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Abstract
Community-acquired pneumonia (CAP) is a common lower respiratory tract infection, often complicated by cardiovascular 
events, including cardiac arrhythmias. New-onset atrial fibrillation (newAF) has been associated with increased mortality 
in CAP patients, especially in those critically ill; however, limited data on the prevalence of newAF in patients with CAP 
are available. We aim to estimate the pooled prevalence of newAF and its impact on adverse outcomes in patients with CAP, 
through a systematic review and meta-analysis. MEDLINE and EMBASE were systematically searched from inception to 
27 January 2022. All studies reporting the prevalence of newAF in CAP patients were included and all-cause mortality was 
extracted when available. The pooled prevalence of newAF, 95% Confidence Intervals (CI), and 95% Prediction Intervals 
(PI) were computed. The inconsistency index  (I2) was calculated to measure heterogeneity. Subgroup analyses were also 
performed. A protocol for this study was registered on PROSPERO (CRD42022307422). Among 7,655 records retrieved, 10 
studies were included, with a total of 280,589 CAP patients. Pooled prevalence of newAF in CAP patients was 7.6% (95% 
CI 6.4–9.0%, 95% PI 4.3–13.1%,  I2 = 95%). Subgroup analyses showed no significant differences according to geographical 
location or study design. Patients with newAF had a higher risk of mortality among the studies included in the systematic 
review. NewAF is a common complication, occurring in 7.6% of CAP patients, with prediction intervals suggesting an even 
higher burden. CAP patients who develop newAF during hospitalization may be at higher risk of mortality in both short- 
and long-term follow-up.
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Introduction

Community-acquired pneumonia (CAP) is the most com-
mon lower respiratory tract infection. It is a world-leading 
cause of mortality and morbidity [1], and it is often com-
plicated by cardiovascular events [2]. CAP occurs in mid-
dle-aged and elderly patients, more likely to be at a higher 
risk of cardiac comorbidities. Acute infections, indeed, 
act as precipitating factors of acute cardiac events, such as 
myocardial infarction and cardiac arrhythmias [2].

The association between CAP and cardiovascular com-
plications has been extensively studied during the last 
decades, and previous systematic reviews have tried to 
summarize the available evidence [3, 4]: a meta-analysis 
of observational studies showed that the incidence of over-
all cardiac complications were 17.7%, with the incident 
cardiac arrhythmias up to 4.7% [3], while a recent one [4] 
confirmed the high rate of overall cardiac complications, 
but showed a higher rate of incident cardiac arrhythmias 
(7.2%). However, none of these previous reports was spe-
cifically focused on atrial fibrillation.

Indeed, among cardiac arrhythmias, new-onset atrial 
fibrillation (newAF)—defined as a new or first detectable 
episode of a chaotic and irregular atrial rhythm, whether 
symptomatic or not [5], usually confirmed through 12-lead 
ECG—can be frequently observed during acute respira-
tory infection and has been repeatedly associated with 
increased mortality in CAP patients, especially in critically 
ill ones [6]. The pathophysiological link between newAF 
and infections could be explained by the systemic inflam-
matory response and the pro-inflammatory cytokines cas-
cade causing both structural and electrical atrial remod-
eling which increases the risk for newAF [7]. However, 
infection type is paramount for determining the risk of 
newAF: pneumonia has a higher risk profile compared to 
other infections [8], whereas sepsis or septic shock, which 
are characterized by a distinct cytokine profile [9], has an 
even higher risk [10, 11]. Consistently, recent evidence 
showed that newAF is a common complication of severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2)-associated pneumonia [12], likely due to the specific 
cytokines signature associated with this infection [13].

To date, there is still uncertainty about the actual preva-
lence of newAF in patients with CAP, and the relation-
ship between newAF and the subsequent risk of adverse 
outcomes. Indeed, recent evidence has shown how newAF 
triggered by infections might place the patient at risk of 
recurrence and hospitalization for AF in the long-term [8]. 
These data would be of clinical relevance to implement 
specific preventive strategies or tailored management for 
patients with CAP-related newAF.

This study aims to perform a comprehensive evaluation 
of the prevalence and outcomes of newAF in patients with 
CAP, through a systematic review and meta-analysis of the 
current literature.

Methods

This systematic review has been conducted in accordance 
with the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines and recommen-
dations. A protocol for this study was registered into the 
international prospective register of systematic reviews 
(PROSPERO), N. CRD42022307422.

