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Abstract
Purpose  Patients hospitalized for community-acquired pneumonia (CAP) may have a higher risk of new-onset atrial fibril-
lation (NOAF). The C2HEST score was developed to evaluate the NOAF risk in the general population. Data on the value 
of the C2HEST score in acute patients admitted with CAP are lacking. We want to establish the predictive value of C2HEST 
score for NOAF in patients with CAP.
Methods  Patients with CAP enrolled in the SIXTUS cohort were enrolled. C2HEST score was calculated at baseline. In-
hospital NOAF was recorded. Receiver-operating Characteristic (ROC) curve and multivariable Cox proportional hazard 
regression analysis were performed.
Results  We enrolled 473 patients (36% women, mean age 70.6 ± 16.5 years), and 54 NOAF occurred. Patients with NOAF 
were elderly, more frequently affected by hypertension, heart failure, previous stroke/transient ischemic attack, peripheral 
artery disease and hyperthyroidism. NOAF patients had also higher CURB-65, PSI class and CHA2DS2-VASc score. The 
C-index of C2HEST score for NOAF was 0.747 (95% confidence interval [95%CI] 0.705–0.786), higher compared to CURB-
65 (0.611, 95%CI 0.566–0.655, p = 0.0016), PSI (0.665, 95%CI 0.621–0.708, p = 0.0199) and CHA2DS2-VASc score (0.696, 
95%CI 0.652–0.737, p = 0.0762). The best combination of sensitivity (67%) and specificity (70%) was observed with a 
C2HEST score ≥ 4. This result was confirmed by the multivariable Cox analysis (Hazard Ratio [HR] for C2HEST score ≥ 4 
was 10.7, 95%CI 2.0–57.9; p = 0.006), independently from the severity of pneumonia.
Conclusion  The C2HEST score was a useful predictive tool to identify patients at higher risk for NOAF during hospitaliza-
tion for CAP.
Clinical Trial Registration  www.​clini​caltr​ials.​gov (NCT01773863)
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Introduction

Community-acquired pneumonia (CAP) is a common infec-
tious disease with an incidence estimated between 1 and 
25 cases per 1000 inhabitants per year [1] The incidence 
of CAP is higher in males, in patients with immunodefi-
ciency and/or with comorbidities such as chronic obstructive 
pulmonary disease (COPD) [1, 2]. While mortality rates in 
patients with CAP have decreased over recent decades [3], 
CAP continues to be the predominant infectious disease 
requiring hospitalization and remains the primary cause of 
mortality among patients with infectious disease.

Patients with CAP, especially those who require hospi-
talization, may develop cardiovascular complications, such 
as acute heart failure (HF), acute coronary syndrome and 
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arrhythmias [4, 5]. Among supraventricular arrhythmias, 
atrial fibrillation (AF) is commonly associated with CAP 
as showed by a retrospective study including 4408 patients 
with CAP, of whom 9.3% had a new-onset AF (NOAF) [6]. 
This proportion of patients with NOAF is coherent with a 
prospective multicenter study performed on 1182 patients 
hospitalized for CAP [7], in which a proportion of 9.2% of 
patients with a new episode of AF was observed. Impor-
tantly, NOAF has also been associated with higher risk 
of in-hospital mortality in patients hospitalized for CAP, 
as shown by a retrospective study performed on 519,750 
patients with CAP, in whom AF diagnosed during hospital 
admission considerably associated the risk of in-hospital 
mortality (23.84% vs. 12.24%, p < 0.001) [8].

Previous studies emphasize that NOAF is a feature of 
severe CAP and often occurs in the early phase of pneu-
monia; furthermore, in 40% of cases, patients do not revert 
to sinus rhythm but may develop persistent AF beyond 
the infection itself [9]. Early detection of AF is of clinical 
relevance as it can exacerbate cardiac dysfunction in CAP 
patients, who are already at heightened risk of cardiovas-
cular events [7], and for the increased risk of thrombo-
embolic stroke [10, 11]. Thus, patients at increased risk 
of NOAF should be carefully monitored to prevent and to 
promptly treat AF. However, so far clinical characteristics 
of patients developing NOAF are not well defined, and 
there is no validated strategy to flag up patients at higher 
risk of NOAF during CAP.

Recently, a simple clinical score was developed and 
validated to predict NOAF in large samples of general 
population from China and Korea [12]. According to the 
original study [12], the C2HEST score includes six eas-
ily available clinical variables such as coronary artery 
disease (CAD, 1 point), COPD, (1 point), arterial hyper-
tension (1 point) and hyperthyroidism (1 point), while 
age ≥ 75 years and systolic HF scored 2 points each. This 
score was also validated in Western countries in several 
clinical settings. Indeed, in a nationwide French study 
performed on 240,459 post-ischemic stroke patients, the 
C2HEST score showed a good predictive value suggesting 
that it may be potentially used as a risk stratification tool 
to detect post-stroke AF [13]. Furthermore, in a selected 
cohort of 189 patients undergoing catheter ablation, the 
C2HEST score showed a good predictive value to predict 
recurrences of AF (area under curve [AUC] 0.769) [14]. 
Finally, a recent study performed on 555 patients from the 
REALE-ACS registry [15], that enrolled patients undergo-
ing percutaneous coronary intervention for acute coronary 
syndrome, confirmed a notable predictive value of this 
score in this clinical setting (AUC 0.71, 95% confidence 
interval [95%CI] 0.67–0.74) [15].

