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Abstract

Microelements play a fundamental role in maintaining the electrophysiological stability of the
pediatric myocardium. Deficiencies of key trace elements - particularly magnesium, potassium,
calcium, zinc, selenium, and iron - can disrupt ion channel function, myocardial excitability, and
cardiac conduction pathways. Children, due to rapid growth and higher metabolic demand, are
especially vulnerable to such deficiencies. This article reviews current evidence regarding the
contribution of microelement imbalance to the development of arrhythmias in children, highlights
pathophysiological mechanisms, and discusses diagnostic and preventive considerations.

Keywords: Microelements, arrhythmia, children, magnesium deficiency, potassium deficiency,
electrolyte imbalance, cardiac conduction abnormalities.

Introduction

Arrhythmias in children range from benign transient rhythm disturbances to severe, life-threatening
conduction abnormalities. Although congenital structural heart diseases, genetic channelopathies,
and infections are well-recognized causes, the subtler influence of microelement deficiencies has
gained increasing attention. Microelements function as quiet custodians of myocardial rhythm,
regulating membrane potentials, modulating enzyme activity, and supporting antioxidant defense.
When they fall short, even slightly, the myocardium may behave like an orchestra suddenly missing
its conductor: impulses may wander, nodes may falter, and the rhythm may break.

Given the prevalence of nutritional deficiencies in many regions, understanding the relationship
between microelement imbalance and pediatric arrhythmias is essential for clinicians, researchers,
and public health specialists.

The role of microelement deficiency in the pathogenesis of arrhythmias in children emerges from a
complex biochemical landscape where ions, enzymes, mitochondrial systems, and cellular
membranes collaborate to maintain rhythmic stability. When magnesium, potassium, calcium, zinc,
selenium, or iron diminish, the electrical architecture of the child’s myocardium begins to
destabilize. Microelements regulate transmembrane currents, modulate channel proteins, maintain
sarcoplasmic reticulum calcium balance, and support mitochondrial ATP synthesis. Their absence
sets off a sequence of electrophysiological distortions that elevate arrhythmogenic risk.

Children’s myocardium is metabolically intense and electrically delicate; even minor shifts in ionic
gradients influence nodal automaticity and conduction velocity. Magnesium deficiency reduces
Na'/K*-ATPase efficiency, enhances calcium influx, and destabilizes resting membrane potential,
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transforming cardiomyocytes into hyper-responsive cells prone to premature depolarization.
Potassium deficiency causes delayed repolarization, prolongs phase-3 currents, and facilitates early
afterdepolarizations—mechanisms strongly associated with pediatric ventricular tachyarrhythmias.
Calcium imbalance, particularly hypocalcemia due to vitamin D deficiency, slows phase-0
depolarization in pacemaker tissues, prolongs QTc, and contributes to bradyarrhythmias.
These ionic changes interact with mitochondrial stress. Zinc and selenium shortages impair
antioxidant enzymes such as glutathione peroxidase, allowing reactive oxygen species (ROS) to
accumulate. ROS damage ion-channel proteins, phospholipid membranes, and mitochondrial DNA,
culminating in conduction delay and rhythm instability. Iron deficiency, by inducing chronic tissue
hypoxia, activates sympathetic pathways and heightens myocardial excitability. Hypoxia-induced
ROS production amplifies arrhythmogenic substrates.
These physiological shifts occur against a backdrop of pediatric vulnerability—gastrointestinal
malabsorption, rapid growth phases, dietary selectivity, repeated infections, and socioeconomic
nutritional gaps. Over time, these factors shape an epidemiological pattern in which microelement
deficiency operates as an often-overlooked contributor to arrhythmia prevalence.
These electrical distortions correspond directly to clinical patterns. Children may present with
palpitations, dizziness, irritability, exertional intolerance, episodic chest discomfort, headaches, or
syncope-like spells. On ECG, clinicians may observe sinus tachycardia, bradyarrhythmias, isolated
premature beats, prolonged QTc, U-waves, or paroxysmal supraventricular tachycardia. Holter
monitoring frequently reveals nocturnal ectopy or sympathetic-driven rhythm variation.
To consolidate the scientific relationships, the following tables summarize the electrophysiological
and molecular effects of specific microelements:
These electrical distortions correspond directly to clinical patterns. Children may present with
palpitations, dizziness, irritability, exertional intolerance, episodic chest discomfort, headaches, or
syncope-like spells. On ECG, clinicians may observe sinus tachycardia, bradyarrhythmias, isolated
premature beats, prolonged QTc, U-waves, or paroxysmal supraventricular tachycardia. Holter
monitoring frequently reveals nocturnal ectopy or sympathetic-driven rhythm variation.
To consolidate the scientific relationships, the following tables summarize the electrophysiological
and molecular effects of specific microelements:

Table 1. Electrophysiological Roles and Arrhythmogenic Consequences of Microelement

Deficiency
. . . Molecular Pathogenesis of Resulting Rhythmic
Microelement  Core Physiological Role Arrhythmia Disturbances
Magnesium Regulates  ATPase, stabilizes Loss of ATPase control — 1 Ca?" influx;
Mg) membrane potential | K* stability PVCs, SVT, prolonged QT

Potassium (K)  Governs repolarization currents Impaired . IKI/IKS - carly  Ventricular tachycardia,
afterdepolarizations torsades
Calcium (Ca) Pacemal.(er depolarization, Disturbed L-type Ca?" channels Bradyarrhythmla, QT
contraction prolongation
Antioxidant defense, structural Conduction delay, irregular

Zinc (Zn)
Selenium (Se)

Iron (Fe)
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Glutathione peroxidase cofactor

Oxygen transport, mitochondrial
respiration

ROS-mediated ion-channel damage
Mitochondrial ROS accumulation

Hypoxia-induced SNS activation

rhythms
Myocardial irritability

Persistent sinus tachycardia
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An epidemiologic perspective reveals that regions with higher nutritional deficits show increased
pediatric arrhythmia consultations. The relationship is rarely linear; instead, microelement
deficiency acts like a quiet amplifier of other contributing factors—from viral myocarditis to
congenital conduction variants. The following visual captures this broader epidemiological
progression:

Table 2. Pediatric Risk Factors and Their Mechanistic Links to Arrhythmogenesis

Mi 1 t
Risk Factor Mechanistic Contribution lerocfements Clinical Impact
Affected
Chronic diarrhea Loss of electrolytes Mg, K Tachyarrhythmias, ectopy
Malabsorpti . . .
alabsorphion Impaired mineral uptake Mg, Ca, Zn, Se Bradyarrhythmia, QT changes
syndromes
Vitamin D deficiency | Ca absorption Ca Prolonged QT, nodal dysfunction
. I d i trient .. o
Rapid growth spurts rierease feronutrien Mg, Fe, Zn Exercise intolerance, palpitations
demand
Poor dietary diversity ~ Chronic depletion All Mixed arrhythmias

Sinus tachycardia, autonomic

Frequent infections .
d imbalance

1 metabolic micronutrient use Zn, Se, Fe

Ultimately, the pathogenesis of arrhythmia in children due to microelement deficiency reflects a
convergence of biochemistry, electrophysiology, and public health. Correcting these deficiencies
often reverses electrical abnormalities, reduces arrhythmic events, and restores normal autonomic
balance. This underscores the importance of early dietary assessment, targeted biochemical
screening, and timely therapeutic supplementation as essential components of pediatric arrhythmia
prevention and management.

Conclusion

Microelement deficiencies—particularly involving magnesium, potassium, calcium, zinc, selenium,
and iron—play a significant role in the pathogenesis of pediatric arrhythmias. Their influence is
woven into ion channel dynamics, oxidative balance, myocardial excitability, and autonomic
regulation. Because children are in a rapid developmental phase, even modest deficiency may tip
the electrophysiological scales, leading to rhythm disturbances. Early detection and correction of
microelement imbalance represent an accessible and effective strategy in preventing and managing
arrhythmias in the pediatric population.
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