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Background and Aims: COPD patients are prioritized for influenza and pneumococcal vaccines, yet vaccination rates remain low,
indicating vaccine hesitancy. This study aimed to investigate the vaccination rates and the underlying determinants of vaccine
hesitancy, as the primary behavioral driver of low coverage, among patients hospitalized for Acute Exacerbation of COPD (AECOPD).
Methods: From September 2022 to October 2023, 536 patients hospitalized due to AECOPD from eight hospitals in China were
surveyed on their vaccination status (influenza or pneumococcal). Data on vaccination status and a structured 3C model (confidence,
complacency, convenience) questionnaire were collected. Logistic regression identified factors associated with vaccination behavior,
while structural equation modeling (SEM) elucidated the pathways through which the 3C components directly influence vaccine
hesitancy.

Results: The overall vaccination rate was 16.8% (90/536). Key factors associated with the vaccination behavior included high CAT
score (aOR=5.64), pulmonary infection (aOR=2.28), former smoking (aOR=0.35), regular inhaled medication (aOR=0.47), high
mMRC score (aOR=0.29), and bronchiectasis (aOR=0.40). Critically, the SEM analysis revealed that vaccine hesitancy was primarily
driven by complacency, manifesting as a “lack of perceived need” (78%). This complacency was significantly influenced by a lack of
confidence in vaccine safety and effectiveness, and compounded by convenience barriers like geographical inaccessibility and financial
costs. The 3C model analysis quantified these relationships, with convenience (path coefficient=0.896) and confidence (0.375)
positively impacting vaccination, while complacency showed a slight negative effect (—0.002).

Conclusion: Low vaccination rates in AECOPD patients were mainly due to perceived lack of necessity, linked to vaccine hesitancy.
This hesitancy was mainly driven by underestimation of disease severity. Integrated interventions are essential to improve vaccination
uptake in this at-risk group.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common condition marked by progressive, irreversible airflow
limitation." Moving beyond this traditional physiological definition, contemporary understanding reframes COPD as
a disease of failed lung repair and regeneration, characterized by aberrant differentiation of distal airway progenitor cells
that leads to irreversible structural remodeling.” This pathophysiological insight aligns with ongoing scholarly discourse
advocating for a fundamental revision of the COPD definition itself, emphasizing its essential nature as a condition that
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places patients at a biological disadvantage due to these structural and regenerative failures, rather than relying solely on
airflow criteria.® As the third leading cause of death globally, it affects over 200 million people and causes 3.3 million
deaths annually.* The burden of COPD continues to rise, with increasing morbidity and mortality expected through at
least 2030.° Globally, COPD poses significant social and economic challenges, with a disproportionate impact on the
elderly.® In China, while age-standardized COPD rates have declined, it remains a leading cause of death and disability,
primarily attributable to widespread risk factors like smoking (46.0% of DALYs globally) and air pollution, which
continue to impose high costs and impair the quality of life for millions.* A large nationwide representative study
conducted during 2014-2015 estimated the overall prevalence of COPD among adults aged 40 years and above in China
to be 13.6%, underscoring the vast population affected by this condition.” Exacerbation prevention is a key goal of
therapy in COPD.® Acute exacerbations of COPD (AECOPD), often triggered by infections, pollutants,” and comorbid
conditions, worsen lung function,'® increase hospitalizations and contribute to mortality, which can not only increase the
healthcare burden but also significantly impair patients’ daily activities and overall well-being.'""'?

Vaccination against influenza and pneumococcus is key to preventing hospitalizations and mortality in AECOPD
patients, as these infections are major triggers of exacerbations.>'*'* Evidence confirms that co-infections significantly
increase the clinical burden in AECOPD. For instance, patients with concomitant pneumonia (involving pathogens such
as S. pneumoniae and influenza viruses) had a significantly higher risk of admission to the intensive care unit (RR=2.79,
95% CI: 1.47-5.28) and prolonged hospital stays.'> Furthermore, a systematic review and meta-analysis demonstrated
that AECOPD patients with concomitant pneumonia faced significantly elevated mortality risks during hospitalization
(RR=2.29, 95% CI: 1.40-3.73), within one month after discharge (RR=1.84, 95% CI: 1.09-3.13), and in long-term
follow-up (HR=2.30, 95% CI: 1.15-4.61) compared to those without pneumonia.'® The need for such protection is
further underscored by the finding that cigarette smoking is the strongest independent risk factor for invasive pneumo-
coccal disease, with a population attributable risk of 51%.'” Crucially, vaccination serves as a powerful protective
measure. Evidence from the Advisory Committee on Immunization Practices (ACIP) indicates that influenza vaccination
is effective in preventing hospitalizations for pneumonia and influenza among high-risk adults.®'” This protective effect
is corroborated by a large cohort study in the elderly, which demonstrated that influenza vaccination significantly reduced
in-hospital mortality for COPD (Relative Risk: 0.53).'® The critical importance of vaccination for the Chinese COPD
population is strongly supported by recent local evidence. A real-world prospective cohort study in China confirmed that
influenza vaccination significantly reduces the risk of future exacerbations. Multivariate analysis demonstrated that it was
associated with a reduction in the risk of any acute exacerbation (aOR = 0.48; 95% CI = 0.33-0.68, P < 0.01), that in
frequent acute exacerbations (aOR = 0.47; 95% CI = 0.27-0.82, P = 0.01), and that in severe acute exacerbations (aOR =
0.38; 95% CI = 0.23-0.63, P < 0.01)."°

The Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommends influenza vaccination for COPD
patients due to its ability to reduce hospitalizations and mortality rates associated with AECOPD. Additionally, GOLD
recommends pneumococcal vaccination for COPD patients to prevent community-acquired pneumonia, which is
a common cause of exacerbations and increased morbidity.?® In line with GOLD, the Chinese national guidelines for
COPD diagnosis and management®' also strongly recommend influenza and pneumococcal vaccination for COPD
patients. However, this preventive strategy is critically underutilized globally, with substantial disparities in coverage.
While countries like France achieve influenza and pneumococcal vaccination rates of 73.0% and 53.0% respectively in
COPD patients, and the United States reports rates around 30—50% for influenza,** coverage in China remains alarmingly
low, with weighted rates of only 2.09% for influenza, 1.25% for pneumococcal, and 2.72% for both vaccines.”> Exploring
effective interventions to bridge this gap is paramount. Evidence suggests that clinician-led intensive health education—
comprising face-to-face communication, distribution of health brochures, and text message reminders—can dramatically
improve uptake. This approach was shown to increase the influenza vaccination rate among COPD outpatients in China
from a baseline of 1.6% to 12.2% (P < 0.01), corresponding to an 8.86-fold higher odds of vaccination (aOR = 8.86; 95%
Cl=6.71-11.6, P < 0.01)."?

Vaccine hesitancy, defined by the WHO as the delay in acceptance or refusal of vaccination despite the availability of
vaccination services, is a major challenge to global immunization efforts.* It is driven by misconceptions about natural
immunity, cognitive biases (such as prioritizing immediate costs over long-term benefits), and safety concerns amplified
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by social media misinformation. The WHO listed vaccine hesitancy as a top global health threat in 2019,>* highlighting
the need to address it to improve vaccination coverage. Globally, significant disparities exist: vaccination rates in China is
significantly lower than in other countries. Given the low vaccination rates and the limited research on vaccine hesitancy
regarding influenza and pneumococcal vaccines among patients with AECOPD in China, the objective of this study is to
investigate the vaccination rates and identify the factors contributing to vaccine hesitancy in this population.

Methods
Ethical Approval

This study was conducted in accordance with the Declaration of Helsinki and was approved by the ethics committees of
the Chinese Academy of Medical Sciences and Peking Union Medical College (No. CAMS&PUMC-IEC-2022-024).
Written informed consent was obtained from all participants.

Study Population

This cross-sectional study was conducted from September 2022 to October 2023. The sample size calculation for this
study was based on the primary objective of the cross-sectional survey: to estimate the vaccination coverage rate among
AECOPD patients. Based on previous literature, the overall vaccination rate (P) for either influenza or pneumococcal
vaccines in AECOPD patients was assumed to be 2.5%. The sample size was calculated using the formula for cross-
sectional studies:

7, x P(1~P)
62

n=

Where a was set at 0.05 (two-sided), yielding Z,_,,~1.96, and the margin of error () was set at 0.02. The minimum
required sample size was calculated to be approximately 234. Furthermore, accounting for a potential 50% rate of invalid
questionnaires and loss to follow-up, the sample size was increased accordingly. The final plan was to recruit at least 468
patients. Ultimately, this study successfully enrolled 536 eligible AECOPD patients (refer to Supplementary Material 2).

These hospitals were located across different regions (Beijing, Tianjin, Hebei, Hunan, Jiangxi, Guangxi, and Guangdong)
to ensure diversity in the sample (see Supplementary Material 4).

