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Abstract

Background and Aims: Evaluating associations of circulating electrolytes with atrial 

fibrillation (AF) and burden of supraventricular arrhythmias can give insights into arrhythmia 

pathogenesis.

Methods and Results: We conducted a cross-sectional analysis of 6,398 participants of the 

Atherosclerosis Risk in Communities (ARIC) study, ages 71–90, with data on serum electrolytes 

(magnesium, calcium, potassium, phosphorus, chloride, sodium). Prevalence of AF was 

determined from electrocardiograms and history of AF hospitalizations. A subset of 317 

participants also underwent electrocardiographic recordings for up to 14 days using the Zio® 

patch. Burden of other supraventricular arrhythmias [premature atrial contractions (PACs), 

supraventricular tachycardia] was determined with the Zio® patch. We used logistic and linear 

regression adjusting for potential confounders to determine associations of electrolytes with 

arrhythmia prevalence and burden. Among 6,394 eligible participants, 614 (10%) had AF. 

Participants in the top quintiles of magnesium [odds ratio (OR) 0.82, 95% confidence interval (CI) 

0.62, 1.08], potassium (OR 0.82, 95%CI 0.68, 1.00), and phosphorus (OR 0.73, 95%CI 0.59, 0.89) 

had lower AF prevalence compared to those in the bottom quintiles. No clear association was 

found for circulating chloride, calcium or sodium. Higher concentrations of circulating calcium 

were associated with lower prevalence of PACs in the 12-lead electrocardiogram, while higher 

concentrations of potassium, chloride and sodium were associated with higher PAC prevalence. 

Circulating electrolytes were not significantly associated with burden of PACs or supraventricular 

tachycardia among 317 participants with extended electrocardiographic monitoring.

Conclusion: Concentrations of circulating electrolytes present complex associations with 

selected supraventricular arrhythmias. Future studies should evaluate underlying mechanisms.
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INTRODUCTION

Lower circulating magnesium and higher concentrations of phosphorus have been associated 

with increased risk of atrial fibrillation, a common arrhythmia (AF).[1–3] Data on the 

association of other circulating electrolytes (such as calcium, chloride, sodium, and 

potassium) with the risk of AF are scarcer, though limited evidence suggests that low serum 

potassium and high chloride may be associated with increased AF risk.[4, 5] Moreover, no 

prior research has explored the association of these circulating electrolytes with the burden 

of other supraventricular arrhythmias, including supraventricular tachycardia (SVT) or 

premature atrial contractions (PACs), in a community-based setting. Previous studies have 

identified PACs and other supraventricular arrhythmias as markers of AF risk, underscoring 

the value of evaluating their correlates.[6, 7]
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Given the role that electrolytes play in cardiac electrophysiology and prior evidence linking 

their circulating concentrations with AF risk, characterizing the association of electrolytes 

with supraventricular arrhythmias may refine our understanding of their contribution to atrial 

electrophysiology, which could inform, in turn, the development of preventive or treatment 

strategies for AF. To address this gap, we evaluated the cross-sectional associations of 

selected electrolytes with prevalence of AF and PACs in the Atherosclerosis Risk in 

Communities (ARIC) study. We also assessed the association of these electrolytes with the 

burden of supraventricular arrhythmias in a subset of ARIC study participants who 

underwent ambulatory continuous electrocardiographic monitoring.

METHODS

Study population

The ARIC study recruited 15,792 men and women 45 to 64 years of age from four 

communities in the United States (Forsyth County, North Carolina; Jackson, Mississippi; 

selected suburbs of Minneapolis, Minnesota; Washington County, Maryland) in 1987–89.[8] 

Participants underwent follow-up visits in 1990–92, 1993–95, 1996–98, 2011–13, 2016–17 

and 2018–19. During study visits, participants provided information on lifestyles and 

clinical variables, underwent a basic physical exam, including anthropometric and blood 

pressure measurements, and had blood samples collected after eight hours of fasting 

following standardized protocols. Participants also took part in follow-up phone calls, and 

were followed continuously for hospitalization and death. From 15,792 participants recruited 

by the ARIC cohort in 1987–89, 6,538 took part in ARIC visit 5 (68% of participants alive), 

and 6,394 had electrolyte data and met inclusion criteria (Figure 1). Of these, 317 

individuals wore an electrocardiogram monitor for up to two weeks as part of an ancillary 

study. Participants in this substudy were selected from individuals in the Minneapolis and 

Washington county site undergoing brain imaging due to potential cognitive deficits and, 

therefore, they were white and older than the entire sample.[9] The Institutional Review 

Boards of the University of Minnesota, University of Mississippi Medical Center, Wake 

Forest University and Johns Hopkins University approved the study protocol and 

participants provided written informed consent at baseline and during follow-up visits.

