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Abstract: Background: Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) manifests as sudden 

respiratory symptom aggravation and airflow decline, substantially elevating mortality risk, making therapeutic 

optimization crucial for patient outcomes. Objectives: To compare the clinical efficacy and safety of the combination 

therapy of Doxophylline ambroxol and Aminophylline monotherapy in the treatment of AECOPD. Methods: This 

retrospective study included 120 AECOPD patients admitted from April 2022 to April 2024. Patients were divided into 

two groups: the control group received aminophylline, while the study group received doxophylline and ambroxol for 10 

days. Clinical efficacy, pulmonary function (FEV1, FVC, FEV1%, FEV1/FVC), inflammatory markers (CRP, PCT, WBC, 

NEUT%), blood gas parameters (PaO2, PaCO2), CAT and CCQ scores and adverse events were compared pre- and post-

treatment. Results: Post-treatment, both groups showed significant improvements in FEV1, FVC, FEV1% and FEV1/FVC 

compared to baseline (P<0.05), with the study group demonstrating superior outcomes (P<0.05). Inflammatory markers 

(CRP, PCT, WBC, NEUT%) decreased significantly in both groups, with greater reductions in the study group (P<0.05). 

Blood gas parameters (PaO2, PaCO2) improved in both groups (P<0.05), with more pronounced improvements in the study 

group (P<0.05). CAT and CCQ scores declined in both groups, but more substantially in the study group (P<0.05). No 

significant difference in adverse events was observed (P>0.05). Conclusion: Doxophylline-ambroxol combination therapy 

is more effective than aminophylline in improving pulmonary function and reducing inflammation in AECOPD, with 

equivalent safety. 
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INTRODUCTION 

 

Chronic obstructive pulmonary disease (COPD) represents 

a complex respiratory condition characterized by persistent 

and often worsening obstruction of airflow, resulting from 

pathological changes in either the bronchial airways 

(manifesting as chronic bronchitis) or the alveolar 

structures (leading to emphysema). This condition leads to 

persistent respiratory symptoms, including dyspnea, 

chronic cough, excessive mucus production and episodic 

worsening of the disease (Venkatesan, 2024). Globally, 

COPD ranks among the leading causes of morbidity and 

mortality, with an estimated 10.3% prevalence in 

individuals aged 30–79 years (Adeloye et al., 2022). The 

clinical progression of COPD typically involves alternating 

periods of stability and acute exacerbations (AECOPD), 

which are characterized by a sudden worsening of 

respiratory symptoms (e.g., aggravated cough, increased 

sputum volume, purulent sputum and heightened 

breathlessness)(Baqdunes et al., 2021). These episodes 

necessitate therapeutic intervention and are critical 

determinants of disease advancement. AECOPD 

significantly impairs patients' quality of life, escalates 

healthcare costs and raises mortality risk. Studies indicate 

that moderate-to-severe COPD patients suffer 1-3 annual 

exacerbations, with hospitalized cases facing a three-year 

mortality rate reaching 50% (Bertoletti et al., 2023). Thus, 

developing more effective therapies is essential to enhance 

patient outcomes, reduce socioeconomic burdens and 

alleviate familial strain (Hosseinzadeh and Shnaigat, 2019). 

 

The pathogenesis of COPD primarily involves oxidative 

stress, inflammatory airway responses, protease-

antiprotease dysregulation and programmed cell death 

(Zhang et al., 2023; Rosyid et al., 2023). Current 

pharmacological management strategies consist of three 

key approaches: bronchodilators, anti-inflammatory agents 

and antimicrobial therapy.Bronchodilators, including β₂-*Corresponding author: e-mail: Zcq790120223@hotmail.com 
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agonists (e.g., salbutamol) and anticholinergics (e.g., 

ipratropium bromide), serve as first-line therapy by 

relaxing bronchial smooth muscles to alleviate airflow 

obstruction. During acute exacerbations, short-acting 

nebulized formulations are preferred for rapid symptom 

relief (El Hussein and Favell, 2023). Corticosteroids, 

administered systemically (orally or intravenously), help 

suppress airway and systemic inflammation, accelerating 

recovery and improving lung function and oxygenation. A 

5-7 day regimen is typically recommended, though 

clinicians must carefully weigh benefits against potential 

adverse effects (e.g., hyperglycemia and infection risk), 

particularly in high-risk populations (Killeen and Wolfson, 

2020; Georgiou et al., 2024). Inhaled corticosteroids (ICS) 

may serve as an alternative in select patients, though their 

efficacy is often limited in severe airflow obstruction due 

to poor drug deposition. Antibiotics are indicated when 

bacterial infection is suspected (e.g., purulent sputum and 

worsening dyspnea), as they can expedite recovery and 

lower early relapse rates (Killeen and Wolfson, 2020). 

Despite these established therapies, clinical challenges 

persist. Some patients exhibit suboptimal responses to β₂-

agonists, particularly during severe exacerbations (Yusuf 

et al., 2022). Systemic glucocorticoids pose risks for 

diabetic, osteoporotic, or frail elderly patients, limiting 

their applicability. Furthermore, current treatments fail to 

address mucus hypersecretion-a critical pathological 

feature that exacerbates airway blockage and fosters 

bacterial growth, prolonging recoverye (Li et al., 2024; Li 

et al., 2020). Thus, novel therapies targeting 

bronchoconstriction, impaired mucociliary clearance and 

neutrophilic inflammation are urgently needed. 
 

The therapeutic potential of theophyllines in COPD has 

regained attention. As classic bronchodilators, they exert 

effects via nonselective phosphodiesterase (PDE) 

inhibition, increasing intracellular cAMP and promoting 

bronchial smooth muscle relaxation. Beyond 

bronchodilation, theophyllines exhibit immunomodulation 

(inhibiting T-cell activation and cytokine release), 

enhanced diaphragmatic contractility and improved 

mucociliary clearance (Ivana and Clive, 2023; Nourian et 

al., 2023). However, conventional aminophylline 

(theophylline-ethylenediamine complex), despite decades 

of use, has a narrow therapeutic window (effective serum 

concentration: 10-20 μg/mL), marked interindividual 

variability and frequent adverse effects (e.g., arrhythmias, 

seizures and even fatalities), limiting its utility. 