Eligibility criteria for the participants were as follows: 1) Age >18 years; 2) Hospitalization for confirmed
AECOPD; 3) Written informed consent was obtained from participants. Exclusion criteria included: 1) Refusal to sign
the informed consent form; 2) Being enrolled in other drug clinical trials or interventional studies. Additionally, those
without a confirmed diagnosis of COPD (based on spirometry) were excluded. The diagnosis of COPD was confirmed
using a post-bronchodilator forced expiratory volume in 1 second (FEV1) to forced vital capacity (FVC) ratio (FEV1/
FVC) of <0.7.” AECOPD was defined as a spirometry-confirmed COPD with acute worsening of respiratory symptoms
requiring additional therapy.”®

Procedures and Measurements
The study utilized a comprehensive questionnaire to gather detailed information from participants (refer to
Supplementary Material 1). The questionnaire was divided into several sections, each designed to capture specific

aspects of the participants’ health status and behaviors. The sections included: 1) Demographic characteristics and
smoking history; 2) Medical history related to COPD, including time since diagnosis, history of acute exacerbations, and
prior treatments; 3) Self-reported vaccination status against influenza and pneumonia; 4) Assessment of respiratory
symptoms and functional status using validated scales such as the mMRC dyspnea scale and the CAT; 5) Documentation
of complications and comorbid conditions; and 6) A dedicated section to explore reasons for vaccine hesitancy.

Upon enrollment, clinicians recorded participants’ demographic characteristics (age group, gender, education level,
smoking status) and medical history (years since diagnosis with COPD, frequence of severe acute exacerbation in the
past year, regular inhaled medication treatment in the past year). Self-reported influenza and pneumococcal vaccination
status were determined using the following question: “Have you ever received an influenza vaccine or a pneumonia
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vaccine to prevent acute exacerbations of COPD?” Data on other clinical variables, including Global Initiative for
Chronic Obstructive Lung Disease (GOLD) stage, modified Medical Research Council (mMRC) dyspnea scale, COPD
assessment test (CAT), complications and comorbidities like pulmonary infection and bronchiectasis were also collected.

In addition, the study gathered insights into vaccine hesitancy through a dedicated questionnaire section entitled
“Reasons for not receiving influenza and pneumonia vaccines,” which offered multiple-choice options, each accompa-
nied by a checkbox for selection. The options provided were as follows: 1) I am unaware that I need to get vaccinated
(Lack of perceived need), 2) I am very healthy and do not need to be vaccinated (Health status overconfidence), 3)
I believe the diseases are not harmful enough, so there is no need (Disease severity underestimation), 4) I am concerned
about the potential adverse reactions to the vaccine (Vaccine safety concerns), 5) I think the vaccines are ineffective or
have limited effectiveness (Vaccine effectiveness doubt), 6) I consider the vaccine prices too expensive (Financial
barriers), 7) The vaccination sites are inconveniently located (Geographical inaccessibility), and 8) I do not know where
to get vaccinated (Lack of vaccination site awareness). An additional “Other” option was available, offering a blank
space for respondents to provide further comments or specify reasons not listed. In the 3C model, the options 1, 2 and 3
are grouped into Complacency, options 4 and 5 are grouped into Confidence, and options 6, 7, and 8 are grouped into
Convenience. The questions assessing reasons for vaccine hesitancy were developed based on the World Health
Organization (WHO) SAGE Working Group’s “3C” model of vaccine hesitancy (Complacency, Confidence,
Convenience). The model provides a well-established conceptual framework for understanding hesitancy, and the
questions were designed to directly map onto its core dimensions, ensuring content validity.

Definitions

The independent variables in this study were the sociodemographic and clinical characteristics of the participants.
Demographic characteristics included age group, categorized as <65 years and >65 years. Education level was classified
into three categories: primary school and below, junior high school, and senior high school or above. As for smoking
status, participants were categorized as current smokers, former smokers, or never smoked. The medical history of
participants was detailed, including the number of years since their COPD diagnosis (<1, 1-5, 6-10, and >10), the
occurrence of severe acute exacerbations in the past year (yes/no), and their regular use of inhaled medication treatment
(yes/no). Clinical variables such as the GOLD stage, mMRC dyspnea scale, and CAT were recorded to evaluate the
disease severity and impact on patients’ daily lives. The GOLD stage was classified into four stages based on post-
bronchodilator percentage predicted FEV1 (FEV1%pred), with >80.0%, 50% to <80%, 30% to <50%, and <30%
representing GOLD stages 14, respectively.”” The mMRC is a widely accepted and validated instrument for assessing
dyspnea, and its use and categorization (scores 1-2 vs >2) are supported by established guidelines.”® The CAT is
a validated, patient-completed questionnaire for assessing health status in COPD.?” In our study, the internal consistency
of the CAT, as measured by Cronbach’s alpha, was 0.82, indicating high reliability. Complications and comorbidities
include pulmonary infection and bronchiectasis.

