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Abstract

Introduction: Low serum magnesium (Mg) is associated with an increased incidence of atrial 

and ventricular arrhythmias. A richer phenotyping of arrhythmia indices, such as burden or 

frequency, may provide etiologic insights.

Objectives: To evaluate cross-sectional associations of serum Mg with burden of atrial 

arrhythmias [atrial fibrillation (AF), premature atrial contractions (PAC), supraventricular 

tachycardia (SVT)], and ventricular arrhythmias [premature ventricular contractions (PVC), non-

sustained ventricular tachycardia (NSVT)] over 2-weeks of ECG monitoring.
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Methods: We included 2,513 ARIC Study visit 6 (2016-2017) participants who wore the Zio XT 

Patch—a leadless, ambulatory ECG-monitor—for up to 2-weeks. Serum Mg was modeled 

categorically and continuously. AF burden was categorized as intermittent or continuous based on 

the percent of analyzable time spent in AF. Other arrhythmia burdens were defined by the average 

number of abnormal beats per day. Linear regression was used for continuous outcomes; logistic 

and multinomial regression were used for categorical outcomes.

Results: Participants were mean±SD age 79±5 years, 58% were women and 25% black. Mean 

serum Mg was 0.82±0.08 mmol/F and 19% had hypomagnesemia (<0.75 mmol/F). Serum Mg was 

inversely associated with PVC burden and continuous AF. The AF association was no longer 

statistically significant with further adjustment for traditional lifestyle risk factors, only the 

association with PVC burden remained significant. There were no associations between serum Mg 

and other arrhythmias examined.

Conclusions: In this community-based cohort of older adults, we found little evidence of 

independent cross-sectional associations between serum Mg and arrhythmia burden.
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INTRODUCTION

Magnesium (Mg) plays essential physiologic functions, including having a role in cardiac 

electrophysiology.1,2 The reference interval for normal serum Mg concentrations is 

traditionally defined as 0.75-0.95 mmol/L; however, some experts have suggested that 

individuals with serum Mg concentrations of 0.75-0.85 mmol/L may also exhibit subclinical 

or chronic latent Mg deficiencies.3 In nutrition sciences, severe Mg deficiency is widely 

thought to result in dysrhythmias, including atrial fibrillation (AF).4,5

There is growing interest in characterizing arrhythmias as a continuous measure of burden 

rather than a binary condition.6 While extreme Mg concentrations are thought to lead to 

adverse electrocardiographic (ECG) changes,7 less is understood about subclinical 

deficiencies in circulating Mg in relation to burden of atrial and ventricular arrhythmias. 

Arrhythmias can be asymptomatic and intermittent in nature, which has previously 

complicated efforts to evaluate the association between Mg and arrhythmia burden. Current 

ECG technology has evolved to allow continuous monitoring for longer periods, such as 2-

weeks,8–10 which leads to the identification of additional arrhythmic events.11 As such, little 

has been characterized of the association between Mg and burden of atrial arrhythmias [e.g. 

intermittent AF, premature atrial contractions (PAC) or supraventricular tachycardia (SVT)] 

or ventricular arrhythmias [e.g. premature ventricular contractions (PVC) or non-sustained 

ventricular tachycardia (NSVT)] in the community.

Using data from over 2,000 older adult participants of the Atherosclerosis Risk in 

Communities (ARIC) Study, we characterized cross-sectional associations of serum Mg 

concentrations across the spectrum of AF burden and other arrhythmias (PAC, SVT, PVC, 

NSVT) based on up to 2-weeks of continuous ECG recording. We hypothesized that low 
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serum Mg concentrations would be associated with a higher prevalence and burden of atrial 

and ventricular arrhythmias in this community-dwelling population.

METHODS

Study Design

The multi-center prospective ARIC Study12 began in 1987-89, when the 15,792 participants 

were aged 45-64 years old. Participants were recruited from 4 communities (suburbs of 

Minneapolis, Minnesota; Forsyth County, North Carolina; Jackson, Mississippi; Washington 

County, Maryland). Since the baseline visit, several clinic visits have been conducted. At 

each ARIC visit, written informed consent was obtained.

