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Factors related to the progression g
of chronic obstructive pulmonary disease:
a retrospective case-control study

Fang Ding'", Wenjing Liu? Xiaoying Hu' and Chunyan Gao'

Abstract
Objectives To explore the factors related to the progression of chronic obstructive pulmonary disease (COPD).

Methods 80 COPD patients treated between January 2020 and December 2022. The patients’ pulmonary functions
at their first hospital admission were categorized into four groups: Grade |, Grade Il, Grade lll and Grade IV. Each group
was further divided into a progression group and a non-progression group based on the disease progression over
one year or several years of follow-up. Patients with other respiratory diseases, malignant tumors, severe heart, kidney,
liver dysfunctions, or immune deficiencies affecting the prognosis were excluded. General information, clinical data,
treatment data, and statistical analysis of the patients.

Results In comparison with the non-progression group, the progression group had significantly higher age,
smoking behavior, COPD history, hemoptysis history, CRP levels, IL-6 levels, and Pneumonia Severity Index (PSI)
scores, exhibiting significantly lower FEV1, FEV1% predicted, PaO2, and PaCO2. More frequent use of antibiotics,
corticosteroids, oxygen therapy, and mechanical ventilation were observed in the progression group than that in the
non-progression group (P<0.05). As a consequence, the progression group had a worse prognosis as indicated by
higher hospitalization costs, longer hospital stay, and higher rate of acute exacerbations than the non-progression
group (P<0.05). Multifactorial logistic regression analysis showed that age > 65 years, PSI score > 130 points, and
multidrug-resistant bacteria infection were independent risk factors for the progression of COPD (P < 0.05).

Conclusions Older COPD patients, higher PSI score, and multidrug-resistant bacteria infection have a worse
prognosis and need more intensive treatment and follow-up.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
common and preventable respiratory disease character-
ized by persistent airflow limitation and chronic inflam-
mation [1]. COPD is a major cause of morbidity and
mortality worldwide, which is associated with various
comorbidities, such as cardiovascular disease, diabetes,
osteoporosis, and depression [2]. The prevalence and
burden of COPD are expected to increase in the coming
decades, which can affect the quality of life of patients
[3]. But COPD is a heterogeneous disease with different
phenotypes, clinical manifestations, and disease courses,
resulting in difficult in clinical management for patients
[4]. Therefore, it is important to identify the factors that
influence the progression and outcome of COPD in order
to provide individualized treatment for patients.

The progression of COPD is usually measured by the
decline rate of forced expiratory volume in one second
(FEV1), which reflects the degree of airflow obstruction
and lung function impairment [5]. However, FEV1 alone
cannot capture the complexity and multidimensionality
of COPD, and other indicators, such as acute exacerba-
tions, quality of life, and mortality, should also be consid-
ered [6]. Several factors have been reported to affect the
progression of COPD, such as comorbidities, inflamma-
tion, infection, and treatment [7]. However, the relative
contribution and interaction of these factors are not fully
understood, and there is a lack of studies on the progres-
sion of COPD in different severity stages and subgroups.

Therefore, this study was aimed to explore the factors
related to the progression of COPD, which provided a
basis for the prevention and treatment of COPD. We
compared the general information, clinical symptoms
and treatment regimens of the patients with progression
and non-progression, and performed multifactorial logis-
tic regression analysis to identify the independent risk
factors for the progression of COPD.

Methods

Study design and subjects

This was a retrospective case-control study conducted
in the respiratory department of a tertiary hospital and
was approved by the ethics committee of the hospital.
Due to the anonymized and de-identified nature of the
data, there is no need to obtain informed consent from
the patient after approval by the Medical Ethics Commit-
tee. We reviewed the medical records of COPD patients
who were admitted to the hospital between January 2020
and December 2022. Inclusion criteria: (1) Meet the diag-
nostic criteria of COPD; (2) Complete clinical data; (3)
Admission was due to an acute exacerbation of COPD.
Exclusion criteria: (1) patients with other serious respi-
ratory diseases or cardiovascular and cerebrovascular
diseases; (2) patients with serious abnormalities of liver
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and renal functions; (3) patients with allergies to drugs;
(4) patients in pregnancy or lactation; (5) patients with
consciousness disorders or psychiatric anomalies; (6)
patients with malignant tumors.