Electrolyte measurements

Serum samples collected during the 2011–13 study exam (ARIC visit 5) had remained 

stored at −80°C in a central facility after collection and processing. Using these samples, in 

2016 we measured magnesium, phosphorus, sodium, chloride, potassium, and calcium with 

a Roche COBAS 6000 chemistry analyzer (Roche Diagnostics, Indianapolis, IN). 

Magnesium was measured with a colorimetric (xylidyl blue) method, phosphorus with a 

photometric (molybdate) method, calcium with a colorimetric (NM-BAPTA) method, and 

sodium, chloride and potassium with an indirect ion selective electrode method. Coefficient 

of variation in measures from 242 duplicate samples were 1.9% for magnesium, 1.6% for 

phosphorus, 1.1% for calcium, 0.5% for sodium, 0.9% for chloride and 2.1% for potassium.
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Endpoint definitions

We defined prevalent AF at visit 5 based on (a) electrocardiographic evidence of the 

arrhythmia in any ARIC study exam or (b) presence of AF in any hospitalization discharge 

diagnosis listed in any position occurring between baseline and ARIC visit 5 not associated 

with open cardiac surgery.[10] This approach has demonstrated adequate validity for the 

identification of prevalent AF.[11] At visit 5, a standard 10 second 12-lead 

electrocardiogram was used to define presence of PACs (Novacode code 1.0.S.1, sinus 

rhythm with ectopic supraventricular complexes).

A subset of 317 individuals participating in visit 5 wore the Zio® Patch (iRhythm 

Technologies, Inc., San Francisco, CA), a leadless electrocardiogram monitor, for at least 

two days.[9] The Zio® Patch is a single-channel electrocardiographic monitor that provides 

up to two weeks of continuous electrocardiographic data. Data collected from the Zio® 

Patch are processed using a proprietary algorithm [Zio ECG Utilization Service (ZEUS) 

System] that provides information on the number of PACs and SVT episodes during the 

wearing period.[12] PAC burden was calculated as number of episodes per day by dividing 

the total number of PACs by the Zio® Patch recording period (in days). We calculated SVT 

burden similarly.

Measurement of other covariates

Participants self-reported information on age, sex, race, smoking, alcohol intake, and 

physical activity. Systolic and diastolic blood pressure, height and weight were measured 

using standard procedures. Prior use of medications was ascertained by asking participants 

to bring to the clinic visit any supplements or medications that they had used over the prior 

two weeks. Diabetes was defined as a fasting blood glucose ≥126 mg/dL, non-fasting 

glucose >200 mg/dL, use of antidiabetic medications, or self-reported history of a physician 

diagnosis of diabetes. History of coronary heart disease and heart failure was defined using 

self-reported information collected at the baseline visit and from adjudicated events during 

follow-up. Estimated glomerular filtration rate was calculated from measures of circulating 

creatinine and cystatin C.

Statistical analysis

Before estimating associations between electrolytes and arrhythmias, we used multiple 

imputation with chained equations to avoid dropping observations due to missingness.[13] 

This approach is more appropriate than dropping observations with missing values since it 

provides more precise estimates of the association and reduces the risk of selection bias.[14] 

The imputation model included all the variables used as adjustment variables in 

multivariable models, listed below, as well as prevalent AF at visit 5 and the number of 

PACs on the 12-lead ECG. We created 20 imputed data sets using SAS PROC MI, 

performed separate analyses in each data set, and combined results using SAS PROC 

MIANALYZE. Of 6,394 eligible participants, 1,289 had missing data in at least one variable 

(mostly physical activity).