However, there were no study that evaluated CH2EST to 
predict NOAF in acute patients admitted with CAP.

Based on this, the aim of our study was to evaluate the 
predictive value of the C2HEST score against NOAF in 
patients with hospitalized for CAP in the SIXTUS study.

Methods

We enrolled consecutive patients from 2015 to 2019 admit-
ted to Policlinico Umberto I of Rome with diagnosis of 
CAP and then a prospective follow-up was performed. All 
patients gave written informed consent. The study was con-
ducted according to the principles stated in the Declaration 
of Helsinki and was approved by the local ethics commit-
tee. The study has been registered on www.​clini​caltr​ials.​gov 
(NCT01773863).

Inclusion and exclusion criteria

We included all consecutive patients aged at least 18 years 
with clinical presentation of an acute illness with at least two 
or more of the signs or symptoms of CAP, as reported in a 
previous study [7] and the presence of new consolidation(s) 
on a chest radiograph [16]. CAP diagnosis was defined if it 
did not fulfil the criteria for healthcare-associated or hos-
pital-acquired pneumonia [17]. Exclusion criteria included 
radiographic evidence of preexisting infiltrates; immuno-
suppression (human immunodeficiency virus infection, 
chemotherapy, high dose of immunosuppressive agents); 
critical illness requiring admission to an intensive care unit, 
presence of malignancy; pregnancy, or breastfeeding; docu-
mented severe allergy to antibiotics; and healthcare-associ-
ated pneumonia [17]. Patients with paroxysmal, persistent 
or permanent AF were excluded for this study.

Baseline assessment

Demographic characteristics and comorbidities for each 
patient were collected at baseline at hospital admission. 
Clinical history of arterial hypertension, diabetes mellitus, 
COPD, dyslipidaemia, previous CAD, peripheral artery dis-
ease (PAD), HF, were collected. These comorbidities were 
defined as previously reported [18]. Baseline pharmacologi-
cal therapy was assessed. In-hospital treatment decisions 
were made on the basis of the managing clinical physician’s 
judgment. In enrolled patients, in-hospital blood laboratory 
tests and 12-lead electrocardiogram were collected.

Then, we calculated the PSI and CURB-65 score to define 
pneumonia severity [19, 20]. Finally, also CHA2DS2-VASc 
score [21], a common score used to estimate the thromboem-
bolic risk of AF and recently proposed also as tool to predict 
the risk of NOAF [22] was calculated.

http://www.clinicaltrials.gov
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Definition of C2HEST score

As previous reported [12], C2HEST score is defined by six 
items: 1 point for CAD, 1 point for COPD, 1 point for arte-
rial hypertension and 1 point for hyperthyroidism, while 2 
points were counted for age ≥ 75 years and systolic HF. the 
sum of all items can reach a maximum of 8 points.

Definition of clinical outcome

Clinical outcome of our study is NOAF. It is defined as a 
newly recognized episode of AF, developed during hos-
pitalization, in subjects who were in sinus rhythm upon 
admission to the hospital, and documented by medical 
records as electrocardiogram, pacemaker or implant-
able cardioverter defibrillator, loop recorder or dynamic 
12-lead continuous electrocardiogram (ECG). In our study, 
a 12-lead ECG was performed on each recruited patient 
upon admission and repeated every 24 h during hospi-
talization. If patients presented symptoms attributable to 
atrial fibrillation, additional 12-lead electrocardiograms 
were performed. A 12-lead ECG with more than 30 s of 
atrial fibrillation was considered as NOAF. Adjudication 
of AF and AF treatment strategies were conducted by car-
diologists who did not participate in patient recruitment 
and follow-up, in accordance with the ESC guidelines 
[23].

Statistical analysis

Continuous variables were expressed as mean and standard 
deviation or as median and interquartile range (IQR). Cat-
egorical variables were expressed as percentages. Student 
t-test was used to compare means. Pearson χ2 test was 
used to compare proportions. Group comparisons were 
made with analysis of variance (ANOVA).

A first descriptive analysis was performed to report 
clinical characteristics of patients developing NOAF.

To evaluate the predictive value of C2HEST score, we 
performed a “Receiver-operating Characteristic” (ROC) 
curve, estimating the AUC to establish the predictive 
role of the score. Then, we compared the ROC curves of 
C2HEST, CURB-65, PSI and CHA2DS2-VASc score to 
identify the best score to predict NOAF in patients hos-
pitalized for CAP. Furthermore, we performed a multi-
variable Cox analysis to identify clinical factors associated 
with NOAF.

Only p-values less than 0.05 were regarded as statisti-
cally significant. All tests were two tailed, and analyses were 
performed using computer software packages (IBM SPSS 
Statistics version 23.0).

Results

After excluding 77 patients with AF at baseline, 473 
patients with CAP were included. Of whom, 36% were 
women and mean age was 70.6 ± 16.5 years. Clinical char-
acteristics of the cohort are reported in Table 1. During 
in-hospital admission, 54 patients (11%) had a NOAF. 
Clinical characteristics of patients according to NOAF 
were reported in Table 1. Patients with NOAF were elderly 
and more frequently affected by arterial hypertension, 
HF, a previous history of stroke/transient ischemic attack 
(TIA), PAD, and hyperthyroidism. Moreover, patients who 
developed AF had a lower left ventricular ejection fraction 
(LVEF) and a higher left atrium diameter (LAD). Further-
more, patients with NOAF had a higher CURB-65, PSI 
and CHA2-DS2-VASc scores (Table 1).

