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Abstract: Vitamin D deficiency is a widespread health issue within the paediatric population.
In recent years, vitamin D deficiency has been linked to numerous cardiovascular diseases such
as atherosclerosis, arterial hypertension, myocardial infarction, and heart failure. Previous
studies have also suggested a possible relationship between low vitamin D levels and
electrocardiographic changes in both adult and paediatric populations. In this retrospective
study, we investigated whether circulating 25-OH-vitamin D levels
changes in ventricular repolarisation, depolarisation, and atrial conduction on ECG in the
paediatric population. A total of 66 patients aged 1 to 17 years were divided into three groups
according to serum 25-OH Vitamin D levels: sufficient (>30 ng/ml; n=21), insufficient ( 20-
30ng/ml; n=30) and deficient (<20 ng/ml; n=15). QRS duration, QTc interval, Tpe interval,
Tpe/QTc ratio, JTp interval, Tpe/JTp ratio, JTc interval, PR interval, P-wave duration, LAP
interval and P-wave dispersion were assessed. Associations between vitamin D status and the
measured ECG parameters were analyzed using one-way analysis of variance (ANOVA). No
statistically significant associations were found between vitamin D level and any of the
evaluated ECG parameters (p>0.05). These findings do not support an independent association
between vitamin D status and ECG changes related to ventricular repolarisation,
depolarisation, or atrial conduction in the paediatric population.

are associated with

Keywords: vitamin D, electrocardiogram, ventricular depolarization, ventricular repolariza-
tion, atrial conduction, pediatrics

1. Introduction

Vitamin D is part of the fat-soluble vitamin family, with functions similar to
those of steroid hormones [1]. Traditionally, vitamin D has been recognised as an
important modulator of skeletal and mineral metabolism, but recent studies have
demonstrated its involvement in numerous physiological patterns beyond what was
commonly thought. Vitamin D receptors are found in most human cells, including
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cardiovascular cells such as myocytes and endothelial cells [2,3]. Located in the nu-
cleus of cells, vitamin D receptors exert both genomic and non-genomic effects. The
genomic transcriptional effects are described as regulating the expression of thou-
sands of genes, while non-genomic effects are represented by rapid responses involv-
ing several second messengers and transmembrane transport of ions [4,5]. These
mechanisms have the potential to explain why vitamin D deficiency has been linked
to numerous cardiovascular diseases such as arterial hypertension, left ventricular
hypertrophy, atherosclerosis, myocardial infarction, heart failure and endothelial
dysfunction [2,6,7].

It has been hypothesised that vitamin D might have a role in the pathogenesis
of arrhythmias. Due to its antioxidant properties, it may influence the production of
reactive oxygen species in the atria and therefore, the formation of a proarrhythmic
substrate [8]. This assumption is supported by studies reporting an association be-
tween vitamin D levels and left atrial ECG abnormalities, including atrial fibrillation
[8,9]. Furthermore, research in animal models has shown an association between vit-
amin D levels and QT interval, independent of calcium levels [10]. Past studies have
also reported associations between vitamin D levels and ventricular conduction de-
lay, along with ventricular repolarisation [11,12]. However, much of the available
clinical evidence is derived from observational studies, and the reported associations
may therefore be influenced by residual confounding related to comorbidities, med-
ication use, and overall cardiovascular risk. Furthermore, data in the paediatric pop-
ulation remain limited, and adult findings cannot be directly extrapolated to children
because age-related differences in cardiac electrophysiology, autonomic maturation,
vitamin D metabolism, and arrhythmia mechanisms may modify the relationship be-
tween vitamin D status and ECG parameters. Since ventricular repolarisation abnor-
malities have been associated with ventricular arrhythmias and sudden cardiac
death, identifying the factors contributing to such abnormalities is critical for effec-
tive intervention [13].