Doxophylline, a newer methylxanthine derivative, retains 

therapeutic benefits while offering improved safety 

through structural optimization. Key pharmacologic 

advantages include: Preferential PDE IV/V inhibition 

minimizes cardiovascular (PDE III) and CNS (PDE I/II) 

effects (Ivana and Clive, 2023; Giuzio et al., 2023; Bhat et 

al., 2020; Kazmi et al., 2022). In vitro, doxophylline is 10-

15 times more effective than aminophylline (Rogliani et al., 

2019). It suppresses neutrophil chemotaxis, ROS 

production and proinflammatory cytokines (e.g., TNF-α, 

IL-8), correlating with better outcomes in AECOPD (Chen 

et al., 2022). Unlike aminophylline, it lacks adenosine 

receptor antagonism, reducing CNS/cardiovascular side 

effects and gastrointestinal intolerance (P<0.05) (Elgazar 

et al., 2023). Clinical evidence supports these benefits. A 

randomized trial in AECOPD patients showed higher 

efficacy and fewer adverse events (arrhythmias, 

nausea/vomiting) with doxophylline (Cazzola et al., 2024). 

A meta-analysis of 20 trials (n=820) confirmed significant 

FEV1 improvement and superior safety. Evidence from 

eight systematic reviews demonstrated dosed 

theophylline's significant clinical advantages for COPD 

versus theophylline-ammonium (Cazzola et al., 2018). 
 

While doxophylline demonstrates notable bronchodilatory 

and anti-inflammatory properties, monotherapy remains 

insufficient to address the multifactorial pathology of 

AECOPD, particularly mucus hypersecretion and impaired 

clearance. This limitation has spurred interest in combining 

doxophylline with mucoactive agents, with ambroxol 

emerging as a promising candidate due to its pleiotropic 

effects (Ponugoti et al., 2024). Ambroxol, a bromhexine 

metabolite, transcends its conventional classification as an 

expectorant. It modulates mucus dynamics by suppressing 

mucin (MUC5AC) production in glandular cells while 

enhancing chloride channel activity in ciliated epithelium, 

thereby improving mucociliary clearance (Kumar et al., 

2025; odriguez-Piñeiro et al., 2023; Song et al., 2022). 

Beyond its secretolytic action, ambroxol exhibits potent 

antioxidant activity by scavenging reactive oxygen and 

nitrogen species, mitigating oxidative damage in airways 

(Ahmadi et al., 2024). Its anti-inflammatory properties 

include inhibition of pro-inflammatory cytokines (e.g., IL-

1β, IL-8, TNF-α) and attenuation of neutrophil infiltration 

(Zhu et al., 2023; Deng et al., 2024). Additionally, 

ambroxol disrupts bacterial biofilms, augmenting 

antibiotic penetration into lung tissue (Wang et al., 2020) 

and stimulates pulmonary surfactant production, 

optimizing alveolar stability (Li et al., 2021). Clinical 

evidence indicates that ambroxol not only acts as an 

expectorant but also possesses anti-inflammatory 

properties, showing positive effects in preventing or 

treating acute exacerbations when used as an adjunctive 

therapy for COPD, particularly evidenced in in vitro and 

animal model studies for asthma treatment (Plomer and de 

Zeeuw, 2017). These findings suggest that the 

complementary mechanisms of both agents-

doxophylline’s bronchodilation and ambroxol’s 

mucoregulatory and anti-inflammatory effects-may 

collectively enhance outcomes in AECOPD. 
 

Based on the above background, This retrospective case-

control study evaluates the efficacy and safety of 

doxophylline-ambroxol combination therapy versus 

aminophylline monotherapy in AECOPD. We hypothesize 

that the combination therapy of doxophylline and 

ambroxol outperforms monotherapy with aminophylline in 

enhancing pulmonary function (FEV1, FVC, FEV1%, 
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FEV1/FVC), attenuating systemic inflammation (CRP, 

PCT, WBC, NEUT%), normalizing blood gases (PaO2, 

PaCO2) and improving quality of life (CAT, CCQ scores), 

without elevating adverse event risks. By analyzing these 

outcomes pre- and post-treatment, the synergistic effect 

and clinical efficacy of the combination therapy of 

doxophylline and ambroxol in AECOPD patients were 

clarified, improving quality of life, shortening 

hospitalization time and reducing readmission rates. This 

provides high-quality evidence-based evidence for the 

application of doxophylline ambroxol combination therapy 

in AECOPD management, promoting the acute 

exacerbation of COPD. The development of individualized 

and precise treatment strategies can reduce medical burden 

and ultimately improve patient prognosis and quality of life. 
 

MATERIALS AND METHODS 
 

Study design  

This study adopted a retrospective controlled research 

design, selecting AECOPD patients admitted to the 

Respiratory Department of our hospital from April 2022 to 

April 2024 as the research subjects. A total of 162 patient 

data were extracted through an electronic medical record 

system, of which 42 patients were ultimately not included 

in the trial (25 patients did not meet the inclusion 

requirements, 4 refused to participate, 6 lost to follow-up 

and 7 for other reasons). A total of 120 patients completed 

the trial and were divided into study and control groups 

according to the treatment method, with 60 patients in each 

group. The design operation process is shown in fig. 1. 
 

Ethical statement 

The principles of the declaration of helsinki (DH) were 

strictly followed and all research procedures were in 

accordance with international ethical standards. All 

participants provided written informed consent; in 

emergency situations, their legal representatives or 

guardians were permitted to provide consent on their behalf. 

All data involved in the study were anonymized to ensure 

the privacy and confidentiality of the participants. 
 

Inclusion and exclusion criteria 

Inclusion criteria: Complies with AECOPD diagnostic 

criteria; 50-85 years old, with complete diagnosis and 

treatment records and follow-up data; There are typical 

symptoms such as worsening breathing difficulties, 

increased sputum volume and purulent sputum and the 

basic treatment plan needs to be adjusted; The severity of 

airflow restriction is GOLD level 2-4 (30%≤FEV1%, 

expected value<80%); Patients who require hospitalization 

but do not require immediate mechanical ventilation 

(CURB-65 score≤2); Capable of autonomous behavior and 

effective communication. 
 

