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A B S T R A C T   

Aims: To analyze changes in the prevalence of atrial fibrillation (AF) in patients hospitalized due to asthma; to 
compare hospital outcomes in asthma patients with and without AF, assessing sex differences; to identify vari
ables associated with the presence of AF; and to analyze the factors associated with in-hospital mortality (IHM) 
among asthma patients with AF. 
Methods: We used data from the Registry of Specialized Care Activity-Basic Minimum Data Set to select all pa
tients aged ≥40 years with an asthma diagnosis in Spain, from 2016 to 2021. We stratified the study population 
according to the presence of AF and sex. 
Results: We identified 65,233 hospitalizations that met the inclusion criteria (14.85 % with AF). The prevalence 
of AF significantly increased over time, with the male sex being a protective factor for its presentation. IHM were 
significantly higher in patients with AF. Older age, being a woman, congestive heart failure, renal disease, 
obstructive sleep apnea, hypertension, and hyperthyroidism were associated with the presence of AF. Advanced 
age and the presence of cancer and COVID-19 were factors associated with a higher IHM, as well as admission to 
an intensive care unit and the use of invasive mechanical ventilation. There were no association of sex with the 
IHM. 
Conclusions: AF is highly prevalent among subjects hospitalized due to asthma, with this prevalence having 
increased significantly in Spain over time. The presence of AF in patients with asthma was associated signifi
cantly with a higher LOHS and IHM. Sex was not associated with IHM in these patients.   

1. Introduction 

Asthma is a common chronic airway inflammatory disease, charac
terized by reversible airway obstruction [1]. It often starts in childhood 
and is a major cause of morbidity in adulthood [2]. Its prevalence is 
increasing in many countries [3], leading to a major global medical and 
economic burden [4]. 

Atrial fibrillation (AF) is the most common sustained arrhythmia 
worldwide and the most common arrhythmia for which the patients are 
hospitalized [5]. It is emerging as a growing epidemic [6] and is asso
ciated with marked morbidity, mortality and medical burden [7]. 

There is epidemiological evidence that supports the existence of an 
association between asthma and AF [8]. A study in Taiwan found that 
people with asthma treated with controller medications were 1.2 times 
more likely to develop AF [9]. On the other hand, a Norwegian study 
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also detected an association between a history of asthma diagnosed by a 
doctor and incident AF, as well as an increased risk of incident AF in 
patients with uncontrolled asthma [10]. On the contrary, administrative 
data from National Health Services hospitals in England found no as
sociation of asthma with AF [11]. Finally, in the Multi-Ethnic Study of 
Atherosclerosis, an association was found between persistent asthma 
and incident AF in models adjusted for risk factors [12]. 

Underlying mechanism driving increased AF risk among individuals 
with asthma has not yet been defined. Elevated levels of biomarkers of 
systemic inflammation have been reported in adults with uncontrolled 
asthma and in patients with AF [13,14]. In addition, short-acting and 
long-acting β2-agonists, the most common prescribed medications to 
relieve asthma symptom, have been shown to influence heart rate and 
increase the risk of arrhythmias [15]. Current use of corticosteroids, 
either oral or inhaled, has also independently associated with a higher 
risk of AF, in patients with asthma [7,16]. Other plausible mechanisms 
include dysfunction of the airway autonomic nervous system, that may 
be involved in the airway hyperresponsiveness observed in patients with 
asthma [17]. 

However, there is a paucity of research investigating the association 
between asthma and AF [18]. Our study aimed to investigate changes in 
the prevalence of AF in patients hospitalized due to asthma in Spain over 
the period from 2016 to 2021. We described and compared clinical 
characteristics and hospital outcomes in asthma patients, with and 
without AF, assessing sex differences. We also identified variables 
independently associated with the presence of AF in men and women 
hospitalized due to asthma. Lastly, we analyzed the factors associated 
with in-hospital mortality (IHM) among those asthma patients admitted 
with AF. 

2. Methods 

2.1. Study design, study population, and data assessment 

An observational, retrospective, population-based study was con
ducted, using data gathered from the hospital discharge reports of the 
Registry of Specialized Care Activity-Basic Minimum Data Set (RAE- 
CMBD, its acronym in Spanish) in Spain. The RAE-CMBD assembles 
information regarding age, sex, admission and discharge dates, the 
discharge destination (home, death, social institution, or voluntary 
discharge), as well as up to 20 diagnoses and 20 procedures performed 
during hospitalization in both public and private Spanish hospitals. The 
RAE-CMBD collects data of patients who are hospitalized in a medical or 
surgical services, including intensive care units, for at least 24 h. Those 
patients that are treated only at the emergency departments and not 
moved to a hospital room are not included in the database. Further 
details about the RAE-CMBD can be found online [19]. 

This study period was from January 1, 2016, to December 31, 2021. 
Discharge reports were coded according to the International Classifica
tion of Diseases, Tenth Revision (ICD-10). 

The study population included patients aged ≥40 years who had an 
asthma code in the primary position of the diagnostic fields, either with 

or without exacerbation. In line with the RAE-CMBD methodology, the 
primary diagnosis is that which, at the time of discharge, is considered 
by the attending physician as the principal cause that occasioned the 
patient’s hospitalization. Subjects with asthma for whom the variables 
sex, age, admission and/or discharge dates, and discharge destination 
were not recorded, were excluded. 

We stratified the study population according to the presence of AF 
and sex. Patients were considered to suffer AF if a ICD10 code for this 
condition was recorded in any of the diagnostic fields (2-20). We 
excluded 361 patients who had a code for AF with a present on admis
sion indicator (POA) of “No” or “Unknown”. 

Comorbidity was assessed using the Charlson Comorbidity Index 
(CCI) modified for use with the ICD10, as previously described by other 
authors [20,21]. 