Considering the growing evidence linking vitamin D deficiency and arrhyth-
mias in adults, the scarcity of studies conducted in the paediatric population, as well
as the high prevalence of vitamin D deficiency in children [14], it is crucial to identify
whether vitamin D deficiency increases the arrhythmic risk in children. The present
study sought to evaluate whether low vitamin D levels are associated with changes
in ventricular repolarisation, depolarisation, and atrial conduction as seen on ECG
that could predispose children to arrhythmias.

2. Materials and Methods

A total of 121 subjects aged 1 to 17 years were retrospectively selected from all
consecutive patients who visited a tertiary paediatric hospital between January 2018
and January 2022. Inclusion criteria required that all included subjects were paediat-
ric patients over one year old who underwent an electrocardiogram (ECG) and had
their serum 25-hydroxy-vitamin D levels measured during the same visit. Exclusion
criteria consisted of congenital or acquired heart disease, arterial hypertension, obe-
sity (defined as body mass index at or above the 95th percentile for age and sex),
serum electrolyte disturbances, thyroid dysfunction, diabetes mellitus, renal failure,
liver disease, malabsorption disorders, neurological illness, collagen tissue disease,
chronic inflammatory disease, current vitamin D supplementation as documented in
the medical records or the use of drugs known to cause changes in ECG. Serum elec-
trolyte disturbances were defined as electrolyte values outside the age-adjusted ref-
erence ranges used by our institution's clinical laboratory. After applying the exclu-
sion criteria, a total of 66 subjects remained eligible for inclusion.

Data regarding gender, age, medical history, anthropometric measurements,
physical findings and levels of 25-OH-vitamin D, total and ionic calcium, magne-
sium, and phosphorus were extracted from patient files and anonymized. Serum 25-
hydroxy-vitamin D levels were measured from fasted blood samples using the LI-
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AISON 25 OH Vitamin D TOTAL Assay Kit (DIASORIN Inc. Stillwater, MN, USA),
as per our institutional protocol. The ECGs were also collected from the patient files
and anonymized.

In our institution all ECGs are performed as standard 12 lead electrocardiograms
obtained in the supine position after 10 minutes of rest, set at an amplitude of 10
mV/mm amplitude and a speed of 25 mm/second using the Edan SE-12 EXPRESS
device. The ECGs were reviewed using a magnifying glass by two independent car-
diologists who were blinded to the levels of serum vitamin D of the subjects. Ventric-
ular depolarisation as seen on the ECG was assessed using QRS duration (QRSd).
QRSd was defined as the duration from the start to the end of the complex. Ventric-
ular depolarisation and repolarisation ware evaluated using corrected QT interval
(QTc), while Tpeak to Tend (Tpe), Tpe/QTc, J to Tpeak (JTp), Tpe/JTp and JTc were
used to evaluate the ventricular repolarisation. The QTc interval was evaluated by
measuring the QT interval and correcting it using Bazzett's formula. Tpe was meas-
ured from the peak of the T wave to its end and JTp from the J point to the peak of
the T wave. ]JTcwas defined as the difference between QTc and the duration of QRS.
Atrial conduction markers evaluated were P wave duration (PWD), PR interval, left
atrial P wave duration (LAP), and P wave dispersion (Pd). PWD was measured from
the earliest initial deflection from the isoelectric line in any lead to the time of the
latest activation in any lead. PR interval was defined as the duration from the start of
the P wave to the start of the QRS complex. LAP was measured from the point of
highest negative deflection (-dV/dt max) in lead V1 or V2 to the end of the P-wave in
any of the leads and Pd was defined as the difference between the longest P wave
and the shortest one.

For statistical analysis, subjects were categorized according to their serum 25-
hydroxy vitamin D levels as deficient (less than 20 ng/ml), insufficient (20-30 ng/ml),
and sufficient (greater than 30 ng/ml). The thresholds were chosen in accordance with
the recommendations from most authorities [15]. Given the age-dependent variation
of ECG parameters in children, age was compared between study groups to assess
potential confounding effects.

