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Background: Limited data were available about the burden of cardiovascular events (CVEs) during hospitalization in elderly patients
with community-acquired pneumonia (CAP). The aim was to assess the incidence, characteristics, predictive factors and outcomes of
CVEs in elderly patients with CAP during hospitalization.
Methods: This study was a multicenter, retrospective research on hospitalized elderly patients with CAP from the CAP-China network.
Predictive factors for the occurrence of CVEs and 30-day mortality were identified by multivariable logistic regression analysis.
Results: Of 2941 hospitalized elderly patients, 402 (13.7%) developed CVEs during hospitalization with the median age of 81 years old.
Compared with non-CVEs patients, patients with CVEs were older, more comorbidities, and higher disease severity; use of glucocorticoids,
leukocytosis, azotemia, hyponatremia,multilobe infiltration and pleural effusionweremore common; the rate of clinical failure (CF), in-hospital
mortality and 30-day mortality were higher, which significantly increased with age and the number of CVEs (p < 0.001). Multivariable logistic
regression showed previous history of congestive heart failure (odds ratio [OR], 6.16; 95%CI, 4.14–9.18), CF (OR, 4.69; 95%CI, 3.392–6.48),
previous history of ischemic heart disease (OR, 2.22; 95%CI, 1.61–3.07), use of glucocorticoids (OR, 2.0; 95%CI, 1.39–2.89), aspiration (OR,
1.88; 95%CI, 1.26–2.81), pleural effusion (OR, 1.66; 95%CI, 1.25–2.20), multilobe infiltration (OR, 1.50; 95%CI, 1.15–1.96), age (OR, 1.05;
95% CI, 1.04–1.07), and blood urea nitrogen (OR, 1.03; 95% CI, 1.01–1.06) were independent predictors for the occurrence of CVEs, while
level of blood sodium (OR, 0.98; 95% CI, 0.97–0.99) was protective factor. Renal failure (OR, 9.46; 95% CI, 4.17–21.48), respiratory failure
(OR, 9.32; 95% CI, 5.91–14.71), sepsis/septic shock (OR, 7.87; 95% CI, 3.58–17.31), new cerebrovascular diseases (OR, 5.94; 95% CI, 1.78–
19.87), new heart failure (OR, 4.04; 95%CI, 1.15–14.14), new arrhythmia (OR, 2.38; 95%CI, 1.11–5.14), aspiration (OR, 1.95; 95%CI, 1.09–
3.50), CURB-65 (OR, 1.57; 95%CI, 1.21–2.02), andwhite blood cell count (OR, 1.05; 95%CI, 1.02–1.09) were independent predictors for 30-
day mortality in elderly patients with CAP, while lymphocyte count (OR, 0.63; 95% CI, 0.46–0.87) was protective factor.
Conclusion: Patients with CVEs had heavier disease burden and worse prognosis. Early recognition of risk factors is meaningful to
strengthen the management in elderly patients with CAP.
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Background
The burden of community-acquired pneumonia (CAP) ranks the first among all infectious diseases, especially in the
elderly people, with higher morbidity and mortality, more comorbidities and complications, higher need for admission to
intensive care unit (ICU) and rate of clinical failure (CF), and more medical expenses.1–5 Cardiovascular diseases
(ischemic heart disease, stroke) are the world’s biggest killers, responsible for 27% of the world’s total deaths in 2019,
according to the World Health Organization (WHO).6 The incidence of CAP and cardiovascular diseases significantly
increases with advanced age.5,7 Previous study indicated that older patients hospitalized with pneumonia had fourfold
increased risk of subsequent occurrence of acute cardiovascular events (CVEs) in the first 30 days after pneumonia.8 A
clinical rule that stratifies the risk of cardiac complications in patients hospitalized for CAP revealed that older patients
are at major risk of CVEs after pneumonia.9 A global systematic review and meta-analysis of observational studies
demonstrated that the overall rates of cardiac complications after CAP were 13.9%, and the rate of heart failure was
9.2%, arrhythmias 7.2%, acute coronary syndromes 4.5%, and stroke 1.7%.10 Meanwhile, the occurrence of CVEs
complicated the course of hospitalization with CAP. Compared to CAP patients without CVEs, CAP patients with CVEs
had higher rate of mechanical ventilation, more need to ICU admission, prolonged length of stay (LOS), higher rate of
short-term and long-term mortality, and higher 30-day re-hospitalization.10–12 Therefore, the mutual interaction between
these two diseases should arouse more attention of respiratory physicians and cardiologists.