Study covariables included the presence of COVID-19 (only for the 
years 2020 and 2021), pneumonia, influenza, obesity, obstructive sleep 
apnea, gastroesophageal reflux disease, anxiety, depression, hyperten
sion, hypothyroidism, hyperthyroidism, bronchiectasis, and smoking. 
We also described the use of invasive and non-invasive mechanical 
ventilation. All ICD10 codes to identify these diagnoses and procedures 
are detailed in Supplementary Table 1. 

Regarding hospitalization outcomes, we analyzed admission to the 
intensive care unit, the length of the hospital stays (LOHS), and IHM. 

2.2. Propensity score matching 

Propensity score matching (PSM) was utilized to generate compa
rable populations based on age, year of admission, and comorbidities 
present at hospital admission. The two PSM analyses performed were as 
follows: women with and without AF, and men with and without AF. 
Multivariable logistic regression was employed for the PSM as previ
ously described by Austin [22]. 

2.3. Statistical analysis 

The prevalence of AF in patients with asthma was calculated, and 
further broken down by year and sex. 

A descriptive analysis was carried out, in which categorical variables 
were expressed as absolute frequencies and percentages, and continuous 
variables as means with standard deviations or as medians and inter
quartile ranges, depending on whether or not the variable conformed to 
normality. 

Temporal trends were analyzed using the Cochran-Mantel-Haenszel, 
Cochran-Armitage, linear regression t-test, or Jonckheere-Terpstra tests, 
depending on the type of variable. 

Categorical variables were compared using Fisher’s exact test, and 
continuous variables were compared using the t-test or the Mann- 
Whitney test, as required. 

To analyze the factors associated with the presence of AF among 
patients hospitalized due to asthma, multivariable logistic regression 
was used, considering the effect of sex and the rest of the study 
covariables. 

Likewise, using this same statistical technique, we identified the 
factors associated with IHM in women and men with asthma and AF and 
the effect of AF on IHM. 

2.4. Ethics 

In Spain, the Ministry of Health is responsible for the maintenance 
and management of the RAE-CMBD. The researchers must submit a 
request explaining the objectives of the research and the data needed, 
and then Ministry evaluates it and, if considered ethically acceptable 
and clinically relevant, supplies the database [23]. According to Spanish 
legislation, it is not necessary for patients to provide written consent as 
this registry is mandatory, and anonymity is always guaranteed. 

Abbreviations 

AF Atrial fibrillation 
CCI Charlson Comorbidity Index 
ICD-10 International Classification of Diseases, Tenth Revision 
IHM in-hospital mortality 
LOHS length of the hospital stay 
PSM Propensity score matching 
RAE-CMBD Registry of Specialized Care Activity-Basic Minimum 

Data Set  
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3. Results 

Between 2016 and 2021 in Spain, there were 65,233 hospitalizations 
of patients aged ≥40 years who had an asthma code in the first diagnosis 
position. Of these, 14.85 % (n = 9688) had an AF code. 

3.1. Time trends in the prevalence of atrial fibrillation in patients 
hospitalized due to asthma 

The overall prevalence of AF among subjects hospitalized due to 
asthma in Spain significantly increased between 2016 and 2021 (13.91 
% vs. 14.09 %), as reflected in Fig. 1. It is observed that the prevalence of 
AF increased in women throughout the study period (16.74 % vs. 18.55 
%; p < 0.001), while it decreased in men (13.57 % vs. 9.55 %; p <
0.001). As can be seen in Fig. 1, the prevalence of AF showed higher 
values in women than in men in all study years. 

Characteristics, clinical variables, and hospital outcomes in patients 
due to asthma according to the presence of atrial fibrillation. 

As indicated in Table 1, women make up a higher percentage among 
those suffering from AF than among those who do not suffer from this 
arrhythmia (84.93 % vs. 79.72 %; p < 0.001), with the opposite effect 
being observed among men (15.07 % vs. 20.38 %; p < 0.001). 

Patients with AF had a higher mean age (80.47 years vs. 67.9 years; 
p < 0.001) and more comorbidity according to the CCI (2.42 vs. 1.7; p <
0.001) than those without AF. Similarly, patients with AF had signifi
cantly higher frequency of codes for the following diseases: pneumonia, 
obesity, obstructive sleep apnea, hypertension, hypothyroidism, and 
hyperthyroidism. However, they had significantly lower frequency of 
COVID-19, influenza, gastroesophageal reflux disease, anxiety, depres
sion, bronchiectasis, and smoking. 

The frequency of non-invasive mechanical ventilation was higher in 
patients with AF than in those without AF (2.69 % vs. 2.22 %; p =
0.004), while the frequency of invasive mechanical ventilation was 
lower in those with AF (0.6 % vs. 1.11 %; p < 0.001). 

The highest frequency of admission to the intensive care unit cor
responded to patients without AF (2.58 % vs. 1.8 %; p < 0.001). The 
median LOHS was significantly longer in patients with AF (7 days vs. 6 
days; p < 0.001). The crude IHM was three times higher in patients with 
AF than those who do not have this pathology (4.13 % vs. 1.36 %; p <
0.001). 

Comparison of characteristics, clinical variables, and hospital out
comes in women and men hospitalized due to asthma according to atrial 
fibrillation status. 

The total number of asthma admissions among women showed a 
very significant decrease, practically by half, in 2020 and 2021 
compared to the previous four years, as seen in Table 2. 

Among women with asthma, those with AF have a mean age, eleven 

years higher, than those who do not have AF. Also, the prevalence of 
most concomitant conditions is higher, being remarkable the differences 
for congestive heart failure (41.35 % vs. 10.91 %), diabetes mellitus 
(32.04 % vs. 21.92 %), and renal disease (19.54%vs. 8.06 %) (all p <
0.001). The crude IHM found was 4.16 % and 1.44 % for women with 
and without AF, respectively. 

After performing the PSM, the IHM remained above among women 
with AF (4.16 % vs. 3.06 %; p < 0.001), as indicated in Table 2. 

Like it was found among women, the number of asthma admissions 
dropped dramatically in the years of the COVID19 pandemic among 
men. 

