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Abstract

Background: Pulmonary fungal infection is a major risk factor for death and prolonged hospitalization in elderly patients with acute exacerbation 
of chronic obstructive pulmonary disease (AECOPD). At present, early recognition of these infections remains difficult. This study therefore col-
lected clinical data to develop an early-prediction model for fungal pneumonia complicating AECOPD.  
Methods: We enrolled 404 elderly AECOPD patients admitted to the Department of Respiratory Medicine, First Affiliated Hospital of Anhui Medi-
cal University, from January to December 2023. The cohort was randomly split 7:3 into a training set (n =283) and a validation set (n =121). Uni-
variate logistic regression was first performed in the training set; variables with p < 0.05 were entered into a multivariate model. Significant fac-
tors were used to construct a nomogram. Model performance was evaluated in both sets by the area under the receiver operating characteristic 
curve (AUC), calibration plots, and decision-curve analysis (DCA). 
Results: Smoking history, length of hospital stay, concomitant cardiovascular disease, glucocorticoid use, and the neutrophil-to-lymphocyte ratio 
(NLR) were independent risk factors for fungal infection during AECOPD (p < 0.05). The nomogram achieved AUCs of 0.884[95% CI: 0.838–0.930] 
in the training set and 0.879 [95% CI: 0.795–0.962] in the validation set. Calibration and DCA curves indicated good clinical utility. 
Conclusion: Smoking history, prolonged hospitalization, concurrent cardiovascular disease, glucocorticoid therapy, and elevated NLR are indepen-
dent risk factors for fungal infection in AECOPD. The constructed nomogram exhibits strong predictive performance.
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Introduction 

Chronic obstructive pulmonary disease (COPD) is a hetero-
geneous disorder characterised by chronic respiratory symp-
toms—dyspnoea, cough and sputum production with acute 
exacerbations—resulting from persistent abnormalities of 
the airways (bronchitis/bronchiolitis) and / or alveoli (emphy-
sema) that lead to progressive, irreversible airflow limitation 
[1]. An acute exacerbation of COPD (AECOPD) is defined as a 
worsening of dyspnoea, cough and/or sputum within <14 days, 
often accompanied by tachypnoea or tachycardia and usually 
triggered by respiratory infection, air pollution or parenchy-
mal injury; it is associated with intensified local and systemic 
inflammation. Elderly patients with COPD are intrinsically 
more fragile, and consequently more prone to super-imposed 
infection. Recent data rank COPD as the fourth leading cause 
of death worldwide [2]; its high prevalence, disability and mor-
tality impose a heavy clinical burden and profoundly affect dis-
ease trajectory and prognosis [3]. Pulmonary fungal infection 

is largely opportunistic: fungi colonising the upper airways or 
other sites invade the lower respiratory tract when host im-
munity wanes, producing a spectrum of disease that ranges 
from mild respiratory symptoms to respiratory failure or septic 
shock [4]. Compared with other pulmonary disorders, AECOPD 
is accompanied by longer hospital stay, broader-spectrum an-
tibiotic exposure and more frequent invasive procedures—all 
recognised risk factors for invasive mycosis [5]. Personalised 
prediction models that integrate multidimensional data have 
proved powerful in clinical risk stratification and are now wide-
ly used in contemporary medicine [6].Although several inde-
pendent risk factors for AECOPD complicated by pulmonary 
fungal infection have been identified, robust prognostic models 
remain scarce, especially for the elderly. Most previous studies 
have relied on single peripheral-blood indices; comprehensive 
models incorporating readily available inflammatory markers 
have rarely been reported. Against this background we sought 
to develop and validate a pragmatic prediction tool that quanti-
fies the risk of concomitant fungal infection during hospitaliza-
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tion in elderly patients with AECOPD, thereby facilitating timely 
empirical antifungal therapy and potentially improving clinical 
outcomes [7].