Visit 6 occurred in 2016-17 and was attended by 4,003 participants (48% of living 

participants) when they were aged 75-94 years old. At visit 6, ARIC participants were 

invited to wear the Zio® XT Patch for 2-weeks provided they did not report a history of an 

allergic reaction to skin adhesive. Participants completed a brief questionnaire which asked 

about prior arrhythmias and treatments (e.g. previous arrhythmia diagnosis, anticoagulation 

status), and the device was applied to the upper left chest. Participants returned the devices 

by mail, in a pre-paid and labeled envelope to iRhythm (the manufacturer) for processing. Of 

the 2,650 participants who received a device, 17 devices were lost, and 17 devices were 

returned without data; thus resulting in 2,616 devices returned with analyzable data. Of the 

2,616 with analyzable data on the Zio® XT Patch, we excluded participants missing serum 

Mg measurements (n=91) at visit 6, and due to small numbers, participants who were neither 

black nor white (n=6) and black participants at the Minnesota and Maryland field centers 

(n=6). For analyses of atrial arrhythmias other than AF, we further excluded those with 

prevalent AF (n=350) as detected during Zio monitoring, or identified by prior ARIC AF 

diagnosis.13

Biomarker Measures—Prior to ARIC visit 6, participants were asked to fast >8 hours. 

Blood samples were obtained and frozen until analysis. Serum total Mg was measured using 

colorimetric methods on the Roche Cobas 6000 Chemistry Analyzer (Roche Diagnostics; 

Indianapolis, Indiana). Serum potassium was measured using an ion selective electrode 

(Roche C501 Chemistry Analyzer). Serum glucose was measured using a hexokinase assay 

(Roche Cobas 6000 Chemistry Analyzer). Coefficients of variations (based on duplicate 

samples) were 1.6%, 2.2%, and 2.0%, for Mg, potassium, and glucose, respectively.

Covariates—At ARIC clinic visit 6, participants were interviewed, underwent 

anthropomorphic measurements and sitting blood pressure measurements, as well as a blood 

draw. Participants were asked to bring bottles of current medications and nutritional 

supplements to the visit, where this information was transcribed and coded. Diabetes was 

defined as a having a fasting glucose level ≥126 mg/dL, non-fasting glucose level ≥200 

mg/dL, self-reported use of diabetes medication or self-reported physician diagnosis. 

Systolic blood pressure was quantified based on the mean of the second and third of three 

blood pressure measurements. Body mass index (BMI) was calculated based on weight (kg) 

divided by height (m2) squared. Physical activity (sports index) was quantified using the 

validated Baecke questionnaire.14 Detailed definitions of coronary heart disease (CHD),15 
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heart failure (HF)16 and stroke17 have been previously published. Briefly, trained staff 

abstracted possible hospitalized CHD and stroke events onto standardized forms, which 

were classified by physicians using computer-assisted classification algorithms. HF was 

classified based on a prior hospital discharge code including ‘428’ (428.0–428.9) or 

outpatient HF using previously published criteria.16 CHD, HF, and stroke were also based on 

self-reported prevalent disease at visit 1 (1987-1989).

Outcomes—AF was defined by an irregularly irregular rhythm with absent P-waves 

lasting >30 seconds. AF burden was defined by percent of recording time spent in AF, which 

we categorized as no AF (0%), intermittent AF (0 to <100%) and continuous AF (100%).

SVT was defined by narrow complex tachycardia >4 beats with a rate >100/min, while 

NSVT was defined by wide complex tachycardia >4 beats with a rate >100/min. PAC count 

refers to the number of isolated PACs, while PVC count refers to the number of isolated 

PVCs. PAC, SVT, NSVT and PVC burden refer to the average number of arrhythmic beats 

per day (e.g. PAC count divided by duration of recording time).

