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ABSTRACT
Background: Little is known about the relationship between circulating electrolyte concentrations and paroxysmal atrial fibril-
lation in the emergency department. We aimed to characterize circulating electrolyte concentrations in patients with paroxysmal 
atrial fibrillation compared with those of nonspecific control patients admitted to the emergency department.
Methods: In total, data from 520 individuals with paroxysmal atrial fibrillation and 1,040 randomly selected 1040 patients with-
out atrial fibrillation (1:2 ratio), all admitted to the emergency department (January 2010–December 2015), were analyzed. A clas-
sification model was developed using a tree-based machine learning algorithm, and the importance of variables was measured.
Results: Patient age, serum glucose, sodium, potassium, calcium, phosphate, and sex were significantly associated with par-
oxysmal atrial fibrillation (all p < 0.001). For serum magnesium, the difference approached significance (p = 0.096). The model 
had a moderate performance with a 10-fold cross-validation accuracy of 0.728 and a sensitivity, specificity, area under the curve, 
and likelihood ratio of 0.613, 0.770, 0.692, and 2.67, respectively. Overall, age and glucose were the most important variables 
followed by serum sodium, potassium, and calcium. Male sex, older age, and a higher serum sodium, calcium, potassium, and 
magnesium, and a lower serum glucose and phosphate were associated with a higher likelihood of paroxysmal atrial fibrillation 
in the emergency department.
Conclusion: Serum electrolyte imbalances, particularly in sodium, potassium, and magnesium, are significantly associated 
with paroxysmal atrial fibrillation in emergency settings. Emergency physicians should monitor and correct these electrolytes to 
improve early PAF management and potentially prevent adverse outcomes.

1   |   Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia in the general adult population [1]. Patients with AF fre-
quently present to the emergency department (ED) and often 
require hospitalization, placing a significant burden on clinical 
facilities [2, 3]. Studies have shown that AF is associated with 
a higher mortality rate and an increased risk of neurological, 

cardiovascular, cognitive, and psychosocial problems  [4–8]. 
Overall, AF has an undesirable effect on the quality of life com-
pared to the general population without AF [9]. Age and sex are 
independent risk factors of AF [10, 11]. Electrolyte disturbances, 
altered glucose levels, and endocrine disorders also contribute to 
the development of AF [12]. There is limited data on the relation-
ship between AF risk and circulating electrolytes, but further 
studies are needed to validate the findings [13–16].
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Characterization of the association of electrolyte concentrations 
with AF may further suggest the development of prevention or 
treatment strategies [14]. In general, AF is categorized as first-
diagnosed, paroxysmal (terminates spontaneously or with inter-
vention within 7 days of onset), persistent (sustained for ≥ 7 days 
and/or terminates with cardioversion after ≥ 7 days), long-
lasting (duration > 12 months at the time of the decision to adopt 
a rhythm control strategy) or permanent (accepted by the pa-
tient and physician, and no further attempts are made to restore/
maintain sinus rhythm will be undertaken) [12]. These subtypes 
differ in epidemiology, symptoms, management, and prognosis 
[17]. Most studies of AF were community-based and consisted of 
a heterogeneous sample of unbalanced AF subtypes [18].

Less is known about the relation between circulating elec-
trolyte concentrations and paroxysmal AF (PAF) in the ED. 
Nevertheless, because of the paroxysmal character of PAF, it is 
frequently overlooked, potentially increasing the risk of adverse 
outcomes such as stroke or heart failure [19]. Studies have con-
firmed the progressive nature of PAF, suggesting that AF often 
manifests as paroxysmal and gradually progresses to chronic 
AF as the outcome [20, 21]. A long-term observational study of 
patients initially diagnosed with PAF showed a 77% progress to 
permanent AF [20]. These highlight the importance of evaluat-
ing the difference between patients with PAF and controls pre-
senting to the ED.

We conducted this study to characterize circulating electrolyte 
levels in patients with the main condition of PAF compared with 
those of other nonspecific control patients without AF admitted 
to the ED. Our hypothesis was that patients with PAF would 
differ in blood electrolyte concentrations from other non-AF pa-
tients presenting to the ED.

