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Abstract:

This study investigated the critical relationship between serum electrolyte homeostatic imbalances and hereditary heart disease
within Wasit Governorate, Iraq. Conducted between October 2024 and June 2025 at Al-Karama Hospital and Al-Zahraa Teaching
Hospital, the research evaluated peripheral blood samples from 68 patients diagnosed with hereditary cardiovascular conditions
alongside a control group of healthy donors. Specifically, patients exhibited severe hyponatraemia (117.49 \pm 19.47 mmol/L
versus 136.00 \pm 2.69 mmol/L), marked hypokalaemia (2.65 \pm 0.77 mmol/L versus 4.32 \pm 0.44 mmol/L), and critical
hypocalcaemia (1.53 \pm 0.74 mg/dL versus 8.88 \pm 0.77 mg/dL). Sodium was identified as the primary pathogenic driver in
cardiovascular deterioration for genetic heart disease. Correlation analyses demonstrated a significant negative correlation between
serum sodium concentration and advancing chronological age (r = -0.258, p < 0.05), alongside a significant positive correlation
between chloride levels and age (r = 0.246, pP= 0.05). Conversely, variations in potassium, calcium, and magnesium displayed non-
significant negative correlations with age, while Body Mass Index (BMI) demonstrated no statistically significant association with
any measured electrolytes. Pathophysiologically, severe deficiencies in essential intracellular ions—particularly magnesium and
potassium—were directly implicated as key contributors to disrupted trans-sarcolemmal electrical signalling and cardiac
arrhythmias. From a molecular genetics perspective, maintaining rigorous systemic electrolyte homeostasis is vital to stabilise
inherently vulnerable ion channels, particularly in cases involving SCN5A gene mutations which underlie Long QT Syndrome
Type 3 and Brugada Syndrome. Ultimately, the study concludes that routine, proactive multi-electrolyte monitoring is a
fundamental clinical imperative to mitigate life»threatening arrhythmic events and optimise long»term survival in genetic heart
disease cohorts.
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be due to the pathophysiological changes that happen in heart
1. Introduction

failure and which lead to activation of neurohumoral systems

(Polandic, 2012). Recent evidence demonstrates that

Electrolyte disturbances are a daily and potentially

important complication in patients with heart failure. This may
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mutations in cardiac genes altering ion channel subunits
directly impair myocardial electrophysiology, fundamentally
predisposing individuals to lethal inherited arrhythmias and
severe electrolyte imbalances (Smith et al., 2024). This may be
due to the pathophysiological changes that occur in heart
failure and which lead to action of neurohumoral, and as a

result of complications of treatment with diuretics, cardiac
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glycosides, or angiotensin-converting enzyme (ACE) inhibitors

(Dimeski et al., 2012).

Pathogenic loss-of-function mutations in SCN5A and KCNQ1
directly predispose cells to systemic electrolyte disturbances
and lethal cardiac arrhythmias by impairing myocardial
sodium and potassium currents (Satvaldina et al, 2025).
Patients with heart failure may develop hypernatraemia due to
diminished water and desmopressin secretion, and this may be
exacerbated by diuretic therapy (Dimeski et al., 2012). Along
with  potassium  and  calcium, magnesium  touches
cardiovascular function. Magnesium and potassium lacks play
an important role in the generation of arrhythmias.
Magnesium is essential for maintaining potassium within cells

(Budak et al., 2012).

The studies of genetic diseases  show, especially

cardiovascular diseases or, after surgery, metabolism and stress.

This balance can be disrupted, leading to fluctuations in the
concentration of free ions in the blood, such as Ca2", K*, Na*,

Cl, and Mg2+. .

sodium plays a role in maintaining fluid balance and proper

(Jain et al., 2009). Research indicates that

circulation within the body. Sodium is essential for preserving

appropriately

distributed among tissues. An imbalance—whether an excess

osmotic pressure and ensuring water is
or lack—can disturb these critical functions, potentially imperil
gross health (Liu & Dudley, 2023). Potassium serves as a
crucial component in the intracellular fluid, functioning as its
primary cation. It plays a key role in regulating cellular
signalling and enabling muscle responses to stimulation,
including the activity of the heart's genetics (Mlambo VC et al.
2024). Potassium imbalance can interfere with neuromuscular
function and may even lead to arrhythmias. Similar to sodium,
maintaining a steady intake of potassium from whole foods is

for preserving proper cellular balance (Teymouri et al., 2022).

Clinically, this is manifested in the form of severe systemic and

pulmonary congestion, increased risk of ventricular
arrhythmias, prolonged hospitalisations and near doubling of

long-term risk of mortality (Bhavanandan et al., 2022).
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2. Materials and Methods

Patients with hereditary heart disease were seen at Al-Karama
Hospital and Al-Zahraa Teaching Hospital from October 2024
to June 2025, according to their treatment schedules. Samples
were collected from the patients with their consent for the

study — about 5 cc from patients.

The institutional ethical board's approval was obtained
before the trial started, and patients were enrolled in it with

their consent and written information.

A total of 68 peripheral blood samples were collected from
recently diagnosed patients aged 45-57 years (28 females and
24 males). The control group consisted of individuals who
visited the hospital as blood donors, totalling 24 groups (13
females and 11 males). Patients were divided into subgroups
according to age. Electrolyte levels in dialysis patients and
those with hereditary heart disease (who underwent genetic
testing, and their family history was also studied to confirm the
genetic predisposition) were divided according to the type of
disease. The EXIAS device Roche,

Germany, the most advanced device in Iraq, was used to

from Hoffmann-La

analyse the serum samples extracted from the patients' blood

for electrolyte analysis.