Search strategy

A comprehensive and systematic literature search was 
performed on MEDLINE and EMBASE databases, from 
inception to 27 January 2022. Relevant key terms were 
combined in the search strategy, including ‘Community-
Acquired Pneumonia”, “Lower Respiratory Tract Infection”, 
“Pneumonia”, “Atrial Fibrillation”. The complete search 
strategy is detailed in Supplementary Material (Table S1). 
A protocol for this study was registered on PROSPERO 
(CRD42022307422).

Studies selection

According to PRISMA guidelines [14], all articles retrieved 
from the literature search were systematically and sequen-
tially screened independently for eligibility by two co-
authors (BC and FT), according to title and abstract. Each 
article included after the first screening phase was then 
evaluated according to full-text eligibility. References of the 
included studies were cross-checked for inclusion of other 
potentially relevant papers. Any disagreement was resolved 
by a collegial discussion with a third author (GFR).

Inclusion and exclusion criteria

The main inclusion criteria were: i) all studies reporting the 
number of patients with CAP who developed newAF during 
the hospital stay or in a time range of 30 days from hospi-
tal admission; ii) Sample size ≥ 50 patients. We excluded 
studies on highly selected cohorts of patients (i.e., cohorts 
composed only of patients with previous AF), and those 
that included patients with pneumonia caused by coronavi-
rus disease 2019 (COVID-19). Finally, we excluded confer-
ence abstracts, comments, editorials, case reports, system-
atic reviews, and meta-analyses. In the case of two or more 
studies based on the same cohort of patients, we selected the 
study with the highest number of patients included.
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Data extraction and quality assessment

Data from the studies included were independently extracted 
by two co-authors (BC and FT), through a standardized elec-
tronic form. We extracted data on sample size, numbers of 
patients with CAP, prevalence of newAF during hospital 
stay and data on mortality according to the newAF status. 
We also extracted data on sex, type of study, geographical 
locations, and prevalence of baseline comorbidities (i.e., 
hypertension, type 2 diabetes mellitus, coronary artery 
disease, previous cerebrovascular disease, history of atrial 
fibrillation, chronic obstructive pulmonary disease, intensive 
care unit (ICU) admission, chronic kidney disease (CKD)).

Two co-authors (BC and FT) independently evaluated the 
risk of bias of individual studies. For this purpose, we used 
a customized version of the Newcastle–Ottawa Scale (NOS) 
for cohort studies [15]. This scale was composed of 5 items 
across three domains (Selection, Comparability, Outcome), 
and a maximum of 5 points; each study with a NOS ≤ 3 was 
categorized as at high risk of bias. The scale used is reported 
in supplementary material, Table S2.

Patients and outcomes definition

We defined CAP according to the diagnostic method used 
in the original studies included (i.e., radiological, clinical, 
and/or microbiological). NewAF was defined as per the cri-
teria defined in the original studies, according to 12-lead 
ECG diagnosis for the observational studies, or International 
Classification of Diseases (ICD) codes for administrative 
database, when reported.

Primary aim of our study was to estimate the prevalence 
of newAF among CAP patients. According to the criteria 
used in the included studies, prevalence of newAF was 
defined as the proportion of CAP patients with a diagnosis 
of newAF.

Secondary aim was to evaluate the all-cause mortality, 
defined as per the original studies included, among patients 
who developed newAF during hospitalization for CAP, com-
pared to those without newAF.

Statistical analysis

Pooled prevalence of newAF, 95% confidence intervals 
(CI) and 95% prediction intervals (PI) were estimated 
using a generalized linear mixed model (random intercept 
logistic regression model). Prediction intervals represent 
a range of values that predicts the effect size of a new 
potential study, and provide a more comprehensive evalu-
ation of the heterogeneity [16]. Inconsistency index  (I2) 
was used to quantify the amount of the dispersion of effect 
size across studies that can be attributed to heterogeneity. 
According to pre-specified cut-offs [17], we defined low 

heterogeneity as an  I2 of < 25%, moderate heterogeneity 
when  I2 was between 25 and 75%, and high heterogeneity 
when  I2 was > 75%. To investigate the potential sources 
of heterogeneity, we also performed subgroup analyses 
according to study-level characteristics (i.e., geographical 
location and study design). All the statistical analyses were 
performed using R version 4.1.2 [18], using the ‘meta’ 
[19], ‘metafor’ [20], and ‘dmetar’ [21] packages.