2   |   Patients and Methods

2.1   |   Design and Data Source

Tazmini et al. conducted a study to investigate the prevalence 
of electrolyte imbalance in adults presenting to the ED [18]. In a 
retrospective cohort study, they included all patients ≥ 18 years 
of age who were presented to the ED for any reason between 
January 1, 2010, and December 31, 2015, and had blood elec-
trolytes measured. The study was conducted at Diakonhjemmet 

Hospital, Oslo, Norway. The hospital has a routine of taking 
blood samples shortly after the patient arrives at the ED. A total 
of 62,991 visits from 31,966 patients were recorded in one dataset. 
In the end, they concluded that patients with electrolyte imbal-
ance had longer hospital stays and were more likely to be read-
mitted within 30 days of discharge. Diagnosis, monitoring, and 
treatment of electrolyte imbalance in newly admitted patients 
were recommended for emergency physicians. Tazmini et  al. 
made their deidentified data publicly available by publishing it 
as Supporting Information to their article, which is archived in a 
public data repository [22]. We performed a secondary analysis 
of the data to provide insights into the associations of circulating 
electrolyte concentrations with PAF.

2.2   |   Ethical Considerations

Our research was in accordance with the Declaration of Helsinki 
as we did not perform any measurements on the participant. 
Our study was a secondary analysis of open-access anonymized 
data. We acknowledged the source of the data and described the 
efforts of the primary authors. We did not republish raw data but 
only reported the results of our analysis of existing data. Raw 
data were licensed under a Universal (CC0 1.0) Public Domain 
Dedication license and the primary study was approved by 
a regional committee for medical and health research ethics 
(Regional Committee for Medical and Health Research Ethics 
South East).

2.3   |   Datda Aavailability

All data and their dictionary are freely deposited in the DRYAD 
public data repository with a digital object identifier (DOI) of 
10.5061/dryad.f3h26j3 (publication date: May 08, 2019; Last ac-
cess date: January 20, 2024) [18, 22].

2.4   |   Outcome and Predictors

For each patient, the ICD-10 diagnosis code for the “main con-
dition” and a list of “other conditions” at the time of discharge 
were recorded under the corresponding headings. Based on the 
ICD-10 code, patients with the “main condition” of I48.0 code 
were identified as having PAF. Age (year), sex, serum sodium 
(sNa; mmol/L), glucose (sGlc; mmol/L), sNa value corrected for 
sGlc, potassium (sK; mmol/L), calcium (sCa; mmol/L), albumin 
(sAlb; mmol/L), sCa value corrected for sAlb, phosphate (sP; 
mmol/L), magnesium (sMg; mmol/L), and plasma free calcium 
(fCa; mmol/L) were the recorded variables. There were other 
variables that we did not use in our study, including medical 
versus surgical department, the length of hospital stay after the 
date of the ED visit only for patients who died, and the num-
ber of days to readmission after discharge only for patients who 
were readmitted.

2.5   |   Data Analysis

The dataset was checked for duplicate rows and missing values. 
For patients who appeared repeatedly in the dataset, only one 

Summary

•	 Patients with PAF differ from nonspecific controls in 
blood electrolyte levels.

•	 Older age and lower sGls were the top important co-
variates of PAF in the ED.

•	 Higher sNa, sCa, sK, sMg, and lower sP increase the 
risk of PAF in the ED.

•	 Results differ in the ED population compared to the 
general population.