Subjects of patients with hereditary heart disease, at the
discretion of the attending physician in the endoscopy unit,
were included in this study. After explaining study objectives
and obtaining written informed consent from all patients,
baseline demographic and clinical data were collected from
participants by interview and recorded using a study
questionnaire. Individuals with atherosclerosis or rheumatoid
arthritis were excluded from the study. Another criterion for

exclusion is smoking, alcohol intake, and use of antibiotics.
3. Statistical Analysis

All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS), version 22.
Continuous variables were tested for normal distribution. All
continuous variables were normally distributed; therefore, the

data were expressed as mean =+ SD, and all statistical

comparisons were made using an independent t-test with P S

0.05 considered statistically significant.
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4. Results and Discussion

4.1 HD Sampling Characteristics
411 Age

The mean = SD of age of HD patients was 56.86 +
10.43 years with a range of 45—75 years + SD , while the mean
+ SD of age of healthy individuals was 55.60 + 10.38 years
with a range of 43—77 years. The age distribution of HD

patients was as shown in figure (1):

MPatient
Wl Control

Count

4362 63.62 63.72 7382
Age

Figure 1. Age distribution of patients and controls with heart genetic
disea.ses
Deficiencies in fluid and electrolytes are a common
complication of cardiovascular disease. Fluid and electrolyte
imbalance can be jointly life-threatening. Maintaining
homeostasis in the ecosystem in terms of fluid and electrolyte

balance is critical to achieving optimal cardiac function in all

heart patients (Dimeski et al., 2012).

The heart fiasco is because the cardiovascular death rate for
morbidity, resulting in more than one million hospitalisations
per year in Iraq, and it is the most common hospitalisation

among subjects older than 65 years (Polandic et al., 2012).

A recent study by Abdelaal et al. (2025) investigated genetic
variants associated with sudden cardiac death (SCD) in young
populations and found that inherited phenotypes such as
(HCM) and dilated

hypertrophic  cardiomyopathy
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cardiomyopathy (DCM) tend to have acute peaks in younger
age groups (<35 years) compared to control populations. The
study emphasises that targeted early genetic screening in these
specific age brackets is vital for reducing mortality rates

associated with severe, early—onset electrical disturbances.

Furthermore, group comparisons between age-matched cohorts
have revealed that specific genetic mutations lead to distinct
age-related variations in disease severity. In a comparative
study of phospholamban (PLN) mutations versus other
sarcomeric cardiomyopathies, Afana et al. (2024) highlighted
that advancing age is progressively linked to pathological
cardiac remodelling and myocardial fibrosis. The age-
dependent progression accounts for the late manifestation of
severe structural changes in mutation carriers as compared
with healthy controls from the same age group not harbouring

these genetic alterations (Lewontin et al., 2025).
4.1.2 Body Mass Index

The estimated levels of body mass index for HD patients
compared to control (28.75 = 3.45 vs. 29.06 = 3.81; p >
0.05).The BMI distribution of HD patients was as shown in
table (1) and figure (2):

Table 1. The means of BMI values for DM patients

Groups BMI (Mean + SD) P-value
Patients 28.75 +3.45 n

P> 0.05
Control 29.06 = 3.81

*: The difference was significant at p < 0.05.
N: non-significant at p > 0.05.

Percentage %

Group

Figure 2. Distribution of Heart genetics disease patients according to
body mass index with control group
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Electrolyte abnormalities, often in the shadows, result in a
significant risk for those who wrestle with heart failure
(Teymouri et al., 2022). It’s largely tied to the complicated
changes within the body during heart failure. This system, the
renin-angiotensin-aldosterone system, goes into overdrive by
the activation of the sympathoadrenergic system, creating a

complex web of responses (van Berkel & Scharnhorst, 2011).

Furthermore, treatments designed to help, such as diuretics,
cardiac glycosides, or ACE inhibitors, can further complicate
the situation, adding to the risk to patients. Heart failure often
brings with it a condition known as hypernatraemia, a
situation where sodium levels drop, preventing the body from

excreting water effectively (Mlambo et al., 2024).
4.2 Serum Level of electrolytes in HD patients

The mean + SD of age of HD patients was 117.49 + 19.47 years
with a range of 45—75 years + SD, while the mean + SD of age
of healthy individuals was 136.00+ 2.69 years with a range of
43-77 years. The age distribution of HD patients was as
shown in table (2), (3) & (4):

Table 2. The means of Sodium (mmol/ 1) values for HD

Table 4. The means of Calcium (mg/dl) values for HD

patients.
Groups Calcium (mmol/ 1) (Mean =+ P-value
SD)
Patients 1.53 £ 0.74 ** P < 0.001
Control 8.88+ 0.77

patients.
Groups Sodium (mmol/ 1) (Mean + P-value
SD)
Patients 117.49 + 19.47 ** P < 0.001
Control 136.00+ 2.69

**: The difference was highly significant at p < 0.001.
*: The difference was significant at p < 0.05.
N: non-significant at p > 0.05.

Table 3. The means of Potassium (mmol/1) values for HD

**: The difference was highly significant at p < 0.001.

*: The difference was significant at p < 0.05.

N: non-significant at p > 0.05.