Exclusion criteria: Concurrent respiratory conditions, 

including bronchial asthma, bronchiectasis, active 

tuberculosis and lung cancer; Severe organ dysfunction 

(such as liver enzymes (ALT/AST)>3 times the upper limit 

of normal, creatinine clearance rate<30 mL/min, acute 

coronary syndrome or decompensated heart failure); 

Individuals allergic to theophylline, ambroxol, or 

antibiotics involved in research; Pregnant or lactating 

women, long-term users of immunosuppressants; 

Incomplete recording of key indicators such as lung 

function and inflammatory markers. 
 

Intervention measures 

Control group: Aminophylline injection (Henan Runhong 

Pharmaceutical Co., Ltd., national drug approval number 

H2023718, specification: 2 mL: 0.5 g): 0.25 g mixed with 

100 mL of 5% glucose, intravenous drip (>30 minutes), 

once daily. 
 

Study group 

Doxophylline Injection (Heilongjiang Fuhe 

Pharmaceutical Group Co., Ltd., National Medical 

Products Administration Approval No. H20083758, 

specification: 20 mL: 0.3 g): Administer 0.3 g diluted in 

100 mL of 0.9% NaCl solution via intravenous infusion 

(>30 minutes), once daily; Ambroxol injection (Shanxi 

Guorun Pharmaceutical Co., Ltd., national drug approval 

number H20203150, 2 mL: 15 mg): Dissolved in 5 mL of 

0.9% sodium chloride injection for nebulized inhalation 

therapy, 15 minutes/time, 2 times/day. 
 

The two treatment courses are uniformly 10 days. All drugs 

are controlled by infusion pumps and electrocardiograms 

are monitored during the infusion of theophylline drugs. In 

addition, all patients received routine treatment with 

AECOPD, Following the management protocol 

recommended by GOLD (2022) for COPD diagnosis, 

treatment and prevention (Christenson et al., 2022), as 

follows: 1. Oxygen inhalation: low flow continuous 

oxygen administration, with oxygen delivery rate 

controlled at 1-2 L/min; 2. Anti-infection: Conventional 

treatment should be given to combat infection and specific 

medication should be selected based on changes in the 

patient's condition, clinical sputum culture and drug 

sensitivity test results, combined with actual conditions; 3. 

Bronchodilator therapy: Based on the severity of the 

patient's condition at the time of enrollment, a 

comprehensive evaluation is conducted and the 

recommended treatment strategy is implemented according 

to the guidelines. Usage method: nebulization inhalation: 

conventional nebulization drug combination, such as 3 mL 

of 0.9% saline injection+2.5ml of compound ipratropium 

bromide suspension+budesonide inhalation, frequency of 

use: twice a day; 4. Expectorants: selected according to the 

condition, including intravenous administration, oral 

expectorants, nebulization and other methods. Intravenous 

drip drugs often include ambroxol hydrochloride injection, 

while oral drugs include acetylcysteine effervescent tablets, 

ambroxol hydrochloride tablets, etc; 5. Anti inflammation: 

The application of glucocorticoids includes nebulized 

inhalation (budesonide) and intravenous infusion 

(methylprednisolone sodium succinate for injection).  
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If nebulized inhalation of steroids cannot achieve 

therapeutic goals, timely intravenous infusion should be 

used to control the condition; 6. Symptomatic treatment: 

correct electrolyte imbalance, maintain acid-base balance, 

etc. 
 

Evaluation indicators 

(1) Collect baseline data of patients before treatment, 

including demographic characteristics, medical history, 

comorbidities and lifestyle habits, lung function indicators, 

inflammation indicators, arterial blood gas indicators, 

quality of life scores and severity of acute exacerbations. 

(2) Referring to the "Chinese Expert Consensus on the 

Diagnosis and Treatment of Acute Exacerbation of COPD" 

(Cai et al., 2014), a three-level evaluation standard was 

developed to compare the clinical efficacy of two groups 

of patients. Among them, significant effects: cough, 

phlegm and wheezing symptoms have basically 

disappeared, lung rales have disappeared and the CAT 

score has decreased by≥50%; Effective: Symptoms 

partially relieved, lung rales reduced, CAT score decreased 

by≥30%; Invalid: Symptoms and signs have not improved 

or worsened. Total effective rate=(number of significantly 

effective cases+number of effective cases)/total 

cases×100%. 

(3) The lung function indicators were measured using a 

pulmonary function tester (Anhui Institute of Electronic 

Science, Anhui Medical Equipment Injection Standard 

20192070007, model: PFT-B) and the first second forced 

expiratory volume (FEV1), forced vital capacity (FVC), 

FEV1/FVC and FEV1% of the estimated value were 

analyzed and compared between the two groups before and 

after treatment. 

(4) Collect 2 mL of arterial blood from two groups of 

patients (both after 30 minutes without or without oxygen 

inhalation) and use a blood gas electrolyte analyzer 

(Shenzhen Kangli Biomedical Co., Ltd., Guangdong 

Medical Equipment Injection Standard 20172401147, 

model: BG-800A) to detect and compare the arterial 

oxygen partial pressure (PaO2) and arterial carbon dioxide 

partial pressure (PaCO2) before and after treatment 

between the two groups. 

(5) Immunoturbidimetry (using the immunoturbidimetric 

assay kit from Jiangxi Yingda Biotechnology Co., Ltd., 

sensitivity: when the concentration of CRP in the sample is 

5 mg/L, its absorbance value should be≥0.0500) was used 

 
 

Fig. 1: Flow chart of the study 
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to detect C-reactive protein (CRP), enzyme-linked 

immunosorbent assay (using the enzyme-linked 

immunosorbent assay kit from Shanghai Future Industry 

Co., Ltd., sensitivity: 0.025 ng/mL) was used to detect 

serum procalcitonin (PCT) and a fully automated blood 

analyzer (produced by Shenzhen Mindray Co., Ltd., model: 

BC-6800Plus) was used to detect white blood cell count 

(WBC) and neutrophil percentage (NEUT%). Analyze and 

compare the improvement of inflammatory indicators 

between two groups of patients before and after treatment. 