Current studies mainly focus on the overall population of patients with CAP, yet rare data are for the certain elderly
population.13 Accordingly, we performed a multicenter, retrospective study to evaluate the burden of CVEs during
hospitalization and to explore the independent prognostic factors for the occurrence of CVEs and 30-day mortality in
elderly patients with CAP.

Methods
Study Setting, Design and Participants
This study is a multicenter, retrospective research on hospitalized elderly patients with CAP from the CAP-China
network. Data of patients aged 65 years or older were abstracted from 13 centers in seven cities in three provinces
between January 1, 2014 and December 31, 2014 (details are made available in the study by Han et al4). The study was
approved by the Human Subject Protection Program Institutional Review Board at China-Japan Friendship Hospital.
Additional approval was obtained from the local institutional review board of each participating hospital. Patient consent
was waived owing to the retrospective and observational study design.

Inclusion/Exclusion Criteria and CAP Definition
Inclusion criteria included (1) age ≥ 65 years; (2) one of the top five discharge diagnoses defined as CAP. Exclusion
criteria included (1) hospital-acquired pneumonia; (2) active tuberculosis; (3) non-infectious diseases, such as pulmonary
infarction, tumor or pulmonary edema; (4) acquired immune deficiency syndrome; (5) re-admission within 72 hours after
discharge.

CAP was defined as follows: (1) community onset; (2) presence of new infiltrate on chest X-ray or computed
tomography scan together with at least one of the following: (i) new or increased cough (productive, non-productive or
with a change in sputum characteristics) with or without dyspnea, chest pain or hemoptysis, (ii) fever, (iii) rales and/or
signs of consolidation, (iv) peripheral WBC counts >10,000 cells·mm−3 or <4000 cells·mm−3, with or without a left shift
toward immature forms.

Immunocompromised patients referred to these with solid-organ or stem cell transplant or bone marrow transplanta-
tion within one year of admission, chemotherapy for hematological disease or solid-tumor malignancy within six months
of admission or neutropenia <500 cells·m−3, chest radiation therapy within one month of admission, prescription with
immunosuppressive therapy within three months of admission or splenectomy.
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Data Collection
Details on admission such as demographic data, a series of clinical information, hematological data, evaluation of initial
antimicrobial treatment, are also available in the study by Han et al.4

Clinical failure (CF) is divided into early (≤72 hours) CF and late (>72 hours) CF. The detailed definitions are
available in the study by Han et al.3

Definition of CVEs
The CVEs considered during the hospitalization were defined as follows:

1. Events related with cardiac diseases: ① congestive heart failure (CHF) (new onset heart failure, or worsening
preexisting heart failure with typical signs and/or symptoms associated with elevation of brain natriuretic peptide
(BNP) or N-terminal pro-B-type natriuretic peptide (NT-proBNP);②new onset arrhythmia, or worsening preex-
isting arrhythmia (multifocal atrial tachycardia, atrial fibrillation or flutter; ventricular tachycardia, flutter or
fibrillation; new onset of high degree atrio-ventricular block (2nd and 3rd));③ acute myocardial infarction
(AMI) with typical signs or symptoms associated with troponin level above the normal value (according to the
reference range values of local laboratory) and/or ischemic electrocardiographic changes (new ST-T changes or
new left bundle branch block).

2. Events related with cerebrovascular diseases (CVDs): new onset of hemorrhagic or ischemic stroke or transient
ischemic attack defined as clinical manifestations and was confirmed by computed tomography or magnetic
resonance imaging.

3. Events related with thromboembolic diseases: pulmonary embolism (PE) or deep venous thrombosis (DVT) was
confirmed by clinical manifestations and by pulmonary artery angiography computed tomography or eco-Doppler
ultrasound, respectively.

All the patients diagnosed with CVEs (International Classification of Diseases, tenth revision [ICD-10] codes (in the
Additional file 1: Table S1)) were based on clinical manifestations, laboratory tests and consultation with specialists.

Statistical Analysis
According to the occurrence of CVEs during hospitalization, the patients were divided into CVEs group and non-CVEs
group. Categorical variables are presented as frequencies or percentages, and continuous variables are presented as
median (interquartile range, IQR). The χ2 test is used for categorical variables and the Mann–Whitney U-test for
continuous variables.

Variables showing significant difference in univariate analysis (p<0.10) are included in multivariate logistic regression
analysis model for the occurrence of any CVEs and 30-day mortality in elderly patients with CAP, and a stepwise forward
model is used to select independent risk factor. The 95% confidence intervals (CIs) and level of significance are reported.

All data are analyzed with SPSS (version 20, IBM Corp., New York, USA); p<0.05 is considered statistically
significant.