•	 Continued research in the emergency setting is 
warranted.
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visit was randomly selected. Because of the large imbalance be-
tween non-PAF and PAF groups, we randomly selected patients 
without PAF to obtain a dataset with a 1:2 sample ratio of PAF 
to non-PAF individuals. The ratio was selected to maintain sta-
tistical power while minimizing information loss and ensuring 
robust interpretable comparisons. This allowed for avoiding 
overfitting to the majority class. Pairwise correlation analysis 
was performed not only to identify significant linear relation-
ships but also to guide feature selection by excluding highly 
correlated variables, thereby minimizing multicollinearity in 
subsequent multivariable modeling. If the absolute value of the 
correlation coefficient was greater than 0.5, one variable from 
each pair was excluded from further analysis. A large number 
of sP and sMG values were missing from the study dataset. A 
tree-based machine learning algorithm was used to assess the 
importance of patient characteristics in discriminating PAF and 
non-PAF groups. We performed a classification analysis using 
eXtreme Gradient Boosting (XGBoost) because of its high per-
formance, robustness to the presence of complex relationships 
between variables, resilience to outliers, and ability to handle 
unbalanced predictors and missing data [23]. This ensured the 
analysis of real data without introducing potentially biased im-
puted values required for logistic regression. In short, XGBoost 
uses a technique known as “sparse-aware split finding” to effec-
tively calculate the gain in model performance from potential 
splits while considering missing values as a separate category 
during the tree-building process. This ensures that the algo-
rithm used the available data as efficiently as possible, thereby 
reducing the biases that could arise from filling in missing val-
ues with artificial estimates. As a result, the performance from 
each potential split is calculated while accounting for the miss-
ing data, ensuring no predictive information is lost. In summary, 
rather than guessing missing values, the algorithm adjusts its 
calculations to accommodate them, maintaining the accuracy 
and reliability of the analysis. We used 10-fold cross-validation 
to evaluate the performance of the model and measured model 
performance using standard metrics including accuracy, sensi-
tivity, specificity, positive and negative predictive values, and 
area under the receiver operating characteristic curve. For the 
variable importance analysis, both Gain and Cover values were 
plotted. Gain measures the improvement in predictive accuracy 
achieved by splitting nodes based on a feature, while Cover 
quantifies the relative number of times a feature is used for split-
ting across all trees in the ensemble. Results are presented as 

mean (SD) for continuous variables and as absolute numbers (%) 
for categorical data. Mean values were compared using inde-
pendent t-tests. For categorical variables, a χ2 test was used to 
test for differences between study groups. The significance level 
was set at two-tailed α = 0.05. Data analysis and visualization 
were performed using R software version 4.0.2 for Windows (R 
Foundation for Statistical Computing, Vienna, Austria. https://​
www.​R-​proje​ct.​org/​).

3   |   Results

3.1   |   Sample

The dataset included 62,991 rows from 31,966 patients. We ran-
domly selected one row for each individual with repeated visits. 
A total of 520 individuals with the main condition of PAF were 
identified. We randomly selected 1040 patients without PAF 
(non-PAF) to provide a dataset with a 1:2 sample ratio of PAF 
to non-PAF individuals. At the end of the process, the analytic 
sample included 1560 patients with no repeated data. Figure 1 
shows the distribution of age and the sex ratio for both non-
PAF and PAF groups. Overall, 18.7% of the data were missing 
from sGlc (11%), Glc corrected Na (11%), sK (< 0.1%), sCa (12%), 
sAlb (7%), Alb corrected Ca (13%), sP (83%), sMg (79%), and fCa 
(71%). However, we used the XGBoost algorithm to avoid data 
imputation.

3.2   |   Incorporated Features

We evaluated the set of variables for pairwise linear correla-
tion coefficients of greater than 0.50. There was a high cor-
relation between sNa and Glc-corrected Na (Pearson's r = 0.94, 
p < 0.001), sCa and Alb-corrected Ca (r = 0.71, p < 0.001), sCa and 
fCa (r = 0.59, p < 0.001), and sCa and sAlb (r = 0.52, p < 0.001). 
Therefore, fCa and sAlb were excluded as sCa represented both 
variables, ensuring fewer variables in the model. For the pairs 
sNa and Glc-corrected Na, and sCa and Alb-corrected Ca, we re-
tained sNa and sCa as they are more commonly reported in clin-
ical settings. These exclusions minimized multicollinearity and 
adhered to the principle of creating a parsimonious model with 
the fewest necessary variables while maintaining performance. 
Figure 2 shows a heatmap of the correlation coefficients. Other 