Depending on the type and distribution of the data, variables were expressed as
either mean + SD, median [IQR] or frequencies. Normality was tested using the Kol-
mogorov-Smirnov test. All patients were divided into three groups, according to the
value of vitamin D levels (sufficient, deficient, insufficient). Baseline parameters in
the three groups were compared using the one-way analysis of variance (ANOVA)
when the variables were continuous and the Chi square test in the case of categorical
data. Levene's test for the equality of variances was performed before each presented
comparison and a logarithmic transformation was performed when p was <0.05. Af-
ter each analysis of variance, a post-hoc test using Sheffe’s method was performed
for pairwise comparison of subgroups. Statistical analysis was performed using Med-
Calc Statistical Software 19.6.1 (MedCalc Software Ltd., Ostend, Belgium;
http://www.medcalc.org; 2020). A p-value of <0.05 was considered significant. The
ethics committee approved the study protocol.

3. Results

The study included 66 subjects, between the ages of 1 and 17, with a mean age
of 10 years. Of these, 27 (40,9%) were male and 39 (59,1%) were female. Baseline char-
acteristics of all patients are presented in Table 1. Most patients were admitted for
investigation of an innocent murmur (30.30%), followed by tachycardia (21,21%),
auscultatory arrhythmia (16,66%), syncope (9,09%), ponderal hypotrophy (7,57%),
and bradycardia (4,54%). Additionally, two patients were admitted for dyslipidemia,
and one patient each for hydronephrosis, pharyngitis, acrocyanosis, thoracic pain,
and reevaluation after poststreptococcal arthritis.
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Variables Mean Median SD 25-75P

Age (years) 10.170 11.000 4.1299 6.000 to 14.000
Weight (kg) 36.494 34.500 16.2424 22.000 to 49.000
Height (cm) 140.121 143.500 24.2909 118.000 to 158.000
BMI (kg/m?2) 17.40 16.500 3.0696 15.400 to 19.500
Ionized calcium(mmol/l) 1.2 (0.04) 1.190 0.04338 1.170 to 1.220
Total calcium (mg/dl) 9.913 9.935 0.3441 9.760 to 10.160
Phosphorus (mg/dl) 4.593 4.720 0.6155 4.150 to 5.000
Magnesium (mg/dl) 1.932 1.950 0.1701 1.830 to 2.050
25-OH Vitamin D (ng/ml) 27.638 26.500 10.8708 20.100 to 31.400
Heart rate (beats/minute) 82 80.000 17.6243 70.000 to 93.000
QRSd (msec) 78.485 80.000 8.8130 70.000 to 80.000
QTc (msec) 413.727 414.500 21.0848 397.000 to 428.000
Tpe, (msec) 85.455 80.000 9.7951 80.000 to 90.000
JTp (msec) 193.636 200.000 26.9265 180.000 to 210.000
Tpe/]Tp 0.448 0.438 0.07077 0.400 to 0.500
Tpe/QTc 0.207 0.203 0.02667 0.189 to 0.224
JTc (msec) 335.242 337.000 24.3184 318.000 to 352.000
PR (msec) 135.455 130.000 22.5444 120.000 to 140.000
PWD (msec) 88.182 90.000 10.5114 80.000 to 90.000
Pd (msec) 40.909 40.000 8.7226 40.000 to 50.000
LAP (msec) 29.773 30.000 7.5667 20.000 to 40.000

Table 1. Baseline characteristics of all patients

The three study groups were compared for age, gender, weight, height, BMI,
ionized calc ium, total calcium, phosphorus, magnesium, and 25-OH-vitamin D lev-