Study Population
A retrospective cohort design was adopted. From January to 
December 2023, 500 elderly patients admitted to the Depart-
ment of Respiratory Medicine, the First Affiliated Hospital of 
Anhui Medical University, for acute exacerbation of chronic 
obstructive pulmonary disease (AECOPD) were consecutively 
screened. After application of inclusion and exclusion criteria, 
404 cases were ultimately enrolled. The cohort was randomly 
split into a training set (n = 283) and a validation set (n = 121) 
in a 7:3 ratio using a computer-generated random-number 
sequence (Figure 1). The study protocol was approved by the 
Hospital Ethics Committee approval (No. PJ-2025-01-18) and 
was conducted in accordance with the principles of the Decla-
ration of Helsinki.

Figure 1. Flow chart of patient selection and cohort allocation for 
model development and validation. 
The diagram illustrates the derivation of the study population. Among 
500 screened patients aged >65 years who met the diagnostic criteria 
for AECOPD, 96 were excluded (severe dysfunction of major organs, 
n=8; severe psychiatric or cerebrovascular disease, n=5; incomplete 
medical records, n=83). The remaining 404 eligible patients were ran-
domly divided into a training set (n=283) for nomogram construction 
and a validation set (n=121) for internal validation.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Age greater than 65 years; (2) Patients 
diagnosed with acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD) according to the 2023 revised 
Chinese expert consensus on the diagnosis and treatment of 
AECOPD and confirmed by spirometry.(4) Complete medical 
record.
Exclusion criteria:(1) Severe dysfunction of any major vital 
organ; (2) Severe psychiatric or cerebrovascular disease; (3) 
Insufficient clinical data.

Diagnostic Methodology for Fungal Infection
Diagnosis of fungal infection was based on the Expert Consen-
sus on the Diagnosis and Treatment of Pulmonary Mycoses is-
sued by the Chinese Thoracic Society [8]and Internal Medicine 
(9th Edition), utilizing a three-tier diagnostic classification sys-
tem (proven, probable, possible). Diagnosis was determined by 
a comprehensive assessment of clinical symptoms, imaging 
features, and microbiological findings in AECOPD patients. 
Suspected patients underwent imaging studies, and sputum 
samples were collected. For patients with an initial positive 
fungal sputum culture, a repeat sputum sample was collected 
for culture after 24-48 hours. Only cases with the same fungal 
species isolated in two or more consecutive cultures were in-
cluded in further analysis. Multiple sputum cultures showing 
mixed fungal growth, in the absence of characteristic imaging 
changes or clinical symptom exacerbation, were considered 
contaminated and excluded. For patients with positive fungal 
sputum cultures but lacking definitive clinical symptoms or 
imaging evidence of pulmonary infection, antifungal treatment 
response was evaluated: cases were classified as fungal col-
onization (and excluded from the infection group) if there was 
no symptom progression or imaging deterioration without an-
tifungal therapy, or if no improvement was observed following 
antifungal treatment. Only cases demonstrating clinical and 
radiological improvement in response to antifungal therapy 
were confirmed as pulmonary fungal infections.

Data collection
Baseline characteristics and comorbidities were systemati-
cally extracted from the electronic medical record, including 
age, sex, Body Mass Index (BMI), smoking history, alcohol 
consumption, and co-existing conditions such as hyperten-
sion, diabetes mellitus, and cardiovascular disease. The initial 
clinical presentation, physical findings, and the first available 
laboratory results obtained after admission were also record-
ed. Throughout hospitalization, all therapeutic interventions—
specifically the administration of systemic corticosteroids and 
antimicrobial agents, as well as the use or non-use of mechan-
ical ventilation—were prospectively logged. Clinical outcomes 
were subsequently evaluated in terms of total length of stay 
and the occurrence of in-hospital death.

