accurately predicts PAH 
risk in AECOPD patients based on GOLD grade, 
hypertension, NLR, PLR, and NT-proBNP, en- 
abling early identification of high-risk patients. 
This allows clinicians to implement preventive 
and therapeutic measures to reduce PAH inci-
dence. For AECOPD patients with concurrent 
PAH, the nomogram model facilitates personal-
ized treatment planning [20]. Based on individ-
ual risk factors and prediction results, doctors 
can adjust treatment strategies, such as opti-
mizing oxygen therapy, managing blood pres-
sure, and administering vasodilators, to im- 
prove treatment outcomes. The nomogram 
model can serve as a disease monitoring tool. 
By regularly assessing key clinical indicators, 
clinicians can use the model for risk assess-
ment, allowing for timely adjustments to treat-
ment plans and early intervention to prevent 
PAH progression. Researchers can use this 
model to further investigate pathogenesis, risk 
factors, and treatment methods for PAH, pro-
viding stronger evidence base for clinical prac-
tice. The results of our study highlight the mul-
tiple applications and benefits of the nomogram 
model in clinical management and research  
of AECOPD complicated with PAH, including ri- 
sk prediction, personalized treatment, disea- 
se monitoring, and the facilitation of further 
research.

Figure 5. Decision curve analysis for the predictive model. A. Training set; B. 
Validation set.

kines and reactive oxygen sp- 
ecies released by inflammato-
ry cells can damage pulmo-
nary vascular endothelial ce- 
lls, induce smooth muscle cell 
proliferation and fibrosis, facil-
itating PAH development. NT- 
proBNP, a marker of cardiac 
function, is frequently elevat-
ed in AECOPD patients, re- 
flecting increased cardiac lo- 
ad [18]. Cardiac dysfunction 
may lead to pulmonary circu-
lation congestion and elevat-
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Our study still has several limitations. First, the 
study population was limited to a specific num-
ber and source of patients, which may not fully 
represent all AECOPD patients, potentially in- 
troducing selection bias. Second, the identifica-
tion of risk factors was constrained by current 
detection methods and research parameters, 
meaning potential risk factors may have been 
overlooked. In addition, the nomogram model 
was developed based on a specific dataset, 
and its applicability across different popula-
tions and geographic regions requires further 
validation. Finally, the study did not include 
long-term follow-up, limiting its ability to assess 
the long-term prognosis of AECOPD patients 
with PAH. In general, acknowledging these limi-
tations, sample selection bias, restricted iden-
tification of risk factors, model generalizability 
concerns, and the lack of long-term follow-up, 
is crucial. Future studies should focus on 
addressing these limitations to enhance the 
study’s robustness and clinical applicability.

In conclusion, PAH in AECOPD patients is sig-
nificantly associated with GOLD grade, hyper-
tension, NLR, PLR, and NT-proBNP. The nomo-
gram model developed in this study demon- 
strated high predictive performance and a posi-
tive net benefit in both the training and valida-
tion sets, highlighting its clinical utility. Future 
research should focus on further optimizing the 
model, expanding the sample size, and con-
ducting multicenter studies to improve accura-
cy and reliability. Additionally, in-depth investi-
gations into the pathogenesis of independent 
risk factors and PAH will provide a stronger 
theoretical foundation for the prevention and 
treatment of PAH in AECOPD patients.
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