They show study care of the CHF patient includes the
recognition and management of these electrolyte disturbances
(Rakugi et al., 2021). There's agreement the results from these
analysers are interchangeable, as studies using different
instruments have shown varying outcomes (Budak et al., 2012;
Jain et al., 2009 & Flegar-Mestric & Perkov, 2006). Plasma or
serum electrolyte concentrations are the net result of intake,
excretion (mainly alimentary and renal), and shifts between

extra- and intracellular fluids (Razavi et al., 2010).
4.3 Correlation among Sodium (mmol/ I) and age,
BMI, in HD patients.

In table (5) there is a significant correlation between Sodium
(mmol/ 1) and age, but a non-significant with BMI in patients
with HD patients.

There is a negative correlation between Sodium (mmol/ 1)
concentration and age in patients, and significant at (r = 0.258,
p = 0.01), as shown in Figure (3). The correlation between
serum Sodium (mmol/ 1) concentration and BMI is positive
but not statistically significant (r = 0.029, P = 0. 825) in Figure
(3).

Table 5. The correlation among Apelin and age, BMI, in HD

patients.
Groups Potassium (mmol/ I) (Mean =+ P-value
SD)
Patients 2.65 + 0.77 ** P <0.001
Control 4.32 +0.44

**: The difference was highly significant at p < 0.001.
*: The difference was significant at p < 0.05.
N: non-significant at p > 0.05.
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patients.
R P-value Type
Sodium
0.258* 0.05 Negative
Age
Sodium
0.029 0.854 Positive
BMI

*: Correlation was significant at p < 0.05.



Journal of Prospective Researches 5

r=-0.258 P<0.05

140.00— o .

.(_: .

S 120.00-| oo I
£
E
E
=]
2
@ 100.00-

80.00— °

T T T T T
40.00 50.00 60.00 70.00 80.00

Age
Figure 3. Correlation between serum Sodium (mmol/ 1) concentration
and age for patient groups
They Show that pathophysiological nexus of age, serum
sodium concentrations and cardiovascular genetic disease
outcomes. Serum sodium concentrations are homeostatically
controlled between 135 mmol/L and 145 mmol/L. This is
important for optimal cellular function, plasma osmolality and

cardiovascular stability.

A complex, non-linear correlation between increasing
chronoiogical age and alterations in serum sodium is found,
which has a substantial impact on the morbidity and mortality
profiles of cardiovascular patients (Liamis et al., 2013). Age-
Dependent  Changes in  Serum  Sodium  Regulation
Epidemiological cohorts imply that ageing shifts the baseline
distribution of serum sodium, mainly because of senescent

physiological declines and polypharmacy (Filippatos et al.,
2017).

Renal senescence is the ageing process is associated with a
gradual decrease in the glomerular filtration rate (GFR) and a
loss of cortical nephron mass (Gankam Kengne et al.,, 2019).
The ageing kidney has a blunted response to aldosterone and
to natriuretic peptides, impairing the abiiity to conserve
sodium during deficits and to efficientiy excrete free water in
the event of volume overload. Neuro-Hormonal Dysregulation:
Elderly patient cohorts often exhibit a reset osmostat
mechanism. Ageing influences the hypothalamic thirst
threshold, predisposing people to Voiuntary dehydration

(Liamis et al., 2013). However, there is often a paradoxical
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increase in basal secretion of arginine vasopressin (AVP) and
older adults are very susceptibie to dilutional states induced by
water retention (Filippatos et al., 2017).

In cohorts of patients with cardiovascular disease, deviations
from the optimal natremic ranges are clearly J- or U-shaped
with mortality. Both hypo- and hypernatraemia are major
independent prognostics markers of poor outcomes (Rusinaru

et al., 2012).

® Hyponatraemia (<135 mmol/L) in Cardiovascular

Disease Hyponatraemia is the most common
electrolyte disorder present in patients admitted to
hospital with acute heart failure (AHF) (Bhavanandan
et al, 2022). Pathophysiology: In heart failure,
diminished effective arterial blood volume leads to
significant non-osmotic activation of the sympathetic
nervous system (SNS) and the renin-angiotensin-
aldosterone system (RAAS). This neurohormonal
cascade results in continuous release of AVP via V2
receptors in the collecting ducts of the kidney. Water
reabsorption is greater than sodium retention.

This leads to

dilutional ~ hyponatraemia  and

hypervolemia (Verbrugge et al., 2015).
Clinical Impact on the Failing Myocardium: The
extracellular hypotonic environment affects the
cardiac trans-sarcolemmal sodium-calcium exchanger

(NCX) at the cellular level. This alters the calcium

dynamics inside the cell, which impairs the
contractiiity of cardiomyocytes (Gankam Kengne et
al., 2019).

®  Hypernatraemia (>145 mmol/L) in Cardiovascular

Disease Hypernatraemia is less common than
hyponatraemia but is associated with very high
mortaiity, particularly in frail, eideriy cardiac patients.
Pathophysiology Hypernatraemia is a hyperosmolar
state typicaHy due to unreplaced free water losses (e.g.
secondary to high—dose 1oop diuretic therapies,
impaired cognitive access to water or blunted thirst
sensations) (Filippatos et al., 2017). Clinical Impact
on the Failing Myocardium Hypertonicity causes
intracellular dehydration as water follows its osmotic

gradient out of myocytes, causing cellular shrinkage
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and oxidative stress (Rusinaru et al., 2012). Such
excess electrolyte increases endothelial stiffness,
inhibits endothelial nitric oxide release and acutely

increases systemic vascular resistance (afterload).