Statistical Analysis

Descriptive statistics were used to summarize the demographic and clinical characteristics of both vaccinated and
unvaccinated patients, including key factors such as age, gender, underlying health conditions, and vaccination status.
The distribution of vaccine hesitancy reasons was analyzed and presented as percentage breakdowns, with further
classification in the largest patient groups to provide deeper insights into the primary causes of hesitancy.
Additionally, a breakdown of vaccine hesitancy reasons across various demographic and clinical factors was conducted.
Categorical variables were presented as numbers (%) and compared using the Chi-squared test. To determine the factors
associated with vaccination rates, multivariable logistic regression models were used, adjusting for demographic and
clinical factors. Adjusted Odds Ratios (aORs) and their 95% confidence intervals (Cls) were calculated.

Given the relatively low vaccination rates, Structural Equation Modeling (SEM) was employed to investigate the
relationship between the 3C model and vaccination status. The numbers represent the path coefficients between different
variables, with the absolute value reflecting the strength of the effect. A larger coefficient indicates a stronger influence.
The sign of the path coefficient reveals the direction of the relationship: a positive sign (+) indicates a positive effect,
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meaning that an increase in one variable leads to an increase in another, whereas a negative sign (-) indicates a negative
effect, meaning that an increase in one variable results in a decrease in another.*® Pearson correlations were utilized to
analyze relationships between reasons for vaccine hesitancy. Missing values were imputed using the multiple imputation
by chained equations method,*" specifically to fill in the FEV1%pred values for 160 patients. All statistical analyses were
performed using SPSS 26.0 for data management, R 4.41 for analysis, and Mplus 8.3 for SEM analysis. Two-tailed
P value <0.05 was considered statistically significant.

Results

Characteristics of the Study Participants

A total of 536 AECOPD patients from eight Chinese hospitals were surveyed for this study. The overall influenza or
pneumococcal vaccination rate among COPD patients was 16.8% (90/536). Table 1 shows that vaccinated patients were
less likely to be current smokers and had a longer history of COPD. They also experienced more severe acute
exacerbations in the past year and were more likely to adhere to regular inhaled treatments. Patients with a lower
mMRC score were less likely to receive vaccination. Additionally, patients with pulmonary infections had a lower
vaccination rate, while those with bronchiectasis had a higher vaccination rate.

Influenza and Pneumococcal Vaccination Coverage

The vaccination rates differed significantly across patient groups. Former smokers exhibited the highest rate at 22.2% (65/293),
whereas non-smokers and current smokers had rates of 12.9% (11/85) and 8.9% (14/158), respectively (P<0.001). Patients
diagnosed with COPD for 5-10 years had the highest vaccination rate (26.7%, 31/116), followed by those diagnosed for more
than 10 years (19.8%, 22/111) and for 1-5 years (15.3%, 23/157), while those diagnosed for less than a year had the lowest rate
(8.6%, 13/152, P<0.001). Patients with severe acute exacerbations in the past year were more likely to be vaccinated (19.9%, 77/
387) than those without (8.7%, 13/149, P=0.002). Those who received regular inhaled medication treatments in the past year had
a higher vaccination rate (23.6%, 67/284) compared to those without regular treatment (12.1%, 19/157) and newly diagnosed
patients (4.2%, 4/95, P<0.001). An mMRC score less than 2 was associated with a lower vaccination rate (8.8%, 10/113)
compared to a score of 2 or higher (18.9%, 80/423, P=0.011). Patients with pulmonary infections had a lower vaccination rate
(11.1%, 23/207) compared to those without (20.4%, 67/329, P=0.005), and those with bronchiectasis had a higher rate (27.4%,
17/62) compared to those without (15.4%, 73/474, P=0.017). The influenza and pneumococcal vaccination coverage in patients
with different characteristics was also shown in Table 1.