The diagnosis of COPD was based on the criteria of the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) 20218, which included a history of exposure to
risk factors, respiratory symptoms, and a post-broncho-
dilator FEV1/FVC ratio<0.7. The patients’ pulmonary
functions at their first hospital admission were cat-
egorized into four groups according to the GOLD 2021
classification [8]: mild (Grade I, FEV12>80% predicted),
moderate (Grade II, 50%<FEV1<80% predicted), severe
(Grade III, 30%<FEV1<50% predicted), and very severe
(Grade IV, FEV1<30% predicted or FEV1<50% pre-
dicted plus chronic respiratory failure).

Patient data after initial in-patient recovery were col-
lected as baseline data. Subsequently, lung function data
were collected on an ongoing basis for the patient’s sub-
sequent revisits and follow-up. The criteria for disease
progression included a decline rate in pulmonary func-
tion (annual FEV1 change rate) equal to or greater than
the mean of the group. Each group above was divided
into a progression group (top 50%) and a non-progres-
sion group (bottom 50%) based on the disease progres-
sion over two years of follow-up. The frequency and
extent of acute exacerbations of COPD, lung function and
other information were recorded during follow-up. Acute
exacerbations were defined as episodes of worsening
respiratory symptoms that required additional treatment.
We measured the pulmonary function using a spirometer
(Model SpiroPro-2000, by RespiraTech Health Solutions)
before and after the administration of a bronchodilator
(400 pg salbutamol) at each hospital visit. The frequency
and severity of acute exacerbations was recorded by a
standardized questionnaire. The overall flow of the study
is shown in Fig. 1.

Data collection

We collected the following data from the hospital’s elec-
tronic medical record system: general information, such
as age, gender, body mass index (BMI), smoking behav-
ior, drinking behavior, etc.; clinical data, such as pulmo-
nary function, blood gas analysis, complete blood count,
C-reactive protein (CRP), interleukin-6 (IL-6) levels at
the first hospital admission, as well as changes in pulmo-
nary function, acute exacerbations, and death during the
follow-up period; and treatment data, such as the types,
dosages, methods, and quantities of drugs used. Non-
smoking is defined as never having smoked or having
quit smoking>1 year, and smoking is defined as currently
smoking. Non-drinking is defined as never having con-
sumed alcohol or having stopped drinking for >1 year,
and drinking is defined as currently consuming alcohol.
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COPD patients who were admitted to the hospital between January 2020 and December
2022

Inclusion criteria:

(1) Meet the diagnostic criteria of COPD;
(2) Complete clinical data;

(3) Acute exacerbation of COPD.
Exclusion criteria:

diseases;

(3) patients with allergies to drugs;
(4) patients in pregnancy or lactation;

(6) patients with malignant tumors.
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(5) patients with consciousness disorders or psychiatric anomalies;
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Data collection

hospital’s electronic medical record: age, gender, body mass index (BMI), smoking
history, drinking history, clinical data, follow-up data and treatment data

Fig. 1 Overall flow chart of the study

We checked the data for accuracy and completeness by
comparing them with the paper records and contacting
the patients or their relatives if necessary. We handled
the missing values and outliers using multiple imputation
and Winsorization methods, respectively. The following
formula was used to calculate the study sample size:

_ 20%(Z+2)’
(1—2)°

Where n represents the required sample size; o rep-
resents the overall standard deviation of the sample;
U, - M, represents The differences between groups. The
difference between the progressive and non-progres-
sive groups in this study was predicted to be one stan-
dard deviation, with a test level of a=0.05, test efficacy
(1-B)=0.9, a sample ratio of 1:1 (k=1) between the
groups, and the number of people in each group should
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Table 1 General characteristics of the patients
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Table 3 Treatment characteristics and outcomes of the patients

Variable Progression Non-progres- P- Variable Progression Non-progres-  P-

group (n=40) sion group val- group (n=40) sion group value
(n=40) ue (n=40)

Age (years) 714+96 642+126 0.002 Antibiotic combination 32 (80.0%) 16 (40.0%) <0.001

Gender (male) 28 (70.0%) 24 (60.0%) 0.132 therapy

Smoking behavior 16 (40.0%) 8 (20.0%) 0.003 Corticosteroid therapy 24 (60.0%) 12 (30.0%) 0.003

Drinking behavior 8 (20.0%) 8(20.0%) 1.000 Oxygen therapy 32 (80.0%) 16 (40.0%) <0.001

BMI (kg/m?) 242+36 238+34 0.542 Mechanical ventilation 16 (40.0%) 8 (20.0%) 0.023