Statistical analysis
All data processing, inferential statistics, and visualizations 
were performed with SPSS 27.0 and R 4.5.1. Two-sided tests 
were used throughout; statistical significance was set at P < 
0.05. Continuous variables were first examined for normality. 
Normally distributed data are presented as mean ± SD (x ± s); 
non-normally distributed data are expressed as median [in-
ter-quartile range, M (Q1, Q3)]. The entire cohort was randomly 
split 7:3, yielding a training set (n = 283) and a validation set (n 
= 121). In the training set, univariable logistic regression was 
applied to screen variables; those with p < 0.05 were entered 
into a multivariable logistic model. Significant predictors re-
tained in the final model were used to construct a nomogram. 
Model performance was evaluated in both the training and 
validation sets with ROC curves, calibration plots, and deci-
sion-curve analysis (DCA).
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Baseline characteristics of elderly patients presenting with 
acute exacerbation of chronic obstructive pulmonary disease 
and co-existing pulmonary fungal infections
A total of 404 patients were enrolled, including 311 males 
(77.0 %) and 93 females (23.0 %); 105 individuals (26.0 %) 
constituted the fungal-infection group (Table 1). Among the 
105 patients with pulmonary fungal co-infection, Aspergillus 
fumigatus was the leading pathogen (n = 46, 43.8 %), followed 
by Candida albicans (n = 24, 22.9 %), Aspergillus flavus (n = 6, 
5.7 %), Aspergillus niger (n = 5, 4.8%), Aspergillus sydowii (n = 
1, 0.95 %), and Candida tropicalis (n = 1, 0.95 %); the causative 
organism remained unidentified in 22 cases (21.0 %). Among 
them, confirmed infections (83 cases, accounting for 79.0%) 
were diagnosed based on: (a) confirmation by histopatho-
logical examination, or (b) clinical manifestations consistent 
with infection, along with the same fungus detected in two 
or more consecutive sputum or bronchoalveolar lavage fluid 
cultures. Clinically diagnosed infections (22 cases, accounting 
for 21.0%, the " causative organism remained unidentified " 
group). These patients met all the following diagnostic criteria: 
although the specific pathogen could not be identified through 
consecutive cultures or histopathological examination, the di-
agnosis was established based on sufficient clinical, imaging, 
and indirect laboratory evidence. This study, adhering to the 
rigor of the predictive model, excluded suspected cases. That 
is, patients who only met the criteria for host factors combined 
with clinical or imaging features but lacked any mycological 
evidence (direct or indirect) were not included. The mean age 
was 75.97 years in the infection group versus 74.20 years in 
the non-infected group. Fever on admission was observed in 
25.7 % of the fungal-infection group compared with 16.7 % of 
those without infection. Current or former smokers were more 
prevalent in the infected cohort (53.5 % and 37.1 %). Median 
length of stay was longer for infected patients (13 days and 
10.25 days). Systemic corticosteroids were administered to 
69.5 % of the infected group but only 13.7 % of the non-infect-

Variable Total
n=404

Fungal Infection
n=105

Without Fungal 
Infection

n=299
χ²/t P-value

Age, years 74.8±9.70 75.97±9.42 74.23±9.79 -1.61 0.110
Fever 77(19.1%) 27(25.7%) 50(16.7%) 3.51 0.06

Hypertension 186(46.0%) 45(42.9%) 141(47.1%) 0.5 0.479
Diabetes Mellitus 60(14.9%) 19(18.1%) 41(13.7%) 0.86 0.354

Cardiovascular 
Disease 152(37.6%) 55(52.4%) 97(38.5%) 12,85 <0.001

Smoking history 167(41.3%) 56(53.3%) 111(37.1%) 7.77 0.05
BMI (kg/m²) 22.7 ± 16.0 19.43±6.64 23.92±18.24 2.08 0.05

