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Abstract 

Background: Patients with chronic obstructive pulmonary disease (COPD) and coronary heart 

disease (CHD) are at increased risk for community-acquired pneumonia (CAP), contributing to 

higher morbidity and mortality. Pneumococcal vaccination may offer protective benefits in this 

population. This study aimed to evaluate the effects of the 13-valent pneumococcal conjugate vaccine 

(PCV13) on reducing CAP cases, COPD exacerbations, hospitalizations, and improving survival over 

a 10-year period. Methods: A total of 483 male patients with COPD and/or CHD received a single 

dose of PCV13 were divided into three groups: Group 1 (n = 140): vaccinated with COPD; Group 2 

(n = 167): vaccinated with COPD and CHD; Group 3 (n = 176): unvaccinated with COPD. Primary 

endpoints included incidence of CAP cases, COPD exacerbations, and hospitalizations over 10 years. 

Secondary endpoints included all-cause mortality. Generalized linear models were used for primary 

endpoints; Cox proportional hazards and Kaplan-Meier analysis for survival. Results: Vaccination 

with PCV13 was significantly associated with fewer CAP cases in COPD only patients, but not in 

those with both COPD and CHD. CAP, exacerbations, and hospitalizations increased over time (p < 

.0001 for years 5 and 10), but vaccinated groups consistently showed lower rates in comparison with 

unvaccinated group. Survival analysis revealed higher survival probabilities over 10 years in both 

vaccinated groups. Conclusion: PCV13 was associated with reduced incidence of CAP, COPD 

exacerbations, hospitalizations, and improved long-term survival in patients with COPD and CHD. 

These findings support the inclusion of PCV13 in clinical guidelines and national immunization 

programs for high-risk populations. 

Keywords: COPD; CHD; PCV; pneumococcal conjugate vaccine; vaccine prophylaxis 

 

1. Introduction 

Coronary heart disease (CHD) and chronic obstructive pulmonary disease (COPD) are among 

the leading causes of global morbidity and mortality [1–4]. CHD is the leading single cause of death 

and Disability-Adjusted Life Years (DALYs) lost worldwide, disproportionately affecting low- and 

middle-income countries. It accounts for approximately 7 million deaths and 129 million DALYs 

annually, posing a significant economic burden [3]. Registry data indicate an annual all-cause 

mortality rate of 1.2–2.4% among CHD patients, with 0.6–1.4% due to fatal cardiovascular events [5]. 

COPD prevalence estimates vary depending on the diagnostic criteria used. The Global Burden 

of Disease (GBD) study reports an age-standardized prevalence of 2% to 5%, affecting around 328 
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million people worldwide [6]. In contrast, studies applying the Global Initiative for Chronic 

Obstructive Lung Disease (GOLD) criteria suggest a higher prevalence of 9% to 12%, corresponding 

to 300–400 million individuals [2]. COPD is currently the third leading cause of death worldwide, 

accounting for about 2.8 million deaths annually, or 4.8% of all deaths [1]. Notably, 50% to 80% of 

these deaths are due to respiratory causes, most commonly occurring during exacerbations [3]. 

Infectious agents are responsible for up to 80% of COPD exacerbations, with bacterial infections 

accounting for nearly half. Recent evidence confirms the role of bronchopulmonary infections in 

triggering exacerbations and reveals a correlation between exacerbation severity and the type of 

microbial flora identified [7]. Streptococcus pneumoniae and Hemophilus influenzae are the 

predominant pathogens, causing around 50% of infectious exacerbations in patients with a forced 

expiratory volume in one second (FEV1), above 50% of the predicted value [7]. 

COPD and CHD share common risk factors, pathophysiological mechanisms, clinical features, 

and together serve as synergistic predictors of poor prognosis [8]. As COPD progresses, it may lead 

to pulmonary hypertension, right ventricular dysfunction, arrhythmias, and progression of CHD. In 

affected individuals, left ventricular dysfunction further reduces exercise tolerance and is frequently 

accompanied by right ventricular impairment. Ultimately, the decline in physical activity caused by 

both conditions significantly diminishes quality of life [9]. 