Multivariable Analysis for Factors Associated with Vaccination

In the multivariable analysis, factors associated with higher vaccination rates included former smoking (aOR=0.35,
P=0.002), regular inhaled medication treatment (aOR=0.47, P=0.016), high CAT score (aOR=5.64, P<0.001), high
mMRC score (aOR=0.29, P=0.014), having a pulmonary infection (aOR=2.28, P=0.004), and having bronchiectasis
(aOR=0.40, P=0.009). Factors associated with influenza and pneumococcal vaccines were shown in Figure 1.

Reasons for Vaccine Hesitancy Among AECOPD Patients Based on the 3C Model

Based on the 3C model, it can be seen from Figure 2 that the primary reasons for vaccine hesitancy were “lack of perceived
need” in Complacency (78%), followed by “lack of awareness of vaccination sites” in Convenience (27%), and “vaccine
safety concerns” in Confidence (13%). Other contributing factors included overconfidence in health status (7%), doubts
about vaccine effectiveness (7%), geographical inaccessibility (6%), underestimation of disease severity (4%), and
financial barriers (3%). To further explore the reasons for vaccine hesitancy among AECOPD patients in each group,
A table of Factors Contributing to Vaccine Hesitancy in AECOPD Patients (see Supplementary Material 3) was generated,

revealing that patients requiring more intensive treatment—such as those with severe exacerbations in the past year, high
mMRC or CAT scores, or those with pulmonary infections and bronchiectasis—were more likely to cite “geographical
inaccessibility” and “financial barriers” as reasons for not getting vaccinated, compared to their counterparts.
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Table | Basic Characteristics of Patients with AECOPD and the Influenza or Pneumococcus Vaccination Rate by Characteristics.
(N=536)

Demographic Total Unvaccinated Vaccinated e P
Characteristics (N=536) (N=446) (N=90)
n (%) n (%) n (%)
Age group (years) 0.400 0.527
<65 129 (24.1) 105 (81.4) 24 (18.6)
265 407 (75.9) 341 (83.8) 66 (16.2)
Gender 0.836 0.361
Male 447 (83.4) 369 (82.6) 78 (17.4)
Female 89 (16.6) 77 (86.5) 12 (13.5)
Education Level 2.220 0.330
Primary School and Below 287 (53.5) 245 (85.4) 42 (14.6)
Junior High School 141 (26.3) 115 (81.6) 26 (18.4)
Senior High School or Above 108 (20.1) 86 (79.6) 22 (20.4)
Cigarette Smoking 14.114 | <0.001
Current 158 (29.5) 144 (91.1) 14 (8.9)
Former 293 (54.7) 228 (77.8) 65 (22.2)
Never 85 (15.9) 74 (87.1) 11 (12.9)
Years since diagnosis with COPD? 16.559 | <0.001
<| year 152 (28.4) 139 (91.4) 13 (8.6)
1-5 years 157 (29.3) 133 (84.7) 24 (15.3)
5-10 years 116 (21.6) 85 (73.3) 31 (26.7)
>10 years 111 (20.7) 89 (80.2) 22 (19.8)
Severe acute exacerbation in the past year 9.610 0.002
No 149 (27.8) 136 (91.3) 13 (8.7)
Yes 387 (72.2) 310 (80.1) 77 (19.9)
Regular inhaled medication treatment in the past year 22,633 | <0.001
No 157 (29.3) 138 (87.9) 19 (12.1)
Yes 284 (53.0) 217 (76.4) 67 (23.6)
Initial Diagnosis 95 (17.7) 91 (95.8) 4 (4.2)
GOLD stage 5.270 0.153
GOLD | 21 (3.9) 18 (85.7) 3(143)
GOLD 2 107 (20.0) 87 (81.3) 20 (18.7)
GOLD 3 273 (50.9) 236 (86.4) 37 (13.6)
GOLD 4 135 (25.2) 105 (77.8) 30 (22.2)
mMRC score® 6.463 0.011
<2 113 (21.1) 103 (91.2) 10 (8.8)
2 423 (78.9) 343 (81.1) 80 (18.9)
CAT score® 1.388 0.239
<10 69 (12.9) 54 (78.3) 15 (21.7)
=10 467 (87.1) 392 (83.9) 75 (l6.1)
Pulmonary Infection 7.787 0.005
No 329 (61.4) 262 (79.6) 67 (20.4)
Yes 207 (38.6) 184 (88.9) 23 (11.1)
Bronchiectasis 5.668 0.017
No 474 (88.4) 401 (84.6) 73 (15.4)
Yes 62 (11.6) 45 (72.6) 17 (27.4)

Notes: Data are presented as n (%). Bold values indicate statistical significance (P < 0.05). *COPD: Chronic obstructive pulmonary disease; "mMRC score: Modified Medical
Research Council dyspnea questionnaire score. “CAT score: COPD Assessment Test score.