Predictive value of C2HEST to predict NOAF

Mean C2HEST score was 2.6 ± 1.9. Patients with NOAF 
had higher C2HEST score compared to without ones 
(4.0 ± 1.4 vs. 2.4 ± 1.9, respectively, p < 0.001). Using 
ROC curves, the C-index of C2HEST score to predict 
NOAF is 0.747 (95%CI 0.705–0.786) (Fig. 1). The sensi-
tivity and specificity of each point of C2HEST score were 
reported in Table 2. A high sensitivity and low specificity 
were observed in low C2HEST score points (0–3), with a 
progressive increase of specificity and decrease of sensi-
tivity according to an increase of C2HEST score. The best 
combination of sensitivity (67%) and specificity (70%) was 
observed with a C2HEST score ≥ 4 (Table 2).

The C2HEST score showed a higher predictive value 
for NOAF compared to CURB-65 (C-index 0.611; 95%CI 
0.566−0.655, p = 0.0016 for comparison), PSI (C-index 
0.665; 95%CI 0.621–0.708, p = 0.0199 for comparison) 
and to the CHA2DS2-VASc score (C-index 0.696; 95%CI 
0.652–0.737, p = 0.0762, for comparison) (Fig. 2).

Furthermore, we classified the risk of NOAF accord-
ing to C2HEST score in three classes: patients with low 
risk (0–1 point, 34%, n = 161); medium risk (2–3 points, 
32%, n = 151); and high risk (≥ 4 points, 34%, n = 161) 
(Table 3). A higher class of C2HEST score was associated 
with a lower time to NOAF during in-hospital follow-up 
(median 8 days, interquartile range [IQR] 3.5–13 days) as 
showed in Fig. 3.

Then, we performed a multivariable Cox analysis that 
showed a ten-fold and five-fold higher risk to develop 
AF during CAP in patients with C2HEST ≥ 4 points 
(Hazard Ratio [HR] 10.7; 95%CI: 2.0 – 57.9; p = 0.006) 
and C2HEST of 2–3 points (HR 5.3; 95%CI 1.1 −26.7; 
p = 0.043), respectively, compared to patients with 
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C2HEST of 0–1 point, independently from CAP sever-
ity, estimated by the PSI Score. Comparable outcomes 
were observed after adjusting for the CURB-65 score, 
the CHA2DS2-VASc score, additional comorbidities not 
encompassed in the C2HEST score, as well as age (years) 
and sex (Table 4).

Table 1   Clinical characteristics 
of patients according to new-
onset atrial fibrillation

AF atrial fibrillation, COPD chronic obstructive pulmonary disease, LAD left atrium diameter, LVEF left 
ventricular ejection fraction, NOAF new-onset atrial fibrillation, TIA transient ischemic attack

Total
(n: 473)

Patients without AF
(n: 419)

Patients with NOAF
(n: 54)

p-value

Mean age (years) 70.6 ± 16.5 69.4 ± 16.9 79.9 ± 9.6  < 0.001
Men (%) 301 (64) 263 (63) 38 (70) 0.274
Age ≥ 75 years (%) 237 (50) 194 (46) 43 (80)  < 0.001
Body mass index (mean) 26.2 ± 6.2 26.2 ± 6.2 25.9 ± 3.9 0.711
Arterial hypertension (%) 320 (68) 274 (65) 46 (85) 0.003
Diabetes mellitus (%) 110 (23) 96 (23) 15 (26) 0.622
COPD (%) 139 (29) 121 (29) 18 (33) 0.499
Heart failure (%) 79 (17) 58 (14) 21 (39)  < 0.001
Coronary heart disease (%) 127 (27) 104 (25) 23 (43) 0.006
History of stroke/TIA (%) 48 (10) 38 (9) 10 (18) 0.030
Chronic kidney disease (%) 70 (15) 61 (15) 9 (17) 0.681
Peripheral artery disease (%) 30 (6) 21 (5) 9 (17)  < 0.001
Hyperthyroidism (%) 4 (1) 2 (1) 2 (4) 0.015
LVEF (%) 53.0 ± 10.0 53.7 ± 9.6 47.9 ± 11.4  < 0.001
LAD, mm 39.5 ± 6.1 38.9 ± 6.1 43.8 ± 5.0  < 0.001
Left atrium area, cm2 19.2 ± 6.9 18.5 ± 6.6 24.7 ± 6.4  < 0.001
Antiplatelets (%) 188 (40) 163 (39) 25 (46) 0.296
In-hospital admission length (days) 10 [7−13] 9 [6−12] 12 [8−16]  < 0.001
Statins (%) 147 (31) 128 (31) 19 (36) 0.407
PSI class (mean) 3.27 ± 1.02 3.20 ± 1.01 3.85 ± 0.91  < 0.001
CURB-65 score (mean) 1.53 ± 0.93 1.50 ± 0.85 1.78 ± 0.71 0.013
CHA2DS2-VASc score (mean) 2.47 ± 1.70 2.34 ± 1.68 3.48 ± 1.46  < 0.001
C2HEST score (mean) 2.60 ± 1.90 2.40 ± 1.90 4.00 ± 1.40  < 0.001
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Fig. 1   Receiver operating characteristic (ROC) curves of C2HEST 
score in predicting new-onset atrial fibrillation