Deficient (N=15) Insufficient(N=30) Sufficient(N=21) p
Age (years) 10.733 + 3.8631 10.542 + 4.1388 9.238+4.3348 0.45
Gender (M/F) 5/10 11/19 11/10 0.42 (Chi2 =1,723)
Weight (kg) 38.000 + 17.4233 37.170 + 15.5440 34.452 + 16.9646 0.78
Height (cm) 141.400 + 23.8202 142.333 + 23.3420 136.048 +26.5414  0.65
BMI (kg/m2) 17.740 + 3.9946 17.270 4 2.8417 17.410 + 2.7630 0.89
fonized cal- 1.194 +0.03291 1.200 + 0.04709 1.194 + 0.04599 0.87
cium(mmol/l)
Total calcium 9.903 + 0.3003 9.907 + 0.3567 9.928 + 0.3698 0.97
(mg/dl)
Phosphorus (mg/dl) 4.648 £ 0.5915 4.481 £ 0.5893 4.715 £ 0.6677 0.38
Magnesium (mg/dl) 1.957 +0.09728 1.914 +0.2131 1.940 +0.1434 07
25-OH Vitamin 15.753 + 2.6859 25.007 + 3.0974 39.886 + 9.5540 <0.001
D (ng/ml)

els. No significant differences were found between the study groups, except for 25-
OH-vitamin D level (Table 2).

Table 2. Demographic characteristics and laboratory findings of the 3 study groups

The ECG parameters of the three study groups, including heart rate, QRS duration,
corrected QT interval, Tpe interval, JTp interval, Tpe/JTp ratio, Tpe/QTc ratio, JTc
interval, PR interval, P-wave duration, P-wave dispersion and left atrial P-wave in-
terval, are presented in Table 3. The statistical analysis performed found no signifi-
cant difference between the three compared groups.
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Deficient (N=15) Insufficient(N=30) Sufficient(N=21)

Mean SD Mean SD Mean SD p
:"be:artts;:?nute) 87.667 193895 81167  19.4211 79.143 12.8736 034
QRSd (msec) 79333 103280  78.333 9.1287 78.095 7.4960 0.910.91
QTc (msec) 422467  20.8322 411.867 217648  410.143 19.4481  0.18
Tpe, (msec) 86.667  11.1270  86.000 8.5501 83.810 107127  0.64
ITp (msec) 187.333 263131 194333 300211  197.143 228348 0.20
Tpe/ITp 0.469 007397  0.451 0.07324 0.429 006283  0.24
Tpe/QTc 0.206 003026  0.210 0.02721 0.204 0.02405  0.77
ITc (msec) 343133 259391 333.533 256417  332.048 208770  0.36
PR (msec) 138.667  17.6743 133.000  16.8462  136.667 31.6754  0.70
PWD (msec) 90.667  11.6292  87.333 9.8027 87.619 109109  0.59
Pd (msec) 39.333 7.9881  41.667 8.7428 40.952 9.4365 0.7
LAP (msec) 32.667 7.0373  28.167 7.4837 30.000 7.7460 0.17

Table 3. The ECG characteristics of the three study groups

4. Discussion

In the current study, we sought to determinewhether vitamin D levels are asso-
ciated with ventricular depolarisation, ventricular repolarisation, and atrial conduc-
tion on ECG in the paediatric population. Our statistical analysis did not reveal any
significant association between circulating 25-OH-vitamin D levels and paediatric
ECG abnomalities.