Results

A total of 7,651 studies were retrieved from the literature 
search (905 from MEDLINE and 6,746 from EMBASE). 
After duplicates removal, and sequential screening of title 
and abstract, we evaluated 29 full texts for eligibility, and 
9 studies were included according to the inclusion and the 
exclusion criteria (Figure S1 in Supplementary Materi-
als). Additionally, a cross-reference search was performed 
and identifies 4 studies that were assessed for eligibility, 
of which 1 was included. Finally, a total of 10 studies 
were included in the systematic review and meta-analysis 
with a total of 280,589 CAP patients included. A summary 
of the characteristics of the included studies is presented 
in Table 1. Briefly, 6 studies were based on prospective 
cohorts [22–27] of which 4 were multicentre [23–25, 27]; 
2 studies were based on administrative databases [8, 28], 
while the other 2 were based on retrospective single-center 
cohorts [29, 30]. Seven studies were held in Europe [8, 22, 
24, 25, 27, 28, 30]; while 3 were held in other geographi-
cal locations [23, 26, 29].

Mean age of the included patients ranged from 32.3 to 
76.2 years. Male individuals accounted for 48% to 64% 
of patients included, and the most prevalent comorbidity 
was hypertension (33–65%). As for the definition of CAP, 
2 studies were based on ICD-10 codes [8, 28], while in all 
the other studies, CAP diagnosis was based on radiologi-
cal, clinical, and/or microbiological definitions. Consist-
ently, newAF was defined on ICD-10 codes in one study 
[8], while in the other studies newAF diagnosis relied on 
direct examination of 12-leads electrocardiograms. Only 
in one study the definition was not reported [27]. Timing 
for newAF diagnosis, according to inclusion criteria, was 
during the hospital stay for CAP in 9 studies [8, 22–26, 
28–30], and within 30 days from admission in one study 
[27].

Bias assessment for the prevalence of newAF in CAP 
patients is reported in Supplementary Materials, Table S3. 
Among 10 studies, 1 was determined to be at high risk 
of bias [29] because of a selected cohort of CAP (only 
pneumococcal pneumonia) and no baseline characteristics 
reported.
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Prevalence of new‑onset atrial fibrillation

Among 10 studies, the pooled prevalence of newAF was 
7.6% (95% CI 6.4–9.0%; 95% PI 4.3–13.1%) (Fig.  1). 
Evaluation of the heterogeneity showed a high grade of 
between-study variability  (I2 = 95%), although 90% of stud-
ies included consistently reported a prevalence of newAF 
between 5.3% and 10.3%. Leave-one-out sensitivity analyses 
showed overall consistent results for both pooled estimate 
and heterogeneity (Supplementary material, Figure S2). 
To evaluate the potential sources of heterogeneity, we per-
formed subgroup analyses which did not shown differences 
according to geographical location (Supplementary material, 
Figure S3), or according to the study design (Supplementary 
material, Figure S4).

Systematic review of outcomes according to newAF

Five studies reported data about mortality according to 
newAF status [8, 22, 24, 25, 28]. One study reported in-
hospital mortality [22], while other three reported mortality 
within 30 [24], 90 [28] and 180 days [25] after admission; 
finally, one study reported mortality within 12 months of 
follow-up [8]. Given the variability in the duration of follow-
up, a meta-analysis was not performed, and we only report 
the systematic review of the studies included.

Table 2 reports a summary of the studies including data 
on outcomes. Overall, mortality rate was broadly higher in 
newAF patients than in those without. Specifically, one study 
reported an increased risk of 1-year mortality [8] (adjusted 
Hazard Ratio (aHR): 1.42, 95%CI 1.37–1.47). Consistently, 
other studies reported an increased mortality rate at 180 
days [25] and an increased risk of 90-day mortality [28]. A 
non-significant increase in the in-hospital mortality rate was 
also observed in the study of Pieralli et al. [22] (18.8% vs 
11.4%, p = 0.16). Finally, one study found no significant dif-
ference between the two groups regarding 30-day mortality 
[24]; however, this study included up to 20% of patients with 

pre-existing AF, which represents a difference compared to 
other studies. Moreover, in this study, newAF was defined 
considering both AF and atrial flutter.

Discussion

In this systematic review and meta-analysis of 280,589 
patients with CAP, we found that newAF is common among 
hospitalized patients with CAP, with a pooled prevalence 
of newAF up to 7.6%, and PIs pointing toward a potential 
higher prevalence, up to 13% of CAP patients. Although a 
high between-study variability was found among the cohorts 
included, 9 out of 10 studies showed an estimate of newAF 
prevalence between 5 and 10%, underlining the robustness 
of our findings and perhaps an overall low clinical relevance 
of the heterogeneity found. Consistently, no subgroup differ-
ence was found according to geographical location or study 
design. Finally, the studies that evaluated outcomes accord-
ing to newAF presence found that newAF patients were at 
higher risk of all-cause death compared to patients who did 
not develop newAF during CAP.