Table 2   Sensitivity and specificity according to each point of 
C2HEST score

95%CI 95% confidence interval

Criterion Sensitivity 95%CI Specificity 95%CI

 ≥ 0 100.00 93.4−100.0 0.00 0.0−0.9
 > 0 100.00 93.4−100.0 21.48 17.6−25.7
 > 1 96.30 87.3−99.5 37.95 33.3−42.8
 > 2 83.33 70.7−92.1 51.31 46.4−56.2
 > 3 66.67 52.5−78.9 70.17 65.5−74.5
 > 4 35.19 22.7−49.4 87.11 83.5−90.2
 > 5 16.67 7.9−29.3 94.51 91.9−96.5
 > 6 3.70 0.5−12.7 97.85 96.0−99.0
 > 7 0.00 0.0−6.6 100.00 99.1−100.0
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Discussion

Our study found that the C2HEST score was a useful tool to 
predict NOAF in patients with CAP with an AUC of 0.747. 
The risk of NOAF gradually increased with the score, and a 
C2HEST score ≥ 4 showed the best sensitivity and specific-
ity. Furthermore, the C2HEST score performed better that 
other commonly used clinical risk scores.

The association between incident AF and CAP is well 
documented as showed by a previous study performed on 
69,776 patients using data from the National Health Insur-
ance Research Database in Taiwan [24]. In this study the 
incidence rate of AF in patients without pneumonia was 1.2 
per 1000 person-months, while it was 4.08-fold higher in 
those with pneumonia [24].

In our study we found that 11% of patients developed 
NOAF. This proportion is similar to that reported in our 
previous multicenter study [7], and in another more recent 
study [25] performed on 1092 patients with pneumococcal 

pneumonia that confirmed a high rate of NOAF (9.9%) in 
patients with this disease. In this study, older age, heavy 
drinking, respiratory rate ≥ 30/minute, leukopenia, severe 
inflammation and bacteraemia were independent risk fac-
tors for developing NOAF [25].

Although this association has been consistently observed 
in previous studies, the pathogenesis is still unclear. A poten-
tial role in this association may be assumed by Nox2-derived 
oxidative stress. Elevated Nox2 activity was noted in the 
atria of patients undergoing cardiac surgery who subse-
quently developed atrial fibrillation, indicating that oxidative 
stress may have a significant role in its pathogenesis [26]. 
In the context of CAP, a study performed on 432 patients 
showed that patients who experienced NOAF had a more 
severe disease and an enhanced Nox2-derived oxidative 
stress compared to those who did not [9]. This study also 
suggested low-grade endotoxemia, that may have intestinal 
origin [27], as a potential trigger for oxidative stress produc-
tion. Indeed, CAP has been associated to dysfunction of the 
intestinal barrier and subsequent translocation of bacterial 
products into the systemic circulation [27]. Several factor 
including metabolic diseases, aging and systemic inflam-
mation may contribute to low-grade endotoxemia, inducing 

Fig. 2   Comparison of receiver operating characteristic (ROC) curves 
of C2HEST, CURB-65, PSI and CHA2DS2-VASc scores in predicting 
new-onset atrial fibrillation

Table 3   Risk of new-onset atrial 
fibrillation according to three 
C2HEST risk groups

95%CI 95% confidence interval, NOAF new onset atrial fibrillation

C2HEST No. of patients No. of NOAF Incident rate (%) Odds ratio
[95%CI]

p-value

0–1 161 2 1.0 Ref
2–3 151 16 11.0 9.4 [2.1–41.7] 0.003
 ≥ 4 161 36 22.0 22.9[5.4–96.9]  < 0.001

Fig. 3   Time to new-onset atrial fibrillation according to C2HEST 
score classes (Class I: 0–1 point, Class II: 2–3 points, Class III: ≥ 4 
points)
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changes in gut microbiota [28]. If this hypothesis were to 
be validated, targeting the gut microbiota could emerge as a 
novel therapeutic strategy to mitigate cardiovascular com-
plications, including NOAF in the context of CAP.

The incidence of NOAF was also studied in patients with 
SARS-COV2-related pneumonia. Indeed, a large cohort 
study [29] including 3,064 patients hospitalized for COVID-
19, showed that 5.4% of patients developed AF during hos-
pitalizations, that was associated with higher risk of death 
[29].

However, the long-term role of NOAF on patients with 
CAP is still unclear: indeed, although about 50% of patients 
with NOAF during CAP experienced a spontaneous or post-
cardioversion return to sinus rhythm [9], no strong evidence 
about recurrence of AF is still available. However, epidemio-
logical data showed a higher risk of AF exacerbations during 
winter seasons [30]; this may be explained with higher risk 
of CAP in this period, and we could assume that an history 
of NOAF during hospitalization for CAP may be harmful 
for AF recurrence.

We applied the C2HEST score to a cohort of prospec-
tively enrolled patients with CAP requiring hospitalization. 
We found a C-index of C2HEST score of 0.747. This fig-
ure is similar to those found in previous studies. Indeed, a 
study performed on 240,459 French post-ischemic stroke 

found that C2HEST score had a C-index of 0.734 in pre-
dicting incident AF during 7.9 ± 11.5 months of follow-up 
[13]. Similar results with a AUC of 0.78 were observed in 
a cohort of 370,874 patients with rheumatological disease 
[31] and were coherent with the AUC of 0.75 reported in the 
cohort of development and internal validation made up of 
471,446 subjects from the Chinese Yunnan Insurance Data-
base (internal derivation cohort) [12].