The mean age of men with AF was sixteen years higher than that of 
men without AF (p < 0.001). Also, the prevalence of almost all studied 
comorbidities is much higher. The raw IHM was 3.97 % among those 
with AF and 1.08 % among those without (p < 0.001). 

After matching using the PSM, the IHM remained significantly higher 
Fig. 1. Time trend in the prevalence of atrial fibrillation among patients hos
pitalized with a primary diagnosis of asthma in Spain (2016–2021) 
*P < 0.001 for time trend from 2016 to 2021. 

Table 1 
Distribution of study covariates and hospital outcomes for people hospitalized 
with asthma in Spain (2016–2021), according to the presence of atrial 
fibrillation.   

Atrial fibrillation 

YES NO p-value 

Women, n (%) 8228 
(84.93) 

44278 
(79.72) 

<0.001 

Age, mean (SD) 80.47(8.65) 67.9(15.01) <0.001 
40–54 years old, n (%) 114(1.18) 13317 

(23.98) 
<0.001 

55–69 years old, n (%) 914(9.43) 14267 
(25.69) 

70–84 years old, n (%) 5256 
(54.25) 

19589 
(35.27) 

≥85 years old, n (%) 3404 
(35.14) 

8372(15.07) 

CCI, mean (SD) 2.42(1.41) 1.7(1.17) <0.001 
Myocardial infarction, n (%) 300(3.1) 920(1.66) <0.001 
Congestive heart failure, n (%) 3879 

(40.04) 
5512(9.92) <0.001 

Peripheral vascular disease, n (%) 248(2.56) 797(1.43) <0.001 
Cerebrovascular disease, n (%) 351(3.62) 1045(1.88) <0.001 
Dementia, n (%) 382(3.94) 1396(2.51) <0.001 
Diabetes mellitus, n (%) 3023(31.2) 11627 

(20.93) 
<0.001 

Rheumatoid disease, n (%) 302(3.12) 1369(2.46) <0.001 
Mild/moderate/severe liver disease, n 

(%) 
332(3.43) 2199(3.96) 0.012 

Renal disease, n (%) 1888 
(19.49) 

4140(7.45) <0.001 

Cancer and metastatic cancer, n (%) 291(3) 1225(2.21) <0.001 
COVID-19, n (%) 21(0.22) 286(0.51) <0.001 
Pneumonia, n (%) 442(4.56) 1856(3.34) <0.001 
Influenza, n (%) 143(1.48) 1113(2) <0.001 
Tobacco use, n (%) 1017(10.5) 15094 

(27.17) 
<0.001 

Obesity, n (%) 2140 
(22.09) 

11510 
(20.72) 

0.002 

Obstructive sleep apnea, n (%) 1256 
(12.96) 

6211(11.18) <0.001 

Gastroesophageal reflux disease, n (%) 332(3.43) 3128(5.63) <0.001 
Anxiety, n (%) 474(4.89) 4010(7.22) <0.001 
Depression, n (%) 579(5.98) 3793(6.83) <0.001 
Hypertension, n (%) 3921 

(40.47) 
20994(37.8) <0.001 

Hypothyroidism, n (%) 993(10.25) 4722(8.5) <0.001 
Hyperthyroidism, n (%) 261(2.69) 680(1.22) <0.001 
Bronchiectasis, n (%) 489(5.05) 3108(5.6) 0.029 
Invasive lung ventilation, n (%) 58(0.6) 615(1.11) <0.001 
Non-invasive lung ventilation, n (%) 261(2.69) 1233(2.22) 0.004 
Admission to Intensive Care Unit, n (%) 174(1.8) 1435(2.58) <0.001 
LOHS, median (IQR) 7(6) 6(5) <0.001 
IHM, n (%) 400(4.13) 758(1.36) <0.001 

SD Standard deviation; CCI: Charlson comorbidity index; LOHS: Length of 
hospital stay; IQR Inter quartile range; IHM: In-hospital mortality. 
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among men who had AF (3.97 % vs. 2.26 %; p = 0.008), as seen in 
Table 3. 

Variables associated with presenting atrial fibrillation in women and 
men hospitalized due to asthma. 

As shown in Table 4, after multivariable adjustment, older age, 
congestive heart failure, renal disease, obstructive sleep apnea, hyper
tension, and hyperthyroidism were associated with the presence of AF in 
men and women hospitalized due to asthma. 

Peripheral vascular disease was associated with the presence of AF 
(OR 1.48,95%CI 1.11–1.97) only among in men. However, in women, 
the variables that were also associates with the presence of AF included 
cerebrovascular disease (OR 1.17; 95%CI 1.02–1.36), diabetes (OR 1.22; 
95%CI 1.151.29), pneumonia (OR 1.19; 95%CI 1.05–1.36), and hypo
thyroidism (OR 1.12; 95%CI 1.03–1.21). 

When the entire database was analyzed, and after controlling the 
effect to age and other covariates, being a woman was associated with a 
15 % higher probability of presenting an AF diagnosis than being a man 
(OR 1.15; 95 % CI 1.08 1.23). 

Variables associated with in-hospital mortality in patients hospital
ized due to asthma who also suffer atrial fibrillation. 

As seen in Table 5, for men and women with asthma and AF, 
advanced age and the presence of cancer and COVID-19 were factors 
associated with a higher IHM. Likewise, having received invasive lung 
ventilation and having been admitted to the intensive care unit were 

associated with the risk of death. 
In women with asthma and AF, the presence of congestive heart 

failure, dementia, pneumonia, and bronchiectasis showed a significant 
association with the IHM. 

When analyzing both sexes together, it is observed that there is no 
association of this variable with the IHM in subjects admitted due to 
asthma who also suffer from AF. 