Length of Hospital 
Stay, days 10.96 ± 7.91 13.00±12.28 10.25±5.63 -2.20 0.030

Duration of 
Glucocorticoid Use 114(28.2%) 73(69.5%) 41(13.7%) 11.67 <0.001

WBC, ×10 9 /L 8.86 ± 4.22 10.75±5.75 8.19±3.54 -4.28 <0.001
NLR 10.33 ± 19.82 17.82±35.35 7.70±9.69 -2.87 0.01

CRP, mg/L 36.62 ± 56.1 45.18±59.63 33.62±54.85 -1.75 0.08
ALB, g/L 36.38 ± 5.44 35.63±5.53 36.64±5.41 1.62 0.11
PA, mg/L 164.5 ± 73.9 127.65±82.64 177.39±70.54 4.30 <0.001

Glu, mmol/L 6.95 ± 2.59 7.48±3.23 6.76±2.33 -2.08 0.04

Table 1. Baseline characteristics of elderly patients presenting with acute exacerbation of chronic obstructive pulmonary disease 
and co-existing pulmonary fungal infections

ed group, and antibiotic duration was likewise extended in the 
former. Mean BMI was lower in infected individuals (19.43 kg/
m² and 23.92 kg/m²). Comorbid hypertension was reported in 
42.9 % of infected and 47.1 % of non-infected patients; corre-
sponding figures for diabetes were 18.1 % and 13.7 %, and for 
cardiovascular disease 52.4 % and 38.5 %. 

Pulmonary Fungal Infection in Elderly Patients Hospitalized 
for Acute Exacerbation of Chronic Obstructive Pulmonary Dis-
ease
Univariable analysis of the training cohort revealed statistically 
significant differences (p < 0.05) between patients with and 
without concomitant fungal infection in the following variables: 
presence of fever, smoking history, length of hospital stay, 
co-existing cardiovascular disease, systemic corticosteroid 
use, duration of corticosteroid therapy, white-blood-cell count, 
neutrophil-to-lymphocyte ratio (NLR), C-reactive protein level, 
and blood glucose concentration. No significant differences 
were observed for any other parameters (p > 0.05) (Table 2).

Multivariable logistic regression analysis of risk factors for 
pulmonary fungal infection in elderly patients with acute ex-
acerbation of chronic obstructive pulmonary disease
Multivariable logistic regression—using fungal infection as the 
dependent variable and all factors with p < 0.05 in Table 2 as 
covariates—identified smoking history, length of hospital stay, 
co-existing cardiovascular disease, systemic corticosteroid 
use, and NLR as independent predictors (all p < 0.05) (Table 3).

Prediction Model Development
Based on the multivariable logistic regression coefficients, 
the five independent risk factors (smoking history, length of 
hospital stay, concomitant cardiovascular disease, systemic 
corticosteroid use, and NLR) were each weighted and as-
signed corresponding points. Summing the points for an in-
dividual patient and locating the total on the lower axis of the 
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Variable OR-value 95%CI P-value
Age, years 1.003 0.998~1.009 0.256

Gender, Male; Female 0.949 0.839~1.074 0.410
Fever 1.227 1.083~1.39 0.001

Hypertension 0.939 0.846~1.042 0.240
Diabetes Mellitus 1.054 0.908~1.224 0.492

Cardiovascular Disease 1.131 1.016~1.258 0.025
Smoking history 1.194 1.077~1.323 0.001

BMI (kg/m²) 1 0.994~1.006 0.996
Length of Hospital Stay, days 1.007 1.001~1.013 0.017

Duration of antibiotic therapy, days 1.003 0.996~1.01 0.351
Duration of Glucocorticoid Use 1.663 1.509~1.834 <0.001

Duration of Glucocorticoid Use, days 1.007 1.001~1.013 0.015
WBC, ×10 9 /L 1.026 1.015~1.037 <0.001

NLR 1.008 1.005~1.01 <0.001
CRP, mg/L 0.987 0.977~0.997 0.011
ALB, g/L 1.000 1.000 0.107
PA, mg/L 0.858 0.735~1.002 0.054

Glu, mmol/L 1.399 1.209~1.619 <0.001

Table 2. Univariable Analysis of Risk Factors for Pulmonary Fungal Infection in Elderly Patients Hos-
pitalized for Acute Exacerbation of Chronic Obstructive Pulmonary Disease.