(6) Comparing the CAT scores of two groups of patients 

before and after treatment using the COPD Assessment 

Test (Jones et al., 2009), covering 8 items such as cough, 

sputum, chest tightness and activity endurance, with each 

item scoring 0-5 points and a total score of 0-40 points. The 

higher the score, the heavier the symptom burden. 

(7) The Clinical COPD Questionnaire (CCQ) (van der 

Molen et al., 2003), was employed to assess and compare 

pretreatment and posttreatment scores between groups 

across three domains: symptom severity (4 items), 

functional capacity (4 items) and psychological impact (2 

items), each assigned a score of 0-6. The total score=the 

sum of all item scores÷the number of questions, with 0-1 

indicating low symptom burden and>1 indicating high 

symptom burden. 

(8) Adverse reactions: In this study, adverse events and 

laboratory abnormalities were closely monitored and 

recorded throughout the treatment period, following a 

predefined monitoring protocol. The criteria for severity 

were based on the Common Terminology Criteria for 

Adverse Events (CTCAE) version 5.0, which classifies 

adverse events into five grades (1 to 5), ranging from mild 

to fatal. Record all adverse events during treatment, 

including cardiovascular events (palpitations, arrhythmias), 

gastrointestinal reactions (nausea, vomiting), neurological 

symptoms (headaches, insomnia) and allergic reactions; 

Laboratory abnormal events, including liver enzymes 

(ALT/AST>3×ULN), renal function (creatinine 

elevation>50% baseline) and abnormal blood glucose 

(random blood glucose>11.1 mmol/L) testing, are 

evaluated to assess drug safety. 

 

Sample size calculation 

We used G-power software for sample size estimation. 

During the estimation process, we selected an effect size of 

0.5, set the significance level (α) to 0.05 (two tailed test) 

and set the statistical power (1-β) to 0.8.The power 

calculation determined a required sample of 54 participants 

per group, yielding a total study population of 108. The 

actual number of recruited experimental participants was 

120, exceeding the planned sample size, thus meeting the 

statistical requirements of the research design. 

 

Statistical analysis 

Data analysis was performed using SPSS version 25.0, 

while study flow diagrams were created with Lucidchart. 

The Shapiro-Wilk test assessed data normality and 

variance homogeneity was evaluated using Levene's test. 

Normally distributed continuous variables are presented as 

x̄±s. Between-group differences were analyzed with 

independent samples t-tests, while within-group 

comparisons employed paired t-tests and Cohen's d is used 

for effect size with a 95% confidence interval. Count data 

is expressed as frequency (percentage) [n, (%)] and chi 

square test or Fisher's exact test (expected frequency<5) is 

used for inter group comparison; The results for the 

patient's FEV1, FVC, FEV1/FVC, FEV1%, PaO2, PaCO2, 

CRP, PCT, WBC, NEUT%, CAT score, CCQ score, etc. 

are all expressed as x̄±s.; The incidence of adverse 

reactions was compared using the chi square test and all 

statistical tests were two-sided tests. P<0.05 indicates 

statistical significance. 
 

RESULTS 
 

Comparison of baseline information 

The trial enrolled 120 AECOPD patients, allocated equally 

between experimental and control arms (n=60 per group) 

according to therapeutic intervention. The comparison 

results of baseline characteristics showed that the two 

groups of patients were all in demographic characteristics 

(age, gender, BMI), medical history characteristics (COPD 

course, annual acute exacerbations), complications and 

living habits (hypertension, diabetes, smoking history, 

drinking history), lung function indicators (FEV1, FVC, 

FEV1%, FEV1/FVC), inflammatory indicators (CRP, PCT, 

WBC, NEUT%), blood gas analysis (PaO2, PaCO2), 

quality of life scores (CAT scores, CCQ scores) and acute 

exacerbation severity grading and other baseline indicators. 

No statistically significant difference was observed (all 

P>0.05), demonstrating comparable baseline 

characteristics between the treatment groups prior to 

intervention. See table 1. 
 

Comparison of clinical efficacy between two groups 

Post-intervention assessment revealed significantly better 

outcomes in the research group (95% efficacy; 38 

markedly improved, 19 improved, 3 ineffective) compared 

to controls (78.3% efficacy; 22 markedly improved, 25 

improved, 13 ineffective), with statistically significant 

between-group differences (P=0.003). Therefore, the 

combination therapy of doxophylline and ambroxol can 

achieve comprehensive optimization of clinical efficacy, 

enabling more AECOPD patients to achieve significant 

therapeutic effects while significantly reducing the 

proportion of ineffective treatments and has important 

clinical application value. See table 2. 
 

Analysis of lung function indicators 

Prior to therapy, the groups were well-matched in terms of 

airflow limitation severity (all spirometric indices P>0.05). 

Post-treatment analysis demonstrated superior gains in the 

experimental arm, with statistically significant between-

group differences emerging in all measured parameters (all 

P<0.05).  
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This treatment advantage was particularly evident in FEV1 

measurements (research group: 1.31±0.26 L; control group: 

1.18±0.27 L, P=0.012), indicating that the treatment plan 

of the research group can more effectively improve 

patients' airway obstruction; The FVC of the research 

group increased significantly to 2.52±0.46 L compared to 

the control group's 2.37±0.52 L (P=0.037), indicating that 

the research group has a greater advantage in improving 

total lung ventilation; The research group achieved a post-

treatment FEV1/FVC ratio of 50.8±2.7%, surpassing the 

clinically significant 50% threshold (P=0.007 vs control). 

This transition from severe to moderate airflow obstruction 

suggests a substantially reduced risk of daily respiratory 

compromise. Furthermore, while FEV1% values 

approached moderate COPD thresholds in the study group, 

the control group maintained severe classification, 

demonstrating superior comprehensive pulmonary 

enhancement in the intervention cohort. The results 

indicate that the combination therapy of doxophylline and 

ambroxol can more effectively alleviate airway obstruction 

and improve ventilation function. See table 3. 

 

Comparison of inflammatory indicators 

Initial inflammatory status was well-balanced between 

groups, as evidenced by statistically equivalent baseline 

values for all measured biomarkers (all P>0.05). While 

anti-inflammatory effects were observed in both arms post-

intervention, the magnitude of reduction proved 

significantly more pronounced in the study group (all 

P<0.001).  