We assessed the association of circulating electrolytes with the prevalence of AF and 

presence of PACs in the visit 5 electrocardiogram using binary logistic regression, while we 
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used multiple linear regression to assess associations with supraventricular arrhythmia 

burden as measured by the Zio® patch. PAC and SVT burden were defined as total number 

of recorded episodes divided by the patch recording time (in days.) We also modeled the 

exposure variables as restricted cubic splines to more flexibly evaluate the continuous 

associations. Separate models were run for each electrolyte individually. We adjusted for 

age, sex, race, center, smoking, physical activity, alcohol intake, systolic and diastolic blood 

pressure, diuretic use, angiotensin converting enzyme inhibitor (ACEI) / angiotensin 

receptor blocker (ARB) use, other antihypertensive use, diabetes, heart failure, coronary 

heart disease, and estimated glomerular filtration rate. In a sensitivity analysis, we repeated 

the analysis excluding participants using diuretics, ACEIs or ARBs, since they have strong 

effects on the concentrations of many of the studied electrolytes.

RESULTS

We included 6,394 eligible individuals with electrolyte data. Participants were 23% African-

American, 59% female, and had a mean (standard deviation) age of 76 (5) years. Table 1 

presents selected participant characteristics by sex and race.

Prevalent AF was present in 614 participants (10% prevalence; 199 with evidence of AF in 

at least a study ECG and 415 exclusively detected from prior hospitalizations). The 

associations of prevalent AF with circulating electrolytes modeled using restricted cubic 

splines are shown in Figure 2. Overall, associations were non-linear for most electrolytes 

and, therefore, we categorized them in approximate quintiles. Table 2 reports odds ratios 

(OR) and 95% confidence intervals (95%CI) of prevalent AF by quintiles of circulating 

electrolytes. In multivariable analyses, participants in the top quintiles of magnesium (OR 

0.82, 95%CI 0.62, 1.08), potassium (OR 0.82, 95%CI 0.68, 1.00), and phosphorus (OR 0.73, 

95%CI 0.59, 0.89) had lower prevalence of AF compared to those in the bottom quintiles. 

No clear association was found for circulating chloride, calcium or sodium. The inverse 

association of circulating magnesium and phosphorus with prevalence of AF remained in 

2516 participants not using diuretics, ACEIs, or ARBs (Supplemental Table S1).

Among 5,722 eligible participants without prevalent AF, wandering atrial pacemaker, 

complete atrioventricular block, Wolf-Parkinson-White pattern, or pacemaker, 748 (13%) 

had at least one PAC in the standard 12-lead electrocardiogram. Table 3 shows the 

associations of circulating electrolytes with PAC prevalence. Higher concentrations of 

circulating calcium were associated with lower prevalence of PACs (OR 0.76, 95%CI 0.63, 

0.92 comparing highest to lowest categories). In contrast, higher concentrations of chloride 

and sodium were associated with higher PAC prevalence (OR 1.16, 95%CI 0.96, 1.39, and 

OR 1.20, 95%CI 1.00, 1.43, respectively, comparing highest to lowest categories). No 

associations were observed with circulating magnesium, potassium or phosphorus. In the 

2,516 participants not using diuretics, ACEIs or ARBs, associations with PAC prevalence 

were strongly attenuated (Supplemental Table S2).

Among the subset of 317 ARIC participants who underwent extended electrocardiographic 

recording with the Zio® patch for at least two days, 278 did not have AF. Supplemental 

Table S3 includes descriptive information of the participants who wore the patch. They were 
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all white, slightly older and with a similar prevalence of comorbidities than participants not 

selected to wear the patch. Mean wearing time was 13.1 days and mean analyzable time was 

12.7 days. All 278 participants without AF presented at least one PAC during their 

recording, and the mean (median) PAC burden in counts per day was 1,207 (236). None of 

the circulating electrolytes, categorized either in approximate tertiles or as continuous 

variables, were associated with PAC burden (Supplemental Table S4).

Prevalence of at least a single episode of SVT was 91% (253 participants out of 278), with a 

mean of 3 episodes per day among those with at least one recorded episode. Circulating 

electrolytes were not associated with presence of SVT in the Zio® patch (Supplemental 

Table S5) or with SVT burden (Supplemental Table S6). Fig 3 summarizes the associations 

across electrolytes and endpoints.

DISCUSSION

In this community-based sample of older adults, we observed a lower prevalence of AF 

among persons with higher concentrations of circulating magnesium, potassium, 

phosphorus, and chloride. Likewise, higher concentrations of calcium were associated with 

lower prevalence of PACs in a standard 12-lead electrocardiogram, while higher of chloride 

and sodium were associated with higher PAC prevalence. In contrast, circulating electrolytes 

were not associated with PAC or SVT burden in a small subset of participants with extended 

heart rhythm monitoring, but we did not have a sufficient sample size to robustly explore this 

research question.