Variable OR-value 95%CI P-value
Smoking history 1.194 1.077~1.323 0.001

Length of Hospital Stay 1.007 1.001~1.013 0.017
Cardiovascular Disease 1.131 1.016~1.258 0.025

systemic glucocorticoid therapy 1.663 1.509~1.834 <0.001
NLR 1.008 1.005~1.01 <0.001

Table 3. Multivariable logistic regression analysis of risk factors for pulmonary fungal infection in 
elderly patients with acute exacerbation of chronic obstructive pulmonary.

nomogram yields the predicted probability of fungal infection 
(Figure 2). ROC curves (Figure 3) were nearly superimposable 
between the training and validation sets, with areas under the 
curve (AUC) of 0.884 [95 % CI 0.838–0.930] and 0.879 [95 % CI 
0.796–0.962], respectively.Calibration plots (Figure 4) showed 
close agreement between predicted probabilities and observed 
event rates; Hosmer-Lemeshow tests yielded p > 0.05 in both 
cohorts. Decision-curve analysis (DCA, Figure 5) demonstrated 
favorable net clinical benefit across the full range of reason-
able threshold probabilities.

Discussion

COPD is a heterogeneous disorder. GOLD 2025 classifies its 
determinants into genetic susceptibility, environmental expo-
sures and events occurring across the life-course; together 
these insults destroy lung parenchyma and distort normal lung 
development or ageing. Acute exacerbations are frequently 
complicated by co-morbidities that further depress systemic 
immunity and predispose to secondary fungal infection. In the 
present series 105 of 404 eligible patients (26.0 %) acquired 
pulmonary mycoses, with Aspergillus spp. predominating—
a distribution consistent with previous reports. Multivariable 
analysis identified five independent risk factors: current or past 
smoking, prolonged hospital stay, concomitant cardiovascular 
disease, systemic corticosteroid therapy and an elevated neu-
trophil-to-lymphocyte ratio (NLR).

Figure 2. Nomogram predicting the probability of pulmonary fungal 
infection in elderly patients hospitalized for AECOPD. 
The model incorporates five independent risk factors identified by 
multivariable logistic regression: Systemic glucocorticoid therapy (yes 
= 1, no = 0) Neutrophil-to-lymphocyte ratio (NLR, continuous) Smoking 
history (yes = 1, no = 0) Length of hospital stay (days, continuous) Car-
diovascular disease (yes = 1, no = 0) To obtain the predicted probabil-
ity: Locate the patient’s value on each variable axis → draw a vertical 
line up to the “Points” axis to determine points for that variable. Sum 
the points for all variables → locate the total on the “Total Points” axis. 
Drop a vertical line from the total-points value to the “Predicted value 
of infection” axis to read the probability (0–1).

A

A

A



49

https://doi.org/10.71321/d3zf3339

Figure 3. ROC curves of the nomogram for predicting pulmonary fun-
gal infection in elderly AECOPD patients. 
The diagram displays the receiver operating characteristic (ROC) 
curves for both the training set and the validation set. Training set: 
AUC = 0.884 (95 % CI 0.838–0.930) Validation set: AUC = 0.879 (95 
% CI 0.795–0.962) Statistical methods: ROC analysis was performed 
with the pROC package in R 4.5.1; 95 % confidence intervals were cal-
culated by 2 000 bootstrap replications.

Figure 4. Calibration plots of the nomogram for predicting the proba-
bility of pulmonary fungal infection in elderly AECOPD patients.
The left and right panels display the agreement between predicted and 
observed probabilities in the training and validation sets, respectively. 
The diagonal gray dashed line represents perfect calibration (Ideal). 
The solid lines show the apparent (raw) calibration, while the dashed 
lines (Bias-corrected) are adjusted for overfitting using 1,000 bootstrap 
resamples. Points or curves closer to the Ideal line indicate better cali-
bration.