Table 1: Comparison of baseline characteristics between two groups of patients [x̄±s, (n, %)] 

 

Indicators  
Study group  

(n=60)  

Control group  

(n=60)  
statistic(χ²/t) P-value 

Demographic Characteristics      

Age (years)  65.8 ± 8.2  66.3 ± 7.9  t=-0.338 0.736  

Male (n, %)  38 (63.3%)  35 (58.3%)  χ²=0.330 0.565  

BMI (kg/m²)  22.1 ± 3.0  21.8 ± 2.8  t=0.562 0.575  

Medical History Characteristics      

COPD duration (years)  9.2 ± 3.5  8.9 ± 3.8  t=0.447 0.656  

Number of acute exacerbations per year (times)  2.5 ± 0.9  2.6 ± 1.0  t=0.596 0.574  

Comorbidities & Habits      

Hypertension (n, %)  25 (41.7%)  28 (46.7%)  χ²=0.31 0.579  

Diabetes (n, %)  14 (23.3%)  11 (18.3%)  χ²=0.48 0.488  

Smoking history (n, %)  42 (70.0%)  40 (66.7%)  χ²=0.16 0.692  

Alcohol History (n, %)  18 (30.0%)  15 (25.0%)  χ²=0.38 0.538  

Lung Function      

FEV1(L)  0.98 ± 0.22  1.02 ± 0.25  t=-0.919 0.360  

FVC(L)  2.02±0.45  2.08±0.47  t=-0.710 0.479  

FEV1(%)  30.06 ± 6.75  31.29 ± 7.67  t=-0.930 0.354  

Inflammatory Indicators      
CRP(mg/L) 32.5 ± 9.8  34.1 ± 10.2  t=-0.868 0.387  

PCT(μg/L) 0.38 ± 0.12  0.41 ± 0.15  t=-1.167 0.245  

WBC(×109/L) 11.2 ± 2.6  11.8 ± 2.9  t=-1.183 0.239  

NEUT%  78.5 ± 6.3  79.2 ± 7.1  t=-0.566 0.573  

Blood Gas Analysis      

PaO2(mmHg)  58.3 ± 7.5  56.9 ± 8.2  t=0.967 0.335  

PaCO2(mmHg)  49.6 ± 6.8  50.3 ± 7.1  t=-0.547 0.585  

Quality of Life Score      

CAT scores (points)  26.4 ± 4.2  25.8 ± 4.6  t=0.740 0.461  

CCQ scores (points)  4.1 ± 0.9  4.0 ± 1.0  t=0.572 0.569  

Acute Exacerbation Severity (n, %)   χ²=0.82 0.664  

Grade I (mild)  12 (20.0%)  15 (25.0%)    

Grade II (moderate)  35 (58.3%)  32 (53.3%)    

Grade III (severe)  13 (21.7%)  13 (21.7%)   

 

Table 2: Comparison of clinical efficacy between two groups (x̄ ± s) 

 

Groups  n  Markedly efficacy  Efficacy  Inefficacy  Overall effective rate  χ²  P-value 

Study group  60  38 (63.3%)  19 (31.7%)  3 (5.0%)  57 (95.0%)  8.72  0.003  

Control group  60  22 (36.7%)  25 (41.7%)  13 (21.6%)  47 (78.3%)   
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The differential response was most clinically apparent in 

CRP reduction, where research participants attained mean 

levels of 10.8±3.5 mg/L versus 20.5±6.2 mg/L in 

conventional treatment recipients, indicating that the study 

group has a greater advantage in reducing systemic 

inflammatory response; The PCT of the research group 

decreased to 0.07±0.03 μg/L, while the control group only 

decreased to 0.18±0.07 μg/L, indicating that the research 

group had a more significant effect in controlling infection 

related inflammation; The research group demonstrated 

significantly lower leukocyte counts post-treatment 

(7.3±1.4 ×109/L) compared to control subjects (9.8±2.1 

×109/L; P<0.001), indicating that the study group can more 

effectively reduce inflammation related leukocytosis; The 

research group achieved significantly lower NEUT% 

(65.2±5.8%) compared to controls (P<0.001), 

demonstrating superior modulation of innate immune 

responses. The combination therapy of doxophylline and 

ambroxol has a more comprehensive and significant anti-

inflammatory effect, which may improve the prognosis of 

AECOPD patients and reduce inflammation mediated lung 

tissue damage through more effective anti-inflammatory 

mechanisms. See table 4. 

 

Table 3: Comparison of lung function indicators before and after treatment between two groups (x̄ ± s) 
 

Parameters  Visit  Mean ± SD  Statistics  
Mean 

difference  
95% CI  

Effect 

size  
P-value 

 
n=60/ 

group  

Study 

group  

Control 

group  
  Lower  Upper   n=60/gruop  

FEV₁(L)  
Before 

treatment  

0.98 ± 

0.22  

1.02 ± 

0.25  
-0.919  -0.04  -0.13  0.05  FEV₁(L)  

Before 

treatment  

 
After 

treatment  

1.31 ± 

0.26*  

1.18 ± 

0.27*  
2.544  0.130  0.03  0.23   

After 

treatment  

FVC(L)  
Before 

treatment  

2.02 ± 

0.45  

2.08 ± 

0.47  
-0.710  -0.06  -0.25  0.13  FVC(L)  

Before 

treatment  

 
After 

treatment  
2.52 ± 

0.46*  

2.37 ± 

0.52*  
2.107  0.15  0.01  0.29   

After 

treatment  

FEV₁/ 

FVC(%)  

Before 

treatment  

48.5 ± 

1.8  

48.8 ± 

2.7  
-0.832  -0.300  -1.13  0.53  

FEV1/ 

FVC(%)  

Before 

treatment  

 
After 

treatment  

50.8 ± 

2.7* 

49.7 ± 

1.5* 
2.746  1.100  0.31  1.89   

After 

treatment  

FEV₁%  
Before 

treatment  

30.06 ± 

6.75  

31.29 ± 

7.67  
-0.930  -1.230  -3.84  1.38  FEV1%  

Before 

treatment  

 
After 

treatment  

40.18 ± 

7.98*  

36.20 ± 

8.28*  
2.690  3.980  1.05  6.91   

After 

treatment  
Note: * P<0.05: statistically different from before treatment within the group 
 