Statistical Analysis

We present unadjusted mean ± standard deviation and proportions for the covariates 

stratified by serum Mg categories (i.e. ≥0.95 mmol/L hypermagnesemia, 0.85-<0.95 mmol/L 

normal, 0.75-<0.85 mmol/L subclinical hypomagnesemia, <0.75 mmol/L hypomagnesemia).
3 Several statistical models were used. Predicted probabilities of intermittent/continuous AF 

by serum Mg were plotted using demographic adjusted restricted cubic splines with 5 knots 

at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles. Linear regression was used for 

continuous outcomes (PAC and PVC burden). We log-transformed PAC and PVC burden 

due to the right-skew distribution of these variables. Effect estimates for these outcomes are 

presented as ratios of PAC or PVC burden geometric means [exp(β0.75 vs 0.85-0.95 mmol/L)]. 

Logistic regression was used to assess the association between serum Mg and binary 

measures of arrhythmias (NSVT). Multinomial logistic regression was used for categorical 

outcomes (AF burden). Confidence intervals were estimated based on model-based standard 

errors. In Model 1, we adjusted for demographic characteristics: age, sex and race-center 

(North Carolina-white, North Carolina-black, Maryland-white, Minnesota-white, 

Mississippi-black). In Model 2, we additionally adjusted for educational attainment (less 

than high school; high school or GED; more than high school), current smoking status, 

current drinking status, physical activity, magnesium or calcium supplement use, and BMI 

(continuous). In Model 3 (our fully adjusted model), we further adjusted for diabetes, 

systolic and diastolic blood pressure (continuous), and antihypertensive medication use. 

Because circulating potassium plays an important role in cardiac electrophysiology and 

hypokalemia can frequently co-occurs with hypomagnesemia, we added serum potassium 

(continuous) to Model 3 to test whether the serum Mg-arrhythmia associations were 

independent of serum potassium concentrations (Model 4).

To test the robustness of our findings, we conducted several sensitivity analyses: 1) 

excluding those taking antiarrhythmic medications (including digoxin), 2) excluding users of 

ACEI/ARBs and diuretics, 3) excluding users of proton pump inhibitors (PPIs) as well as 4) 
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excluding those with a history of CVD (CHD, HF, stroke). SAS version 9.4 was used for 

statistical analyses (SAS Institute; Cary, NC).

RESULTS

The 2,513 participants were mean±SD aged 79±5 years, 58% were women and 25% were 

black. Mean serum Mg was 0.82±0.08 mmol/L and hypomagnesemia (<0.75 mmol/L) 

prevalence was 19%. Median analyzable time for the Zio® XT Patch monitor was 13.7 days 

(Q1-Q3=12.7-13.9). As shown in Table 1, participants with low serum Mg tended to take 

more medications and have a higher prevalence of cardiometabolic diseases as compared to 

those with normal serum Mg (0.75-0.95 mmol/L).

Lower serum Mg tended to be associated with higher model-predicted probability of any AF 

(Figure 1). In the demographic adjusted model (Model 1), compared to those with normal 

Mg concentrations (0.85-<0.95 mmol/L) the odds of having continuous AF were higher 

among those with clinical hypomagnesemia (<0.75 mmol/L) [OR (95% CI) 1.90 

(1.17-3.06)] (Table 2). The association was attenuated with adjustment for lifestyle 

characteristics (Model 2) and particularly after further adjustment for diabetes and other 

traditional CVD risk factors (Model 3). Similarly, with serum Mg evaluated in a continuous 

fashion, each 0.1 mmol/L decrement (approximately 1 standard deviation in this sample) of 

serum Mg was associated with a 1.27 (1.02-1.57) fold higher odds of continuous AF in the 

demographic-adjusted model. This association was also attenuated with further adjustment 

to 1.12 (0.85-1.47). Due to small numbers, individuals with hypermagnesemia (≥0.95 

mmol/L) were excluded from AF analyses.

Effect estimates for intermittent versus no AF were in the hypothesized direction but smaller 

in magnitude than for continuous AF (Table 2). No statistically significant associations were 

observed for serum Mg when modeled categorically or continuously in relation to 

intermittent versus no AF. Among those with no AF, we also found little evidence of an 

association of serum Mg with either PAC burden or SVT burden.

Across all models for the association between serum Mg and ventricular arrhythmias, there 

was a monotonically inverse association between serum Mg categories in relation to PVC 

burden (Table 3). Similarly, when Mg was modeled continuously, each standard deviation 

increment in our sample was associated with a lower PVC burden. There was no evidence of 

an association between serum Mg and the presence of NSVT.