Figure 5. Decision curve analysis (DCA) for the nomogram predicting 
pulmonary fungal infection in elderly AECOPD patients.
The left and right panels display threshold probability versus net ben-
efit curves for the training and validation sets, respectively. The blue 
“All” line assumes all patients are infected and treated; the gray “None” 
line assumes no treatment; the red “Nomogram Model” line represents 
the net clinical benefit of using the nomogram to guide treatment 
decisions. Across clinically relevant threshold probabilities (0–25%), 
the model maintains a positive net benefit, indicating superior clinical 
utility compared to treating all or no patients. Statistical methods: DCA 
was performed using the rmda package in R version 4.5.1; net benefit 
was calculated with 1,000 bootstrap resamples for bias correction.

Smoking increases the risk of pulmonary fungal infection
Cigarette smoke exerts broad immunosuppressive effects. 
Nicotine, tar and other combustion products impair mucocil-
iary clearance, damage airway epithelium and blunt phago-
cytic activity of alveolar macrophages and neutrophils while 
suppressing T- and B-cell responses [9]. These defects com-
promise respiratory barrier function and facilitate fungal colo-
nisation and invasion, particularly during exacerbations when 
airway inflammation is most intense. The human respiratory 
tract harbors a complex ecosystem composed of bacteria, 
fungi, and viruses. Disruptions within this microbial commu-
nity are closely associated with the onset and progression of 
various respiratory diseases. When the airways are exposed 
to external stimuli, the host mounts an abnormal immune re-
sponse accompanied by persistent inflammation, which in turn 
reshapes the composition and structure of the airway microbi-
ota. Smoking disrupts this ecological balance to some extent 
[10]. Our data confirm that smoking significantly increases the 
risk of invasive fungal disease in elderly AECOPD patients.

Prolonged hospital stay is a risk factor for co-existing pulmo-
nary fungal infection
Length of hospital stay is a proxy for cumulative exposure to 
antibiotics, corticosteroids and invasive procedures such as 
intubation—each of which disrupts mechanical or immuno-
logical defences. We observed a direct relationship between 
duration of admission and probability of fungal infection, un-
derscoring the need for heightened surveillance in long-stay 
patients. Prolonged hospitalization not only prolongs exposure 
to broad-spectrum antibiotics and invasive devices but also 
intensifies physiological stress and immunosuppression, all 
of which synergistically amplify the risk profile; consequently, 
the likelihood of acquiring pulmonary fungal infection rises 
substantially, especially in elderly or nutritionally depleted indi-
viduals.

Systemic corticosteroid use significantly increases the risk of 
pulmonary fungal infection
Systemic corticosteroids, while dampening harmful inflam-
mation, simultaneously impair cell-mediated immunity. Ex-
perimental work demonstrates that glucocorticoids directly 
enhance fungal growth, morphological switching and viru-
lence-factor expression in Aspergillus and Candida spp [11-13]. 
In our cohort, both corticosteroid use and longer courses were 
strongly associated with mycotic infection.
Finally, repeated or broad-spectrum antibiotic therapy erad-
icates bacterial competitors and allows fungal overgrowth 
[14]. We found that every additional day of antibiotic treatment 
incrementally increased infection odds, emphasising the im-
portance of stringent antimicrobial stewardship in AECOPD 
management.