4. Discussion 

In this nationwide population study, we found that the prevalence of 
AF among subjects hospitalized due to asthma was 14.85 %, a higher 
figure than that reported in the studies by Warnier et al. [24], Cepelis 
et al. [10] and Tattersall et al. [12] (0.6 %, 4.5%–6%, and 1.3 % 
respectively). The difference may be because these studies followed 
asthma patients in the clinic, who generally had mild disease compared 
to our hospitalized asthma patients. Furthermore, they found that ar
rhythmias were associated with disease severity [10]. However, the 
prevalence found in our study was also higher than that observed by 
Carter et al. [11] and Taha et al. [25] in hospitalized patients with 
asthma (4.1 % and 8.95 % respectively). The reason for this discrepancy 
is not clear, but it may be due to differences in associated comorbidities. 
Another possibility is that our study may overestimate the prevalence of 
AF by not recognizing patients with recurrent admissions, that was 

Table 2 
Distribution of study covariates and hospital outcomes for women with asthma in Spain (2016–2021), according to the presence of atrial fibrillation before and after 
propensity score matching (PSM).   

Atrial fibrillation before PSM Atrial fibrillation after PSM 

YES NO p-value YES NO p-value 

Year 2016, n(%) 1432(17.4) 8556(19.32) <0.001 1432(17.4) 1447(17.59) 0.974 
Year 2017, n(%) 1661(20.19) 8816(19.91)  1661(20.19) 1644(19.98)  
Year 2018, n(%) 1702(20.69) 9036(20.41)  1702(20.69) 1719(20.89)  
Year 2019, n(%) 1724(20.95) 8525(19.25)  1724(20.95) 1701(20.67)  
Year 2020, n(%) 871(10.59) 4828(10.9)  871(10.59) 895(10.88)  
Year 2021, n(%) 838(10.18) 4517(10.2)  838(10.18) 822(9.99)  
Age, mean (SD) 80.79(8.46) 69.4(14.67) <0.001 80.79(8.46) 80.68(9) 0.418 
40–54 years old, n (%) 81(0.98) 8920(20.15) <0.001 81(0.98) 79(0.96) 0.008 
55–69 years old, n (%) 732(8.9) 11345(25.62)  732(8.9) 709(8.62)  
70–84 years old, n (%) 4405(53.54) 16520(37.31)  4405(53.54) 4216(51.24)  
≥85 years old, n (%) 3010(36.58) 7493(16.92)  3010(36.58) 3224(39.18)  
CCI, mean (SD) 2.43(1.4) 1.73(1.17) <0.001 2.43(1.4) 2.41(1.41) 0.457 
Myocardial infarction, n (%) 220(2.67) 649(1.47) <0.001 220(2.67) 195(2.37) 0.214 
Congestive heart failure, n (%) 3402(41.35) 4832(10.91) <0.001 3402(41.35) 3245(39.44) 0.013 
Peripheral vascular disease, n (%) 168(2.04) 585(1.32) <0.001 168(2.04) 158(1.92) 0.576 
Cerebrovascular disease, n (%) 287(3.49) 867(1.96) <0.001 287(3.49) 277(3.37) 0.668 
Dementia, n (%) 343(4.17) 1263(2.85) <0.001 343(4.17) 377(4.58) 0.195 
Diabetes mellitus, n (%) 2636(32.04) 9704(21.92) <0.001 2636(32.04) 2672(32.47) 0.548 
Rheumatoid disease, n (%) 276(3.35) 1236(2.79) 0.005 276(3.35) 246(2.99) 0.182 
Mild/moderate/severe liver disease, n (%) 276(3.35) 1703(3.85) 0.031 276(3.35) 266(3.23) 0.662 
Renal disease, n (%) 1608(19.54) 3568(8.06) <0.001 1608(19.54) 1617(19.65) 0.860 
Cancer and metastatic cancer, n (%) 210(2.55) 913(2.06) 0.005 210(2.55) 195(2.37) 0.450 
COVID 19, n (%) 18(0.22) 200(0.45) 0.003 18(0.22) 33(0.4) 0.035 
Pneumonia, n (%) 355(4.31) 1397(3.16) <0.001 355(4.31) 329(4) 0.310 
Influenza, n (%) 113(1.37) 876(1.98) <0.001 113(1.37) 114(1.39) 0.947 
Tobacco use, n (%) 541(6.58) 9894(22.35) <0.001 541(6.58) 445(5.41) 0.002 
Obesity, n (%) 1921(23.35) 9991(22.56) 0.119 1921(23.35) 1963(23.86) 0.441 
Obstructive sleep apnea, n (%) 996(12.11) 4735(10.69) <0.001 996(12.11) 999(12.14) 0.943 
Gastroesophageal reflux disease, n (%) 279(3.39) 2644(5.97) <0.001 279(3.39) 255(3.1) 0.291 
Anxiety, n (%) 434(5.27) 3614(8.16) <0.001 434(5.27) 434(5.27) 1.000 
Depression, n (%) 548(6.66) 3528(7.97) <0.001 548(6.66) 572(6.95) 0.458 
Hypertension, n (%) 3362(40.86) 17736(40.06) 0.172 3362(40.86) 3402(41.36) 0,526 
Hypothyroidism, n (%) 943(11.46) 4499(10.16) <0.001 943(11.46) 879(10.68) 0.112 
Hyperthyroidism, n (%) 238(2.89) 606(1.37) <0.001 238(2.89) 220(2.67) 0.394 
Bronchiectasis, n (%) 386(4.69) 2457(5.55) 0.002 386(4.69) 372(4.52) 0.603 
Invasive lung ventilation, n (%) 41(0.5) 423(0.96) <0.001 41(0.5) 47(0.57) 0.521 
Non-invasive lung ventilation, n (%) 232(2.82) 978(2.21) 0.001 232(2.82) 209(2.54) 0.267 
Admission to Intensive Care Unit, n (%) 141(1.71) 1032(2.33) 0.001 141(1.71) 127(1.54) 0.389 
LOHS, median (IQR) 7(7) 6(6) <0.001 7(6) 6(5) <0.001 
IHM, n (%) 342(4.16) 636(1.44) <0.001 342(4.16) 252(3.06) <0.001 

SD Standard deviation; CCI: Charlson comorbidity index; LOHS: Length of hospital stay; IQR Inter quartile range; IHM: In-hospital mortality. 