In sensitivity analyses, the non-statistically significant estimates for serum Mg and atrial 

arrhythmias were similar after we excluded participants taking anti-arrhythmic medications 

(Supplemental Table 1a), participants taking ACEi, ARB, and diuretics (Supplemental Table 

1b), as well as participants taking PPIs (Supplemental Table 1c). The association was also 

similar when examined among those without a history of CVD (Supplemental Table 2). A 

similar set of sensitivity analyses were conducted for ventricular arrhythmias outcomes as 

shown in Supplemental Tables 3–4, and these results were similar to those in the main 

analyses.
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DISCUSSION

In this community-based study of older adults, we found that higher serum Mg was cross-

sectionally associated with a lower burden of PVCs based on 2-week ambulatory ECG 

monitoring. We also found that participants with low Mg concentrations were more likely to 

have continuous and intermittent AF with adjustment for demographics; however, this 

association was attenuated and no longer statistically significant with further adjustment for 

lifestyle and CVD risk factors. These findings were similar even among those without a 

history of CVD.

Magnesium & Atrial Arrhythmias

The association between serum Mg and atrial arrhythmia burden has not been fully 

characterized; evaluation of this relationship – with richer phenotyping of arrhythmia indices 

– may provide etiologic context for prior studies which have examined Mg and clinically 

recognized AF (as a binary outcome). Three prospective observational studies, including a 

prior ARIC publication,18 have documented associations between low serum Mg and an 

increased risk of developing AF.18–20 In ARIC, serum Mg was examined in relation to 

incident AF (hospital discharge, study visit ECGs and death certificates). Those in the lowest 

serum Mg quintile (<0.78 mmol/L) had a hazard ratio (HR) of 1.34 (95% CI: 1.16-1.54) 

compared to those in the middle quintile (0.80-0.83 mmol/L) after multivariable adjustment.
18 At ARIC visit 5 (2011-2013), in a pilot study, a subset of participants were invited to wear 

a Zio® patch monitor for up to 2 weeks. We found that concentrations of serum Mg (and 

other electrolytes) were not robustly associated with PAC or SVT burden. Notably, the prior 

analysis was based on only n~300 participants.21 In the Framingham Offspring study, 

participants in the lowest serum Mg quartile (≤0.73 mmol/L) had a higher AF risk compared 

to participants in the highest quartile (≥0.82 mmol/L) [HR=1.52 (95% CI: 1.00-2.31)].19 In 

an Israeli HMO, both mild and moderate hypomagnesemia were associated with higher AF 

risk over a follow-up period of about 2 years but not with AF risk over a short-term (3-

month) followup.20 However, outcomes in these studies were based on clinically recognized 

AF and/or shorter term ECG monitoring (e.g. 12-lead ECG), which might not capture those 

with intermittent AF episodes.22,23 Additionally, an experimental feeding study lends 

support to these epidemiologic findings. Of 14 healthy women who were fed an extremely 

low diet in Mg, 3 of the women developed AF. Their AF resolved quickly after Mg 

repletion.24 Furthermore, intravenous (high dose) Mg is used in the context of cardiac 

surgery to prevent post-operative AF.25

The pathophysiology linking circulating Mg and supraventricular arrhythmias is uncertain. 

Mg is involved in hundreds of enzymatic reactions throughout the body.26 Ionic flow of Mg, 

as well as calcium and potassium, are important for generating action potentials and 

maintaining the membrane potential of cardiac cells.27 Mg is also considered a natural 

calcium antagonist, as Mg competes with calcium for membrane–binding sites to the L-type 

Ca2+ current.28,29 Oxidative stress is another potential explanation. In animal studies, Mg 

has been shown to exert antioxidant effects,30 and oxidative stress is thought to perpetuate 

AF.31 Additionally, it is possible that low circulating Mg could act through known AF risk 

factors (namely hypertension32,33 or diabetes33,34) to promote arrhythmogenesis; hence, 
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accounting for these risk factors would attenuate the association of interest (as occurred in 

our analyses). The lack of a robust association in the present analysis is rather surprising, but 

may be related to the agedness of our study population when they wore the Zio® XT Patch. 