Of note, the C2HEST score encompasses comorbidities 
known to be associated both with NOAF in general popu-
lation [12]. and with cardiovascular events in CAP [7]. 
Other predictive tools for incident AF have been proposed, 
including the ARIC score [32], the FHS score [33], and 
the CHARGE-AF score [34]. These scoring systems were 
developed from extensive cohorts and demonstrated fair 
predictive performance. Nevertheless, these scores neces-
sitate numerous instrumental and laboratory variables for 
calculation that are not readily available in clinical practice. 
Conversely, the C2HEST score relies solely on the patient’s 
age and past clinical history, a simplicity that could be clini-
cally relevant, particularly considering that cardiovascular 
complications such as NOAF typically manifest within the 
first 24–28 h following pneumonia diagnosis.

Clinical implications

Our study showed that C2HEST score, a simple and clinical 
tool, may be useful in clinical practice to identify patients 
with high risk to develop NOAF during CAP. This may be 
helpful to clinicians to select patients that have benefits 
from a screening to early detect NOAF so reducing the risk 
of thromboembolic stroke starting an adequate anticoagu-
lant therapy. It's notable that cardiovascular complications, 
including NOAF, have been linked to increased short- and 
long-term mortality risks in this setting [7, 35] and a recent 
evidences suggests that NOAF itself may increase the mor-
tality risk in CAP patients [8, 36]. Of note, in our study the 
hospital stay was longer in patients who experienced NOAF. 
Thus, an early and tight management of precipitating fac-
tors may be helpful to prevent NOAF and its complications 
reducing hospital stay, disability and possibly mortality.

Limitations

Our study had also some limitations. Firstly, we enrolled 
only Western patients admitted with CAP, for this reason, 
our results may be not applicable to other countries. We 
also did not investigate if pneumonia was of bacterial, viral 
origin, or both. However, despite current diagnostic tests, 
no specific pathogen is usually detected in most patients 
hospitalized for CAP [37]. We did not study NOAF in 
SARS-CoV2-related pneumonia, and our results may be 
not generalizable to these patients. Similarly, our results 

Table 4   C2HEST classes as predictors of NOAF: multivariable COX 
regression analyses

Model A: after adjusting for pneumonia severity index (PSI) classes, 
Model B: after adjusting for CURB-65 score; Model C: after adjust-
ing for CHA2DS2-VASc score; Model D: after adjusting for age, sex, 
peripheral arterial disease, and diabetes, Model E: after adjusting for 
age, sex, peripheral arterial disease, diabetes, and PSI
CI confidence interval; High risk C2HEST class: C2HEST score ≥ 4 
points; medium risk C2HEST class: C2HEST score of 2–3 points, low 
risk C2HEST class: C2HEST score ≤ 1 point; HR hazard ratio

HR 95% CI P

Model A
 High vs. low risk C2HEST class 10.7 2.0 57.9 0.006
 Medium vs. low risk C2HEST class 5.3 1.1 26.7 0.043

Model B
 High vs. low risk C2HEST class 19.1 4.3 84.4  < 0.001
 Medium vs. low risk C2HEST class 8.4 1.8 38.6 0.006

Model C
 High vs. low risk C2HEST class 15.1 3.0 76.9 0.001
 Medium vs. low risk C2HEST class 7.2 1.5 34.4 0.013

Model D
 High vs. low risk C2HEST class 13.7 2.4 78.2 0.003
 Medium vs. low risk C2HEST class 6.4 1.1 35.8 0.035

Model E
 High vs. low risk C2HEST class 11.9 2.0 69.4 0.006
 Medium vs. low risk C2HEST class 5.9 1.0 33.7 0.046
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are not generalizable to other kind of pneumonia, such as 
healthcare-associated pneumonia [17]. In addition, our 
results apply to patients not needing advanced ventilation 
or intubation. Finally, due to the relatively small number of 
NOAF occurrences in our cohort, we were unable to conduct 
subgroup analyses, and the multivariable analyses could not 
encompass all potential variables associated with NOAF.

In conclusion, C2HEST score represents a useful tool to 
predict the risk of NOAF in patients with CAP and may be 
used in clinical practice to identify patients with higher risk 
and improve preventive and treatment strategies to reduce 
early clinical complications.

Author contributions  Daniele Pastori: Conceptualization and writ-
ing original draft Danilo Menichelli: Conceptualization and writing 
original draft Giulio Francesco Romiti: investigation, methodology, 
visualization Angela Pia Speziale: investigation, methodology, visu-
alization Pasquale Pignatelli: Writing - review and editing, supervision 
Stefania Basili: Writing - review and editing, supervision Francesco 
Violi: Writing - review and editing, supervision Roberto Cangemi: 
Writing - review and editing, supervision, formal analysis All Authors 
read ad approve the latest versione of the manuscript

Funding  Open access funding provided by Università degli Studi di 
Roma La Sapienza within the CRUI-CARE Agreement.

Data availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Declarations 

Conflict of interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Martin Loeches I, Torres A, Nagavci B, Aliberti S, Antonelli M, 
Bassetti M, et al. ERS/ESICM/ESCMID/ALAT guidelines for 
the management of severe community acquired pneumonia. Eur 
Respir J. 2023. https://​doi.​org/​10.​1183/​13993​003.​00735-​2022.

	 2.	 Torres A, Cilloniz C, Niederman MS, Menendez R, Chalmers JD, 
Wunderink RG, et al. Pneumonia Nat Rev Dis Primers. 2021;7:25. 
https://​doi.​org/​10.​1038/​s41572-​021-​00259-0.