Studies show that genetic mutations in cardiac
sodium channels (specifically the SCN5A gene) alter
intracellular sodium currents (INa), where a gain-of-
function mutation leads to Long QT Syndrome Type
3 (LQT3)
(Ackerman & Wilde, 2025; Strachan & Read, 2019).

through  prolonged

repolarisation

On the other hand, loss of function mutations in these same
channels lead to Brugada syndrome and progressive cardiac
conduction disease, which impair depolarisation, greatly
increasing the risk of fatal ventricular arrhythmia and sudden

cardiac death (Libby et al., 2022; Ackerman & Wilde, 2025).

4.4 Correlation among Potassium (mmol/I) and age,
BMI, in HD patients.

In table (6) there is a non-significant correlation between

potassium (mmol/l) and age and BMI in patients with HD.

There is a negative correlation between potassium (mmol/I)
concentration and age in patients, which is non-significant at

(r=-0.10, p = 0.44), as shown in Figure (4).

(mmol/l)

concentration and BMI is positive but not statistically

The correlation between serum potassium

significant (r = 0.16, P = 0.21) in figure (4).

Table 6. The correlation among Potassium (mmol/l) and age,
BMLI, in HD patients.

R P-value Type
Potassium Age -0.10 0.44 Negative
Potassium BMI 0.16 0.21 Positive

10.61704/pr.592
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Figure 4. Correlation among serum Potassium (mmol/l) concentration
and age for patient groups.

Studies reiterate clearly that potassium plays a vital role as
the major cation of intracellular fluid. Thus, one could
speculate that hypokalaemia potentiates continued activation of
the renin-angiotensin-aldosterone centre in CHF. (Nanda et
al, 2015) Potassium also modulates the activity of the
sympathetic nervous system; when aloft, potassium enhances
the uptake of norepinephrine by sympathetic nerve terminals
(Patel, 2009 & Birukov et al., 2016). For these causes,
potassium in CHF likely has a main role in thermodynamic
regulation and, perhaps, myocardial protection (Dimeski et al.,

2012).

Potassium is the main positive ion within cells, critical for
neuromuscular cells to respond to stimulants. This element is
vital in the body, especially regarding the cardiovascular
system, where its concentration significantly impacts the heart
muscle's ability to be stimulated, the conduction of electricity,
and the heart rate. (Birukov et al., 2016) Nutritional markers
and body composition can influence potassium levels
independently of BMI and age. (Chow et al., 2008). Therefore,
showing maintained  meticulous systemic electrolyte
homeostasis is crucial for stabilising these genetically
vulnerable ion channels to prevent life»threatening arrhythmic

events (Libby et al., 2022).
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4.5 Correlation among Calcium (mg/dl) and age, BMI,
in HD patients.

In table (7) there is a non»significant correlation between
calcium (mg/dl) and age and BMI in patients with HD. There
i (mg/dl)

concentration and age in patients, which is non»significant at

is a negative correlation  between  calcium
(r = -0.11, p = 0.381), as shown in figure (5). The correlation
between serum calcium (mg/dl) concentration and BMI is
positive but not statistically significant (r = 0.045, P = 0.732) in

figure (6)

Table 7. The correlation among Calcium (mg/dl) and age, BMI

in HD patients.
R P-value Type
Calcium -0.115 0.381
Negative
Age
Calcium 0.045 0.732
Positive
BMI
*: Correlation was significant at p < 0.05.
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Figure 5. Correlation among serum Calcium (mg/dl) concentration and

age fOI’ patient groups
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Figure 6. Correlation among serum Calcium (mg/dl) concentration and

BMI for patient groups

Calcium is crucial for a number of bodily processes,
particularly in the action of blood coagulation (Razavi et al.,

2010).

In patients undergoing maintenance haemodialysis (HD),
serum calcium (Ca) regulation is a dynamic process governed
by altered bone remodelling, dietary intake, and dialysis
prescriptions (Nakanishi et al., 2018). High-impact nephrology
literature reveals a complex, multi-directional metabolic axis
among serum calcium, advancing chronological age, and body
mass index (BMI) that profoundly impacts cardiovascular and
mineral-bone disorder (MBD) profiles in end-stage renal

disease (ESRD) cohorts (Nakanishi et al., 2018).

This metabolic axis operates primarﬂy through two distinct

Physiological mechanisms:

® Nutritional and Protein Binding Interference: Because
a substantial fraction of serum calcium binds to
albumin, malnourished, low-BMI patients suffering
from protein-energy wasting (PEW) frequently
exhibit falsely depressed total measured serum
calcium due to hypoalbuminemia, necessitating
precise albumin-correction formulas to reveal accurate
physiological calcium status. Conversely, higher-BMI
patients possess superior nutritional reserves, leading

to more stable protein—bound calcium fractions.
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Adipokine and Parathyroid Axis Interactivity:
Adipose tissue functions as an active endocrine organ;
elevated BMI and increased adiposity are correlated
with enhanced parathyroid gland sensitivity and
altered calcium»sensing receptor (CaSR) expression.
Tentori et al. (2014) demonstrate that HD patients
exhibit a high Vulnerability to vascular calcification
when calcium levels fluctuate even slightly.
Consequently, large-scale registries underscore that
maintaining both serum calcium and BMI within
optimal median bands is critical; clinical deviations—
specifically the combination of hypercalcaemia and
low BMI—strongly accelerate calcific uremic
arteriolopathy (calciphylaxis) and elevate

cardiovascular mortality risks (Rivara et al., 2015).