Comorbidities 12 (30.0%) 10 (25.0%) 0.583

Table 2 Clinical characteristics of the patients at baseline

Variable Progression Non-progres-  P-
group (n=40)  sion group value
(n=40)

FEVT (L) 1.24+£0.36 1.86+£042 <0.001
FEV1% predicted (%) 426124 63.8+14.2 <0.001
PaO2 (mmHg) 586+104 824+126 <0.001
PaCO2 (mmHg) 464+8.6 386+64 <0.001
pH value 7.38+0.04 742+0.04 0.002
WBC count (x10%/L) 10.82+4.26 10.64+4.22 0.812
Hemoglobin (g/L) 1286+164 1284+16.2 0.942
Platelet count (x10%/L) 2124+60.2 21024586 0.822
CRP (mg/L) 76.4+38.6 49.6+426 0.001
IL-6 (pg/mL) 186+84 124+86 <0.001
PSI score 1186+264 1126+284 0.031
CURB-65 score 1.8+0.8 1.6+0.8 0172

be not less than 21, and 80 subjects were finally consid-
ered for inclusion, 40 in each of the observational and
control groups.

Statistical analysis

The data were processed and analyzed using SPSS soft-
ware (version 26.0). Chi-square test or Fisher’s exact test
were used to compare categorical variables, and t-test or
Mann-Whitney U test were used to compare continu-
ous variables between the progression and non-progres-
sion groups. We tested the normality and homogeneity
of variance of the data using Shapiro-Wilk and Levene’s
tests, respectively, and applied appropriate transforma-
tions if needed. Multifactorial logistic regression analy-
sis was performed to explore the factors related to the
progression of COPD in patients, calculating odds ratios
(OR) and 95% confidence intervals (CI). We adjusted the
model for potential confounders and interactions using
backward elimination and likelihood ratio tests, respec-
tively. A P-value<0.05 was considered statistically signifi-
cant. We reported the results using tables, figures, and
text, following the STROBE guidelines for observational
studies.

Results

General characteristics

A total of 80 COPD patients were included in the study,
with 40 patients in the progression group and 40 patients
in the non-progression group. The general character-
istics of the patients are shown in Table 1. The progres-
sion group had significantly higher age and smoking
behavior than the non-progression group (71.419.6 vs.
64.2+12.6 years, P=0.002; 40.0% vs. 20.0%, P=0.003).
The progression group also had a higher proportion of
male patients than the non-progression group (70.0% vs.
60.0%, P=0.132), although the difference was not statis-
tically significant. There was no significant difference in
drinking behavior, BMI, and comorbidities between the
two groups.

Clinical characteristics

The clinical characteristics of the patients at baseline are
shown in Table 2. The progression group had significantly
worse pulmonary function as indicated by lower FEV1,
FEV1% predicted, PaO2, and PaCO2, compared with
the non-progression group (P<0.05). For the inflamma-
tory factors, the levels of CRP and IL-6 were significantly
higher in the progression group with increased Pneumo-
nia Severity Index (PSI) scores than the non-progression
group (P<0.05). However, no significant difference was
observed in hematology factors and CURB-65 score
between the two groups.

Treatment characteristics and outcomes

The treatment characteristics and outcomes of the
patients are shown in Table 3. The progression group
had significantly higher rates of antibiotic combina-
tion therapy, corticosteroid therapy, oxygen therapy, and
mechanical ventilation than the non-progression group
(P<0.05). The most commonly used antibiotics were
piperacillin-tazobactam, cefoperazone-sulbactam, and
levofloxacin. The most commonly used corticosteroids
were methylprednisolone and hydrocortisone. The out-
comes of the patients are shown in Table 4. The progres-
sion group also had significantly higher hospitalization
costs and longer hospital stay than the non-progression
group (P<0.05), while no significant difference in acute
exacerbation rate during follow-up visits (P>0.05). The
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Table 4 Outcomes of the patients

Variable Progression Non-progres-  P-

group (n=40) sion group value
(n=40)

Hospitalization cost 28,642 +8642 18,624 +6428 <0.001

(yuan)

Hospital stay (days) 18.6+6.4 124+42 <0.001

Acute exacerbationrate 8 (20.0%) 4 (10.0%) 0.172

in follow up

decline rate in pulmonary -65.4+4.9 -35.1+39 <0.001

function (ml/year)

Table 5 Risk factors for the progression of COPD (OR and 95%

@)

Variable OR 95% Cl P-value
Age =65 years 3.21 1.28-8.06 0.013
PSI'score> 130 points 437 1.76-10.84 0.001
Multidrug-resistant bacteria infection 523 2.01-13.62  <0.001

progression group had higher decline rate in pulmonary
function than the non-progression group (-65.4+£4.9 ml/
year vs. -35.1+3.9 ml/year, P<0.001).