Table 4: Comparison of inflammatory indicators before and after treatment between two groups (x̄±s) 
 

Parameters  Visit  Mean ± SD  Statistics  
Mean 

difference  
95% CI  

Effect 

size  
P-value 

 n=60/gruop  
Study 

group  

Control 

group  
  Lower  Upper    

CRP(mg/L)  

Before 

treatment  

32.5 ± 

9.8  

34.1 ± 

10.2  
-0.868  1.6  -2.4  5.6  0.15  0.387  

After 

treatment  

10.8 ± 

3.5* 

20.5 ± 

6.2* 
-10.464  10.25  9.3  11.2  1.93  <0.001  

PCT(μg/L)  

Before 

treatment  

0.38 ± 

0.12  

0.41 ± 

0.15  
-1.167  0.03  -0.02  0.08  0.22  0.245  

After 

treatment  

0.07 ± 

0.03* 

0.18 ± 

0.07* 
-11.123  11.07  9.5  12.64  2.04  <0.001  

WBC(×109/L) 

Before 

treatment  

11.2 ± 

2.6  

11.8 ± 

2.9  
-1.183  0.6  -0.4  1.6  0.22  0.239  

After 

treatment  

7.3 ± 

1.4* 

9.8 ± 

2.1* 
-7.607  7.43  6.8  8.06  1.4  <0.001  

NEUT%  

Before 

treatment  

78.5 ± 

6.3  

79.2 ± 

7.1  
-0.566  0.7  -1.73  3.13  0.1  0.573  

After 

treatment  

65.2 ± 

5.8* 

72.6 ± 

6.5* 
-6.525  6.52  5.2  7.84  1.2  <0.001 

Note: * P<0.05: statistically different from before treatment within the group 
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Blood gas index analysis 

Pretreatment arterial blood gas analysis revealed 

comparable impairment in gas exchange between groups, 

with no significant differences in PaO2 and PaCO2 (both 

P>0.05). Post-intervention, while both cohorts 

demonstrated improvement, the research group exhibited 

superior enhancement in oxygenation parameters (all 

P<0.001). Notably, the experimental arm achieved mean 

PaO2 levels of 73.6±6.8 mmHg versus 65.4±7.3 mmHg in 

controls, reflecting clinically meaningful improvement in 

oxygen uptake, indicating that the research group can more 

effectively improve patients' oxygenation status and reduce 

the risk of hypoxemia; The PaCO2 of the research group 

decreased significantly to 41.2±5.1 mmHg, which was 

significantly lower than the 46.7±6.0 mmHg of the control 

group, indicating that the research group has more 

advantages in promoting CO2 excretion and correcting 

hypercapnia.  

Table 5: Comparison of blood gas indicators before and after treatment between two groups (x̄±s) 

 

Parameters  Visit  Mean ± SD  Statistics  
Mean 

difference  
95% CI  

Effect 

size  
P-value 

 n=60/group  
Study 

group  

Control 

group  
  Lower  Upper    

PaO2 (mmHg)  

Before 

treatment  

58.3 ± 

7.5  

56.9 ± 

8.2  
0.967  1.4  -1.44  4.24  0.18  0.335  

After 

treatment  

73.6 ± 

6.8* 

65.4 ± 

7.3* 
6.314  6.82  4.27  9.37  0.97  <0.001  

PaCO2 

(mmHg)  

Before 

treatment  

49.6 ± 

6.8  

50.3 ± 

7.1  
-0.547  -0.7  -3.21  1.81  -0.1  0.585  

After 

treatment  

41.2 ± 

5.1* 

46.7 ± 

6.1* 
-5.323  -5.43  -7.44  -3.42  -0.98  <0.001 

Note: * P<0.05: statistically different from before treatment within the group 

 

Table 6: Comparison of CAT scores before and after treatment between two groups (x̄±s, points) 

 

Parameters  Visit  Mean ± SD  Statistics  
Mean 

difference  
95% CI  

Effect 

size  
P-value 

 n=60/group  
Study 

group  

Control 

group  
  Lower  Upper    

CAT scores  

Before 

treatment  

26.4 ± 

4.2  

25.8 ± 

4.6  
0.740  0.6  -0.98  2.18  0.14  0.461  

After 

treatment  

18.1 ± 

3.8*  

21.7 ± 

4.1*  
-4.946  -3.6  -4.95  -2.25  -0.96  <0.001 

Note: * P<0.05: statistically different from before treatment within the group 

 

Table 7: Comparison of CCQ scores before and after treatment between two groups (x̄ ± s, points) 

 

Parameters  Visit  Mean±SD  Statistics  
Mean 

difference  
95% CI  

Effect 

size  
P-value 

 n=60/gruop  
Study 

group  

Control 

group  
  lower  upper    

Symptom 

scores  

Before 

treatment  

4.2 ± 

0.8  

4.1 ± 

0.9  
0.637  0.1  -0.23  0.43  0.12  0.526  

After 

treatment  
1.8 ± 

0.5*  

2.9 ± 

0.7*  
-9.829  -1.1  -1.32  -0.88  -1.81  <0.001  

Functional 

status scores  

Before 

treatment  

4.3 ± 

0.9  

4.0 ± 

1.0  
1.712  0.3  -0.28  0.88  0.32  0.089  

After 

treatment  

2.0 ± 

0.6*  

3.1 ± 

0.8*  
-8.442  -1.1  -1.36  -0.84  -1.56  <0.001  

Mental state 

scores  

Before 

treatment  

3.8 ± 

1.0  

3.9 ± 

1.1  
-0.520  -0.1  -0.5  0.3  -0.1  0.604  

After 

treatment  

1.5 ± 

0.4*  

2.7 ± 

0.7*  
-11.438  -1.2  -1.41  -0.99  -2.11  <0.001 

Note: *P<0.05: statistically different from before treatment within the group 
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Therefore, it indicates that the treatment plan of the 

research group can simultaneously optimize oxygenation 

and ventilation, reducing the risk of respiratory failure. See 

table 5. 
 