Results
Study Population and Clinical Characteristics
Excluding immunosuppressed patients, 2941 patients aged ≥ 65 years were finally analyzed. 13.7% (n=402) of elderly
patients with CAP occurred CVEs during hospitalization. Among them, 80.3% (n=323) were with acute CHF, 25.9%
(n=104) with arrhythmia, 8.2% (n=33) with AMI, 6.2% (n=25) with CVDs, 4.0% (n=16) with thromboembolic diseases
(six with PE and 10 with DVT). 73.1% (n=294) of patients had any one of CVEs, 22.6% (n=91) had two types of CVEs,
4.2% (n=17) had three types of CVEs.

Clinical characteristics of patients with or without CVEs are provided in Table 1. Patients with CVEs during
hospitalization were older, higher risk of aspiration, long-term bedridden confinement and more comorbidities, especially
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cardiovascular disease and CVDs. Compared with non-CVEs patients, the pneumonia severity in patients with CVEs was
more severe, history of CAP in past one year and use of glucocorticoids during hospitalization were more common.

Clinical Manifestations, Laboratory and Radiologic Findings
Compared with non-CVEs patients, the rates of wheezing, cyanosis and lower extremity edema were more common in
patients with CVEs, as well as unstable vital signs. Leukocytosis, hyperglycemia, azotemia, hyponatremia, hypoxemia,

Table 1 Comparison of Clinical Characteristics in Hospitalized Elderly CAP Patients with or without
CVEs (n=2941)

With CVEs (n=402) Without CVEs (n=2539) p value

Age (years) 81 (76–86) 77 (71–82) <0.001

Male sex 207 (51.5) 1392 (54.8) 0.216

Aspiration 86 (21.4) 223 (8.8) <0.001
Long-term bedridden status 68 (16.9) 187 (7.4) <0.001

Underlying conditions 393 (97.8) 2263 (89.1) <0.001

Cardiovascular disease 331 (82.3) 1511 (59.5) <0.001
Hypertension 255 (63.4) 1196 (47.1) <0.001

Ischemic heart disease 208 (51.7) 742 (29.2) <0.001
Congestive heart failure 84 (20.9) 110 (4.3) <0.001

Chronic respiratory disease 112 (27.9) 714 (28.1) 0.952

COPD 84 (20.9) 467 (18.4) 0.242
Bronchiectasis 24 (6.0) 261 (10.3) 0.006

Asthma 18 (4.5) 135 (5.3) 0.547

Peripheral vascular disease 19 (4.7) 69 (2.7) 0.039
Cerebral vascular disease 144 (35.8) 619 (24.4) <0.001

Diabetes mellitus 107 (26.6) 510 (20.1) 0.004

Chronic renal disease 40 (10.0) 106 (4.2) <0.001
Dementia 13 (3.2) 42 (1.7) 0.044

Chronic liver disease 3 (0.7) 32 (1.3) 0.618

Current smoking 62 (15.4) 373 (14.7) 0.705
Alcohol abuse 19 (4.7) 152 (6.0) 0.360

Statins before admission 56 (13.9) 212 (8.3) 0.001

History of CAP within 1 year 72 (17.9) 179 (7.1) <0.001
HCAP 109 (27.1) 380 (15.0) <0.001

Numbers of comorbidities 2.7±1.5 1.9±1.2 <0.001

Severity on hospital admission
CURB-65a 2.0±0.9 1.5±0.7 <0.001

PSIb 112.1±30.4 89.7±23.5 <0.001

Use of glucocorticoids 78 (19.4) 277 (10.9) <0.001
Outcomes

Clinical stability before discharge 218 (54.2) 2306 (90.8) <0.001

Adherent antibiotic regimens 116 (28.9) 1003 (39.5) <0.001
ICU admission 109 (27.1) 133 (5.2) <0.001

Clinical failure 168 (41.8) 209 (8.2) <0.001

In-hospital mortality 109 (27.1) 51 (2.0) <0.001
30-day mortality 122 (30.3) 86 (3.4) <0.001

Hospital LOS (days) 12 (8–19) 11 (8–15) 0.019

Total cost (RMB, median) 20,315.5 (12,043.5–37,784.4) 12,207.1 (8217.5–19,424.9) <0.001

Notes: aThe total number of patients with a complete data of CURB-65 score. n=2821. bThe total number of patients with a
complete data of PSI score. n=1637.
Abbreviations: CAP, community acquired pneumonia; CVEs, cardiovascular events; COPD, chronic obstructive pulmonary
disease; HCAP, healthcare-associated pneumonia; PSI, pneumonia severity index; ICU, intensive care unit; LOS, length of stay;
RMB, RenMinBi.
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acidosis, hypoproteinemia, multilobe infiltration and pleural effusion were more prone to occur in patients with CVEs.
During hospitalization, the incidence of related acute organ failure, diffuse intravascular coagulation (DIC) and gastro-
intestinal bleeding was notably different between the two groups (Table 2).