In the general population, cardiovascular risk rises following acute respiratory infections. A 

similar pattern is observed in COPD patients, where frequent exacerbations are associated with 

increased rates of myocardial infarction and other cardiac events. During these episodes, levels of 

cardiac biomarkers, including C-reactive protein (CRP), fibrinogen, brain natriuretic peptide (BNP), 

N-terminal proBNP (NT-proBNP), troponin, and vascular endothelial growth factor (VEGF) are 

elevated. These biomarkers are independently linked to increased mortality [10]. 

Given the substantial overlap in risk factors, clinical burden, and poor outcomes associated with 

COPD and CHD, preventive strategies have become essential in managing patients with both 

conditions. Vaccination is increasingly recognized as a cornerstone of comprehensive care. The 2023 

GOLD report recommends pneumococcal vaccination for COPD patients to reduce the incidence of 

pneumococcal pneumonia [2]. Similarly, the 2021 ESC Guidelines recommend influenza and 

pneumococcal vaccination for patients with CHF [11]. These guidelines underscore the shift toward 

integrating vaccination into routine disease management rather than treating it as an adjunct. 

Emerging evidence further supports the role of pneumococcal vaccination in reducing exacerbation 

frequency, hospitalizations, pneumonia incidence, while improving key clinical and functional 

outcomes in COPD patients [12,13]. Therefore, the present study aimed to evaluate the effects of the 

13-valent conjugated pneumococcal vaccine (PCV13) on CAP cases, COPD exacerbations, and 

hospitalizations and survival in individuals with COPD and CHD.  

2. Methods and Materials 

This prospective, long-term observational study began in 2012 and enrolled 483 male patients 

diagnosed with COPD and CHD. Male-only participation was intended to eliminate potential 

hormonal influences on outcomes. Participants were stratified into three groups based on PCV13 

vaccination status and comorbidities: Group 1 included vaccinated patients with COPD only (n = 

140); Group 2 included vaccinated patients with both COPD and CHD (n = 167); and Group 3 

included unvaccinated patients with COPD (n = 176). The mean age at baseline was 62.64 years (IQR: 

58.12-68.76). Follow-up assessments were conducted at years one, five, and ten. By year ten, survival 

rates were 74 in Group 1, 72 in Group 2, and 34 in Group 3. 

The study adhered to Good Clinical Practice (GCP) standards, ensuring data integrity, patients’ 

rights, and confidentiality. Ethical approval was granted by the Local Ethics Committee of the 

Regional Clinical Hospital  (Protocol No. 8, dated 21 October 2012). All participants provided 

written informed consent in accordance with the Declaration of Helsinki. 
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2.1. Procedures 

COPD was diagnosed according to GOLD 2011, [14]. while CHD was identified based on the 

2006 European Society of Cardiology (ESC) guidelines for stable angina pectoris [15]. Only patients 

with stable angina classified as functional classes II to IV were included. 

All participants underwent comprehensive clinical and instrumental evaluations. Spirometry 

was performed using the MIR SPIROLAB I device (MIR, Italy), electrocardiography (ECG) with the 

6-channel Sardiovitat-1 (Schiller, Austria) after 10 minutes of rest, and echocardiography (ECHO) 

using the Vivid-E9 ultrasound system (General Electric, USA). Dyspnea severity was assessed using 

the modified Medical Research Council (mMRC) scale (0-4 points) [16,17]. Exercise tolerance was 

measured using the 6-minute walk distance (6MWD) test [18]. 

The primary endpoints were incidence of community-acquired pneumonia (CAP), COPD 

exacerbations, and hospitalization rates over a 10-year follow-up. Secondary endpoint included all-

cause mortality over 10 years.  

2.2. Statistical Analysis 

Statistical analysis was performed using R (v4.1.2) and Python (v3.11.5). Descriptive statistics 

were reported as medians with interquartile ranges (IQR). Group comparisons were performed using 

the Kruskal-Wallis’ test, with multiple comparisons adjusted via the Benjamini-Hochberg procedure. 