J. de-Miguel-Diez et al.                                                                                                                                                                                                                        



Respiratory Medicine 221 (2024) 107508

5

described in the study by Taha et al. [25]. In any case, the association 
between asthma and AF might be explained by several mechanisms, 
including respiratory failure associated with asthma exacerbation [25], 
chronic systemic inflammation [26], whose level is higher in patients 
with persistent or uncontrolled asthma [27], and asthma therapy [7,28]. 
Unfortunately, our database does not contain information about medi
cations used during hospitalization. 

We also observed that the prevalence of AF among subjects hospi
talized due to asthma in Spain significantly increased between 2016 and 
2021, but only in women, while it decreased in men, expanding upon the 
data from previous studies in regard to the relationship between asthma 
and AF. Although previous studies have not assessed sex differences in 
hospitalization trends for patients with asthma and atrial fibrillation, 
there is epidemiological evidence of increasing prevalence of AF over 
time both on an age-adjusted and absolute basis, with slightly more 
hospitalizations in women than men, though this difference has been 
declining [5]. 

Furthermore, we demonstrated that being a man was a protective 
factor for presenting AF, suggesting a sex difference in the risk of AF 
among asthmatic patients. Other studies have also identified an effect 
modification by sex, where women with asthma have a higher risk of AF 
compared to those without asthma [12,25]. However, the precise 
mechanism of this association is not completely clear. In the same way, 
there is a significant sex disparity in asthma. During childhood, boys 

have an increased prevalence of asthma, while in adulthood, women 
have a higher prevalence and severity of asthma, which is closely related 
to sex hormone differences [29]. 

After multivariable adjustment, older age, congestive heart failure, 
renal disease, obstructive sleep apnea, hypertension, and hyperthy
roidism were associated with the presence of AF in men and women 
hospitalized due to asthma. Furthermore, peripheral vascular disease 
was associated with the presence of AF only among in men. However, in 
women, the variables that also were associated with the presence of AF 
were cerebrovascular disease, diabetes, pneumonia, and hypothyroid
ism. Other authors have also described that asthma patients with AF are 
also older and have a higher frequency of comorbidities as compared 
with those without AF [25]. Comorbidities that have been associated 
with a higher risk of arrhythmia include cardiac comorbidities and renal 
failure [25,30]. 

As previously described [25], hospitalized asthmatic patients with 
AF in our study were associated with higher LOHS and IHM. In fact, the 
crude IHM was three times higher in patients with AF than in those 
without this disease. For men and women with asthma and AF, advanced 
age and the presence of cancer and COVID-19 were factors associated 
with a higher IHM. In the study by Toha et al. [25], patients older than 
65 years, male sex, and multiple comorbidities, such as acute respiratory 
failure, pneumonia, sepsis, acute myocardial infarction, chronic heart 
failure and renal failure, were also independent predictors of IHM in the 

Table 3 
Distribution of study covariates and hospital outcomes for men with asthma in Spain (2016–2021), according to the presence of atrial fibrillation before and after 
propensity score matching (PSM).   

Atrial fibrillation before PSM Atrial fibrillation after PSM 

YES NO p-value YES NO p-value 

Year 2016, n(%) 264(18.08) 1945(17.26) <0.001 264(18.08) 283(19.38) 0.75 
Year 2017, n(%) 274(18.77) 2061(18.29)  274(18.77) 279(19.11)  
Year 2018, n(%) 323(22.12) 2225(19.75)  323(22.12) 325(22.26)  
Year 2019, n(%) 290(19.86) 2087(18.52)  290(19.86) 291(19.93)  
Year 2020, n(%) 174(11.92) 1535(13.62)  174(11.92) 149(10.21)  
Year 2021, n(%) 135(9.25) 1414(12.55)  135(9.25) 133(9.11)  
Age, mean (SD) 78.62(9.41) 62.03(14.85) <0.001 78.62(9.41) 78.23(9.97) 0.278 
40–54 years old, n (%) 33(2.26) 4397(39.03) <0.001 33(2.26) 32(2.19) 0.011 
55–69 years old, n (%) 182(12.47) 2922(25.93)  182(12.47) 178(12.19)  
70–84 years old, n (%) 851(58.29) 3069(27.24)  851(58.29) 775(53.08)  
≥85 years old, n (%) 394(26.99) 879(7.8)  394(26.99) 475(32.53)  
CCI, mean (SD) 2.4(1.48) 1.6(1.15) <0.001 2.4(1.48) 2.37(1.47) 0.615 
Myocardial infarction, n (%) 80(5.48) 271(2.41) <0.001 80(5.48) 82(5.62) 0.872 
Congestive heart failure, n (%) 477(32.67) 680(6.04) <0.001 477(32.67) 414(28.36) 0.011 
Peripheral vascular disease, n (%) 80(5.48) 212(1.88) <0.001 80(5.48) 89(6.1) 0.476 
Cerebrovascular disease, n (%) 64(4.38) 178(1.58) <0.001 64(4.38) 62(4.25) 0.855 
Dementia, n (%) 39(2.67) 133(1.18) <0.001 39(2.67) 29(1.99) 0.220 
Diabetes mellitus, n (%) 387(26.51) 1923(17.07) <0.001 387(26.51) 409(28.01) 0.361 
Rheumatoid disease, n (%) 26(1.78) 133(1.18) 0.052 26(1.78) 31(2.12) 0.504 
Mild/moderate/severe liver disease, n (%) 56(3.84) 496(4.4) 0.317 56(3.84) 44(3.01) 0.222 
Renal disease, n (%) 280(19.18) 572(5.08) <0.001 280(19.18) 267(18.29) 0.538 
Cancer and metastatic cancer, n (%) 81(5.55) 312(2.77) <0.001 81(5.55) 92(6.3) 0.389 
COVID 19, n (%) 3(0.21) 86(0.76) 0.016 3(0.21) 8(0.55) 0.131 
Pneumonia, n (%) 87(5.96) 459(4.07) 0.001 87(5.96) 86(5.89) 0.938 
Influenza, n (%) 30(2.05) 237(2.1) 0.903 30(2.05) 36(2.47) 0.455 
Tobacco use, n (%) 476(32.6) 5200(46.15) <0.001 476(32.6) 479(32.81) 0.906 
Obesity, n (%) 219(15) 1519(13.48) 0.112 219(15) 188(12.88) 0.098 
Obstructive sleep apnea, n (%) 260(17.81) 1476(13.1) <0.001 260(17.81) 245(16.78) 0.463 
Gastroesophageal reflux disease, n (%) 53(3.63) 484(4.3) 0.234 53(3.63) 54(3.7) 0.922 
Anxiety, n (%) 40(2.74) 396(3.51) 0.126 40(2.74) 34(2.33) 0.480 
Depression, n (%) 31(2.12) 265(2.35) 0.585 31(2.12) 27(1.85) 0.596 
Hypertension, n (%) 559(38.29) 3258(28.92) <0.001 559(38.29) 581(39.79) 0.404 
Hypothyroidism, n (%) 50(3.42) 223(1.98) <0.001 50(3.42) 42(2.88) 0.397 
Hyperthyroidism, n (%) 23(1.58) 74(0.66) <0.001 23(1.58) 17(1.16) 0.339 
Bronchiectasis, n (%) 103(7.05) 651(5.78) 0.052 103(7.05) 99(6.78) 0.771 
Invasive lung ventilation, n (%) 17(1.16) 192(1.7) 0.127 17(1.16) 10(0.68) 0.176 
Non-invasive lung ventilation, n (%) 29(1.99) 255(2.26) 0.500 29(1.99) 39(2.67) 0.220 
Admission to Intensive Care Unit, n (%) 33(2.26) 403(3.58) 0.009 33(2.26) 27(1.85) 0.434 
LOHS, median (IQR) 6(6) 5(4) <0.001 6(5) 6(5) 0.441 
IHM, n (%) 58(3.97) 122(1.08) <0.001 58(3.97) 33(2.26) 0.008 