	 3.	 Simonetti AF, Garcia-Vidal C, Viasus D, Garcia-Somoza D, Dorca 
J, Gudiol F, et al. Declining mortality among hospitalized patients 
with community-acquired pneumonia. Clin Microbiol Infect. 
2016;22:e1-7. https://​doi.​org/​10.​1016/j.​cmi.​2016.​03.​015.

	 4.	 Pieralli F, Vannucchi V, Nozzoli C, Augello G, Dentali F, De 
Marzi G, et al. Acute cardiovascular events in patients with com-
munity acquired pneumonia: results from the observational pro-
spective FADOI-ICECAP study. BMC Infect Dis. 2021;2:116. 
https://​doi.​org/​10.​1186/​s12879-​021-​05781-w.

	 5.	 Corrales-Medina VF, Musher DM, Shachkina S, Chirinos 
JA. Acute pneumonia and the cardiovascular system. Lancet. 
2013;381:496–505. https://​doi.​org/​10.​1016/​S0140-​6736(12)​
61266-5.

	 6.	 Mandal P, Chalmers JD, Choudhury G, Akram AR, Hill AT. Vas-
cular complications are associated with poor outcome in commu-
nity-acquired pneumonia. QJM. 2011;104:489–95. https://​doi.​org/​
10.​1093/​qjmed/​hcq247.

	 7.	 Violi F, Cangemi R, Falcone M, Taliani G, Pieralli F, Vannuc-
chi V, et al. Cardiovascular complications and short-term mor-
tality risk in community-acquired pneumonia. Clin Infect Dis. 
2017;64:1486–93. https://​doi.​org/​10.​1093/​cid/​cix164.

	 8.	 de Miguel Yanes JM, Jimenez Garcia R, Hernandez Barrera 
V, de MiguelDiez J, Mendez Bailon M, Lopez de Andres A. 
Analysis of the association between atrial fibrillation with in-
hospital mortality in people admitted for community-acquired 
pneumonia through an observational, nation-wide, sex-strat-
ified study. Sci Rep. 2022;12:14404. https://​doi.​org/​10.​1038/​
s41598-​022-​18810-8.

	 9.	 Violi F, Carnevale R, Calvieri C, Nocella C, Falcone M, Far-
comeni A, et  al. Nox2 up-regulation is associated with an 
enhanced risk of atrial fibrillation in patients with pneumo-
nia. Thorax. 2015;70:961–6. https://​doi.​org/​10.​1136/​thora​
xjnl-​2015-​207178.

	10.	 Cheung CC, Nattel S, Macle L, Andrade JG. Management of atrial 
fibrillation in 2021: an updated comparison of the current CCS/
CHRS, ESC, and AHA/ACC/HRS guidelines. Can J Cardiol. 
2021;37:1607–18. https://​doi.​org/​10.​1016/j.​cjca.​2021.​06.​011.

	11.	 Sogaard M, Skjoth F, Nielsen PB, Smit J, Dalager-Pedersen M, 
Larsen TB, et al. Thromboembolic risk in patients with pneumo-
nia and new-onset atrial fibrillation not receiving anticoagulation 
therapy. JAMA Netw Open. 2022;5: e2213945. https://​doi.​org/​10.​
1001/​jaman​etwor​kopen.​2022.​13945.

	12.	 Li YG, Pastori D, Farcomeni A, Yang PS, Jang E, Joung B, et al. 
A simple clinical risk score (C(2)HEST) for predicting incident 
atrial fibrillation in Asian subjects: derivation in 471,446 Chi-
nese subjects, with internal validation and external application in 
451,199 Korean subjects. Chest. 2019;155:510–8. https://​doi.​org/​
10.​1016/j.​chest.​2018.​09.​011.

	13.	 Li YG, Bisson A, Bodin A, Herbert J, Grammatico-Guillon L, 
Joung B, et al. C(2) HEST score and prediction of incident atrial 
fibrillation in poststroke patients: a french nationwide study. J 
Am Heart Assoc. 2019;8: e012546. https://​doi.​org/​10.​1161/​JAHA.​
119.​012546.

	14.	 Ozmen G, Koca F. C(2)HEST and CHA(2)DS(2)-Vasc for predict-
ing recurrence after catheter ablation of paroxysmal atrial fibril-
lation. Kardiologiia. 2023;63:52–60. https://​doi.​org/​10.​18087/​
cardio.​2023.6.​n2426.

	15.	 Biccire FG, Tanzilli G, Prati F, Sammartini E, Gelfusa M, Celeski 
M, et al. Prediction of new onset atrial fibrillation in patients 
with acute coronary syndrome undergoing percutaneous coro-
nary intervention using the C2HEST and mC2HEST scores: A 
report from the multicenter REALE-ACS registry. Int J Cardiol. 
2023;386:45–9. https://​doi.​org/​10.​1016/j.​ijcard.​2023.​05.​023.

	16.	 Bonten MJ, Huijts SM, Bolkenbaas M, Webber C, Patterson S, 
Gault S, et al. Polysaccharide conjugate vaccine against pneumo-
coccal pneumonia in adults. N Engl J Med. 2015;372:1114–25. 
https://​doi.​org/​10.​1056/​NEJMo​a1408​544.