Figure 3 presents the SEM analysis of the 3-C model components influencing vaccination. The results indicate that
convenience (coefficient=0.896) and confidence (coefficient=0.375) positively affect vaccination uptake, with conve-
nience exerting a stronger influence. Conversely, complacency has a negligible negative impact (coefficient=—0.002) on
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Influenza or Pneumococcal Vaccination

Characteristics AOR (95%CI) P
Age group (vs. <65)
=65 1.44(0.79,2.62) 0.234 o
Gender (vs. Male)
Female 1.12(0.46,2.73) 0.81 L S
Education Level(vs. Primary School and Below)
Junior High School 0.79(0.43, 1.47) 0.460 =
Senior High School or Above 0.76(0.40, 1.45) 0.405 —a
Cigarette Smoking (vs. Current)
Former 0.35(0.18, 0.68) 0.002 -
Never 0.73(0.26, 2.08) 0.560 ==
Years since diagnosis with COPD(vs. <1)
1-5 0.80(0.32,2.02) 0.638 g
5-10 0.47(0.19,1.19) 0.112 e
>10 0.95(0.36,2.50) 0912 e
Severe acute exacerbation in the past year(vs. No)
Yes 0.45(0.18, 1.12) 0.085 ==
Regular inhaled medication treatment in the past year (vs. No)
Yes 0.47(0.25,0.87) 0.016 =
Initial Diagnosis 1.21(0.26, 5.63) 0.81 S
GOLD stage(vs.GOLD 1)
GOLD 2 0.56(0.13,2.42) 0.439 =
GOLD 3 1.49(0.36, 6.12) 0.583 —
GOLD 4 1.01(0.24,4.23) 0.991 S
mMRC score(vs.<2)
22 0.29(0.11,0.78) 0.014 -
CAT score (<10)
210 5.64(2.20, 14.43) <0.001 .
Pulmonary Infection(vs.No)
Yes 2.28(1.29,4.02) 0.004 -
Bronchiectasis(vs.No)
Yes 0.40(0.20, 0.79) 0.009 . — . .
0.0625 0.25 1 4 16
AOR

Figure | Forest plot for associated factors of influenza or pneumococcal vaccination among patients with AECOPD (N=536). Bold values indicate statistical significance (P < 0.05).
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Lack of perceived need

Health status overconfidence

Disease severity underestimation

Vaccine safety concerns

Vaccine effectiveness doubt

Lack of vaccination site awareness

Geographical inaccessibility

Financial barriers

Figure 2 Reasons for vaccine hesitancy among AECOPD patients (n=449). Colors correspond to the 3C model dimensions: purple for Complacency, green for Confidence,
and yellow for Convenience.
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barriers overconfidence

Figure 3 Structure Equation Model (SEM) of the reasons for vaccination among patients with AECOPD. Colors correspond to the 3C model dimensions: purple for
Complacency, green for Convenience, and yellow for Confidence.

vaccination willingness. Specifically, convenience is negatively impacted by geographical inaccessibility (—13.762),
financial barriers (—1.000), and lack of awareness of vaccination sites (—3.762). Among these factors, geographical
inaccessibility stands out as the most significant barrier to convenience. Confidence is increased in the absence of vaccine
safety concerns (—3.052) and doubts about vaccine effectiveness (—1.000), with safety concerns having a more pro-
nounced negative impact. Meanwhile, complacency is driven by underestimating disease severity (0.016), lack of
perceived need (0.001), and health status overconfidence (0.049), all of which slightly diminish the willingness to get
vaccinated.

Pearson correlation analysis clearly shows that the reason “Lack of perceived need” is negatively correlated with
other factors, particularly “vaccine safety concerns” (see Figure 4). Building on this, Figure 5 further compares other
reasons for vaccine hesitancy between AECOPD patients who lack a perceived need and those who perceive one. Among
patients without a perceived need, 33% frequently doubted vaccine effectiveness, while 42% of those who perceived
a need tended to underestimate disease severity.