SD Standard deviation; CCI: Charlson comorbidity index; LOHS: Length of hospital stay; IQR Inter quartile range; IHM: In-hospital mortality. 
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subgroup of asthmatic patients with arrhythmias. Likewise, as previ
ously reported [25], having received invasive mechanical ventilation 
and having been admitted to the intensive care unit were also associated 
with the risk of death. By sexes, in women with asthma and AF, the 
presence of congestive heart failure, dementia, pneumonia, and 

bronchiectasis showed a significant association with the IHM in our 
study. However, we found no association between IHM in subjects 
admitted due to asthma who also suffered from AF. 

There are several limitations worth noting in this study. First, the 
RAE-CMBD has the possibility of coding errors as it is an administrative 
dataset. Misclassification in the diagnosis of asthma could have 
occurred. Second, data were extracted after only hospital admissions but 
not emergency department visits, so possibly, those patients with less 
severe asthma are not analyzed in our study. Third, information about 
the severity of asthma, the type of atrial fibrillation and the drugs used 
for treatment, like bronchodilators and corticosteroids, which might 
confound the association between arrhythmia and asthma, was not 
available in our database. Fourth, this study was limited to inpatient 
outcomes, not having follow-up data after discharge. Fifth, As com
mented in the methods section our study population only included pa
tients with a primary diagnosis of asthma in their discharge report. In 
our opinion this means that possibly most of these patients had an 
asthma exacerbation when admitted to the hospital, but due to the 
limitations of RAE-CMBD this cannot be confirmed. However, previous 
epidemiological investigations have defined a primary diagnosis of 
asthma in hospital discharge data as an asthma exacerbation [31–33]. 
Sixth, in our investigation only patients with an AF prior to hospital 
admission were analyzed. Therefore, we did not analyze the very small 
proportion (0.6 %) of patients who developed AF during their hospital 
stay. Due to the very small number of these patients is unlikely that, if 
these patients were included, the results of the study would significantly 
change. Seventh, in our study we found an association between asthma 
and AF, but we could not determine if AF was caused by asthma, 
pneumonia or any other concomitant condition or infection. Finally, as 
the RAE-CMBD is anonymized, we cannot identify readmissions, and 
this could affect our results by overestimating the prevalence of AF. 

In conclusion, by using a large database discharge, we demonstrated 
that AF is highly prevalent among subjects hospitalized due to asthma, 
with this prevalence having increased significantly in Spain between 
2016 and 2021. The presence of AF in patients with asthma was asso
ciated significantly with a higher LOHS and IHM. Sex was not associated 
with IHM in these patients. Clinicians should improve the control of 
patients with asthma, as excessive use of medications prescribed to 
relieve asthma symptom can influence heart rate and increase the risk of 
arrhythmias. In addition, they should advise their patients with asthma 
to avoid risk factors for AF, such as not smoking, following a heart- 
healthy Mediterranean-style diet, being physically active and keeping 
to a normal weight. Finally, they should be aware of the association of 
asthma and AF, to diagnose it early and intervene on it, in order to 
improve the outcomes of patients with this association. 
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Table 4 
Multivariable analysis of factors associated with presenting atrial fibrillation 
diagnosed among patients hospitalized with asthma in Spain (2016–2021), ac
cording to sex.   