Risk factors for the progression of COPD

The results of the multifactorial logistic regression analy-
sis are shown in Table 5. Age>65 years, PSI score>130
points, and multidrug-resistant bacteria infection with
definition of simultaneous resistance of a microorganism
to three or more classes of antibiotics were independent
risk factors for the progression of COPD (P<0.05). The
ORs and 95% ClIs of these factors were 3.21 (1.28-8.06),
4.37 (1.76-10.84), and 5.23 (2.01-13.62), respectively.

Discussion

In this study, we explored the factors related to the pro-
gression of COPD in patients treated in the respiratory
department of a tertiary hospital. COPD is a common
and preventable respiratory disease that affects about
10% of the global population and causes significant mor-
bidity and mortality [9]. The prognosis of COPD depends
on the severity of the disease, the frequency and sever-
ity of acute exacerbations, and the presence of comor-
bidities [10]. The current treatment options for COPD
include pharmacological and non-pharmacological
interventions, such as bronchodilators, corticosteroids,
oxygen therapy, pulmonary rehabilitation, and smoking
cessation [11]. However, the effectiveness of these treat-
ments varies among individuals and the disease progres-
sion is still unpredictable [12]. Therefore, it is important
to identify the factors that influence the progression of
COPD in patients and provide personalized and optimal
management.
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The independent risk factors for COPD progression

We hypothesized that some demographic, clinical, and
treatment factors might be associated with the progres-
sion of COPD in patients. We defined the progression of
COPD as a decline rate in pulmonary function (annual
FEV1 change rate) equal to or greater than the mean of
the group, acute exacerbations equal to or greater than
the mean of the group, or death. The progression group
had worse clinical characteristics, higher treatment
intensity, and poorer outcomes than the non-progres-
sion group. These results were consistent with previous
studies that showed that COPD progression was associ-
ated with lower lung function and higher exacerbation
frequency [13, 14]. We also identified three independent
risk factors for the progression of COPD: age>65 years,
PSI score>130 points, and multidrug-resistant bacte-
ria infection. These findings were in line with previous
studies that showed that these factors were related to
the severity and prognosis of COPD [15, 16]. These find-
ings also supported and extended the existing theories
and models of COPD, such as the inflammation-aging
hypothesis [17], the pneumonia severity index [18], and
the microbial-host interaction [19].

Age and progression of COPD

Age is a well-known risk factor for COPD, as it is asso-
ciated with the decline of lung function, the increase of
comorbidities, and the impairment of immune system
[20]. Older COPD patients tend to have more severe air-
flow limitation, more frequent exacerbations, and higher
mortality than younger COPD patients [21]. In our study,
we found that age>65 years was an independent risk
factor for the progression of COPD, which was consis-
tent with previous studies [22]. Therefore, older COPD
patients need more careful monitoring and management,
and more attention should be paid to the prevention and
treatment of comorbidities and complications.

PSI and progression of COPD

PSI score is a widely used tool to assess the severity and
prognosis of community-acquired pneumonia (CAP),
which is a common cause and complication of COPD
exacerbations, with higher scores indicating higher risk of
mortality [23]. In our study, we found that PSI score>130
points, which corresponds to the highest risk class V, was
an independent risk factor for the progression of COPD.
Therefore, PSI score can be used as a simple and effective
tool to identify COPD patients with poor prognosis and
guide the appropriate treatment and follow-up.

Multidrug-resistant bacteria infection and progression of
CopPD

Multidrug-resistant bacteria infection is a serious threat
to the health and survival of COPD patients, as it can
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cause severe and refractory pneumonia, sepsis, and organ
failure [24]. Multidrug-resistant bacteria, such as Pseudo-
monas aeruginosa, Acinetobacter baumannii, and methi-
cillin-resistant Staphylococcus aureus, are often isolated
from the sputum or blood of COPD patients, especially
those with severe disease, frequent exacerbations, or
long-term antibiotic use [25]. In our study, we found
that multidrug-resistant bacteria infection was an inde-
pendent risk factor for the progression of COPD, which
should be prevented and treated promptly and effec-
tively in COPD patients, and rational use of antibiotics
should be advocated to avoid the emergence and spread
of resistance.