CAT score comparison 

Baseline CAT scores showed no intergroup difference 

(P=0.461), confirming equivalent initial symptom severity. 

Post-intervention, while both groups demonstrated 

significant reductions (P<0.001), the study group achieved 

superior symptom control (mean reduction: 8.3 points) 

compared to controls (4.1-point decrease), with statistically 

significant between-group differences. This greater 

magnitude of improvement reflects the intervention's 

enhanced capacity to alleviate AECOPD symptoms and 

improve quality of life. See table 6. 
 

Comparison of CCQ ratings 

Initial scores across symptomatic, functional and 

psychological domains showed no intergroup differences 

(all P>0.05), confirming comparable pretreatment status. 

Post-therapy analysis revealed significantly greater 

multidimensional improvement in the study group (all 

P<0.001), with symptom scores decreasing to 1.8±0.5 

compared to 2.9±0.7 in controls, demonstrating the 

intervention's holistic therapeutic advantage, indicating 

that the treatment plan of the research group has more 

advantages in relieving core symptoms such as cough, 

sputum production and difficulty breathing; The functional 

status score of the research group improved to 2.0±0.6, a 

decrease of 53.5% compared to the control group (3.1±0.8), 

indicating that the research group can more effectively 

improve patients' daily activity ability and reduce the 

impact of diseases on their lives; The mental state score of 

the study group decreased to 1.5±0.4, significantly better 

than the control group's 2.7±0.7, indicating that the study 

group had a more significant effect in alleviating 

psychological symptoms such as anxiety and depression. 

Therefore, the study group's combined treatment plan can 

better achieve the improvement of patients' overall quality 

of life. See table 7. 

 

Security evaluation analysis 

In total, there were 12 adverse events and 1 laboratory 

abnormality in the research group, while the control group 

experienced 19 adverse events and 4 laboratory 

abnormalities. The specific adverse events and their 

severity grading are detailed in table 8. The research group 

showed a better safety trend in cardiovascular events and 

neurological symptoms. The incidence of gastrointestinal 

reactions and laboratory abnormalities was similar between 

the two groups. Notably, no instances of hyperglycemia or 

renal dysfunction were detected in the experimental arm, 

contrasting with single cases observed for each parameter 

in controls. These laboratory abnormalities showed no 

statistically significant between-group difference in 

occurrence rates (all P>0.05), indicating that combination 

therapy has no synergistic toxicity and good safety. In 

addition, all recorded adverse events were graded for 

severity according to the CTCAE v5.0 criteria and all were 

found to be Grade 1 (mild). No adverse events of higher 

grades were observed. This indicates that in this study, both 

treatment regimens demonstrated high safety profiles and 

did not trigger severe drug-related adverse reactions. 

 

DISCUSSION 

 

Acute worsening of COPD most commonly manifests as a 

rapid decline in pulmonary function and symptom burden, 

including increased difficulty breathing, worsening cough, 

increased sputum and/or purulent sputum, which require 

changes in the patient's medication regimen and additional 

treatment measures. Utilizing a retrospective case-control 

methodology, this investigation comprehensively assessed 

the therapeutic benefits and safety profile of doxophylline-

ambroxol combination therapy versus conventional 

aminophylline monotherapy in AECOPD management. 

Analysis revealed superior clinical improvement across 

multiple outcome measures in the combination therapy 

cohort compared to monotherapy such as lung function 

indicators (FEV1, FVC, FEV1/FVC, FEV1%), 

inflammatory markers (CRP, PCT, WBC), blood gas 

parameters (PaO2, PaCO2) and quality of life scores (CAT, 

CCQ) than the monotherapy group (P<0.05) and did not 

increase the incidence of adverse reactions. These findings 

provide new evidence-based medicine for the treatment of 

AECOPD. 

Table 8: Comparison of Incidence of Adverse Reactions between two groups (n,%) 

 

Groups  

Adverse event  Laboratory anomalies  

Cardiovascular 

events 

(palpitations, 

arrhythmia)  

Gastrointestinal 

reactions 

(nausea, 

vomiting)  

Neurological 

symptoms 

(headache, 

insomnia)  

Elevated 

ALT/AST  

Abnormal 

blood sugar 

levels  

Elevated 

blood 

creatinine 

(Cr)  

Study 

group(n=60)  
2 (3.3%)  8 (13.3%)  2 (3.3%)  1 (1.7%)  0 (0%)  0 (0%)  

Control 

group(n=60)  
6 (10.0%)  6 (10.0%)  7 (11.7%)  2 (3.3%)  1 (1.7%)  1 (1.7%)  

χ2 2.857  0.37  3.273  0.343  1.017  1.017  

P-value 0.091  0.543  0.070  0.558  0.313  0.313 
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FEV1, FVC, FEV1/FVC and FEV1% are common lung 

function indicators that reflect a patient's lung ventilation 

function. The lower the level of these indicators, the more 

severe the patient's condition. In this study, Statistical 

comparisons revealed the doxophylline regimen produced 

significantly larger increases across all measured 

spirometric parameters versus conventional aminophylline 

therapy (all P<0.05), with between-group differences most 

pronounced in FEV₁% predicted. These findings 

substantiate doxophylline's enhanced capacity to restore 

lung function in elderly AECOPD populations. This result 

is consistent with previous studies emphasizing the 

stronger bronchodilator effect of doxycycline. The meta-

analysis by Zhang(Zhang, 2023) showed that doxophylline 

improved FEV1 in AECOPD patients by 0.15-0.25 L 

compared to aminophylline, attributed to its higher 

phosphodiesterase (PDE) selectivity and fewer adenosine 

receptor-mediated side effects. The expectorant and anti-

inflammatory properties of ambroxol may further promote 

the improvement of lung function. The RCT conducted by 

William et al.(Poncin et al., 2025) established that 

ambroxol administration enhanced pulmonary function 

recovery (FEV1) in acute exacerbations via its secretolytic 

and bronchodilatory properties. The current findings 

provide additional evidence for a therapeutic synergy 

between doxophylline's bronchodilatory effects and 

ambroxol's mucoregulatory action in AECOPD 

management, which may be the reason for the more 

significant improvement in lung function in the 

combination therapy group. 
 