Outcomes
Compared with non-CVEs patients, patients with CVEs during hospitalization were more prone to be admitted to ICU,
administrated more guideline-discordant antibiotic therapy, higher rate of CF, and lower rate of clinical stability before
discharge. The median LOS in patients with CVEs was 12 days, significantly longer than that (11 days) in non-CVEs
patients (p=0.019). The in-hospital mortality and 30-day mortality were also significantly higher in CVEs patients than
those in non-CVEs patients (p<0.001), 27.1% versus 2.0%, 30.3% versus 3.4% respectively. Median total cost for one
elderly CAP patient with CVEs was RMB 20,315.5, significantly higher than that (RMB 12,207.1) for non-CVEs patient
(p<0.001). All the data are provided in Table 1.

Table 2 Comparison of Clinical Manifestations, Laboratory and Radiologic Findings in Hospitalized
Elderly CAP Patients with or without CVEs (n=2941)

Characteristics With CVEs (n=402) Without CVEs (n=2539) p value

Clinical features

Fever 213 (53.0) 1328 (52.3) 0.830

Cough 342 (85.1) 2291 (90.2) 0.003
Chest pain 23 (5.7) 232 (9.1) 0.022

Wheezing 256 (63.7) 970 (38.2) <0.001

Cyanosis 79 (19.7) 297 (11.7) <0.001
Lower extremity edema 132 (32.8) 321 (12.6) <0.001

Mental confusion 81 (20.1) 151 (5.9) <0.001

RR≥24 beats/min 42 (10.4) 75 (3.0) <0.001
HR≥125 beats/min 28 (7.0) 45 (1.8) <0.001

Hypotension 82 (20.4) 384 (15.1) 0.01

Laboratory findings
WBC>10000/mm3 (n=2878) 147 (37.3) 769 (31.0) 0.014

HCT<30% (n=2811) 85 (22.0) 298 (12.3) <0.001

Cr>123.76 umol/L (n=2812) 65 (17.0) 213 (8.8) <0.001
Glucose>14 mmol/L (n=2698) 20 (5.5) 65 (2.8) 0.009

Na<130 mmol/L (n=2824) 45 (13.6) 146 (6.0) <0.001

BUN>7 mmol/L (n=2821) 191 (50.0) 674 (27.6) <0.001
PH<7.3 (n=1847) 16 (5.2) 28 (1.8) 0.001

PaO2<60 mmHg (n=1847) 71 (23.3) 250 (16.2) 0.004

SaO2<90% (n=1811) 63 (21.6) 156 (10.3) <0.001
Lactic acid>2 mmol/L (n=1175) 44 (19.4) 116 (12.2) 0.007

Albumin<25 g/L (n=2797) 44 (11.7) 161 (6.7) 0.001

Complications (n=2941)
Respiratory failure 211 (52.5) 299 (11.8) <0.001

Acute liver failure 19 (4.7) 24 (0.9) <0.001

Acute renal failure 50 (12.4) 24 (0.9) <0.001
DIC 3 (0.7) 1 (0) 0.009

Gastrointestinal bleeding 45 (11.2) 22 (0.9) <0.001

Radiology findings on CT
Multilobe infiltration (n=2941) 225 (56.0) 1121 (44.2) <0.001

Pleural effusion (n=2941) 167 (41.5) 566 (22.3) <0.001

Abbreviations: CAP, community acquired pneumonia; CVE, cardiovascular event; RR, respiratory rate; HR, heart rate; WBC,
white blood cell; HCT, hematocrit; Cr, creatinine; Na, sodium; BUN, blood urea nitrogen; PaO2, partial arterial oxygen pressure;
SaO2, arterial oxygen saturation; DIC, disseminated intravascular coagulation; CT, computed tomography.
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The occurrence of CVEs significantly increased with age (p<0.001), and the incidence in patients aged ≥ 86 years was
as high as 25.9%, nearly fourfold than that in patients aged 65–70 years (Figure 1). The rate of CF, in-hospital mortality
and 30-day mortality significantly increased with the numbers of CVEs (p<0.001). The rate of in-hospital mortality and
30-day mortality in patients with three types of CVEs was 64.7% and 70.6%, respectively, threefold than that in patients
with one type of CVEs and 20–30 folds than that in patients without CVEs (p<0.001) (Figure 2).