Women Men Both 

OR(95%CI) OR(95%CI) OR(95%CI) 

40–54 years old 1 1 1 
55–69 years old 2.98(2.36–3.76) 3.55(2.43–5.17) 3.24(2.66–3.95) 
70–84 years old 9.09(7.25–11.4) 13.06 

(9.12–18.7) 
10.38 
(8.58–12.56) 

≥85 years old 10.92 
(8.68–13.74) 

18.72 
(12.84–27.3) 

12.75 
(10.49–15.49) 

Congestive heart 
failure 

3.46(3.26–3.66) 3.61(3.11–4.19) 3.47(3.29–3.66) 

Peripheral vascular 
disease 

NS 1.48(1.11–1.97) NS 

Cerebrovascular 
disease 

1.17(1.02–1.36) NS 1.2(1.05–1.36) 

Diabetes mellitus 1.22(1.15–1.29) NS 1.18(1.12–1.24) 
Renal disease 1.29(1.19–1.39) 1.65(1.37–1.97) 1.34(1.25–1.44) 
Pneumonia 1.19(1.05–1.36) NS 1.19(1.06–1.33) 
Obstructive sleep 

apnea 
1.17(1.07–1.27) 1.57(1.33–1.87) 1.23(1.14–1.33) 

Hypertension 1.06(1–1.12) 1.18(1.03–1.35) 1.08(1.02–1.13) 
Hypothyroidism 1.12(1.03–1.21) NS 1.12(1.04–1.22) 
Hyperthyroidism 1.81(1.53–2.13) 1.7(1–2.9) 1.8(1.53–2.11) 
Year 2016 1 1 1 
Year 2017 NS NS 1.1(1.02–1.18) 
Year 2018 NS NS 1.16(1.07–1.25) 
Year 2019 NS NS 1.18(1.09–1.27) 
Year 2020 NS NS 1.12(1.02–1.23) 
Year 2021 NS NS NS 
Men NA NA 1 
Women   1.15 (1.08 1.23) 

NA not applicable; NS: Not significant. 

Table 5 
Multivariable analysis of factors associated with in-hospital mortality during 
admission for patients with asthma in Spain (2016–2021), according to the 
presence of atrial fibrillation.   

Women Men Both Sex 

OR(95%CI) OR(95%CI) OR(95%CI) 

40–69 years old 1 1 1 
70–84 years old 4.95 

(1.77–13.87) 
NS NS 

≥85 years old 12.97 
(4.6–36.58) 

NS 10.13 
(1.36–75.6) 

Congestive heart failure 1.3(1.03–1.64) NS 1.35 
(1.09–1.68) 

Dementia 1.78 
(1.17–2.71) 

NS 1.89 
(1.29–2.79) 

Cancer and metastatic 
cancer 

1.92(1.1–3.34) 3.6(1.5–8.66) 2.22 
(1.41–3.51) 

COVID 19 7.01 
(2.01–24.45) 

NS 5.94 
(1.87–18.84) 

Pneumonia 2.1(1.41–3.13) NS 1.91 
(1.32–2.78) 

Bronchiectasis 1.59(1–2.53) NS 1.63 
(1.08–2.46) 

Invasive lung ventilation 4,33(2,85- 
6,57) 

5.92 
(1.23–28.59) 

4,86(3,4–5,59) 

Admission to Intensive 
Care Unit 

3.11 
(1.69–5.76) 

10.82 
(2.89–40.59) 

3.66 
(2.11–6.32) 

Men NA NA 0.85 
(0.62–1.16) 

NA not applicable; NS: Not significant. 

J. de-Miguel-Diez et al.                                                                                                                                                                                                                        



Respiratory Medicine 221 (2024) 107508

7

Leon: Writing – original draft, Writing – review & editing. David Car
abantes-Alarcon: Software, Writing – review & editing. Ricardo 
Omaña-Palanco: Validation, Writing – review & editing. Valentín 
Hernández-Barrera: Validation, Writing – review & editing. Natividad 
Cuadrado-Corrales: Conceptualization, Validation, Writing – original 
draft, Writing – review & editing. 

Declaration of competing interest 

All authors declare that they have none Conflict of Interest. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.rmed.2023.107508. 

References 

[1] H. Liu, Y. Fu, K. Wang, Asthma and risk of coronary heart disease: a meta-analysis 
of cohort studies, Ann. Allergy Asthma Immunol. 118 (6) (2017) 689–695, https:// 
doi.org/10.1016/j.anai.2017.03.012. 

[2] L.P. Boulet, H.K. Reddel, E. Bateman, S. Pedersen, J.M. FitzGerald, P.M. O’Byrne, 
The global initiative for asthma (GINA): 25 years later, Eur. Respir. J. 54 (2) (2019 
Aug 29), 1900598, https://doi.org/10.1183/13993003.00598-2019. 

[3] Global Strategy for Asthma Management and Prevention, Updated 2023, https: 
//www.ginasthma.org. (Accessed 27 July 2023). 

[4] M.L. Hua, L. Li, L.L. Diao, Bronchial asthma and risk of 4 specific cardiovascular 
diseases and cardiovascular mortality: a meta-analysis of cohort studies, Eur. Rev. 
Med. Pharmacol. Sci. 26 (14) (2022 Jul) 5081–5091, https://doi.org/10.26355/ 
eurrev_202207_29294. 

[5] A. Sheikh, N.J. Patel, N. Nalluri, K. Agnihotri, J. Spagnola, A. Patel, et al., Trends in 
hospitalization for atrial fibrillation: epidemiology, cost, and implications for the 
future, Prog. Cardiovasc. Dis. 58 (2) (2015 Sep-Oct) 105–116, https://doi.org/ 
10.1016/j.pcad.2015.07.002. 

[6] G.Y. Lip, P. Kakar, T. Watson, Atrial fibrillation–the growing epidemic, Heart 93 
(5) (2007 May) 542–543, https://doi.org/10.1136/hrt.2006.110791. 

[7] W.L. Chan, K.P. Yang, T.F. Chao, C.C. Huang, P.H. Huang, Y.C. Chen, et al., The 
association of asthma and atrial fibrillation–a nationwide population-based nested 
case-control study, Int. J. Cardiol. 176 (2) (2014 Sep 20) 464–469, https://doi.org/ 
10.1016/j.ijcard.2014.07.087. 

[8] Z. Xue, S. Guo, X. Liu, J. Ma, W. Zhu, Y. Zhou, et al., Impact of copd or asthma on 
the risk of atrial fibrillation: a systematic review and meta-analysis, Front 
Cardiovasc Med. 9 (2022 Apr 11), 872446, https://doi.org/10.3389/ 
fcvm.2022.872446. 