Atrial fibrillation, the most common arrhythmia in adults, carries a significant
burden on society, caused by its important thromboembolic risk and impact on car-
diac function. Observational studies have identified an increased incidence of atrial
fibrillation during winter months, following a seasonal pattern similar to that of vit-
amin D deficiency in the northern hemisphere [16,17]. This led to the hypothesis that
atrial fibrillation is associated with low levels of vitamin D. It was proposed that vit-
amin D may inhibit fibrosis formation in the atria through its antioxidant properties
[8]. This assumption was supported by a study by Canpolat et al. which identified a
direct correlation between low levels of vitamin D and more extensive left atrial fi-
brosis [18]. Furthermore, an experimental study on rabbit hearts found a direct elec-
trophysiological effect of 1,25-OH-vitamin D on the left atrium, preventing and ter-
minating atrial fibrillation [8,19]. Observational studies have also linked vitamin D
deficiency to atrial fibrillation [20,21]. Moreover, Anees et al. reported an association
between vitamin D deficiency and an increased risk of left atrial, defined as an in-
creased PR interval and P-wave duration [9], that could predispose adults to atrial
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fibrillation [22]. Although our study involved paediatric participants, a demographic
where atrial fibrillations is uncommon, we sought to investigate whether vitamin D
deficiency might affect the same ECG markers associated with atrial fibrillation in
adults, potentially serving as indicators of future risk. However, our study did not
identify any statistically significant associations between vitamin D levels and any of
the left atrial parameters studied (PR interval, PWD, Pd, and LAS). It is plausible that
the mechanism through which vitamin D deficiency acts on the risks of developing
atrial fibrillation requires a longer time to manifest. However, in light of recent large
studies and meta-analyses that found no association between circulating vitamin D
levels and atrial fibrillation, the relationship between vitamin D and atrial ECG ab-
normalities remains improbable [23,24].

Regarding ventricular depolarization, our data did not identify statistically sig-
nificant associations between vitamin D levels and QRS duration. This contrasts with
the results reported by Tuliani et al., who identified associations between vitamin D
deficiency and major electrocardiographic abnormalities, including ventricular con-
duction defects in adults [11]. However it is important to note that the study used a
higher threshold for vitamin D deficiency (<40 ng/ml) that the one used in our study.
The difference in thresholds, along with the employment of a different study popu-
lation, might account for the contrasting results.

There have been reports of improvement in the burden of ventricular extrasys-
toles following vitamin D supplementation [25-27]. This led to the hypothesis that
vitamin D could influence ventricular repolarisation. Ventricular repolarisation ab-
normalities have historically been associated with malignant ventricular arrhythmias
and sudden cardiac death [28]. Considering the severity of these conditions, identi-
fying at-risk patients has become a central point of research in the field. This war-
ranted the development of the first clinical markers for arrhythmic risk: the QT and
the corrected QT (QTc) intervals. Normal QTc values are considered as between 360
and 460 ms for both sexes, as per the European Society of Cardiology guidelines [29].
Proarrhythmic risk has been associated with extreme value, being later defined as
Short QT Syndrome and Long QT Syndrome [30]. Both QT and QTc have the limita-
tion of being one-dimensional in predicting arrhythmogenesis. This led to the devel-
opment of new QT variability evaluating methods, such as QT dispersion (QTd),
Tpeak to Tend (Tpe), Tpe/QTc, ] to Tpeak (JTp), Tpe/JTp and corrected JT (JTc) dis-
tance [30].