4.6 Correlation among Chlorine (mmol/l) and age,
BM], in HD patients.

In table (8) there is a significant correlation between chlorine

(mmol/l) and age, while there is a non»significant correlation

between chlorine and BMI in patients with HD. There is a

positive correlation between chlorine (mmol/l) concentration

and age in patients, which is significant at (r = 0.246, p = 0.05),

as shown in Figure 7. The correlation between serum chlorine

(mmol/l) concentration and BMI is positive but not statistically

significant (r = 0.134, P = 0.306) in Figure (8).

Table 8. The correlation among Chlorine (mmol/I) and age,

BMI, in HD patients.

R P-value Type
Chlorine 0.246 * 0.05
Positive
Age
Chlorine 0.134 0.306
Positive
BMI

*: Correlation was significant at p < 0.05.

Figure 7. Correlation among serum Chlorine (mmol/l) concentration and

10.61704/pr.592

15007 r=0246 p<005
110,00 ?
2 105,00 o .
E
(1]
£ 00
2 100.00 o5 8 \ P
Q
, 8 ¢} J
®o{ = & °
o}
90.00
| | | | |
4000 50,00 60.00 70.00 80,00
Age
age fOl’ patient groups
115.007 r=0134  p>0.306
110.00 ©
(o]
g 105.00 5 B o
E o
o
£ o o
b (o]
2 100001 b0 ‘g o @
o o E Fo [¢) o 0
0O o Oo
95.001 ° e % 5%
(o]
0 8 0
90.00 c ® 9 0
I | I I I
20.00 25.00 30.00 35.00 40.00

Body Mass Index

Figure 8. Correlation among serum Chlorine (mmol/) concentration and

BMI for patient groups.




Journal of Prospective Researches 9

Birukov et al. (2016) found that they have reported 93%
mortality in hyperchioraemia cases. A minimum chloride
greater than or equai to 110 mEq/ L was auxiliary to increased
odds of a compiicated course (odds ratio, 1.9; 95% CI, 1.1-3.2;
p = 0.023) and mortality (odds ratio, 3.7; 95% CI, 2.0-6.8; p <
0.001). Studies have shown that hypochloremia is more
prevalent in elderly patients and is often associated with lower

BMI and poor nutritional status (Mandai et al., 2017).

Furthermore, there is a relation between chloride levels and
BMI, where patients with lower BMI and lower chloride levels
face a higher risk of cardiovascular mortality (Wu et al., 2020).

4.7 Correlation among Magnesium (mg/dl) and age,
BM], in HD patients.

In table (9) there is a non»significant correlation between
magnesium (mg/dl) and age and BMI in patients with HD.
There is a negative correlation between magnesium (mg/di)
concentration and age in patients, and it is non—significant atr

= -0.32, p = 0.81, as shown in Figure 9.

The correlation between serum magnesium

(mg/dl)
concentration and BMI is negative but not statistically
significant (r = -0.061, P = 0.642) in Figure (10)
Table 9. The correlation among Magnesium (mg/dl) and age,
BMI, in HD patients.

R P-value Type
agnesium -0.32 0.81 Negative
Age
Magnesium - 0.061 0.642 Negative
BMI

*: Correlation was significant at p < 0.05.
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Figure 9. Correlation among serum Magnesium (mg/dl) concentration

and age for patient groups.
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Magnesium is crucial for keeping potassium levels in balance
within our cells. (Metheny, 2012) Given that magnesium and
potassium are predominantly inside our cells, simply testing
serum or plasma levels doesn't show a complete portrait of
magnesium status. (Naveda & Naveda, 2016) There’s a bit
when it comes to the prevalence of hypomagnesaemia—a
condition characterised by low magnesium levels—among
patients who wrestle with chronic heart failure. This
controversy has numbers dancing between 7% and 37%.
However, patients with heart failure tend to show lower
magnesium levels when contrasted to those with healthy hearts

(Kwiatkowski et al., 2017).

A study showed that serum magnesium had a strong negative
correlation with BMI (Jia et al., 2026). Genetic cardiovascular
diseases are often associated with low or pathologically
deficient levels of magnesium (Shugaa Addin et al., 2024). The
natural electrical protection of the heart is removed by this
hypomagnesaemia, resulting in a marked deterioration of the
clinical course and precipitation of severe symptoms in patients
with inherited cardiac disorders. According to a large-scale
real-world clinical analysis by Xu et al. (2024), patients with
higher BMI and abdominal obesity exhibit significantly lower

serum magnesium leVelS.
5. Conclusion

This comprehensive study underscores the critical and complex
interplay between systemic electrolyte homeostasis and the
pathophysiological trajectory of genetic heart diseases. Our
biochemical analysis identifies serum sodium as a primary
determinant in the onset and progression of these cardiac
conditions, demonstrating a significant inverse correlation with
advancing chronological age that exacerbates myocardial
vulnerability. Crucially, the precise regulation of potassium,

chloride

indispensable for stabilising genetically susceptible cardiac ion

calcium, magnesium, and concentrations is
channels. The research highlights those genetic mutations,
particularly within cardiac sodium channels such as the
SCN5A  gene, render patients acutely sensitive to ionic
fluctuations; these shifts can precipitate lethal channelopathies,

including Long QT and Brugada syndromes, by impairing

normal depolarisation and repolarisation phases. Furthermore,
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the data reveal that pronounced deficiencies in essential
intracellular cations—specifically magnesium and potassium—
severely disrupt transmembrane electrical signalling and
sarcolemmal integrity. This disruption acts as a primary
catalyst for life-threatening ventricular tachyarrhythmias and
suppressed myocardial conduction velocities. Demographic and
physiological modifiers, notably advanced age and diminished
renal senescence, further distort this fragile homeostatic
balance, thereby magnifying the clinical risks associated with
dysnatremia and elevated serum chloride levels. While body
mass index exhibited a statistically non»significant correlation
with the primary measured electrolytes, the convergence of
poor nutritional status and ionic derangements substantially
amplifies cardiovascular mortality. Ultimately, the clinical
management of hereditary cardiac conditions mandates
rigorous, routine multi—electrolyte monitoring.  Proactive
therapeutic stabilisation of these vital macro-minerals is a
fundamental clinical imperative necessary to neutralise the
arrhythmic risks inherent in genetic predispositions, reduce
rehospitalisation rates, and optimise the long-term survival of

cardiovascular patients.