	17.	 Falcone M, Venditti M, Shindo Y, Kollef MH. Healthcare-
associated pneumonia: diagnostic criteria and distinction from 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1183/13993003.00735-2022
https://doi.org/10.1038/s41572-021-00259-0
https://doi.org/10.1016/j.cmi.2016.03.015
https://doi.org/10.1186/s12879-021-05781-w
https://doi.org/10.1016/S0140-6736(12)61266-5
https://doi.org/10.1016/S0140-6736(12)61266-5
https://doi.org/10.1093/qjmed/hcq247
https://doi.org/10.1093/qjmed/hcq247
https://doi.org/10.1093/cid/cix164
https://doi.org/10.1038/s41598-022-18810-8
https://doi.org/10.1038/s41598-022-18810-8
https://doi.org/10.1136/thoraxjnl-2015-207178
https://doi.org/10.1136/thoraxjnl-2015-207178
https://doi.org/10.1016/j.cjca.2021.06.011
https://doi.org/10.1001/jamanetworkopen.2022.13945
https://doi.org/10.1001/jamanetworkopen.2022.13945
https://doi.org/10.1016/j.chest.2018.09.011
https://doi.org/10.1016/j.chest.2018.09.011
https://doi.org/10.1161/JAHA.119.012546
https://doi.org/10.1161/JAHA.119.012546
https://doi.org/10.18087/cardio.2023.6.n2426
https://doi.org/10.18087/cardio.2023.6.n2426
https://doi.org/10.1016/j.ijcard.2023.05.023
https://doi.org/10.1056/NEJMoa1408544


	 D. Pastori et al.

community-acquired pneumonia. Int J Infect Dis. 2011;15:e545–
50. https://​doi.​org/​10.​1016/j.​ijid.​2011.​04.​005.

	18.	 Cangemi R, Falcone M, Taliani G, Calvieri C, Tiseo G, Romiti 
GF, et al. Corticosteroid use and incident myocardial infarction in 
adults hospitalized for community-acquired pneumonia. Ann Am 
Thorac Soc. 2019;16:91–8. https://​doi.​org/​10.​1513/​Annal​sATS.​
201806-​419OC.

	19.	 Falcone M, Corrao S, Venditti M, Serra P, Licata G. Performance 
of PSI, CURB-65, and SCAP scores in predicting the outcome 
of patients with community-acquired and healthcare-associated 
pneumonia. Intern Emerg Med. 2011;6:431–6. https://​doi.​org/​10.​
1007/​s11739-​011-​0521-y.

	20.	 Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer 
DE, et al. A prediction rule to identify low-risk patients with com-
munity-acquired pneumonia. N Engl J Med. 1997;336:243–50. 
https://​doi.​org/​10.​1056/​NEJM1​99701​23336​0402.

	21.	 Pastori D, Menichelli D, Gingis R, Pignatelli P, Violi F. Tailored 
Practical management of patients with atrial fibrillation: a risk 
factor-based approach. Front Cardiovasc Med. 2019;6:17. https://​
doi.​org/​10.​3389/​fcvm.​2019.​00017.

	22.	 Jaakkola S, Paana T, Airaksinen J, Sipila J, Kyto V. Association 
of CHA2DS2-VASc score with long-term incidence of new-onset 
atrial fibrillation and ischemic stroke after myocardial infarction. 
J Clin Med. 2022. https://​doi.​org/​10.​3390/​jcm11​237090.

	23.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstrom-
Lundqvist C, et al. 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with 
the European association for cardio-thoracic surgery (EACTS): 
The task force for the diagnosis and management of atrial fibrilla-
tion of the European society of cardiology (ESC) developed with 
the special contribution of the European heart rhythm association 
(EHRA) of the ESC. Eur Heart J. 2021;42:373–498. https://​doi.​
org/​10.​1093/​eurhe​artj/​ehaa6​12.

	24.	 Lee KY, Ho SW, Wang YH, Leong PY, Wei JC. Risk of atrial 
fibrillation in patients with pneumonia. Heart Lung. 2022;52:110–
6. https://​doi.​org/​10.​1016/j.​hrtlng.​2021.​12.​006.

	25.	 Ruiz LA, Serrano L, Espana PP, Martinez Indart L, Gomez A, 
Gonzalez B, et al. New-onset atrial fibrillation in patients with 
pneumococcal pneumonia. Impact of timing and duration on 
short- and medium-term mortality. J Infect. 2021;82:67–75. 
https://​doi.​org/​10.​1016/j.​jinf.​2020.​11.​005.

	26.	 Kim YM, Guzik TJ, Zhang YH, Zhang MH, Kattach H, Ratna-
tunga C, et al. A myocardial Nox2 containing NAD(P)H oxidase 
contributes to oxidative stress in human atrial fibrillation. Circ 
Res. 2005;97:629–36. https://​doi.​org/​10.​1161/​01.​RES.​00001​
83735.​09871.​61.

	27.	 Cangemi R, Carnevale R, Nocella C, Calvieri C, Bartimoccia 
S, Frati G, et al. Low-grade endotoxemia is associated with car-
diovascular events in community-acquired pneumonia. J Infect. 
2024;88(2):89–94. https://​doi.​org/​10.​1016/j.​jinf.​2023.​11.​010.

	28.	 Violi F, Cammisotto V, Bartimoccia S, Pignatelli P, Carnevale R, 
Nocella C. Gut-derived low-grade endotoxaemia, atherothrombo-
sis and cardiovascular disease. Nat Rev Cardiol. 2023;20:24–37. 
https://​doi.​org/​10.​1038/​s41569-​022-​00737-2.