Pearson’s correlation was applied to normally distributed variables. Incidence of primary outcomes 

per 1,000 patients were computed as the number of cases in each group divided by the number of 

participants in each group and multiplied by 1,000 (Figure 2). 

Generalized linear models with Poisson distribution were assessed the effect of vaccination 

status on primary outcomes (CAP, exacerbations, hospitalizations), with model fit evaluated using 

overdispersion and likelihood ratio tests. Survival analysis was performed using 

Cox proportional hazards regression, with model quality assessed using the log-likelihood ratio 

tests and the concordance index. Kaplan-Meier survival curves were generated using the lifelines 

package.  

3. Results 

The baseline characteristics of patients are summarized in Table 1. A total of 483 male patients 

were enrolled: 307 vaccinated with PCV13 and 176 unvaccinated. Group 2 (vaccinated with both 

COPD and CHD) had a slightly shorter COPD history (p=.012), lower oxygen saturation (median 

88%, p=.021) reduced FEV1 (p=.032), and a shorter 6-minute walk distance (p=.014) compared to other 

groups. No significant differences were observed in age, smoking history, COPD stage, angina class, 

or rates of pneumonia, exacerbations, hospitalizations, or dyspnea scores. 

Table 1. Study participant characteristics by vaccination status. 

Variables Vaccinated PCV13, n=307 Unvaccinated, n=176 P-values 

Group COPD COPD + CHD COPD  

Sample size, n 140 167 176 .123 

Age (years), median (Q25-Q75) 
61.00 [58.00-64.00] 

 

62.00  

[59.00-65.00] 

 

65.00 

[61.00-68.00] 

 

.327 

Smoking history (years), 

median (Q25-Q75) 

16.00 [12.00-21.00 

 

13.00  

[11.00-15.00 

 

15.00 

[12.00-20.00] 

 

.156 
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COPD history (years), median 

(Q25-Q75) 

13.00  

[11.00-15.00] 

 

9.00 

[7.00-10.50] 

 

13.00 

[11.00-15.00] 

 

.012  

COPD stages (GOLD), n (%)    .483 

II 22 (15,7) 33 (19,8) 26 (14,7)  

III 106 (75,7) 116 (69,5) 138 (78,4)  

IV 12 (8,6) 18 (10,7) 12 (6,9)  

Functional class of CHD, n (%) - - - .176 

II - 31 (18,5) -  

III - 97 (58,1) -  

IV - 39 (23,4) -  

# CAP per year 25 44 24 .176 

# COPD exacerbations per year 148 229 142 .235 

# Hospitalizations per year 141 235 159 .312 

MRC dyspnea scale (points), 

median (Q25-Q75) 

3.00 

[2.00-3.00] 

3.00 

[2.00-3.00] 

3.20 

[3.00-4.00] 
.076 

SpO2 (%), median (Q25-Q75) 

91 

[90-92] 

 

88 

[86-89] 

 

94 

[92-95] 
.021  

FEV1 (%), median (Q25-Q75) 

48.00  

[30.00-51.00] 

 

46.00 

[35.00-58.00] 

 

51.00 

[47.8-56.00] 
.032  

6MWD, (meters), median (Q25-

Q75) 

230.00 

[190.00-300.00] 

 

217.00 

[190.00-245.00] 

 

218 

[190-240] 

 

.014 

 

Abbreviations: CAP - Community-Acquired Pneumonia; COPD - Chronic Obstructive Pulmonary Disease; CHD - Coronary 

Heart Disease; Forced Expiratory Volume in 1 Second – FEV1; Medical Research Council Dyspnea Scale - MRC; Peripheral 

Capillary Oxygen Saturation – SpO2; 6-Minute Walk Distance test - 6MWD; PCV13- 13-Valent Pneumococcal Conjugated 

Vaccine. Notes: Study Groups: Group #1: Vaccinated with PCV13, diagnosed with both COPD and CHD; Group #2: Vaccinated 

with PCV13, diagnosed with COPD only; Group #3: Unvaccinated, diagnosed with COPD. COPD stages were defined using 

the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. 