These findings complement the existing literature on magnesium and supraventricular 

arrhythmias. Several prospective studies, including our prior work in the ARIC cohort, have 

reported lower risk of AF among individuals with higher concentrations of circulating 

magnesium.[1, 2] Oral magnesium supplementation reduces the risk of postoperative AF,

[15] and a Mendelian randomization analysis reported an association of higher genetically-

determined circulating magnesium with lower AF risk.[16] These studies offer robust 

support for a potential causal effect of magnesium on the incidence of this arrhythmia. 

However, we did not observe associations between circulating magnesium and PAC presence 

or burden. PACs are associated with increased AF risk and are considered a potential 

endophenotype of AF, highlighting the importance of studying correlates of PACs to 

understand AF pathophysiology.[6, 7] The lack of association in our analysis is consistent 

with a small randomized study reporting no effect of oral magnesium supplementation on 

PAC burden.[17] As a whole, these findings suggest that magnesium may reduce AF risk 

through pathways other than facilitation of atrial ectopy. Future studies should test the 

efficacy of magnesium supplementation for prevention of AF and explore the underlying 

pathophysiological mechanisms.

The evidence on associations between other electrolytes and supraventricular arrhythmias in 

large community-based studies is sparse. In the Rotterdam study, hypokalemia (serum 

potassium <3.5 mmol/L) was associated with increased risk of AF compared to 

normokalemia.[4] This finding is consistent with our results, in which prevalence of AF was 

lower among individuals with higher circulating potassium. Severe hypokalemia is 

Alonso et al. Page 6

Nutr Metab Cardiovasc Dis. Author manuscript; available in PMC 2021 June 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



associated with cardiac arrhythmias and affects atrial electrical activity in diverse ways.[18] 

Higher concentrations of circulating phosphorus were associated with lower prevalence of 

AF in the present study. These results are unexpected and contrary to a previous prospective 

analysis of the ARIC cohort, which reported higher risk of AF associated with elevated 

circulating phosphorus.[3] Differences in study design and the age of the population being 

studied could explain the inconsistent findings. Similar to this cross-sectional analysis, 

circulating calcium was not associated with incident AF in a previous analysis of the ARIC 

cohort.[3] Calcium, however, plays a key role in cardiac electrophysiology and alterations in 

intracellular handling of calcium is an established arrhythmogenic mechanism.[19] Whether 

changes in circulating calcium have any effect on these mechanisms remains unknown. No 

prior studies have evaluated the association of circulating chloride or sodium with AF risk or 

PAC prevalence. At the same time, electrophysiologic effects of variation in concentrations 

of sodium and chloride within the normal range are not well described. Thus, the 

significance of our findings regarding these two electrolytes—lower prevalence of AF 

associated with higher chloride and higher prevalence of PACs with higher sodium—is 

unclear. Future studies should aim to replicate these observations.

This study has notable strengths, including the relatively large sample size, the inclusion of a 

community-based sample, and detailed information on potential major confounders. There 

were also a number of limitations. Our study has potentially limited generalizability to 

younger individuals. Also, individuals in the substudy with extended electrocardiographic 

monitoring were white and older than the participants in the main study, further reducing 

generalizability. The cross-sectional study design precludes establishing temporality of the 

associations and we cannot rule out the possibility of reverse causation. Though we used 

multiple imputation to address missing data, uncontrolled residual confounding by missing 

covariates (particularly physical activity) remains a concern. We lacked information on the 

dietary habits of participants at the time of the electrolyte measurements. Finally, the number 

of participants undergoing long-term electrocardiographic monitoring was small, limiting 

the evaluation of associations in this group.

CONCLUSIONS

We observed that concentrations of circulating electrolytes present complex associations 

with selected supraventricular arrhythmias. These findings provide the rationale for future 

studies exploring the mechanisms underlying these associations and testing interventions for 

the prevention of arrhythmias by modifying circulating electrolytes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Serum magnesium, potassium and phosphorus were associated with atrial 

fibrillation.

• Serum potassium, chloride and sodium were associated with premature atrial 

contractions.