[9] G.A. Roth, G.A. Mensah, C.O. Johnson, G. Addolorato, E. Ammirati, L.M. Baddour, 
et al., Global burden of cardiovascular diseases and risk factors, 1990-2019: update 
from the GBD 2019 study, J. Am. Coll. Cardiol. 76 (25) (2020 Dec 22) 2982–3021, 
https://doi.org/10.1016/j.jacc.2020.11.010. 

[10] A. Cepelis, B.M. Brumpton, V. Malmo, L.E. Laugsand, J.P. Loennechen, H. Ellekjær, 
et al., Associations of asthma and asthma control with atrial fibrillation risk: results 
from the nord-trøndelag Health study (HUNT), JAMA Cardiol. 3 (8) (2018 Aug 1) 
721–728, https://doi.org/10.1001/jamacardio.2018.1901. 

[11] P. Carter, J. Lagan, C. Fortune, D.L. Bhatt, J. Vestbo, R. Niven, et al., Association of 
cardiovascular disease with respiratory disease, J. Am. Coll. Cardiol. 73 (17) (2019 
May 7) 2166–2177, https://doi.org/10.1016/j.jacc.2018.11.063. 

[12] M.C. Tattersall, A.S. Dasiewicz, R.L. McClelland, A.D. Gepner, M.M. Kalscheur, M. 
E. Field, et al., Persistent asthma is associated with increased risk for incident atrial 
fibrillation in the MESA, Circ. Arrhythm Electrophysiol. 13 (2) (2020 Feb), 
e007685, https://doi.org/10.1161/CIRCEP.119.007685. 

[13] M. Harada, D.R. Van Wagoner, S. Nattel, Role of inflammation in atrial fibrillation 
pathophysiology and management, Circ. J. 79 (3) (2015) 495–502, https://doi. 
org/10.1253/circj.CJ-15-0138. 

[14] S.P. Naik, P. A M, B. S J, S.V. Madhunapantula, S.R. Jahromi, M.K. Yadav, 
Evaluation of inflammatory markers interleukin-6 (IL-6) and matrix 
metalloproteinase-9 (MMP-9) in asthma, J. Asthma 54 (6) (2017 Aug) 584–593, 
https://doi.org/10.1080/02770903.2016.1244828. 

[15] S.R. Salpeter, T.M. Ormiston, E.E. Salpeter, Cardiovascular effects of beta-agonists 
in patients with asthma and COPD: a meta-analysis, Chest 125 (6) (2004 Jun) 
2309–2321, https://doi.org/10.1378/chest.125.6.2309. 

[16] C.S. Van der Hooft, J. Heeringa, G.G. Brusselle, A. Hofman, J.C. Witteman, J. 
H. Kingma, et al., Corticosteroids and the risk of atrial fibrillation, Arch. Intern. 
Med. 166 (9) (2006 May 8) 1016–1020, https://doi.org/10.1001/ 
archinte.166.9.1016. 

[17] M.J. Lewis, A.L. Short, K.E. Lewis, Autonomic nervous system control of the 
cardiovascular and respiratory systems in asthma, Respir. Med. 100 (10) (2006 
Oct) 1688–1705, https://doi.org/10.1016/j.rmed.2006.01.019. 

[18] M.C. Tattersall, Asthma as a systemic disease: cardiovascular effects associated 
with asthma, Adv. Exp. Med. Biol. 1426 (2023) 77–100, https://doi.org/10.1007/ 
978-3-031-32259-4_4. 

[19] Ministerio de Sanidad, Servicios Sociales e Igualdad, Real Decreto 69/2015, de 6 
de febrero, por el que se regula el Registro de Actividad de Atención Sanitaria 
Especializada, BOE 35 (2015) 10789–10809 (Spanish National Hospital Discharge 
Database), https://www.mscbs.gob.es/estadEstudios/estadisticas/docs/BOE_RD_6 
9_2015_RAE_CMBD.pdf. (Accessed 31 May 2023). 

[20] H. Quan, V. Sundararajan, P. Halfon, A. Fong, B. Burnand, J.C. Luthi, et al., Coding 
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data, 
Med. Care 43 (2005) 1130–1139, https://doi.org/10.1097/01. 
mlr.0000182534.19832.83. 

[21] V. Sundararajan, T. Henderson, C. Perry, A. Muggivan, H. Quan, W.A. Ghali, New 
ICD-10 version of the Charlson comor-bidity index predicted in-hospital mortality, 
J. Clin. Epidemiol. 57 (2004) 1288–1294, https://doi.org/10.1016/j. 
jclinepi.2004.03.012. 

[22] P.C. Austin, Comparing paired vs non-paired statistical methods of analyses when 
making inferences about absolute risk reductions in propensity-score matched 
samples, Stat. Med. 30 (2011) 1292–1301, https://doi.org/10.1002/sim.4200. 

[23] Ministerio de Sanidad, Consumo y Bienestar Social. Solicitud de extracción de 
datos – extraction request (Spanish National Hospital Discharge Database) 
Available at: https://www.sanidad.gob.es/estadEstudios/estadisticas/estadisticas 
/estMinisterio/SolicitudCMBD.htm. (Accessed 31 May 2023). 

[24] M.J. Warnier, F.H. Rutten, J.A. Kors, J.W. Lammers, A. de Boer, A.W. Hoes, et al., 
Cardiac arrhythmias in adult patients with asthma, J. Asthma 49 (9) (2012 Nov) 
942–946, https://doi.org/10.3109/02770903.2012.724132. 

[25] M. Taha, T. Mishra, M. Shokr, A. Sharma, M. Taha, L. Samavati, Burden and impact 
of arrhythmias in asthma-related hospitalizations: insight from the national 
inpatient sample, J. Arrhythm. 37 (1) (2020 Nov 17) 113–120, https://doi.org/ 
10.1002/joa3.12452. 

[26] M. Yılmaz, H.E. Bozkurt Yılmaz, N. Şen, C. Altın, A. Tekin, H. Müderrisoğlu, 
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