Predictive Factors for the Occurrence of CVEs During Hospitalization
Table 3 shows that previous history of CHF (OR 6.16; 95% CI, 4.14–9.18, p<0.001), CF (OR 4.69; 95% CI, 3.392–6.48,
p<0.001), previous history of ischemic heart disease (OR 2.22; 95% CI, 1.61–3.07, p<0.001), use of glucocorticoids

Figure 1 The occurrence of CVEs, CF, in-hospital mortality, and 30-day mortality in elderly patients of different age groups. 1) As for the occurrence of CVEs, there are
statistical differences between the two groups (p<0.05), except for the group aged 65–70 years and 71–75 years, group aged 76–80 years and 81–85 years. 2) As for the rate
of CF, there are statistical differences between the group aged ≥86 years and all other groups (p<0.05). 3) As for the rate of in-hospital, there are statistical differences
between the group aged 65–70 years versus group aged 81–85 years and group aged ≥86 years (p<0.05); There are statistical differences between the group aged ≥86 years
and all other groups (p<0.05). 4) As for the rate of 30-day mortality, there are statistical differences between the group aged ≥86 years and all other groups (p<0.05).
Abbreviations: CVE, cardiovascular event; CF, clinical failure.

Figure 2 The occurrence of CF, in-hospital mortality, and 30-day mortality in elderly patients with different numbers of cardiovascular events. As for the rate of CF, in-
hospital and 30-day mortality, there are statistical differences between the two groups (p<0.05), except for group with two and three types of CVEs.
Abbreviation: CF, clinical failure.
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during hospitalization (OR 2.0; 95% CI, 1.39–2.89, p<0.001), aspiration (OR 1.88; 95% CI, 1.26–2.81, p=0.002), pleural
effusion (OR 1.66; 95% CI, 1.25–2.20, p<0.001), multilobe infiltration (OR 1.50; 95% CI, 1.15–1.96, p=0.003), age (OR
1.05; 95% CI, 1.04–1.07, p<0.001), and blood urea nitrogen (BUN) (OR 1.03; 95% CI, 1.01–1.06, p=0.007) were
independent predictors for the occurrence of any CVE during hospitalization in the multivariable logistic regression
model. While level of blood sodium (OR 0.98; 95% CI, 0.97–0.99, p=0.007) was a protective factor.

Predictive Factors for 30-Day Mortality in Elderly Patients with CAP
Table 4 shows that renal failure (OR 9.46; 95% CI, 4.17–21.48, p<0.001), respiratory failure (OR 9.32; 95% CI, 5.91–
14.71, p<0.001), sepsis/sepsis shock (OR 7.87; 95% CI, 3.58–17.31, p<0.001), new CVDs (OR 5.94; 95% CI, 1.78–
19.87, p=0.004), new heart failure (OR 4.04; 95% CI, 1.15–14.14, p=0.029), new arrhythmia (OR 2.38; 95% CI, 1.11–
5.14, p=0.027), aspiration (OR 1.95; 95% CI, 1.09–3.50, p=0.025), CURB-65 (OR 1.57; 95% CI, 1.21–2.02, p=0.001),
and white blood cell (WBC) count (OR 1.05; 95% CI, 1.02–1.09, p=0.006) were independent predictors for 30-day
mortality in elderly patients with CAP in multivariable logistic regression model. While lymphocyte count (OR 0.63;
95% CI, 0.46–0.87, p=0.006) was a protective factor.

Discussion
This is the first retrospective multicenter study to evaluate the disease burden of CVEs and risk factors for incidence of
CVEs in hospitalized elderly patients with CAP in China. Our study discovers that: 1) 13.7% of elderly patients with
CAP experience CVEs during hospitalization with higher rate of CF and poorer prognosis. 2) Independent risk factors
associated with CVEs are age, aspiration, previous history of CHF and ischemic heart disease, level of BUN, CF, use of

Table 3 Predictive Factors for the Occurrence of CVEs During Hospitalization in Univariate and Multivariable Logistic Regression
Analysis

Predictive Factors Univariate Logistic Regression Analysis Multivariable Logistic Regression Analysis

OR 95% CI p OR 95% CI p

Age 1.061 1.041–1.082 <0.001 1.054 1.035–1.074 <0.001
Sex 0.838 0.675–1.042 0.111 –

Long-term bedridden status 2.568 1.890–3.490 <0.001 1.112 0.716–1.725 0.637

Aspiration 2.665 2.007–3.539 <0.001 1.881 1.259–2.811 0.002
Cardiovascular disease 3.272 2.472–4.332 <0.001 1.142 0.683–1.911 0.612