Co-existing cardiovascular disease is an independent risk 
factor for pulmonary fungal infection in AECOPD patients
The circulatory disorders enrolled in this study included cor-
onary artery disease, chronic heart failure, valvular heart dis-
ease, and related conditions. The three most frequent cardiac 
comorbidities in COPD are atrial fibrillation (AF), heart failure 
(HF), and ischaemic heart disease (IHD), all of which—like 
COPD—present chiefly with dyspnoea. HF intensifies the re-
spiratory symptoms of AECOPD by producing pulmonary con-
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gestion, airway oedema and reduced exercise tolerance; it also 
disrupts the mucosal mechanical barrier, creating favourable 
conditions for fungal colonisation. Cardiovascular disease and 
fungal infection share common risk factors such as advanced 
age, smoking and diabetes. Conversely, the marked systemic 
inflammation during AECOPD increases the risk of acute coro-
nary events, generating a “fungal infection–HF” vicious circle. 
Shared pathophysiological substrates—oxidative stress, en-
dothelial dysfunction and immunosenescence—make cardio-
vascular disease the second leading cause of death in COPD 
patients with pulmonary disorders [15-16].

A higher neutrophil-to-lymphocyte ratio (NLR) is associated 
with an increased probability of pulmonary fungal infection in 
elderly AECOPD patients
Leukocytosis disrupts immune homeostasis by creating an 
inflammatory milieu in which pro-inflammatory cytokines sup-
press anti-fungal immunity. Bacterial super-infection triggers 
massive neutrophil recruitment and exuberant release of cyto-
kines that impair macrophage-mediated killing of Aspergillus 
and Candida spp. The neutrophil-to-lymphocyte ratio (NLR), a 
composite inflammatory index derived from routine full blood 
count, offers rapid, inexpensive and reproducible quantification 
of this dysregulated response. In the present study, elevated 
NLR emerged as an independent risk factor for fungal infection 
in AECOPD. Previous work has shown that high NLR correlates 
with impaired pulmonary ventilation in exacerbated COPD, pre-
sumably by amplifying airway inflammation and parenchymal 
damage, thereby facilitating fungal colonisation and invasion 
[17].
Studies also show that serum albumin reflects overall nutri-
tional reserve; lower concentrations indicate malnutrition, 
which negatively influences both survival and long-term prog-
nosis [18]. Albumin itself maintains colloid oncotic pressure, 
transports endogenous and exogenous solutes (hormones, 
free fatty acids, drugs), and functions as a nitrogen reserve 
and acid–base buffer; its serum level is a central biochemi-
cal index of nutritional status, hepatic function, and systemic 
inflammation [18]. Chronic dysglycaemia induces systemic 
microangiopathy, reduces alveolar–capillary oxygen diffusion, 
and disrupts pulmonary parenchymal architecture—changes 
that collectively facilitate invasive fungal colonisation [19]. 
Additionally, elevated blood glucose exacerbates endothelial 
dysfunction [20], further compromising respiratory function 
and amplifying the likelihood of fungal infection. In this study, 
low protein levels and elevated blood glucose were also iden-
tified as risk factors for AECOPD complicated with pulmonary 
fungal infection. Although they were not included in the final 
predictive model, this may be attributed to the small sample 
size. Therefore, these two indicators also warrant additional 
attention in clinical practice.
Although the present study did not identify radiological fea-
tures such as emphysema, bullae or old tuberculosis scars 
as independent risk factors, earlier reports have consistently 
linked these structural abnormalities to pulmonary mycosis. 
Whether their non-significance in our cohort reflects a true 
absence of effect or is attributable to limited statistical power 
remains uncertain; enlarging the sample size in future investi-
gations will be necessary to clarify their contribution [21].
In addition, the single-centre, retrospective design inevitably 
introduces selection and information bias; future work should 

adopt prospective, multicentre protocols to enhance external 
validity and robustness.

Conclusion

In summary, pulmonary fungal infection is common in elderly 
patients hospitalized for AECOPD and is associated with poor 
outcomes. Early recognition is therefore essential. Smoking 
history, prolonged length of stay, pre-existing cardiovascular 
disease, systemic corticosteroid use (and its duration), and 
elevated NLR are independent correlates of mycotic complica-
tions. Clinicians should maintain a high index of suspicion for 
invasive fungal disease when any of these factors are present 
in an elderly AECOPD inpatient.
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