Prospective evaluations of Mg and AF began when participants were middle-aged; the 

present study population was on average 79 years old.

Magnesium & Ventricular Arrhythmias

There has been little characterization of the associations of serum Mg concentrations and 

burden of ventricular arrhythmias in the community. Prior studies have been based on 

shorter term ECG monitoring. For instance, a small oral Mg supplement RCT reported 

decreased PVC intensity on a 24-hour Holter monitor among patients without prior cardiac 

diseases.35 In the Framingham Offspring Study, each SD (0.08 mmol/L) decrement was 

associated with greater odds of having a PVC identified over 1 hour ECG monitoring.36

Aside from the aforementioned studies, much of the research on Mg and ventricular 

arrhythmias has been conducted in populations with existing medical conditions (e.g. 

congestive HF, MI, diabetes), or based on the presence or absence of ventricular 

arrhythmias. For example, among 750 obese Canadian participants with type 2 diabetes, 

participants with serum Mg ≤0.70 mmol/L had a 2.5-fold higher prevalence of PVC—as 

measured using a Holter monitor—than those with serum Mg >0.70 mmol/L (50% vs 21%).
37 This is similar to our findings, among individuals either with or without prior 

cardiometabolic disease, as detected over 2-weeks ECG monitoring.

Intravenous Mg is commonly used to manage torsade de pointes, a type of ventricular 

arrhythmia, in the setting of long QT-interval syndrome.38 However, similar to atrial 

arrhythmias, potential mechanisms underlying the association between low Mg and 

ventricular arrhythmia burden are not fully understood. There is some overlap in the 

potential pathophysiologic mechanisms of circulating Mg to both atrial and ventricular 

arrhythmia burden, as described in the previous section. Specific to ventricular arrhythmias, 

intravenous Mg administration may lead to suppression of ventricular ectopic activity.29 Mg 

serves as a cofactor to Na/K ATPase, which, during the action potential, acts to aid transport 

of potassium into cardiac cells. When cellular Mg is deficient, this results in a less efficient 

Na/K ATPase system and influences the membrane potential.7,26 As such, it is possible that 

QT-interval prolongation could arise, and could promote abnormal ventricular rhythm.26

Strengths & Limitations

There are limitations to the present study. First, given the small number of participants with 

continuous or intermittent AF, precision was limited to detect an association (if one truly 

exists). Second, as this analysis was cross-sectional the temporality of the association cannot 

be established, particularly considering the complexity of Mg homeostasis and cardiac 

electrophysiology. Third, residual confounding is another possibility given the observational 

nature of our study. It is plausible that those with arrhythmias are sicker and have other 

confounding characteristics shared by those with low circulating Mg. ECG abnormalities 

also may not be specific to Mg. For example, abnormal Mg homeostasis may coexist with 

(and/or exacerbate) other electrolyte abnormalities, particularly calcium and potassium, 
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which themselves are known to be involved in cardiac electrophysiology.39 While we 

adjusted for serum potassium and numerous other covariates, serum calcium was not 

measured at visit 6. Therefore, we were neither able to adjust for serum calcium nor evaluate 

associations of the serum calcium-Mg ratio with arrhythmias. Fourth, late-life may not be 

the optimal time to characterize associations between Mg and arrhythmias, as the association 

may differ at different ages. For example, serum Mg may be a more robust risk factor for 

arrhythmia burden in younger adults, as opposed to older adults such as the population 

studied herein (mean age 79 years). However, it is important to examine this relationship as 

older adults are at high-risk for both arrhythmias and Mg deficiency. Lastly, like virtually all 

studies of Mg and arrhythmias, we did not measure ionized Mg, which may be the more 

physiologically relevant form of circulating Mg.40 Nevertheless, there are important 

strengths to these findings. Major strengths of this study were the community-based 

population and the rigorous characterization of arrhythmia burden using a novel ECG 

monitor worn for up to 2-weeks.