Hypertension 1.903 1.521–2.380 <0.001 1.367 0.949–1.968 0.093

Ischemic heart disease 2.856 2.291–3.560 <0.001 2.222 1.609–3.069 <0.001
Congestive heart failure 6.158 4.516–8.389 <0.001 6.164 4.139–9.181 <0.001

Chronic respiratory disease 1.030 0.810–1.310 0.809 -

Diabetes mellitus 1.447 1.129–1.855 0.004 1.113 0.815–1.521 0.500
Cerebral vascular disease 1.651 1.311–2.079 <0.001 0.943 0.694–1.282 0.707

Chronic renal disease 2.575 1.749–3.791 <0.001 1.249 0.755–2.066 0.386

WBC count 1.039 1.017–1.062 <0.001 1.002 0.975–1.030 0.865
Lymphocyte count 0.745 0.634–0.876 <0.001 0.970 0.858–1.096 0.621

Albumin 0.950 0.933–0.967 <0.001 0.990 0.967–1.014 0.419

Blood sodium 0.978 0.966–0.0991 0.001 0.981 0.967–0.995 0.007
BUN 1.077 1.058–1.096 <0.001 1.031 1.009–1.055 0.007

CURB-65 1.997 1.745–2.285 <0.001 1.149 0.945–1.397 0.165

PaO2 0.996 0.991–1.001 0.124 -
Clinical failure 7.596 5.931–9.730 <0.001 4.687 3.392–6.476 <0.001

Use of glucocorticoids 2.007 1.512–2.663 <0.001 2.000 1.385–2.887 <0.001

Pleural effusion 2.602 2.078–3.258 <0.001 1.661 1.254–2.200 <0.001
Multilobe infiltration 1.696 1.362–2.111 <0.001 1.503 1.151–1.963 0.003

Abbreviations: CVE, cardiovascular event; OR, odds ratio; CI, confidence interval; WBC, white blood cell; BUN, blood urea nitrogen; PaO2, arterial partial pressure of
oxygen.
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systematic glucocorticoids during hospitalization, pleural effusion, and multilobe infiltration; while level of blood sodium
is a protective factor. 3) Independent risk factors associated with 30-day mortality are renal failure, respiratory failure,
sepsis/sepsis shock, new CVDs, new heart failure, new arrhythmia, aspiration, CURB-65, and WBC count; while
lymphocyte count is a protective factor.

Nowadays, there were some researches on CVEs during the course of or after CAP. However, the incidence of CVEs
differs as the different inclusion criteria of CVEs. In a multicenter prospective study enrolled 1266 patients with CAP,
data indicated that 23.8% of patients experienced at least a CV event (excluded the thromboembolic diseases),12 higher
than that in our study. We considered the gap is mainly related to the low proportion of patients in PSI class IV or V or
CURB-65 class 3–5. The most common CVE during hospitalization is newly diagnosed acute heart failure (11.0%),
followed by arrhythmia (3.5%) and AMI (1.1%), similar with the data from systematic review and meta-analysis of
observational studies.10 As to the mechanisms about the occurrence of CVEs in patients with CAP, previous studies
demonstrated acute or persistent inflammation after CAP became the fuse of potential triggers for cardiac events, leading
to the increased pro-inflammatory cytokines or activation of pro-coagulant factors. Plaque-related CVEs (AMI) and
plaque-unrelated CVEs (arrhythmias and heart failure) occurred after plaque rupture, in-situ thrombus formation, and
alteration of the balance of arterial perfusion or diffuse organ abnormalities with cellular dysfunction.14–18 Additionally,
the occurrence of type 2 myocardial infarction (T2MI) after acute infection is considered to be related to“demand
ischemia” (a mismatch in myocardial oxygen supply and demand).19 In older adults, coronary stenosis from chronic

Table 4 Predictive Factors for 30-Day Mortality in Elderly CAP Patients in Univariate and Multivariable Logistic Regression Analysis

Predictive Factors Univariate Logistic Regression Analysis Multivariable Logistic Regression Analysis

OR 95% CI p OR 95% CI p

Age 1.061 1.041–1.082 <0.001 0.995 0.968–1.024 0.745

Sex 1.085 0.817–1.442 0.572 –
Long-term bedridden status 4.027 2.847–5.695 <0.001 1.714 0.942–3.119 0.078

Aspiration 3.716 2.669–5.175 <0.001 1.953 1.089–3.501 0.025

Cardiovascular disease 1.591 1. 641–2.175 0.004 1.219 0.549–2.708 0.627
Hypertension 1.406 1.058–1.870 0.019 0.701 0.369–1.332 0.278