FIGURE 1    |    Distributions of age and sex proportions in patients with and without PAF.
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variables were included in the next step of the analysis. Table 1 
shows the univariate comparison of the two groups of PAF and 
non-PAF on the selected study variables. All variables, except 
for sMg, were significantly associated with PAF. For sMg, the P 
value approached significance. Overall, patients with PAF had 
a higher mean age and higher mean concentrations of sNa, sCa, 
sK, and sMg, and a lower sGlc and sP than non-PAF patients 
presenting to the ED. The age range for the non-PAF and PAF 
groups was 16–98 and 22–102 years, respectively. The male-to-
female sex ratio was higher in the PAF group.

3.3   |   XGBoost Model

We incorporated the selected features into an XGBoost model 
and measured its performance using standard metrics in a 10-
fold cross-validation. Table  2 shows the performance of the 
classification model. The model was relatively accurate in classi-
fying PAF versus non-PAF based on patient characteristics. The 

kappa coefficient of 0.46 suggested a good agreement between 
the classifier's predictions and the true labels beyond chance. 
The classifier was relatively specific in the context of the clini-
cal problem. The positive likelihood ratio of the classifier [sensi-
tivity/(1-specificity)] was 2.67. This means that a positive result 
increases the probability of PAF. Considering the overall perfor-
mance of the classifier, we evaluated the importance of the study 
variables. Figure  3 shows the gain and cover of the included 
variables. Age and sGlc were the most important covariates of 
PAF. The next group of importance included sNa, sK, and sCa in 
decreasing order of importance. Sex, sMg, and sP were of similar 
and lower importance in their associations with PK.

4   |   Discussion

We conducted this study to compare circulating electrolyte con-
centrations in patients with and without PAF presenting to the 
ED. Our results showed that patients with PAF differ in blood 
electrolyte concentrations from nonspecific controls present-
ing to the ED. We used a well-established supervised machine 
learning algorithm to develop a model for selecting features as-
sociated with PAF. The resulting classifier demonstrated moder-
ate accuracy, sensitivity, and specificity. In particular, the high 
positive likelihood ratio suggested a high probability of having 
PAF for a positive result. Despite the large variance inherent in 
the study problem and the community setting where the data 
were collected, the study results can be referenced based on the 
model's performance. The model suggested that patient age, 
sGlc, sNa, sK, sCa, sex, sMg, and sP were predictors of PAF. Male 
sex, older age, a higher sNa, sCa, sK, and sMg, and a lower sGlc 
and sP were associated with a higher likelihood of PAF. Overall, 
age and sGlc were the top important variables in discriminating 
patients with and without PAF. Of the serum electrolytes mea-
sured, sNa, sK, and sCa were the significant electrolytes in order 
of importance. These results provide insight into PAF suscepti-
bility in the population of patients presenting to the ED.

To the best of our knowledge, no previous studies have compared 
serum electrolyte concentrations between groups of patients 
with and without PAF in the ED. Our results are consistent with 
previously published research showing electrolyte imbalances 

FIGURE 2    |    Heatmap of pairwise correlation coefficients between 
study variables.

TABLE 1    |    The difference between patients with and without PAF. The effect size for sex is the unadjusted odds ratio for the male sex.