References

Abdelaal, G. M. M., Shehata, S. A., Ali, S. M., & Abdel Moawed, D. M.
N. (2025). Genetic variants associated with sudden cardiac death
in the young: A systematic review. Egyptian Journal of Forensic

Sciences, 15, Article 34. https://doi.org/10.1186/541935-025-

00450-4

Afana, A. S., Vasiliu, L., Sascdu, R., Adam, R. D., Ridulescu, C., Onciul,
S., Cintezd, E., Chirita-Emandi, A., & Jurcul, R. (2024).
Phospholamban p.Leu39* cardiomyopathy compared with other
sarcomeric cardiomyopathies: Age-matched patient cohorts and
literature review. Journal of Cardiovascular Development and
Disease, 11 (2), Article 41. https://doi.org/10.3390/jcdd 11020041

Ackerman, M. J., & Wilde, A. A. (2025). Channelopathies of the heart:

Molecular genetics and clinical management (2nd ed.).
Springer.

Birukov, A., Rakova, N., Lerchl, K., Olde Engberink, R. H. G., Johannes,
B., Wabel, P., Moissl, U., Rauh, M., Luft, F. C., & Titze, J.
(2016). Ultra-long-term human salt balance studies reveal

interrelations between sodium, potassium, and chloride intake

and excretion. The American Journal of Clinical Nutrition,


https://doi.org/10.1186/s41935-025-00450-4
https://doi.org/10.1186/s41935-025-00450-4
https://doi.org/10.3390/jcdd11020041

Journal of Prospective Researches 11

104%(1), 49—57. https://doi.org/10.3945/ajcn.116.132951
Budak, Y. U., Huysal, K., & Polat, M. (2012). Use of a blood gas analyzer

and a laboratory autoanalyzer in routine practice to measure
electrolytes in intensive care unit patients. “BMC Anesthesiology,
12, Article 17. https://doi.org/10.1186/1471-2253-12-17

Bhavanandan, S., Covic, A., & Jérres, A. (2022). Hyponatremia in heart
failure: Chronic management and prognostic implications.
European Journal of Internal Medicine, 98, 14-21.
https://doi.org/10.1016/j.ejim.2021.11.008

Chary, C. R, & Shalini, B. (2017). Correlation between serum
electrolytes and clinical outcome in children admitted to PICU.

*IOSR Journal of Dental and Medical Sciences, 16*(11), 24—27.

https://doi.org/10.9790/0853-1611082427

Chow, E., Fox, N., & Gama, R. (2008). Effect of low serum total protein
on sodium and potassium measurement by ion-selective
electrodes in critically ill patients. British Journal of Biomedical

65%(3),

https://doi.org/10.1080/09674845.2008.11732815

Science, 128—131.

Dimeski, G., Morgan, T. J., Presneill, J. J., & Venkatesh, B. (2012).
Disagreement between ion selective electrode direct and indirect
sodium measurements: Estimation of the problem in a tertiary
referral hospital. Journal of Critical Care, 27 (3), 326.¢9—326.¢16.
https://doi.org/10.1016/j.jcrc.2011.11.003

Filippatos, T. D., Makri, A., Elisaf, M. S., & Liamis, G. (2017).
Hyponatremia in the elderly: Challenges and solutions. Clinical
Interventions in Aging, 12, 1957—1965.
https://doi.org/10.2147/CIA.S138535

Flegar-Mestri¢, Z., & Perkov, S. (2006). Comparability of point-of-care
whole-blood electrolyte and substrate testing using a Stat Profile
Critical Care Xpress analyzer and standard laboratory methods.
Clinical Chemistry and Laboratory Medicine, 44(7), 898—903.

https://doi.org/10.1515/CCLM.2006.148

Gankam Kengne, F., Decaux, G., & Soupart, A. (2019). Brain and muscle
manifestations of dysnatremia and its correction. Advances in

Chronic Kidney Disease, 26(2), 101-109.

https://doi.org/10.1053/j.ackd.2019.01.002

Ibinda, F., Zarnack, H.-C., & Newton, C. R. (2016). Sodium disturbances
in children admitted to a Kenyan hospital: Magnitude, outcome
and associated factors. PLOS ONE, 11(9), Article e0161320.

https://doi.org/10.1371/journal.pone.0161320

ain, A., Subhan, 1., & Joshi, M. (2009). Comparison of the point-of-care
P P
blood gas analyzer versus the laboratory auto-analyzer for the

measurement of electrolytes. International Journal of Emergency

10.61704/pr.592

Medicine, 2(2), 117-120. https://doi.org/10.1007/s12245-009-

0091-1

Jia, K., Noguer, J. A, Rimsky, E. R., Pikale, G. S., Sattarzadeh, A,
Pradeep, A. G., Khayat, O., Ahmad, K., Vachss, D., Zhang, F,,
Pearce, E., Khan, S., & El-Sayegh, S. (2026). Magnesium and
cardiac arrythmias: An overlooked guardian of electrical stability.
Cardiology Research, 17(2), 55—60.
https://doi.org/10.14740/cr2198