Ischemic heart disease 1.626 1.221–2.165 0.001 1.001 0.584–1.716 0.997

Congestive heart failure 2.181 1.405–3.385 0.001 1.280 0.651–2.518 0.474
Chronic respiratory disease 0.669 0.475–0.943 0.022 1.248 0.757–2.059 0.386

Diabetes mellitus 1.352 0.978–1.868 0.068 0.695 0.415–1.163 0.166

Cerebral vascular disease 2.141 1.602–2.859 <0.001 1.006 0.623–1.627 0.979
Chronic renal disease 3.447 2.223–5.346 <0.001 1.337 0.634–2.821 0.446

CURB-65 3.130 2.637–1.714 <0.001 1.565 1.214–2.017 0.001

WBC count 1.101 1.075–1.129 <0.001 1.053 1.0.15–1.093 0.006
Lymphocyte count 0.364 0.277–0.479 <0.001 0.631 0.455–0.874 0.006

Albumin 3.305 2.218–4.925 <0.001 1.006 0.969–1.044 0.752

Complications during hospitalization
Sepsis/septic shock 75.583 39.533–144.508 <0.001 7.867 3.576–17.308 <0.001

Respiratory failure 32.638 22.474–47.399 <0.001 9.325 5.910–14.714 <0.001

Renal failure 57.342 31.505–104.366 <0.001 9.460 4.165–21.484 <0.001
Pleural effusion 1.778 1.322–2.392 <0.001 1.049 0.674–1.632 0.833

CVEs 11.535 8.533–15.594 <0.001 0.569 0.154–2.109 0.399

New heart failure 10.331 7.633–13.983 <0.001 4.040 1.154–14.142 0.029
New arrhythmia 15.005 9.889–22.768 <0.001 2.384 1.107–5.137 0.027

Acute myocardial infarction 13.314 6.623–26.762 <0.001 1.313 0.467–3.695 0.606
New CVDs 7.680 3.351–17.599 <0.001 5.943 1.777–19.873 0.004

Thromboembolic disease 1.886 0.426–8.353 0.404 -

Abbreviations: CAP, community acquired pneumonia; OR, odds ratio; CI, confidence interval; WBC, white blood cell; CVEs, cardiovascular events; CVDs, cerebrovascular
diseases.
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plaques and possibly toxin-mediated vasoconstriction after acute infection may lead to increased cardiac metabolic
mismatch.20 Data discovered T2MI gradually increased with advanced age, especially among patients aged over 75 years
old.21 Thence, appropriate antimicrobial regimens, effective treatment against other underlying diseases, anticoagulation
therapy, dynamic monitoring of laboratory indicators, and timely adjustment of therapeutic plans can play an important
role in the control of inflammation.

The disease burden of elderly patients with CAP experienced CVEs is heavier. In a prospective multicenter cohort of
1182 CAP inpatients enrolled between 2011 and 2016, Francesco Violi et al reported patients who experienced a CVE
were older, had a higher prevalence of underlying diseases and complications, higher disease severity, unstable vital signs
and 30-day mortality,22 in line with our results. In our study, a significant increasing trend in the proportion of patients
with CVEs, CF, and short-term mortality was found across the advanced age; meanwhile, the increased numbers of CVEs
lead to poorer prognosis. Patients with CVEs had significantly lower proportion of guideline-concordant antibiotic
therapy than that in patients without CVEs, thus, the proportion of CF significantly increased accordingly as well as
prolonged LOS and higher short-term mortality.3 This result suggests that appropriated evaluation of pathogens plays an
important role in the choice of optimal antimicrobial regimen.