• Circulating electrolytes are associated with supraventricular arrhythmias.
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Figure 1. 
Flowchart of study participants, ARIC study.
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Figure 2. 
Association of the concentration of circulating electrolytes with the prevalence of AF, ARIC 

study, 2011–2013. Predicted probabilities calculated from logistic regression modeling 

circulating electrolytes with restricted cubic splines and adjusting for age, sex, and race. 

Values below the 1st percentile and above the 99th percentile were removed for 

interpretability.
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Figure 3. 
Summary of associations of circulating electrolytes with prevalence and burden of atrial 

fibrillation (AF), premature atrial contractions (PAC), supraventricular tachycardia (SVT). 

Columns for prevalence report odds ratios per one standard deviation increase; columns for 

burden present differences in episodes per day per one standard deviation increase. Green 

colors correspond to lower prevalence or burden, while red or beige colors correspond to 

higher prevalence or burden. One standard deviation is 0.2 mg/dL for magnesium, 0.40 

mg/dL for calcium, 0.36 mmol/L for potassium, 0.46 mg/dL for phosphorus, 3.1 mmol/L for 

chloride, and 2.6 mmol/L for sodium.
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Table 1.

Selected participant characteristics by sex and race, ARIC study, 2011–2013

White women White men African American women African American men

N 2,761 2,171 987 475

Age, years 75.8 (5.3) 76.3 (5.2) 75.2 (5.3) 74.8 (5.0)

Current smoker, % 5.8 6.1 6.5 9.4

Physical activity, score 2.5 (0.8) 2.8 (0.8) 2.4 (0.7) 2.6 (0.8)

Alcohol intake, g/week 24.7 (48.2) 50.5 (85.3) 7.3 (26.1) 27.6 (73.2)

Body mass index, kg/m2 27.9 (5.7) 28.5 (4.6) 31.3 (7.2) 28.9 (6.0)

Height, cm 159 (6) 174 (7) 161 (6) 175 (7)

Systolic blood pressure, mmHg 130 (18) 128 (17) 137 (21) 133 (19)

Diastolic blood pressure, mmHg 66 (10) 66 (11) 70 (11) 71 (11)

Antihypertensive medication

Diuretics, % 30 25 41 36

ACEI / ARB, % 40 49 56 56

Other antihypertensive, % 14 16 14 13

Diabetes, % 27 34 44 45

Heart failure, % 8 11 14 16

Coronary heart disease, % 10 27 10 15

eGFR, mL/min/1.73 m2 64 (17) 65 (18) 67 (21) 69 (21)

Atrial fibrillation, % 8 14 5 5

Premature atrial contraction, % 12 12 19 16

Magnesium, mg/dL 2.0 (0.2) 2.0 (0.2) 2.0 (0.2) 2.0 (0.2)

Calcium, mg/dL 9.4 (0.4) 9.3 (0.4) 9.5 (0.5) 9.3 (0.4)

Potassium, mmol/L 4.0 (0.3) 4.1 (0.3) 4.0 (0.4) 4.1 (0.4)

Phosphorus, mg/dL 3.6 (0.4) 3.3 (0.4) 3.5 (0.5) 3.2 (0.5)

Chloride, mmol/L 100 (3) 101 (3) 101 (3) 101 (3)

Sodium, mmol/L 139 (3) 139 (2) 140 (3) 139 (2)

Values correspond to mean (SD) or %. Based on imputed dataset. ACEI: angiotensin converting enzyme inhibitor. ARB: angiotensin receptor 
blocker. eGFR: estimated glomerular filtration rate.
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Table 2.

Association of circulating electrolytes with prevalence of atrial fibrillation, ARIC study, 2011– 2013

Magnesium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 1.0 – 1.9 2.0 – 2.0 2.1 – 2.1 2.2 – 2.2 2.3 – 3.2

AF 245 136 112 75 46

N 2188 1373 1412 891 530

OR (95%CI)
1 1 (ref) 0.80 (0.64,1.01) 0.61 (0.48,0.77) 0.61 (0.46,0.80) 0.65 (0.46,0.91) 0.80 (0.74,0.87)

OR (95%CI)
2 1 (ref) 1.19 (0.99,1.43) 0.95 (0.78,1.15) 0.89 (0.71,1.12) 0.82 (0.62,1.08) 0.86 (0.78,0.94)