Characteristic Non-PAF (N = 1040) Missing (%) PAF (N = 520) Missing (%) p

Age (year) 65.74 (20.72) 0.00 69.04 (14.64) 0.00 < 0.001*

Male sex 462 (44.4%) 0.00 287 (55.2%) 0.00 < 0.001*

sNA (mmol/L) 138.33 (4.07) 0.00 140.21 (3.03) 0.00 < 0.001*

sGlc (mmol/L) 7.23 (3.56) 16.06 6.62 (1.82) 1.35 < 0.001*

sK (mmol/L) 4.11 (0.50) 0.00 4.25 (0.39) 0.19 < 0.001*

sCa (mmol/L) 2.32 (0.15) 18.08 2.35 (0.11) 1.35 < 0.001*

sP (mmol/L) 1.11 (0.30) 85.19 1.04 (0.21) 79.42 0.045*

sMg (mmol/L) 0.81 (0.13) 82.60 0.83 (0.07) 72.12 0.096

Abbreviations: sCa, serum calcium; sGlc, serum glucose; sK, serum potassium; sMg, serum magnesium; sNa, serum sodium; sP, serum phosphate.
*Significant at p  <  0.05.
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may contribute to the development of AF. The prevalence of AF 
in the general population increases with age [24–26]. This as-
sociation may be explained by the longer period during which 
risk factors can cause structural changes and less well-defined 
age-related alterations in cellular electrophysiology [24]. Our re-
search suggested that age has the strongest association with PAF 
among the study variables. However, it is important to note that 
all of our patients were referred to the ED. This may have atten-
uated the relationship between age and PAF in our study, as we 

did not compare our patients with PAF to the general popula-
tion. Studies showed that the incidence of AF is higher in men 
than in women in all age ranges [24, 26]. We compared controls 
with the PAF group and not PAF with nonparoxysmal AF. Our 
study showed that male sex is an independent risk factor for AF. 
Univariate analysis showed a high unadjusted odds ratio for 
male sex. However, the importance of sex in our multivariate 
machine-learning model was not as high as that of age in pre-
dicting PAF. Of course, in a study by Al-Makhamreh et al., 47.6% 
of patients with PAF and 45.2% of patients with nonparoxysmal 
AF were men [19]. Overall, our research suggested that PAF is 
more common in men compared to the population of non-AF 
patients in the ED.

Meanwhile, there is a difference between our results on PAF and 
what has been reported in the literature regarding the relation 
between sGlc and AF. Patients with type 2 diabetes, particularly 
those with poor glycemic control, have been reported to have an 
increased risk of AF compared to controls from the general pop-
ulation [27, 28]. In our study, sGlc was the second strongest co-
variate for PAF after age. However, the mean sGlc was lower in 
patients with PAF. It should be noted that we compared patients 
with PAF to nonspecific controls presenting to the ED, rather 
than comparing a heterogeneous sample of patients with AF to 
the general population. Using a comprehensive multivariable 
approach, XGBoost evaluated the association of blood glucose 
with AF by adjusting for other covariates. Moreover, Yang et al. 
investigated the relationship between fasting glucose levels and 
AF risk in a large Korean cohort, revealing a U-shaped relation-
ship in patients receiving antidiabetic medication, where both 
low and high glucose levels increased AF risk [29]. Similar to 
their findings, our results demonstrate that low glucose levels 
are associated with AF. In a recent Swedish study of 88,889 pa-
tients, including 4948 participants with AF, a model adjusted for 
a large number of covariates failed to show a significant associ-
ation between glycemic status and AF [30]. Hypoglycemia has 
also been reported in patients receiving antiarrhythmic medi-
cations, such as beta-blockers or calcium channel blockers [31]. 
These findings emphasize the need for tailored management of 
glucose levels to mitigate AF risk in specific patient groups. A re-
cent study by Tascanov et al. explored the relationships between 
oxidative stress, DNA damage, and PAF, identifying elevated 
total oxidant status and 8-hydroxy-2'-deoxyguanosine levels as 
significant predictors of PAF, with total oxidant status ≥ 12.2 
showing high sensitivity and specificity [32]. Unlike their focus 
on systemic oxidative damage, our study highlighted the role of 
electrolyte imbalances in PAF susceptibility within the ED. Both 
studies investigated modifiable risk factors. Oxidative stress 
may play a significant role in influencing atrial remodeling and 
increasing susceptibility to arrhythmias [32, 33]. Furthermore, 
its potential synergy with electrolyte disturbances could amplify 
the risk of arrhythmogenesis, underscoring the need for inte-
grated and multifaceted approaches in future research to bet-
ter understand and address these interactions. These findings 
highlight the role of metabolic factors and treatment effects in 
modulating PAF risk.