To our knowledge, our study is the first to provide a 
comprehensive evaluation of the studies that investigated 
the relationship between CAP and newAF, and our find-
ings deliver two key messages: first, newAF is a common 
cardiac arrhythmia triggered by CAP, potentially affecting 
up to 1 out of 13 hospitalized patients with CAP; second, 
patients who develop newAF are at higher risk of adverse 
outcomes and, specifically, mortality compared to those in 
stable sinus rhythm.

Several hypotheses sustain the association between CAP 
and newAF and may explain the prevalence observed. The 
hypoxia caused by CAP and due to direct lungs damage 
may represent the trigger for sub-clinical or manifested 
atrial arrhythmia [29], as suggested for other respiratory 
conditions associated with the presence of AF [31]. Moreo-
ver, inflammation may be a key driver of the increased risk 

Fig. 1  Prevalence of newAF 
in CAP patients. Legend: CAP 
Community-acquired Pneumo-
nia,  CI Confidence Intervals, 
GLMM Generalized Linear 
Mixed Model, I2 Inconsistency 
Index, newAF new-onset Atrial 
Fibrillation
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of newAF in these patients [7], as observed also in other 
clinical scenarios [31]. Unsurprisingly, the onset of AF has 
been repeatedly described during sepsis [6, 32], a condition 
in which increased expression of inflammatory cytokines 
(including Interleukin-6 (IL-6), IL-8, and Tumor necrosis 
factor α) is thought to contribute to left atrial electric remod-
eling which in turns increases the risk of AF [7, 33, 34]. This 
pathophysiological hypothesis can be applied also to CAP 
and may explain the findings observed in our study.

Nonetheless, several reports have recently described an 
association between newAF and COVID-19 [35, 36]. Con-
sistently, a recent meta-analysis [12] of hospitalized patients 
with COVID-19 reported a pooled prevalence of newAF 
(8.0%) similar to what we observed in the current study. 
Taken together, all these shreds of evidence reinforce the 
hypothesis of a close relationship between infections and 
newAF, and specifically for lower respiratory tract infections 
and CAP. Indeed, further studies are urgently needed to clar-
ify the pathophysiological mechanisms between infections, 
inflammation, and the onset of newAF, with also a specific 
focus on the interplay between these factors and the risk of 
thromboembolism and other major outcomes.

Other factors may contribute to the findings observed, 
beyond the pathophysiological mechanisms already 
described. Particularly, is it possible that patients with CAP 
requiring hospitalization have a higher burden of cardiovas-
cular comorbidities and risk factors, with a subsequently 
higher risk of developing cardiovascular complications 
during the in-hospital stay, including newAF [37]. This 
hypothesis is consistent with the observation of lower rates 
of cardiovascular complications in CAP outpatients [38], 
suggesting that newAF—beyond being directly triggered 
by CAP—may also represent a marker of increased clinical 
complexity, and may be influenced by the severity of the 
underlying disease [39].

Indeed, our systematic review also showed a broadly 
higher risk of mortality in patients that developed newAF. 
Although the significant variability in the definition of the 
outcomes (particularly regarding follow-up length) prevents 
us to conduct a proper meta-analysis, the evidence available 
from the 5 studies with available data sustains the hypoth-
esis that patients who developed newAF during CAP would 
experience a higher risk of mortality during follow-up. 
Although further studies are clearly needed to shed light on 
the actual mechanisms underlying the association between 
newAF and worse prognosis in CAP patients, newAF may 
represent a marker of an overall higher clinical complexity 
and risk for cardiovascular complications, which may trans-
late in worse prognosis during follow-up. It seems plausible 
that several factors (including older age, the higher burden 
of comorbidities and risk factors, and the higher severity of 
the CAP episode) may account for both the onset of newAF 
and the increased risk of mortality and worsened prognosis.