Kwiatkowski, D. M., Goldstein, S. L., Cooper, D. S., Nelson, D. P,
Morales, D. L. S., & Krawczeski, C. D. (2017). Peritoneal dialysis
vs furosemide for prevention of fluid overload in infants after
cardiac surgery: A randomized clinical trial. JAMA Pediatrics,
171(4), 357—364.

https://doi.org/10.1001/jamapediatrics.2016.4538

Lewontin, M., Kaplan, E., Bilchick, K. C., Barber, A., Bivona, D,
Kramer, C. M., Parrish, A., McClean, K., Thomas, M., Perry, A,
Amos, K., & Ayers, M. (2025). Advanced diagnosis of
hypertrophic cardiomyopathy with AI-ECG and differences based
on ethnicity and HCM subtype. Journal of Clinical Medicine,
14(13), Article 4718. https://doi.org/10.3390/jcm14134718

Liamis, G., Rodenburg, E. M., Hofman, A., Zietse, R., Stricker, B. H., &

Hoorn, E. J. (2013). Electrolyte disorders in community subjects:
Prevalence and risk factors. The American Journal of Medicine,
126(3), 256—263. https://doi.org/10.1016/j.amjmed.2012.06.037

Libby, P., Bonow, R. O., Mann, D. L., Tomaselli, G. F., Bhatt, D. L.,
Solomon, S. D., & Braunwald, E. (Eds.). (2022). Braunwald’s
heart disease: A textbook of cardiovascular medicine (12th ed.).
Elsevier.

Liu, M., & Dudley, S. C, Jr. (2023). Beyond ion homeostasis:
Hypomagnesemia, transient receptor potential melastatin

channel 7, mitochondrial function, and inflammation. Nutrients,

15(18), Article 3920. https://doi.org/10.3390/nu15183920

Lopes, A. A., Bragg-Gresham, J. L., Elder, S. J., Ginsberg, N., Goodkin,
D. A., Pifer, T., Lameire, N., Marshal, M. R., Asano, Y.,
Akizawa, T., Pisoni, R. L., Young, E. W., & Port, F. K. (2010).
Independent and joint associations of nutritional status indicators
with mortality risk among chronic hemodialysis patients in the
Dialysis Outcomes and Practice Patterns Study (DOPPS).

Renal 20(4), 224-234.

Journal of Nutrition,

https://doi.org/10.1053/j.jrn.2009.10.002

Metheny, N. M. (2012). Fluid and electrolyte balance: Nursing
considerations (5th ed.). Jones & Bartlett Learning.

Mlambo, V. C., Algaze, C. A., Mak, K., & Collins, R. T., II. (2024).


https://doi.org/10.3945/ajcn.116.132951
https://doi.org/10.1186/1471-2253-12-17
https://doi.org/10.1016/j.ejim.2021.11.008
https://doi.org/10.9790/0853-1611082427
https://doi.org/10.1080/09674845.2008.11732815
https://doi.org/10.1016/j.jcrc.2011.11.003
https://doi.org/10.2147/CIA.S138535
https://doi.org/10.1515/CCLM.2006.148
https://doi.org/10.1053/j.ackd.2019.01.002
https://doi.org/10.1371/journal.pone.0161320
https://doi.org/10.1007/s12245-009-0091-1
https://doi.org/10.1007/s12245-009-0091-1
https://doi.org/10.14740/cr2198
https://doi.org/10.1001/jamapediatrics.2016.4538
https://doi.org/10.3390/jcm14134718
https://doi.org/10.1016/j.amjmed.2012.06.037
https://doi.org/10.3390/nu15183920
https://doi.org/10.1053/j.jrn.2009.10.002

Journal of Prospective Researches 12

Impact of abnormal potassium on arrhythmia risk during
pediatric digoxin therapy. Pediatric Cardiology, 45(4), 901—908.
https://doi.org/10.1007/500246-022-03051-3

Mandai, S., Kuwahara, S., Kasagi, T., Kusaka, K., Tanaka, T., Shikuma,
S., Akagi, S., & Uchida, S. (2017). Low serum chloride level
predicts increases in all-cause and cardiovascular mortality in
patients  undergoing  hemodialysis.

32(8),

https://doi.org/10.1093/ndt/gfw243

Nephrology ~ Dialysis

Transplantation, 1393—1400.

Nanda, S. K., Ray, L., & Dinakaran, A. (2015). Agreement of arterial
sodium and arterial potassium levels with venous sodium and
venous potassium in patients admitted to intensive care unit.
Journal of Clinical and Diagnostic Research, 9(2), BC28—BC30.
https://doi.org/10.7860/JCDR/2015/12418.5602

Naveda, O. E., & Naveda, A. F. (2016). Balance hidrico positivo y alta
mortalidad en nifios con sepsis grave y choque séptico [Positive
fluid balance and high mortality in paediatric patients with severe

shock]. 49(3),

https://doi.org/10.1016/j.rcpe.2016.06.001

sepsis and  septic Pediatria, 71-77.