Discussion

COPD patients are highly vulnerable to respiratory infections, which can lead to exacerbations, hospitalizations, and
increased mortality.” Despite being a priority group for vaccination, COPD patients in China exhibit strikingly low
vaccination coverage, with only 16.8% of AECOPD patients receiving influenza or pneumococcal vaccines, an improve-
ment from the previous 2.72% recorded between 2017-2021.%* Yet, it remains substantially lower than the 12.2% uptake
achieved through a clinician-led educational intervention in another Chinese study.'® This contrast underscores both the
persistent coverage gap and the significant potential of targeted strategies to improve vaccination rates.This modest
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Figure 5 Comparison of other reasons for vaccine hesitancy between those in lack of perceived need and those with it among AECOPD patients.

increase may reflect reduced vaccine hesitancy due to public health initiatives and heightened disease awareness during
the COVID-19 pandemic. However, significant gaps in vaccination coverage remain, highlighting the need for continued
efforts to address vaccine hesitancy and improve uptake.’** For instance, Turkey reported 36.5% for influenza and
14.1% for pneumococcal vaccination in COPD outpatients; Italy had 30.5% and 13.3%, respectively; Spain had 49.4%
for influenza and 32.5% for pneumococcal; Germany showed 46.5% and 14.6%, while France had the highest rates, with
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73.0% for influenza and 53.0% for pneumococcal vaccines. The UK had 36.1% and 16.8%, respectively.*? In Norway,
the influenza vaccination rate among hospitalized COPD patients was 70.6%, while in Canada, it was 58.7%.%%%

One of the key findings is that smoking cessation acts as a protective factor for vaccination uptake. Smokers who quit
are more likely to get vaccinated, likely because they recognize the harm that smoking does to the lungs and its role in
exacerbating COPD.** This pattern is not unique to China. For instance, a study on Japanese healthcare workers revealed
that smoking was a significant risk factor for lower antibody titres after COVID-19 vaccination, and importantly, current
smokers had significantly lower antibody levels than former smokers. This finding suggests that quitting smoking, even
before vaccination, can enhance the vaccine’s immunological outcome, potentially motivating smokers to engage in
vaccination as a more beneficial health intervention when they cease smoking.*> This behavior contrasts with the
complacency effect described in the 3C model, specifically health status overconfidence for smokers who quit are less
likely to underestimate the severity of their condition or assume that their health is sufficient. To reduce smoking rates
and increase vaccination coverage among AECOPD patients, government-sponsored anti-smoking campaigns and
smoking cessation programs targeting COPD patients in communities*® should be expanded.

Secondly, patients who have adhered to regular inhaled medication treatment in the past year are more likely to
receive the vaccine. This adherence indicates a lower risk of complacency about the severity of their condition and
suggests they are less prone to experiencing health status overconfidence. Additionally, these patients may have greater
trust in medical interventions in general, which could reduce concerns about vaccine safety and effectiveness.>” To foster
a greater sense of trust in medical treatments like vaccination, it is critical to increase public awareness of its benefits by
taking measures like initiating public awareness campaigns in communities,*® or incentivizing healthcare providers to
emphasize the importance of vaccination.*® Additionally, providing subsidies for the medication and vaccines with strict
supervision®® could possibly lower financial barriers for patients, especially for those on long-term treatment plans.

Thirdly, the mMRC score, which measures the severity of dyspnea, reveals that patients with lower scores might
experience complacency and underestimate the need for vaccination when their symptoms are manageable. A key

intervention here would be patient education'®

on the risks associated with influenza and pneumococcal diseases,
regardless of the current severity of their COPD symptoms. Tailored educational campaigns*' should emphasize that
vaccinations can prevent exacerbations and hospitalizations, reducing the long-term impact of these diseases.

Interestingly, higher CAT scores, which indicate more severe COPD, are associated with lower vaccination rates.
Patients with severe symptoms often face physical limitations and may suffer from psychological issues such as
depression or anxiety, which can impact their willingness to engage in health-promoting behaviors, including vaccina-
tion. This reflects the convenience barrier such as geographical inaccessibility™ and psychological and physical limita-
tions that create a perceived difficulty in getting vaccinated. A holistic approach to managing COPD should be adopted.
In addition to physical treatments, mental health support must be integrated into the management of severe COPD.*?