In the acute exacerbation stage of COPD, the activation of 

neutrophils promotes the release of enzymes such as 

elastase and peroxidase, which not only participate in the 

pathological and physiological processes of airway 

inflammation and emphysema, but also stimulate the 

transition and secretion of mucin proteins, leading to 

increased airway obstruction (Beeh et al., 2024). In this 

study, the CRP level in the research group decreased by 

66.8% and PCT decreased by 81.6%, significantly better 

than the control group's 39.9% and 56.1%. This result is 

highly consistent with research published in 2025, which 

suggests that key genes involved in oxidative stress play a 

central role in the progression of COPD inflammation and 

effective anti-inflammatory treatment can reduce CRP by 

60%-70% (Wang et al., 2025). More noteworthy is that in 

this study, PCT was reduced to 0.07±0.03 μg/L, reaching 

the "exclusion of bacterial infection" threshold (<0.1 μg/L), 

which is consistent with the clinical standards 

recommended by the "Sepsis Guidelines" and provides 

laboratory evidence for reducing antibiotic abuse (Schuetz, 

2023). Doxophylline exerts anti-inflammatory effects by 

inhibiting pro-inflammatory cytokines and neutrophil 

infiltration. Ambroxol further enhances this effect by 

inhibiting neutrophil elastase and reducing oxidative stress. 

These two substances are key drivers of neutrophil 

inflammation in COPD. The synergistic suppression of 

inflammatory cascades by this dual-agent regimen not only 

explains our clinical findings but also establishes a 

pathophysiological basis for combination therapy in 

AECOPD. 

 

The results of blood gas analysis directly reflect the 

patient's respiratory function status. The CAT score and 

CCQ score are widely used in clinical practice to assess the 

severity of COPD patients and evaluate their treatment 

outcomes. Arterial blood gas analysis revealed the 

combination therapy group achieved a mean PaO2 of 

73.6±6.8 mmHg post-treatment, breaking the 70 mmHg 

tissue hypoxia warning line, which can alleviate 

complications related to hypoxemia (such as pulmonary 

hypertension). PaCO2 decreased to 41.2±5.1 mmHg and 

both indicators were significantly better than the control 

group. 81.7% of patients' PaCO2 decreased to≤45 mmHg, 

below the correction point for hypercapnia, indicating 

effective CO2 clearance and reduced risk of respiratory 

acidosis. Meet the "dual blood and gas standards" standard 

of the AECOPD Respiratory Support Expert Consensus 

(2024)(Zhou et al., 2024). It has significant clinical 

implications. Clinical practice has shown that 

Doxophylline has more advantages than Aminophylline in 

relieving airway spasms and improving respiratory 

symptoms in patients and has high safety, which has been 

recognized by clinical practice and patients(Zhang et al., 

2022). Wang et al.(Wang et al., 2025) found that the 

combination therapy with ambroxol resulted in an increase 

in PaO2 levels and a decrease in PaCO2, which improved 

the respiratory status of patients, consistent with the results 

of this study. In addition, the CAT score of the research 

group decreased by 8.3 points and 80% of patients fell to a 

low symptom burden state (<20 points). The CCQ 

symptom score improved to 1doxophylline.8 points, 

reflecting a basic relief of dyspnea and cough. These results 

are supported by previous research. Vashishth et al. 

(Vashishth et al., 2024) found that compared to 

aminophylline, patients treated with had reduced nighttime 

awakenings and improved exercise tolerance. Kardos et 

al.(Kardos et al., 2018) showed that ambroxol can reduce 

cough frequency and further promote symptom relief. This 

study confirmed the improvement of psychological status 

through CCQ psychiatric score in combination therapy, 

which is crucial for long-term management of COPD. 

While our study demonstrates significant improvements in 

CAT and CCQ scores, indicating better symptom control 

and quality of life in the short term, we acknowledge that 

these instruments are designed for chronic assessment. The 

10-day treatment period is insufficient to draw definitive 

conclusions about long-term improvements. Future studies 

with longer follow-up periods are necessary to fully 

evaluate the sustained benefits of the doxophylline-

ambroxol combination therapy on quality of life in patients 

with AECOPD. 

 

Safety is an important dimension in evaluating treatment 

plans. While the overall adverse event rates did not differ 
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significantly between groups (all P>0.05), the 

experimental regimen demonstrated a more favorable trend 

in cardiovascular stability and neurological tolerability. 

This safety feature is particularly important for COPD 

patients who require long-term treatment. It is worth noting 

that the study group did not observe any cases of abnormal 

blood glucose and renal function, while the control group 

had one case each. Based on the efficacy data, the research 

group demonstrated a better benefit risk ratio, which 

provides important evidence for its clinical application. 

Zhou and Hu (Zhou and Hu, 2021) investigated the 

efficacy and adverse drug reactions of ambroxol in the 

treatment of elderly COPD complicated with pulmonary 

infection and found that drug combination did not increase 

adverse reactions, demonstrating high safety. The study by 

Jiang et al.(Jiang et al., 2021) also supports that the 

combination therapy of Doxophylline and other drugs has 

good safety and does not increase adverse reactions in 

patients with AECOPD. These findings align with existing 

evidence, demonstrating that theophylline-ambroxol 

combination therapy maintains a favorable safety profile 

without elevating medication-associated risks. 

 

CONCLUSION 

 

In summary, this study confirms that the treatment plan of 

the research group has significant clinical advantages in 

AECOPD patients. The research results provide clinical 

doctors with a more effective, safe and reliable treatment 

option, which has important practical value in improving 

the short-term prognosis and enhancing the quality of life 

of AECOPD patients. Notwithstanding the positive 

therapeutic effects observed, certain constraints of this 

research should be noted: firstly, the follow-up time is 

relatively short, making it impossible to evaluate long-term 

efficacy and safety; Secondly, the limited sample size may 

affect the detection of rare adverse reactions; Thirdly, 

without conducting subgroup analysis, it is impossible to 

evaluate the differences in therapeutic efficacy among 

patients with different characteristics. Future research can 

extend follow-up time to evaluate long-term efficacy; 

Expand sample size to verify security; Conduct subgroup 

analysis to identify advantageous populations and explore 

individualized treatment plans. 
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