Nonetheless, mortality is only one of the adverse out-
comes associated with newAF: indeed, thromboembolism 
and AF recurrence are, among others, events that have 
a higher incidence among CAP patients who develop 
newAF. Among the studies included in our systematic 
review, one showed how the risk of AF at 1-year follow-
up was 25-fold higher in patients who developed newAF 
during infections, compared to those who maintained sinus 
rhythm; moreover, these patients also showed a twofold 
higher risk of thromboembolism [8]. Consistently, another 
recent analysis from a Danish-nationwide database [40] 
has shown how patients developing newAF during CAP, if 
not properly managed according to their thromboembolic 
risk (i.e., receiving oral anticoagulant) had a significant 
long-term risk of thromboembolism, when compared to 
patients who did not develop newAF; the risk was higher 
for those with high thromboembolic risk. While we still 
lack conclusive evidence on the rate of recurrence of 
AF, and on the optimal long-term management of these 
patients, these findings seem to suggest the need for appro-
priate long-term stroke prevention for patients with newAF 
during CAP, taking into account the risk–benefit profile for 
OAC prescription. This evidence supports the hypothesis 
that AF triggered by pneumonia should be regarded and 
managed consistently with its long-term thromboembolic 
risk. Indeed, this seems consistent with the approach intro-
duced in the 2020 ESC guidelines for the management of 
AF [41]: while no-specific recommendations were pro-
duced for infection-related AF, the guidelines advocated 
for considering long-term OAC in those patients with 
post-operative AF (another form of “triggered AF”) and 
increased risk of stroke [42].

Taken together, our observations regarding the preva-
lence of newAF and the increased risk of adverse events 
during follow-up can be useful to shape our understanding 
on the epidemiology and impact of newAF in patients with 
CAP and, more broadly, in patients with infectious diseases. 
Compared to previous systematic reviews and meta-analy-
ses, which were not specifically focused on newAF [3, 4], 
our study was aimed at evaluating the actual prevalence of 
newAF, thus providing a more detailed assessment of the 
actual burden of this disease in patients with CAP. There-
fore, these findings are clinically relevant as they will be 
particularly useful to design more tailored preventive strat-
egies in CAP patients, as well as screening programs to 
detect newAF in CAP patients, and tools to predict its inci-
dence. Further studies are needed to clarify whether these 
approaches may provide substantial benefits in the manage-
ment of CAP patients. Moreover, evidence is needed on the 
optimal management of newAF in patients with CAP and 
generally in infectious diseases and acutely ill patients (both 
in terms of rate control/antiarrhythmic therapy and throm-
boembolic risk prevention) [43, 44], and the actual need 
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for closer follow-up to identify patients who may present 
recurrent episodes of AF after CAP.

Study limitations

Our study has several limitations. First, some studies also 
included a proportion of patients with pre-existing AF; how-
ever, these patients represented a limited proportion of the 
total subjects included in this study, thus being unlikely to 
significantly influence our estimates. Furthermore, the cri-
teria used to define newAF in the individual studies were 
heterogeneous; while the vast majority defined newAF 
according to ECG-based diagnosis, there were insufficient 
data regarding duration of episodes and symptoms associ-
ated to allow us to perform additional analyses, aiming at 
evaluating the impact of these (and other) variables on the 
estimates provided. We also cannot exclude the contribution 
of unaccounted confounders on the strength of association 
between CAP and newAF, which may also contribute to the 
heterogeneity observed. Among these, CAP severity, and 
intensity of care received (whether ICU or non-ICU) were 
not available in most of the studies included, and did not 
allow us to perform subgroup analyses to explore the impact 
of these factors on the estimates provided. As the risk of 
newAF has been repeatedly shown higher in critically ill 
and ICU-admitted patients [45], we cannot exclude this as 
a potential source of bias, which may led to overestimation 
of the prevalence of newAF in our study. On the other side, 
it is conceivable that the proportion of these patients was 
limited in the studies included, and therefore the extent of 
this potential bias is likely small. However, as already been 
reported, the majority of the studies included were consist-
ent in the estimate of the prevalence of newAF, reinforcing 
the reliability of our pooled estimate, thus making the het-
erogeneity observed highly unlikely to have strong clinical 
implications. Finally, we were unable to perform a meta-
analysis on the association between newAF and mortality, 
given the high variability in the definition of the outcomes in 
the original studies; however, we have reported a systematic 
review of the findings of the included cohorts, which were 
all consistent in showing higher risk of mortality in newAF 
patients.

Conclusion

Among patients hospitalized with CAP, newAF represents 
a common complication, being found in 7.6% of patients, 
with prediction intervals suggesting an even higher burden. 
CAP patients who develop newAF during hospitalization 
may be at higher risk of mortality in the short- and long-
term follow-up.
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