In a review study, Rafaqat et  al. reported that Ca, Na, and K 
channels can affect the ion expression of the channel protein, 
development of fibrosis, transcription of genes, and redistribu-
tion of ion channels, which can contribute to the perpetuation 

TABLE 2    |    Performance of the XGBoost model in identifying PAF 
versus non-PAF in patients admitted to the ED. The confusion matrix 
presents the average percent values of the predicted versus observed 
classes across all folds of the 10-fold cross-validation.

Model performance (positive 
class = PAF)

Observed

Non-PAF PAF

Predicted Non-PAF 56.28 16.86

PAF 10.38 16.48

Accuracy 0.728

Kappa coefficient 0.457

Mcnemar's test p 0.124

Sensitivity 0.613

Specificity 0.770

Positive predicted value 0.717

Negative predicted value 0.747

Area under the curve* 0.692

Note: Receiver operating characteristic curve.
*Receiver operating characteristic (ROC) curve.

FIGURE 3    |    Variable importance using the XGBoost model. Variable 
importance was assessed using two metrics: Gain and Cover. Gain 
quantifies the improvement in the model's predictive accuracy when a 
variable is used to split the data, reflecting its contribution to reduc-
ing prediction error. Cover, on the other hand, represents the relative 
number of observations influenced by a variable across all splits in the 
model. Briefly, Gain can be thought of as the impact of a variable on 
improving predictions, while Cover indicates how often the variable is 
used. sGlc, serum glucose; sNa, serum sodium; sK, serum potassium; 
sCa, serum calcium; sP, serum phosphate; sMg, serum magnesium.
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of AF [14]. High sMg was reported to reduce the risk of AF after 
cardiac surgery, whereas higher sP levels were associated with 
a higher incidence of AF [14]. In a community study of athero-
sclerosis, Alonso et al. evaluated the associations of circulating 
electrolytes with AF and reported that electrolyte concentra-
tions have complex associations with selected arrhythmias [13]. 
They reported that the top quintiles of sMg, sK, and sP had a 
lower AF prevalence compared to those in the bottom quintiles. 
Khan et  al. also conducted a study of the Framingham com-
munity and suggested that low sMg is moderately associated 
with AF in individuals without cardiovascular disease [16]. In 
another community-based cohort study, Lopez et al. found that 
greater levels of sP were associated with a greater incidence of 
AF [15]. We found a higher sNa, sCa, sK, and a lower sP or sMg 
in patients with PAF. However, there are several differences be-
tween our study and those reported in the literature. None of the 
target populations in previously published studies were patients 
presenting to the ED. The results of some studies can be gen-
eralized to patients with a specific disease (e.g., patients with 
diabetes in Johansson's study [30]). Also, none of the relevant 
published studies focused exclusively on PAF. Some studies did 
not provide a detailed report of missing data, and some others 
did not address the problem of class imbalance in the propor-
tion of patients with AF. Logistic regression has often been used 
to analyze data without rigorous testing of its statistical preas-
sumptions. Patients with PAF are often referred to the ED. This 
suggests that nonspecific emergency patients are an appropriate 
control for comparing patient characteristics. Medical conditions 
such as hypertension, diabetes mellitus, chronic kidney disease, 
and congestive heart failure are common in ED patients. These 
comorbidities can significantly affect electrolyte homeostasis 
through their effects on renal function and hormone regulation 
[34]. Patients presenting to the ED often have complex medica-
tion regimens, including diuretics, antihypertensives, and an-
tiarrhythmic agents, which can affect electrolyte balance and 
cardiac electrophysiology. We compared individuals with PAF 
to nonspecific randomly selected patients in the ED rather than 
the general population. Our findings suggest the need for con-
tinued relevant research in the emergency setting. The observed 
association between elevated sNa, sCa, sK, sMg, and reduced sP 
with PAF in the ED may reflect complex electrophysiological 
interactions at the cellular and tissue levels. Increased extracel-
lular Na can enhance inward depolarizing currents, facilitating 
triggered activity and abnormal automaticity [35]. Similarly, el-
evated sCa and sK may contribute to increased intracellular Ca 
load and early afterdepolarizations, predisposing atrial tissue 
to fibrillatory conduction [36]. The role of sMg in PAF remains 
controversial, but higher levels may indicate shifts in intracel-
lular Mg buffering, influencing ion channel kinetics and atrial 
excitability [37]. Conversely, lower sP levels may reflect altered 
energy metabolism, impacting ATP-dependent ion transporters 
and further destabilizing atrial electrophysiology [38]. While 
our study provides clinical insights, the precise electrophysio-
logical mechanisms underlying these findings necessitate fur-
ther investigation in basic science studies.