Figure 1 shows that Group 3 (unvaccinated COPD patients) had the highest total number of CAP, 

COPD exacerbations, and hospitalizations at years 1, 5, and 10 than Groups 1 and 2 (vaccinated with 

PCV13). Figure 2 presents the incidence rates of CAP, COPD exacerbations and hospitalizations per 

1,000 patients over time. Across all outcomes, Group 3 (unvaccinated COPD patients) consistently 

showed the highest incidence at each time point, while Groups 1 and 2 (vaccinated with PCV13) 

maintained lower and relatively stable rates throughout the follow-up period. 
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Figure 1. Total number of CAP, COPD exacerbations, and hospitalizations by vaccine group and by year. 

Abbreviations: CAP - Community-Acquired Pneumonia; COPD - Chronic Obstructive Pulmonary Disease; 

CHD - Coronary Heart Disease; PCV13 - 13-valent Pneumococcal Conjugate Vaccine. Study Groups: Group #1: 

Vaccinated with PCV13, diagnosed with both COPD and CHD; Group #2: Vaccinated with PCV13, diagnosed 

with COPD only; Group #3: Unvaccinated, diagnosed with COPD. 
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Figure 2. Incidence of CAP, COPD exacerbations, and hospitalizations per 1000 patients by vaccine group and 

by year. Abbreviations: CAP - Community-Acquired Pneumonia; COPD - Chronic Obstructive Pulmonary 

Disease; CHD - Coronary Heart Disease; PCV13 - 13-valent Pneumococcal Conjugate Vaccine. Study Groups: 

Group #1: Vaccinated with PCV13, diagnosed with both COPD and CHD; Group #2: Vaccinated with PCV13, 

diagnosed with COPD only; Group #3: Unvaccinated, diagnosed with COPD. 

Table 2 reports the results of separate generalized linear models for CAP, COPD exacerbations, 

and hospitalizations. Vaccination with PCV13 was significantly associated with fewer CAP cases in 

COPD only patients, but not in those with both COPD and CHD. Over time, CAP, exacerbations, and 

hospitalizations increased significantly (p<.0001 for years 5 and 10), but vaccinated groups showed 

significantly lower rates of all outcomes compared to the unvaccinated group. Interaction effects 

revealed that both vaccinated groups had significantly fewer cases at years 5 and 10 across all models 

(p<.0001). Baseline values for each outcome were significant predictors of future events. 

Table 2. Results from generalized linear modeling for CAP, COPD exacerbations, and hospitalizations. 

Model # 1: CAP Estimates (95% CI) p-value  

Group   

Unvaccinated: COPD reference  

PCV13 vaccinated: COPD -0.376 (-0.721, -0.031) .032 

PCV13 vaccinated: COPD and CHD -0.178 (-0.445, 0.089) .192 

Time    

Year 1 reference  

Year 5  1.242 (0.981, 1.503) <.0001 

Year 10 1.347 (1.09, 1.604) <.0001 

Interaction: Group x Time   

Unvaccinated: COPD x Year 1 reference  

PCV13 vaccinated: COPD x Year 5 -0.602 (-0.965, -0.239) .001 

PCV13 vaccinated: COPD x Year 10 -0.671 (-1.038, -0.304) <.0001 

PCV13 vaccinated: COPD and CHD x Year 5 -1.063 (-1.357, -0.769) <.0001 

PCV13 vaccinated: COPD and CHD x Year 10 -1.168 (-1.458, -0.878) <.0001 

CAP at baseline 1.109 (0.856, 1.362) <.0001 

 