Additionally, patients with a history of pulmonary infections may exhibit vaccine hesitancy, likely due to concerns
about vaccine safety and effectiveness, particularly if they fear the vaccine might worsen their pulmonary condition®*
This behavior can be explained by the vaccine safety concerns and vaccine effectiveness doubts associated with the
confidence barrier. This indicates that public health campaigns should focus on dispelling myths regarding the safety and
efficacy of vaccines in patients with pulmonary infections.** Health communication strategies should involve trusted
healthcare providers in educating patients about the scientific evidence supporting vaccination for those with respiratory
conditions.*

As for patients with bronchiectasis, they are more likely to receive vaccinations. This may be because they are less
prone to complacency and are more attuned to their health needs, likely due to the chronic nature of their condition.**
Such patients tend to avoid health status overconfidence, which can lead to underestimating the severity of their disease
and a lack of perceived need for vaccination. This indicates that continued education on the importance of vaccination as
part of their ongoing health management is effective and should be further strengthened to help reduce complacency and
increase vaccine uptake. We can provide personalized educational materials*' about the risks associated with respiratory
infections such as influenza and pneumococcal diseases, explaining how vaccinations can help reduce exacerbations and

hospitalizations. Besides, healthcare providers can be influential in continuing to advocate for vaccination.*’
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An analysis of the reasons for vaccine hesitancy identifies three major barriers: a lack of perceived need, a lack of
awareness of vaccination sites, and concerns about vaccine safety. While the first and third barriers can be addressed
through educational campaigns, the lack of awareness of vaccination sites can be tackled by increasing information
dissemination through multiple channels such as TV, radio, social media, SMS, and printed materials like flyers and
posters*® at community health centers, hospitals, and pharmacies. Community health workers and volunteers*® can also
be mobilized to directly inform residents, while organizing local health events and consultations to raise awareness.
Additionally, developing a dedicated website or app for site search and appointments, along with integrating vaccination
locations on popular map platforms, will make it easier for people to find nearby sites.*’ Clear signage at key public
locations and recognizable markers at vaccination sites will further guide individuals. Lastly, providing real-time
updates*® on site availability ensures that people receive the most current information, addressing any closures or
changes promptly. Pearson correlation analysis further suggests that for patients who do not perceive a need for
vaccination, educational efforts, as mentioned above, should focus on the effectiveness of the vaccine. For patients
who do perceive a need, education should emphasize the dangers of exacerbating their condition without vaccination,
specifically highlighting the risks of influenza and pneumonia—even in relatively stable patients.

The study’s strengths lie in its focus on AECOPD patients in China, an underexplored population, its application of
the 3C model to assess vaccine hesitancy, and its robust statistical analyses. These elements collectively provide
comprehensive insights into the vaccination barriers faced by AECOPD patients in China.This study also has several
limitations. First, vaccination status was based on self-reported data rather than medical records, which is susceptible to
recall bias and may have led to misclassification, though previous studies show self-reported data are generally reliable.*’
Future research would benefit from verifying vaccination history through linkage with electronic medical records or
regional immunization registries to enhance data accuracy. Second, the study was conducted from September 2022 to
October 2023, during China’s COVID-19 recovery period, which may have increased health awareness and vaccination
prevalence among AECOPD patients, introducing potential health awareness or temporal bias. Additionally, seasonal
variations could have affected patient outcomes and vaccination campaigns. The study also lacked analysis of regional
factors and geographical influences on vaccination prevalence and outcomes. Selection bias may have been introduced as
participating hospitals were not randomly selected. Some confidence intervals (CIs) were wide, suggesting a small
sample size and insufficient statistical power. While this study employed robust statistical methods, the sample size may
have limited the statistical power for more nuanced subgroup analyses. Therefore, the findings from these subgroup
analyses should be interpreted with caution and warrant validation in larger, future studies. The GOLD staging primarily
reflects lung function impairment, not patient symptoms or quality of life, while mMRC and CAT scores are more
directly related to symptoms and quality of life, making their impact on vaccination willingness more significant. While
the study provides valuable insights into vaccination barriers among AECOPD patients in China, it would benefit from
a more detailed analysis of regional, socioeconomic, and healthcare access disparities that may influence vaccination
uptake. Addressing these limitations is crucial for future research.

Conclusion

In conclusion, this study identifies distinct patient profiles influencing vaccine uptake among AECOPD patients in China.
Key facilitators included being a former smoker, maintaining regular inhaled medication, and having bronchiectasis.
Conversely, significant barriers emerged among patients with higher symptom burden (elevated CAT/mMRC scores) or
pulmonary infections, where convenience barriers like geographical inaccessibility predominated. The 3C model
revealed vaccine hesitancy was primarily driven by complacency (78% cited “lack of perceived need”), compounded
by confidence concerns and structural convenience barriers.

This study provides novel insights by integrating clinical profiles with the 3C model of hesitancy, offering a new
framework for targeted interventions in this population. These findings advocate for tailored interventions: combating
complacency through education in less symptomatic patients, addressing physical and logistical barriers in severe cases,
and systematically building trust and access across all groups to improve vaccination coverage in this vulnerable

population.
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