	29.	 Spruit JR, Jansen R, de Groot JR, de Vries TAC, Hemels MEW, 
Douma RA, et al. Does atrial fibrillation affect prognosis in hospi-
talised COVID-19 patients? a multicentre historical cohort study 
in the Netherlands. BMJ Open. 2023;13: e071137. https://​doi.​org/​
10.​1136/​bmjop​en-​2022-​071137.

	30.	 Deshmukh AJ, Pant S, Kumar G, Hayes K, Badheka AO, Dab-
hadkar KC, et al. Seasonal variations in atrial fibrillation related 
hospitalizations. Int J Cardiol. 2013;168:1555–6. https://​doi.​org/​
10.​1016/j.​ijcard.​2012.​12.​104.

	31.	 Hu WS, Li LC. Real-world observational study of assessment of 
CHA2DS2-VASc, C2HEST and HAVOC scores for atrial fibril-
lation among patients with rheumatological disorders: a nation-
wide analysis. Postgrad Med J. 2022;98:837–41. https://​doi.​org/​
10.​1136/​postg​radme​dj-​2021-​140754.

	32.	 Chamberlain AM, Agarwal SK, Folsom AR, Soliman EZ, Chamb-
less LE, Crow R, et al. A clinical risk score for atrial fibrillation 
in a biracial prospective cohort (from the Atherosclerosis Risk 
in Communities [ARIC] study). Am J Cardiol. 2011;107:85–91. 
https://​doi.​org/​10.​1016/j.​amjca​rd.​2010.​08.​049.

	33.	 Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM, 
D’Agostino RB Sr, et al. Development of a risk score for atrial 
fibrillation (Framingham Heart Study): a community-based cohort 
study. Lancet. 2009;373:739–45. https://​doi.​org/​10.​1016/​S0140-​
6736(09)​60443-8.

	34.	 Alonso A, Krijthe BP, Aspelund T, Stepas KA, Pencina MJ, Moser 
CB, et al. Simple risk model predicts incidence of atrial fibril-
lation in a racially and geographically diverse population: the 
CHARGE-AF consortium. J Am Heart Assoc. 2013;2: e000102. 
https://​doi.​org/​10.​1161/​JAHA.​112.​000102.

	35.	 Cangemi R, Calvieri C, Falcone M, Bucci T, Bertazzoni G, Scar-
pellini MG, et al. Relation of cardiac complications in the early 
phase of community-acquired pneumonia to long-term mortal-
ity and cardiovascular events. Am J Cardiol. 2015;116:647–51. 
https://​doi.​org/​10.​1016/j.​amjca​rd.​2015.​05.​028.

	36.	 Corica B, Tartaglia F, Oliva A, Raparelli V, Cangemi R, Basili 
S, et al. Prevalence of new-onset atrial fibrillation in hospital-
ized patients with community-acquired pneumonia: a systematic 
review and meta-analysis. Intern Emerg Med. 2023;18:127–35. 
https://​doi.​org/​10.​1007/​s11739-​022-​03135-1.

	37.	 Jain S, Self WH, Wunderink RG, Fakhran S, Balk R, Bramley 
AM, et al. Community-acquired pneumonia requiring hospitaliza-
tion among U.S adults. N Engl J Med. 2015;373:415–27. https://​
doi.​org/​10.​1056/​NEJMo​a1500​245.

https://doi.org/10.1016/j.ijid.2011.04.005
https://doi.org/10.1513/AnnalsATS.201806-419OC
https://doi.org/10.1513/AnnalsATS.201806-419OC
https://doi.org/10.1007/s11739-011-0521-y
https://doi.org/10.1007/s11739-011-0521-y
https://doi.org/10.1056/NEJM199701233360402
https://doi.org/10.3389/fcvm.2019.00017
https://doi.org/10.3389/fcvm.2019.00017
https://doi.org/10.3390/jcm11237090
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.hrtlng.2021.12.006
https://doi.org/10.1016/j.jinf.2020.11.005
https://doi.org/10.1161/01.RES.0000183735.09871.61
https://doi.org/10.1161/01.RES.0000183735.09871.61
https://doi.org/10.1016/j.jinf.2023.11.010
https://doi.org/10.1038/s41569-022-00737-2
https://doi.org/10.1136/bmjopen-2022-071137
https://doi.org/10.1136/bmjopen-2022-071137
https://doi.org/10.1016/j.ijcard.2012.12.104
https://doi.org/10.1016/j.ijcard.2012.12.104
https://doi.org/10.1136/postgradmedj-2021-140754
https://doi.org/10.1136/postgradmedj-2021-140754
https://doi.org/10.1016/j.amjcard.2010.08.049
https://doi.org/10.1016/S0140-6736(09)60443-8
https://doi.org/10.1016/S0140-6736(09)60443-8
https://doi.org/10.1161/JAHA.112.000102
https://doi.org/10.1016/j.amjcard.2015.05.028
https://doi.org/10.1007/s11739-022-03135-1
https://doi.org/10.1056/NEJMoa1500245
https://doi.org/10.1056/NEJMoa1500245

	Prediction of new-onset atrial fibrillation with the C2HEST score in patients admitted with community-acquired pneumonia
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Clinical Trial Registration 

	Introduction
	Methods
	Inclusion and exclusion criteria
	Baseline assessment
	Definition of C2HEST score
	Definition of clinical outcome
	Statistical analysis

	Results
	Predictive value of C2HEST to predict NOAF

	Discussion
	Clinical implications
	Limitations

	References