Conclusions

In conclusion, we found that low serum Mg was associated with greater PVC burden as 

measured over 2-weeks of ECG monitoring. We found little evidence of a cross-sectional 

association between serum Mg and atrial arrhythmias in this older community-dwelling 

population. Future research should test whether serum Mg may be a more robust risk factor 

for arrhythmia burden in younger adults and further explore the possible Mg-PVC 

association prospectively.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Predicted probability of atrial fibrillation (intermittent or continuous) detected over 2-weeks 

ambulatory ECG monitoringa across serum magnesium with distribution of serum 

magnesium superimposed.
a Predicted probabilities calculated from logistic regression modeling serum magnesium 

using restricted cubic splines with knots at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles 

and with adjustment for age (mean 79 years), race-center (white-Minnesota), sex (male). 

Dashed line reflects average probability of atrial fibrillation equal to 0.07. Confidence 

intervals are pointwise prediction bands based on model-based standard errors.
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Table 1.

Descriptive characteristics by serum magnesium categories, the ARIC study, 2016-2017.

Serum magnesium, mmol/L†

Overall <0.75 0.75-<0.85 0.85-<0.95 ≥0.95

N 2513 478 986 1004 45

Serum magnesium, mmol/L‡ 0.82 (0.37-1.11) 0.70 (0.37-0.74) 0.82 (0.78-0.82) 0.86 (0.86-0.95) 0.99 (0.99-1.11)

Age, y 79.2±4.6 79.0±4.6 79.2±4.6 79.3±4.7 79.9±4.5

Women 1445 (57.5) 285 (59.6) 549 (55.7) 581 (57.9) 30 (66.7)

Race

 White 1893 (75.3) 330 (69.0) 734 (74.4) 796 (79.3) 33 (73.3)

 Black 620 (24.7) 148 (31.0) 252 (25.6) 208 (20.7) 12 (26.7)

Educational attaimnent

 <High school 311 (12.4) 70 (14.6) 121 (12.3) 116 (11.6) 4 (8.9)

 High school or GED 1048 (41.7) 212 (44.4) 389 (39.5) 424 (42.2) 23 (51.1)

 >High school 1148 (45.7) 195 (40.8) 474 (48.1) 462 (46.0) 17 (37.8)

Current smoker 173 (6.9) 34 (7.1) 69 (7.0) 65 (6.5) 5 (11.1)

Current drinker 1247 (49.6) 207 (43.3) 491 (49.8) 529 (52.7) 20 (44.4)

Body mass index, kg/m2 28.3±5.3 29.7±5.7 28.3±5.2 27.6±5.0 27.0±4.7

Diabetes 574 (22.8) 252 (52.7) 203 (20.6) 112 (11.2) 7 (15.6)

Systolic blood pressure, mmHg 135.0±18.9 136.7±19.8 134.6±18.3 134.7±18.9 134.7±20.3

Diastolic blood pressure, mmHg 67.2±10.6 67.7±10.6 67.2±10.6 67.2±10.4 61.9±10.6

Antihypertensive medication use 1922 (76.5) 435 (91.0) 745 (75.6) 702 (69.9) 40 (88.9)

 Diuretics 662 (26.3) 179 (37.5) 261 (26.5) 207 (20.6) 15 (33.3)

 ACEi/ARB 1195 (47.6) 314 (65.7) 466 (47.3) 393 (39.1) 22 (48.9)

Antiarrhytlunic medication use 43 (1.7) 7 (1.5) 15 (1.5) 20 (2.0) 1 (2.2)

PPI medication use 642 (25.6) 166 (34.7) 256 (26.0) 213 (21.2) 7 (15.6)

Digoxin medication use 25 (1.0) 9 (1.9) 11 (1.1) 5 (0.5) 0 (0.0)

Magnesium supplement use 57 (2.3) 4 (0.8) 19 (1.9) 32 (3.2) 2 (4.4)

Calcium supplement use 531 (21.1) 83 (17.4) 205 (20.8) 235 (23.4) 8 (17.8)

Serum potassium, mmol/L 4.1±0.4 4.1±0.4 4.1±0.4 4.2±0.4 4.2±0.4

Prevalent coronary heart disease 204 (8.1) 43 (9.0) 75 (7.6) 79 (7.9) 7 (15.6)

Prevalent heart failure 193 (7.7) 49 (10.3) 72 (7.3) 65 (6.5) 7 (15.6)

Prevalent stroke 100 (4.0) 15 (3.1) 40 (4.1) 44 (4.4) 1 (2.2)

Abbreviations: Atherosclerosis Risk in Communities, ARIC; general education development, GED; angiotensin converting enzyme inhibitor / 
angiotensin receptor blocker, ACEi/ARB; proton pump inhibitor, PPI.