Model # 2: COPD exacerbations   

Group   

Unvaccinated: COPD reference  

PCV13 vaccinated: COPD -0.369 (-0.448, -0.289) <.0001 

PCV13 vaccinated: COPD and CHD -0.302 (-0.409, -0.195) <.0001 

Time    

Year 1 reference  

Year 5  1.121 (1.081, 1.161) <.0001 

Year 10 1.155 (1.112, 1.197) <.0001 

Interaction: Group x Time   

Unvaccinated: COPD x Year 1 reference  

PCV13 vaccinated: COPD x Year 5 -0.620 (-0.727, -0.513) <.0001 
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PCV13 vaccinated: COPD x Year 10 -0.597 (-0.714, -0.48) <.0001 

PCV13 vaccinated: COPD and CHD x Year 5 -0.740 (-0.814, -0.666) <.0001 

PCV13 vaccinated: COPD and CHD x Year 10 -0.722 (-0.801, -0.644) <.0001 

COPD exacerbations at baseline 0.608 (0.459, 0.757) <.0001 

 

Model # 3: Hospitalizations   

Group   

Unvaccinated: COPD reference  

PCV13 vaccinated: COPD -0.688 (-0.771, -0.605) <.0001 

PCV13 vaccinated: COPD and CHD -0.760 (-0.848, -0.672) <.0001 

Time    

Year 1 reference  

Year 5  1.068 (1.038, 1.098) <.0001 

Year 10 1.098 (1.065, 1.131) <.0001 

Interaction: Group x Time   

Unvaccinated: COPD x Year 1 reference  

PCV13 vaccinated: COPD x Year 5 -0.583 (-0.681, -0.485) <.0001 

PCV13 vaccinated: COPD x Year 10 -0.565 (-0.669, -0.461) <.0001 

PCV13 vaccinated: COPD and CHD x Year 5 -0.732 (-0.794, -0.67) <.0001 

PCV13 vaccinated: COPD and CHD x Year 10 -0.714 (-0.777, -0.651) <.0001 

Hospitalizations at baseline 1.153 (1.027, 1.279) <.0001 

Abbreviations: CAP - Community-Acquired Pneumonia; COPD - Chronic Obstructive Pulmonary Disease; CHD - Coronary 

Heart Disease; PCV13- 13-Valent Pneumococcal Conjugated Vaccine. Notes: Study Groups: Group #1: Vaccinated with PCV13, 

diagnosed with both COPD and CHD; Group #2: Vaccinated with PCV13, diagnosed with COPD only; Group #3: 

Unvaccinated, diagnosed with COPD. 

Cox proportional hazards modeling showed that both vaccinated groups had significantly lower 

mortality risk compared to the unvaccinated group. Group 1 (vaccinated COPD patients) had an odds 

ratio (OR) of 0.48 (95% CI: 0.35-0.65), and Group 2 (vaccinated patients with COPD and CHD) had an 

OR of 0.56 (0.43-0.73), all p-values <.05. Older age was significantly associated with higher mortality 

risk (OR:1.04, 95% CI: 1.01-1.06, p<.05). Kaplan-Meier survival curves (Figure 3) demonstrated 

consistently higher survival probabilities over 10 years in both vaccinated groups compared to the 

unvaccinated group, with Group 3 showing the steepest decline in survival. 
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Figure 3. Kaplan-Meier survival curves by vaccine group and by year. Abbreviations: CAP - Community-

Acquired Pneumonia; COPD - Chronic Obstructive Pulmonary Disease; CHD - Coronary Heart Disease; PCV13 

- 13-valent Pneumococcal Conjugate Vaccine. Study Groups: Group #1: Vaccinated with PCV13, diagnosed with 

both COPD and CHD; Group #2: Vaccinated with PCV13, diagnosed with COPD only; Group #3: Unvaccinated, 

diagnosed with COPD. 

The leading cause of death in Group 3 (unvaccinated COPD) was CAP (61.2%), followed by 

progressive respiratory failure (31.6%). In contrast, Group 2 (vaccinated with COPD and CHD) had 

more diverse causes, with CHF (23.2%) and myocardial infarction (6.5%) contributing significantly. 