Impact of Individual and Social Environment on COPD
Although individual and socio-economic factors were
not addressed in this study, the potential impact of socio-
economic factors, access to healthcare, and adherence to
treatment regimens on COPD progression is substantial.
Socioeconomic factors have a profound impact on the
progression of COPD. People with low incomes may be at
higher risk of environmental pollution and tobacco expo-
sure, as they may live in areas with poorer environmental
quality and work in environments that may be less con-
ducive to respiratory health. In addition, low income may
mean a lack of adequate health insurance coverage or an
inability to afford high health care costs, which can lead
to delays in medical appointments, an inability to receive
regulated treatment, or an inability to purchase necessary
medications. Low levels of education may also lead to a
lack of disease awareness and health literacy, as well as
poor choices in health behaviours. Occupational types
may directly expose individuals to harmful gases, chemi-
cals and dust, accelerating lung function decline and dis-
ease progression. Therefore, improving socio-economic
conditions, providing equal access to health care, and
enhancing educational and occupational health protec-
tions are essential to slowing the progression of COPD.

Recommendation for clinicians

Treatment for COPD patients aged 265 years with a PSI
score>130 and multi-drug resistant bacterial infection
should be personalized. This may include appropriate
antibiotic therapy for the bacterial infection, supportive
care, and medication management to control symptoms
and slow disease progression. In addition to pharmaco-
logical treatment, supportive care is also a key compo-
nent. This may include oxygen therapy, bronchodilators,
and physical rehabilitation measures to help patients
alleviate breathing difficulties, enhance lung function,
and improve physical activity capacity. Furthermore,
nutritional support and psychological support are also
important components of the treatment plan to maintain
the patient’s nutritional status and improve quality of life.
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Active lifestyle interventions should also be incorporated
into the treatment plan. This includes smoking cessation,
avoiding air pollution, and regular physical exercise to
reduce symptom exacerbation and disease progression.
Rehabilitation programs can also help patients learn dis-
ease management, improve self-care skills, and provide
social and psychological support to enhance their abil-
ity to cope with the disease. Finally, treatment planning
should consider the patient’s individual circumstances
and clinical presentations. This may require collaboration
with a multidisciplinary team, including pulmonologists,
infectious disease specialists, dieticians, rehabilitation
physicians, and psychologists, to develop a comprehen-
sive treatment plan. Regular follow-up and assessment
are also essential to monitor treatment efficacy and
adjust the treatment plan to ensure patients receive opti-
mal management and prognosis.

Limitations and future directions

This study has some limitations that should be acknowl-
edged. First, the sample size was relatively small, and the
study was conducted in a single center. Most of the stud-
ies were conducted in regional populations over 40 years
of age where COPD is prevalent, which means that the
results of the present study are less applicable to younger
populations, and larger multi-center or multi-country
studies are still needed to further explore the applicability
of the conclusions at a more macroscopic level. Secondly,
the study was retrospective in nature, and although we
have considered strict inclusion and exclusion crite-
ria in the study and have tried to ensure the accuracy of
the information, some unnoticed aspects may introduce
selection bias, information bias and confounding factors.
Thirdly, the study did not include some potential factors
that may influence the progression of COPD, such as
genetic factors, biomarkers, microbiome, and environ-
mental exposures, which will be examined in our future
studies. Fourth, the study did not evaluate the quality
of life, functional status, and psychological status of the
patients, which are important aspects of COPD man-
agement and outcome. This is also a direction of inter-
est in our subsequent research. Fifth, the study did not
perform subgroup analysis based on the severity stages
and phenotypes of COPD, which may reveal more spe-
cific and personalized factors for different subgroups of
COPD patients. Moreover, future studies should focus on
the mechanisms and pathways of how these factors influ-
ence the progression and outcome of COPD and develop
more effective and targeted interventions and strategies
to prevent and treat COPD and improve the prognosis
and quality of life of COPD patients.
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Conclusion

In conclusion, this study found that the patients with
progression of COPD had worse clinical characteristics,
higher treatment intensity, and poorer outcomes than the
patients with non-progression disease. Independent risk
factors of age>65 years, PSI score>130 points, and mul-
tidrug-resistant bacteria infection were also identified for
the progression of COPD, which have important implica-
tions for the prevention and treatment of COPD and the
improvement of the prognosis of COPD patients.
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