Our study did not identify any statistically significant associations between cir-
culating vitamin D levels and various measures of ventricular repolarization, includ-
ing the QTc interval, the Tpe interval, the JTp interval, the Tpe / JTp ratio, the Tpe /
QTc ratio, and the JTc interval. Our findings do not support an association between
ventricular repolarisation and vitamin D levels. Contrastingly, a study by Kaya H. on
400 adults, divided into two equal groups based on their vitamin D levels, concluded
that vitamin D levels were inversely correlated with ventricular repolarisation mark-
ers, including Tpe interval, Tpe/QTc ratio and Tpe/QT ratio. It is important to note
that the serum vitamin D threshold for deficiency used in this study was below 10
ng/ml, much lower than in our methodology [31]. Similarly, a smaller study by
Bekdas et al. found an inverse association between vitamin D levels and ventricular
repolarisation parameters, such as Tpe, JTc and Tpe/QT. However, this study also
employed different vitamin D level thresholds as the ones used in our methodology,
defining insufficiency as levels under 12 ng/ml, deficiency between 12 to 20 ng/ml,
and sufficiency above 20 ng/ml [32]. It is possible that ventricular repolarization may
only be affected when vitamin D levels fall below the thresholds utilized in our study.
Bagrul et al. conducted a study on 150 adolescents divided into three equal study
groups according to their 25-OH-vitamin D levels similar to those used in our meth-
odology, and identified a relationship between low circulating vitamin D levels and
increased Tpe interval, Tpe/QTc ratio and Tpe/Jtpeak ratios. However, the study did
found no significant differences with respect to QTd and QTc values, aligning with
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our findings regarding QTc [12]. It is noteworthy that their study included only chil-
dren aged 10 and above, unlike ours, which included paediatric patients aged 1 to 17,
potentially influencing the results. Furthermore, a recent study has evaluated the ef-
fects of vitamin D deficiency on the indices of cardiac electrophysiological balance
(iCEB and iCEBc), defined as QT/QRS and QTc/QRS ratios. These markers not only
assess ventricular repolarization but also ventricular depolarization, offering a global
view of the ventricular electrical activity. The study revealed an inverse relationship
between vitamin D levels and QT/QRS and QTc¢/QRS ratios [33]. While our research
did not specifically investigate these markers of ventricular electrical activity, we did
examine their components. Our results did not reveal any significant associations be-
tween vitamin D levels and QRS or QTc intervals. However, it's noteworthy that this
does not disprove the possibility of a relationship between vitamin D and the indices
of cardiac electrophysiological balance, but further investigations are necessary to
study the potential associations between these markers and vitamin D levels.

It is therefore possible that the arrhythmogenic effects of vitamin D deficiency
emerge only at lower circulating levels than the ones used in our study. Furthermore,
while vitamin D has been more extensively linked to arrhythmias in adults, its effect
in the paediatric population remains underexplored. The few studies conducted in
children have involved small sample sizes and yielded conflicting results.

Considering the contradictory evidence in the literature and the public health
importance of the issue, caused by the high prevalence of vitamin D deficiency, as
well as the dangerous risks of arrhythmias, large experimental studies in paediatric
subjects are needed to effectively determine if vitamin D is independently correlated
with ECG anomalies. This may be particularly relevant in children with chronic dis-
eases, neuromuscular disorders, reduced mobility, or prolonged recovery periods, in
whom vitamin D deficiency may be more frequent and musculoskeletal, functional,
and cardiovascular vulnerability may coexist. Such studies should particularly ex-
amine whether lower serum values of vitamin D have an effect on ECG markers.

The limitations of the present study include its small samples size and single-
center retrospective observational nature. Furthermore, the retrospective design did
not allow adjustment for seasonal variation in vitamin D measurements, which may
represent a potential source of residual confounding. Given the exploratory nature
of the analysis and the number of ECG parameters assessed, the possibility of type I
error inflation due to multiple comparisons cannot be excluded. Although all ECGs
were independently reviewed by two cardiologists, interobserver agreement was not
formally evaluated using kappa statistics or intraclass correlation coefficients. Fi-
nally, an experimental model would better study the relationship between vitamin D
and ECG abnormalities predisposing to arrhythmias.

5. Conclusions

In summary, our study did not identify any relationship between 25-hydroxy-
vitamin D levels and multiple ECG markers, including P-wave duration,PR interval,
left atrial P-wave duration, P-wave dispersion, QRS duration, corrected QT interval,
Tpeak to Tend, Tpe/QTc, ] to Tpeak, Tpe/JTp ratios, and JTc duration in children.
These findings suggest that vitamin D status was not associated with measurable al-
terations in atrial conduction, ventricular depolarization, or ventricular repolariza-
tion parameters within our study population. However, given the relatively small
sample size and retrospective design, the possibility of an association cannot be de-
finitively excluded. Furthermore, considering the divergent and scarce evidence
found in paediatric literature, large prospective studies should be conducted to elu-
cidate this relationship. Achieving a global consensus on this issue could lead to pub-
lic health strategies aimed at preventing and decreasing the incidence of arrhythmias
in children, a particularly vulnerable population.
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