†
N (%) or mean ± standard deviation except where indicated otherwise

‡
Median (Range)

J Electrocardiol. Author manuscript; available in PMC 2021 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Rooney et al. Page 13

Table 2.

Associations of serum magnesium with atrial arrhythmias: the ARIC study, 2016-2017†

Serum magnesium, mmol/L

<0.75 0.75-<0.85 0.85->0.95 ≥0.95 Per 0.1 mmol/L decrement

AF Burden OR (95% CI)

N 478 986 1004 45

Continuous AF vs. no AF

Continuous AF, N 33 46 43 1

Model 1 1.90 (1.17-3.06) 1.12 (0.73-1.73) 1 (Ref) - 1.27 (1.02-1.57)

Model 2 1.70 (1.01-2.86) 0.96 (0.60-1.54) 1 (Ref) - 1.18 (0.93-1.50)

Model 3 1.48 (0.81-2.68) 0.90 (0.55-1.49) 1 (Ref) - 1.11 (0.84-1.46)

Model 4 1.51 (0.83-2.75) 0.91 (0.55-1.51) 1 (Ref) - 1.12 (0.85-1.47)

Intermittent AF vs. no AF

Intermittent AF, N 17 32 32 0

Model 1 1.30 (0.71-2.38) 1.07 (0.65-1.77) 1 (Ref) - 1.09 (0.83-1.43)

Model 2 1.11 (0.59-2.12) 0.96 (0.57-1.62) 1 (Ref) - 1.03 (0.77-1.37)

Model 3 1.24 (0.63-2.47) 0.94 (0.56-1.59) 1 (Ref) - 1.07 (0.78-1.47)

Model 4 1.29 (0.64-2.58) 0.98 (0.57-1.66) 1 (Ref) - 1.10 (0.80-1.51)

Ratio of Geometric Means (95% CI)‡,§

Nc 400 851 870 42

Isolated PAC burden

Geometric Mean 226 234 192 159

Model 1 1.20 (0.98-1.48) 1.21 (1.03-1.43) 1 (Ref) 0.82 (0.48-1.40) 1.09 (0.99-1.19)

Model 2 1.16 (0.94-1.45) 1.24 (1.05-1.47) 1 (Ref) 0.81 (0.46-1.42) 1.07 (0.97-1.18)

Model 3 1.18 (0.93-1.49) 1.26 (1.06-1.49) 1 (Ref) 0.85 (0.48-1.51) 1.08 (0.97-1.19)

Model 4 1.16 (0.91-1.48) 1.26 (1.06-1.50) 1 (Ref) 0.86 (0.48-1.53) 1.07 (0.96-1.18)

SVT burden

Geometric Mean 1.9 2.2 2.2 1.9

Model 1 0.90 (0.82-0.99) 1.00 (0.92-1.07) 1 (Ref) 0.85 (0.66-1.08) 0.96 (0.92-1.00)

Model 2 0.91 (0.82-1.00) 1.01 (0.94-1.09) 1 (Ref) 0.89 (0.69-1.16) 0.97 (0.93-1.01)

Model 3 0.95 (0.85-1.06) 1.02 (0.95-1.11) 1 (Ref) 0.92 (0.71-1.20) 0.99 (0.94-1.04)

Model 4 0.95 (0.85-1.06) 1.02 (0.95-1.11) 1 (Ref) 0.92 (0.71-1.20) 0.99 (0.94-1.04)

Abbreviations: Atherosclerosis Risk in Communities, ARIC; standard deviation, SD; confidence interval, CI; atrial fibrillation, AF; premature atrial 
contraction, PAC; supraventricular tachycardia, SVT.