Calcium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 7.0 – 9.1 9.2 – 9.3 9.4 – 9.4 9.5 – 9.7 9.8 – 12.7

AF 240 131 46 123 74

N 1839 1420 660 1503 972

OR (95%CI)
1 1 (ref) 0.71 (0.56,0.89) 0.57 (0.41,0.79) 0.65 (0.51,0.82) 0.65 (0.49,0.87) 0.86 (0.80,0.94)

OR (95%CI)
2 1 (ref) 1.02 (0.85,1.23) 0.80 (0.61,1.06) 0.94 (0.78,1.13) 0.94 (0.75,1.19) 0.88 (0.80,0.97)

Potassium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 2.5 – 3.8 3.9 – 4.0 4.1 – 4.1 4.2 – 4.3 4.4 – 6.6

AF 168 129 77 120 120

N 1740 1491 753 1273 1137

OR (95%CI)
1 1 (ref) 0.80 (0.63,1.03) 0.90 (0.67,1.20) 0.81 (0.63,1.04) 0.89 (0.69,1.15) 1.00 (0.91,1.10)

OR (95%CI)
2 1 (ref) 1.02 (0.85,1.22) 1.09 (0.87,1.36) 0.93 (0.77,1.12) 0.82 (0.68,1.00) 0.91 (0.83,1.01)

Phosphorus Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 1.8 – 3.1 3.2 – 3.3 3.4 – 3.6 3.7 – 3.8 3.9 – 6.2

AF 171 102 153 87 101

N 1549 1014 1679 905 1247

OR (95%CI)
1 1 (ref) 0.94 (0.72,1.23) 0.91 (0.71,1.15) 0.99 (0.74,1.32) 0.84 (0.64,1.11) 0.98 (0.89,1.08)

OR (95%CI)
2 1 (ref) 1.14 (0.93,1.39) 0.98 (0.83,1.16) 1.06 (0.86,1.32) 0.73 (0.59,0.89) 0.88 (0.79,0.97)

Chloride Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 84 – 98 99 – 100 101 – 101 102 – 103 104 – 111

AF 176 157 64 141 76

N 1519 1674 900 1435 866

OR (95%CI)
1 1 (ref) 0.82 (0.65,1.03) 0.61 (0.45,0.82) 0.87 (0.69,1.11) 0.78 (0.58,1.04) 0.90 (0.83,0.98)

OR (95%CI)
2 1 (ref) 1.04 (0.87,1.23) 0.79 (0.63,1.00) 1.14 (0.95,1.36) 0.95 (0.76,1.19) 0.95 (0.87,1.04)

Sodium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 122 – 137 138 – 139 140 – 140 141 – 141 142 – 149

AF 181 194 85 67 87
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N 1573 2124 1075 741 881

OR (95%CI)
1 1 (ref) 0.83 (0.67,1.03) 0.73 (0.55,0.96) 0.85 (0.63,1.15) 0.95 (0.72,1.26) 0.95 (0.87,1.03)

OR (95%CI)
2 1 (ref) 0.96 (0.82,1.13) 0.89 (0.72,1.10) 1.04 (0.82,1.31) 1.02 (0.82,1.27) 0.95 (0.84,1.04)

AF: atrial fibrillation. CI: confidence interval. OR: odds ratio.

1
Unconditional logistic regression adjusted for age, sex, and race

2
Unconditional logistic regression adjusted for age, sex, race, center, smoking (never, former, current), physical activity, alcohol intake, systolic 

blood pressure, diastolic blood pressure, diuretic use, ACEI/ARB use, other antihypertensive use, diabetes, heart failure, coronary heart disease, 
eGFR

3
One standard deviation is 0.2 mg/dL for magnesium, 0.40 mg/dL for calcium, 0.36 mmol/L for potassium, 0.46 mg/dL for phosphorus, 3.1 

mmol/L for chloride, and 2.6 mmol/L for sodium
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Table 3.