Group 1 (vaccinated with COPD) had the lowest mortality from CAP (5.5%) and the highest 

proportions of deaths attributed to other cases (81.7%). 

4. Discussion 

The results of our 10-year observations study showed that PCV13 vaccination was associated 

with significantly lower rates of CAP, COPD exacerbations, hospitalizations, and mortality over a 10-

year period. At baseline, the patient groups showed no statistically significant differences in key 

clinical and functional parameters, including disease severity, and all patients received optimized 

standard therapy. However, vaccinated patients with COPD and CHD had a slightly shorter COPD 

history, lower, oxygen saturation, and reduced FEV1, and shorter 6-minute walk distance compared 

to other groups, indicating more severe health status due to the presence of COPD and CHD 

comorbidity. These baseline characteristics and treatment adjustments allow for a confident 

assessment of the impact vaccination on clinical outcomes and survival. In the unvaccinated group, 

mortality increased progressively from the first year, peaking by year 5 and 10. In contrast, vaccinated 

patients with isolated COPD or combined COPD and CHD showed no such trend. 

This long-term prospective observational study demonstrated significant vaccine effects of 

PCV13 on preventing CAP among patients with COPD and CHD. The key finding is sustained 

vaccine effects over a 10-year follow-up period. Cardiovascular disease exacerbates COPD 

symptoms, and observations data link CAP to increased risk of serious cardiac events, including 

myocardial infarction [19,20]. Streptococcus pneumoniae remains the most common cause of CAP 

globally [21,22]. Pneumococcal pneumonia and sepsis are independent long-term risk factors for 

adverse cardiac outcomes [23]. Myocardial infarction occurs in 5-7% of patients hospitalized with 

pneumococcal pneumonia, [24]. with the highest risk in the initial days post-infection. This may be 
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driven by systemic inflammation triggering localized changes in atherosclerotic plaques, increasing 

the risk of rupture [20]. Despite these associations, studies on the impact of pneumococcal vaccination 

on cardiovascular outcomes remain limited, especially in long-term contexts [25]. Therefore, the 10-

year follow-up data in patients with combined pathology offer valuable insights into the role of 

pneumococcal infection in cardiovascular risk and disease progression.  

A key strength of this study is the inclusion of only male patients which helped minimize the 

influence of hormonal factors on clinical outcomes. This approach is supported by GOLD 2011  data 

indicating a higher prevalence of COPD among men [26]. However, the rising incidence of COPD in 

women and their distinct pathophysiologic response, particularly to tobacco smoke, must be 

acknowledged as a limitation to generalizability [26]. By the 10-year of follow-up, the mean age of 

surviving patients was 71.0 years, highlighting age as a constant, non-modifiable risk factor for both 

COPD and CHD.  

While the study provides valuable long-term observational data on the impact of PCV13 on 

survival and disease management, its non-randomized design limits the strengths of casual inference. 

The observed benefits, though promising, should be interpreted with caution. Future randomized 

controlled trials are needed to confirm the vaccine’s effects on survival, functional outcomes, and 

cardiovascular risk in broader and more diverse populations. 

5. Conclusions 

PCV13 was associated with reduced risk of CAP, COPD exacerbations, and hospitalizations and 

improved long-term survival in patients with COPD and CHD. These findings underscore the clinical 

value of PCV13 and support its prioritization in immunization programs and clinical guidelines for 

patients with chronic respiratory and cardiovascular comorbidities. The observed benefits highlight 

the potential of PCV13 as a preventive strategy not only against infectious complications but also in 

mitigating disease progression and improving long-term outcomes in high-risk populations. Future 

randomized controlled trials are essential to confirm these findings, particularly regarding the 

vaccine’s impact on respiratory and cardiovascular outcomes. Further research should also explore 

the underlying mechanisms linking pneumococcal infection to adverse cardiac events and evaluate 

the long-term cost-effectiveness of widespread PCV13 immunization in comorbid populations. 
Data Availability: Datasets generated during and/or analyzed during the 

current study are available from the corresponding author on reasonable 

request. 
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