†
Model 1=age, sex, race-center

Model 2=Model 1+educational attaimnent, smoking status, drinking status, physical activity, magnesium or calcium supplement use, body mass 
index
Model 3=Model 2+diabetes, systolic and diastolic blood pressure, antihypertensive medication use
Model 4=Model 3+serum potassium

‡
PAC and SVT burden were log-transformed due to right-skew distribution. The ratio of geometric mean refers to the exponentiated beta 

coefficient from linear regression, e.g., exp(β<0.75 vs 0.85-0.95 mmol/L)· An example interpretation, in Model 1, the geometric mean PAC 
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burden among individuals with serum Mg <0.75 mmol/L was 1.20 fold the geometric mean PAC burden among those with serum Mg 0.85-0.95 
mmol/L.

§
Excluding those with AF detected on the ECG patch monitor or AF identified by prior ARIC ascertainment
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Table 3.

Associations of serum magnesium with ventricular arrhythmias: the ARIC study, 2016-2017†

Serum magnesium, mmol/L

<0.75 0.75-<0.85 0.85-<0.95 ≥0.95 Per 0.1 mmol/L decrement

N 478 986 1004 45

OR (95% CI)

NSVT (yes/no)

NSVTN 150 311 281 13

Model 1 1.21 (0.95-1.54) 1.18 (0.97-1.43) 1 (Ref) 1.09 (0.55-2.13) 1.07 (0.96-1.19)

Model 2 1.14 (0.87-1.48) 1.17 (0.95-1.44) 1 (Ref) 1.07 (0.52-2.23) 1.06 (0.94-1.19)

Model 3 1.09 (0.82-1.44) 1.16 (0.94-1.43) 1 (Ref) 1.09 (0.52-2.27) 1.05 (0.92-1.18)

Model 4 1.08 (0.82-1.44) 1.16 (0.94-1.43) 1 (Ref) 1.08 (0.52-2.26) 1.04 (0.92-1.18)

Ratio of Geometric Means (95% CI)‡

Isolated PVC burden

Geometric Mean 94.6 68.6 64.6 44.3

Model 1 1.54 (1.20-1.97) 1.05 (0.86-1.28) 1 (Ref) 0.72 (0.37-1.40) 1.22 (1.10-1.36)

Model 2 1.40 (1.08-1.82) 1.01 (0.82-1.24) 1 (Ref) 0.73 (0.35-1.49) 1.17 (1.04-1.31)

Model 3 1.56 (1.18-2.06) 1.04 (0.84-1.28) 1 (Ref) 0.74 (0.36-1.51) 1.23 (1.09-1.39)

Model 4 1.53 (1.16-2.03) 1.03 (0.83-1.27) 1 (Ref) 0.75 (0.36-1.53) 1.22 (1.08-1.38)

Abbreviations: Atherosclerosis Risk in Communities, ARIC; standard deviation, SD; confidence interval, CI; non-sustained ventricular tachycardia, 
NSVT; premature ventricular contraction, PVC.

†
Model 1=age, sex, race-center

Model 2=Model 1+educational attainment, smoking status, drinking status, physical activity, magnesium or calcium supplement use, body mass 
index
Model 3=Model 2+diabetes, systolic and diastolic blood pressure, antihypertensive medication use
Model 4=Model 3+serum potassium

‡
PVC burden was log-transfonned due to right-skew distribution. The ratio of geometric mean refers to the exponentiated beta coefficient from 

linear regression, e.g., exp(β<0.75 vs 0.85-0.95 mmol/L). An example interpretation, in Model 1, the geometric mean PVC burden among 

individuals with serum Mg <0.75 mmol/L was 1.54 fold higher than the geometric mean PAC burden among those with serum Mg 0.85-0.95 
mmol/L.

J Electrocardiol. Author manuscript; available in PMC 2021 September 01.


	Abstract
	INTRODUCTION
	METHODS
	Study Design
	Biomarker Measures
	Covariates
	Outcomes

	Statistical Analysis

	RESULTS
	DISCUSSION
	Magnesium & Atrial Arrhythmias
	Magnesium & Ventricular Arrhythmias
	Strengths & Limitations

	Conclusions
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.