Association of circulating electrolytes with prevalence of premature atrial contractions in standard 12-lead 

electrocardiogram, ARIC study, 2011–2013

Magnesium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 1.0 – 1.9 2.0 – 2.0 2.1 – 2.1 2.2 – 2.2 2.3 – 3.2

PAC present 256 152 158 119 63

N 1920 1233 1284 811 474

OR (95%CI)
1 1 (ref) 0.94 (0.75,1.17) 0.97 (0.78,1.21) 1.13 (0.89,1.44) 0.97 (0.71,1.31) 1.00 (0.92,1.08)

OR (95%CI)
2 1 (ref) 0.95 (0.80,1.11) 1.03 (0.88,1.22) 1.15 (0.96,1.38) 0.97 (0.77,1.23) 1.05 (0.96,1.14)

Calcium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 7.0 – 9.1 9.2 – 9.3 9.4 – 9.4 9.5 – 9.7 9.8 – 12.7

PAC present 233 180 75 161 99

N 1580 1276 608 1368 890

OR (95%CI)
1 1 (ref) 0.98 (0.79,1.22) 0.83 (0.62,1.10) 0.75 (0.60,0.93) 0.67 (0.52,0.87) 0.89 (0.82,0.96)

OR (95%CI)
2 1 (ref) 1.20 (1.02,1.40) 1.02 (0.82,1.26) 0.89 (0.76,1.04) 0.76 (0.63,0.92) 0.87 (0.80, 0.94)

Potassium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 2.5 – 3.8 3.9 – 4.0 4.1 – 4.1 4.2 – 4.3 4.4 – 6.5

PAC present 188 150 95 157 158

N 1558 1351 669 1144 1000

OR (95%CI)
1 1 (ref) 0.94 (0.74,1.19) 1.26 (0.96,1.65) 1.24 (0.98,1.57) 1.36 (1.08,1.73) 1.17 (1.07, 1.27)

OR (95%CI)
2 1 (ref) 0.86 (0.73,1.01) 1.15 (0.95,1.40) 1.09 (0.93,1.28) 1.07 (0.90,1.27) 1.12 (1.02,1.23)

Phosphorus Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mg/dL 1.8 – 3.1 3.2 – 3.3 3.4 – 3.6 3.7 – 3.8 3.9 – 6.2

PAC present 199 118 190 94 147

N 1360 908 1514 810 1130

OR (95%CI)
1 1 (ref) 0.88 (0.68,1.13) 0.87 (0.69,1.08) 0.81 (0.62,1.07) 0.94 (0.73,1.20) 0.93 (0.85,1.02)

OR (95%CI)
2 1 (ref) 1.00 (0.84,1.20) 0.97 (0.84,1.13) 0.90 (0.74,1.09) 0.98 (0.82,1.15) 0.89 (0.81,0.98)

Chloride Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 84 – 98 99 – 100 101 – 101 102 – 103 104 – 110

PAC present 176 189 86 179 118

N 1328 1502 827 1284 781

OR (95%CI)
1 1 (ref) 0.95 (0.76,1.19) 0.76 (0.57,1.00) 1.08 (0.86,1.36) 1.11 (0.85,1.44) 1.05 (0.97,1.13)

OR (95%CI)
2 1 (ref) 0.98 (0.84,1.14) 0.79 (0.65,0.96) 1.15 (0.99,1.34) 1.16 (0.96,1.39) 1.08 (0.99,1.17)

Sodium Ql Q2 Q3 Q4 Q5
Per 1-SD

3

Range, mmol/L 122 – 137 138 – 139 140 – 140 141 – 141 142 – 149
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PAC present 162 233 130 89 134

N 1376 1913 985 664 784

OR (95%CI)
1 1 (ref) 1.07 (0.86,1.33) 1.14 (0.89,1.47) 1.13 (0.85,1.50) 1.41 (1.09,1.82) 1.11 (1.03,1.20)

OR (95%CI)
2 1 (ref) 0.95 (0.83,1.09) 1.02 (0.86,1.21) 1.00 (0.82,1.22) 1.20 (1.00,1.43) 1.11 (1.02,1.20)

CI: confidence interval. OR: odds ratio. PAC: premature atrial contraction

1
Unconditional logistic regression adjusted for age, sex, and race

2
Unconditional logistic regression adjusted for age, sex, race, center, smoking (never, former, current), physical activity, alcohol intake, systolic 

blood pressure, diastolic blood pressure, diuretic use, ACEI/ARB use, other antihypertensive use, diabetes, heart failure, coronary heart disease, 
eGFR

3
One standard deviation is 0.2 mg/dL for magnesium, 0.40 mg/dL for calcium, 0.36 mmol/L for potassium, 0.46 mg/dL for phosphorus, 3.1 

mmol/L for chloride, and 2.6 mmol/L for sodium
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