5   |   Implications

Our study demonstrates the potential of age- and sex-adjusted 
circulating electrolyte concentrations to identify PAF in the ED. 

Emergency physicians should prioritize the measurement and 
correction of sNa, sK, and sCa in patients presenting with sus-
pected PAF to reduce the risk of adverse outcomes. Incorporating 
electrolyte assessment into routine care may improve the early 
identification of patients at risk for PAF and prevention of 
PAF progression to persistent AF. This study has several key 
strengths that contribute to a better understanding of the rela-
tionship between serum electrolyte concentrations and PAF. We 
included a large sample of patients with a wide variety of health 
conditions. The control patients were randomly selected from a 
large pool. We used an efficient algorithm to develop the study 
model with relatively high accuracy given the study question. 
Finally, the XGBoost technique allowed us to extract knowledge 
from the existing evidence without imputing missing data. This 
is particularly important for the large percentages of sMg and sP 
missing values, where analysis of artificial data could be mis-
leading. The study model can be integrated into decision support 
systems to automatically identify patients at high risk for PAF 
in the ED and to signify the need for interventions to reduce the 
risk of adverse outcomes such as stroke or heart failure.

6   |   Limitations

Despite the large sample size, several limitations restrict the 
generalizability of the findings. In the present dataset, time 
to death and readmission were recorded only for patients who 
experienced those events. Therefore, evaluation of the dynam-
ics of PAF incidence and associated risk factors over time, and 
calculation of hazard ratios were not possible due to the lack of 
temporal data for all patients. The data were limited to age, sex, 
primary diagnosis, and serum electrolytes. While comorbidities 
might further influence PAF risk, the relatively large sample 
size and random selection of comparison patients from the ED 
population decrease potential biases due to unmeasured con-
founders. The primary study was monocentric, which may limit 
the generalizability of the results. Meanwhile, the outcomes 
were primarily objective laboratory tests with minimal variabil-
ity between different nations. With larger sample sizes, it would 
be possible to evaluate the association of electrolyte concen-
trations with other types of AF within comorbidity subgroups. 
Moreover, it would be possible to adjust for the effects of treat-
ment on the development of PAF. Future studies should aim to 
incorporate detailed information on comorbidities, medication 
use, and establish cut-off values for electrolyte imbalances. This 
would allow for a more comprehensive understanding of their 
direct role in the pathophysiology of PAF, helping to refine risk 
stratification and therapeutic approaches.

7   |   Conclusion

Patients with PAF are commonly referred to the ED, suggest-
ing that nonspecific patients presenting to the ED serve as an 
appropriate control for comparing patient characteristics be-
tween PAF and non-PAF groups. We compared circulating elec-
trolyte concentrations in PAF and non-PAF groups of patients 
presenting to the ED using a machine learning algorithm. Our 
results showed significant differences in blood electrolyte lev-
els between patients with PAF and nonspecific controls. The 
algorithm identified variables including age, sGlc, sNa, sK, sCa, 
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sex, sMg, and sP as covariates of PAF. Specifically, male sex, 
advanced age, higher sNa, sCa, sK, and sMg levels, and lower 
sGlc and sP levels were more associated with PAF. Age and sGlc 
were the most influential variables in discriminating between 
PAF and non-PAF patients. Among the serum electrolytes mea-
sured, sNa, sK, and sCa were identified as the most significant 
in predicting PAF risk. These findings provide insight into PAF 
susceptibility in the ED population and support the integration 
of electrolyte assessment into routine care to improve AF risk 
stratification. Further research is warranted to elucidate the un-
derlying mechanisms and refine clinical management strategies 
for patients with PAF in the ED.
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