We confirmed previous reports showing that history of heart failure, previously diagnosed coronary artery disease,
pleural effusion, multilobe infiltration, age and BUN were independently associated with CVEs.12,16,23–26 In the first
analysis of prospectively collected data from the Pneumonia Patient Outcomes Team cohort study in patients with CAP,
sodium<130 mmol/L was considered as independent risk factor for incident cardiac complications.25 In our data, level of
blood sodium (OR 0.98; 95% CI, 0.97–0.99, p=0.007) was protective factor for the occurrence of CVEs, suggesting the
similar conclusion. Adjunctive use of corticosteroids for patients with CAP has been controversial, even for severe
CAP.27–29 In a propensity-score adjusted Cox model by Cangemi et al, use of corticosteroid for patients with CAP was
associated with a lower incidence of intra-hospital myocardial infarction (OR 0.46; 95% CI 0.24–0.88, p=0.02), albeit not
reducing either overall mortality or cardiovascular death.30 Conversely, we found adjunctive use of corticosteroids during
hospitalization was associated with a higher incidence of CVEs (OR 2.0; 95% CI, 1.39–2.89, p<0.001). In an observa-
tional study of 500 consecutive patients hospitalized with CAP who were enrolled in the Community-Acquired
Pneumonia Organization (CAPO) cohort study, data addressed CF was significantly related to the occurrence of AMI
(OR, 4.22; 95% CI, 1.10–16.29),31 generally consistent with our conclusion. 21.4% of elderly patients with CVEs in our
population had higher risk of aspiration. Aspiration can bring about chemical pneumonia, bacterial pneumonia, or lipoid
pneumonia, and thus lead to acute or chronic infection and inflammation. Acute infections not only destabilize vascular
endothelium and result in an imbalance between myocardial oxygen supply and demand, but also have both systemic and
local effects on coronary vessels, thence creating an increased risk of cardiovascular events.32,33 In our multivariable
logistic regression analysis, aspiration was confirmed as an independent predictor for CVEs.

The results of the current study are concordant with previous evidence that aspiration, CURB-65, WBC count, sepsis/
sepsis shock and respiratory failure were independent predictors for short-term mortality for elderly patients with
CAP.4,34–37 We found the complication after CAP, renal failure was significantly associated with increased 30-day
mortality (OR 9.46; 95% CI, 4.17–21.48, p<0.001). Yet, in the past literatures, BUN is more used to an evaluation
indicator. A retrospective cohort study from China by Kang and coworkers assessing 4880 CAP patients aged ≥ 65 years
showed that BUN was a prognostic factor for in-hospital mortality.35 Data from a multicenter prospective study on the
Implications of acute Cardiovascular Events in patients hospitalized for Community-Acquired Pneumonia (ICECAP),
enrolling patients consecutively hospitalized from 2016 to 2018, indicated the occurrence of any CVE during hospita-
lization independently and significantly increased the risk of 30-day mortality (HR 1.69; 95% CI, 1.14–2.51, p = 0.009);
while newly diagnosed heart failure, new onset atrial fibrillation or flutter, acute coronary syndrome, separately, were not
associated with increased risk of 30-day mortality.12 The current study is the first to our knowledge to illustrate new
CVDs, new heart failure, and new arrhythmia were independently and significantly increased the risk of 30-day mortality
for elderly patients with CAP.

There are some limitations in our study that should be acknowledged. The present study was a retrospective design;
thus, missing data were inevitable There were no records about the timing of onset of CVEs, the detailed type of new
arrhythmia and CVDs during hospitalization. Furthermore, medications like statins and anticoagulants during
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hospitalization were also not evaluated. Meanwhile, we did not evaluate the association between pathogens or anti-
microbial treatment and the occurrence of CVEs. Finally, biomarkers such as D-dimer, BNP, NT-proBNP presented lots
of missing values, thereby, the relationship between biomarkers and the occurrence of CVEs could not be explored.

Conclusions
CVEs during hospitalization are common in elderly patients with CAP in China. Patients with CVEs have heavier disease
burden and poorer outcomes, especially those with new CVDs, new heart failure, and new arrhythmia, which are
independently and significantly prognostic factors for short-term mortality. It is critical for clinicians to early identify risk
factors and strengthen the hierarchical management of elderly patients with CAP.

Abbreviations
CVEs, cardiovascular events; CAP, community-acquired pneumonia; CHF, congestive heart failure; CVDs, cerebrovas-
cular diseases; CF, clinical failure; OR, odds ratio; ICU, intensive care unit; WHO, World Health Organization; LOS,
length of stay; BNP, brain natriuretic peptide; NT-proBNP, N-terminal pro-B-type natriuretic peptide; AMI, acute
myocardial infarction; PE, pulmonary embolism; DVT, deep venous thrombosis; IQR, interquartile range; CIs, con-
fidence intervals; DIC, diffuse intravascular coagulation; BUN, blood urea nitrogen; WBC, white blood cell; PSI,
pneumonia severity index; T2MI, type 2 myocardial infarction; CAPO, Community-Acquired Pneumonia
Organization; ICECAP, Implications of acute Cardiovascular Events in patients hospitalized for Community-Acquired
Pneumonia; DIC, disseminated intravascular coagulation; COPD, chronic obstructive pulmonary disease; HCAP, health-
care-associated pneumonia; RR, respiratory rate; HR, heart rate; HCT, hematocrit; Cr, creatinine; Na, sodium; PaO2/FiO2,
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saturation; CT, computed tomography.
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