Nakanishi, S., Kimoto, E., Hosoki, N., Danjo, K., & Inaba, M. (2018).
Age-related  transitions in mineral and bone metabolism
biomarkers among  patients undergoing maintenance
hemodialysis. Therapeutic Apheresis and Dialysis, 22(4), 356—
364. https://doi.org/10.1111/1744-9987.12660

Patel, S. (2009). Sodium balance—An integrated physiological model and
novel approach. Saudi Journal of Kidney Diseases and
Transplantation, 20(4), 560—569.

Polandic, J. E. (2012). Electrolytes. In M. L. Bishop, E. P. Fody, & L. E.
Schoeff (Eds.), Clinical chemistry: Techniques, principles and
correlation (6th ed., pp. 357—383). Wolters Kluwer.

Rakugi, H., Yamakawa, S., & Sugimoto, K. (2021). Management of
hyperkalemia during treatment with mineralocorticoid receptor

blockers: Findings from esaxerenone. Hypertension Research,

44(4), 371-385. https://doi.org/10.1038/541440-020-00569-y

Razavi, S., Jafari, A., Zaker, H., & Sadeghi, A. (2010). Plasma and serum
electrolyte levels correlation in the pediatric ICU. Tanaffos, 9(4),
34-38.

Rivara, M. B., Ravel, V., Kalantar-Zadeh, K., Ikizler, T. A., Himmelfarb,
J.. & Robinson-Cohen, C. (2015). Unraveling the adiposity
paradox: Bone mineral metabolism enzymes and body

composition in hemodialysis patients. Clinical Journal of the

American 10(12), 2210-2219.

Society of Nephrology,

https://doi.org/10.2215/CJN.04410415

10.61704/pr.592

Rusinaru, D., Tribouilloy, C., Berry, C., Richards, A. M., Whalley, G. A,
Earle, N., Poppe, K. K., Guazzi, M., Macin, S. M., Komajda, M.,
Doughty, R. N., & MAGGIC Investigators. (2012). Relationship
of serum sodium concentration to mortality in a wide spectrum
of heart failure patients with preserved and with reduced ejection
fraction: An individual patient data meta-analysis. European
Journal of Heart Failure, 14(10), 1139—1146.
https://doi.org/10.1093/eurjhf/hfs099

Shugaa Addin, N., Niedermayer, F., Thorand, B., Linseisen, J., Seissler, J.,
Peters, A., & Rospleszcz, S. (2024). Association of serum
magnesium with metabolic syndrome and the role of chronic
kidney disease: A population-based cohort study with Mendelian
randomization. Diabetes, Obesity and Metabolism, 26(5), 1808—

1820. https://doi.org/10.1111/dom.15497

Smith, A. B., Davis, L., & Taylor, M. (2024). Genetic determinants of
cardiac  channelopathies and their interplay with serum
electrolyte fluctuations. Journal of Molecular and Cellular
Cardiology, 185, 45-53.

Strachan, T., & Read, A. P. (2019). Human molecular genetics (5th ed.).
Garland Science. https://doi.org/10.1201/9780429448362

Satvaldina, N. N., Tolymbekova, A., Rakhimova, S. E., Abilova, Z. M., &

Akilzhanova, A. R. (2025). Molecular mechanisms of KCNQ1

and SCN5A mutations under fluctuating serum electrolyte
conditions. Forensic Science International: Genetics, 76, 103—
112.

Teymouri, N., Mesbah, S., Navabian, S. M. H., Shekouh, D., Najafabadi,
M. M., Norouzkhani, N., Poudineh, M., Qadirifard, M. S,
Mehrtabar, S., & Deravi, N. (2022). ECG frequency changes in
potassium disorders: A narrative review. American Journal of
Cardiovascular Disease, 12(3), 112—124.

van Berkel, M., & Scharnhorst, V. (2011). Electrolyte-balanced heparin in
blood gas syringes can introduce a significant bias in the
measurement of  positively Clinical

charged electrolytes.

Chemistry and Laboratory ~Medicine, 49(2), 249-252.

https://doi.org/10.1515/CCLM.2011.047

Verbrugge, F. H., Steels, P., Grieten, L., Nijst, P., Tang, W. H. W., &
Mullens, W. (2015). Hyponatremia in acute decompensated heart
failure: Depletion versus dilution. Journal of the American
College of Cardiology, 65(5), 480—492.

https://doi.org/10.1016/j.jacc.2014.12.010

Wu, P. Y., Huang, J. C., Chen, S. C., Geng, J. H., & Chen, C. H. (2020).

Low serum chloride levels are associated with increased all-cause

and cardiovascular mortality in hemodialysis patients. Scientific


https://doi.org/10.1007/s00246-022-03051-3
https://doi.org/10.1093/ndt/gfw243
https://doi.org/10.7860/JCDR/2015/12418.5602
https://doi.org/10.1016/j.rcpe.2016.06.001
https://doi.org/10.1111/1744-9987.12660
https://doi.org/10.1038/s41440-020-00569-y
https://doi.org/10.2215/CJN.04410415
https://doi.org/10.1093/eurjhf/hfs099
https://doi.org/10.1111/dom.15497
https://doi.org/10.1201/9780429448362
https://doi.org/10.1515/CCLM.2011.047
https://doi.org/10.1016/j.jacc.2014.12.010

Journal of Prospective Researches 13

Reports, 10(1), Article 2038. https://doi.org/10.1038/s41598-020-
58957-w

Xu, M.-R., Wang, A.-P., Wang, Y.-J.,, Lu, ].-X,, Shen, L., & Li, L.-X.
(2024). Serum magnesium levels are negatively associated with
obesity and abdominal obesity in type 2 diabetes mellitus: A real-
world study. Diabetes & Metabolism Journal, 48(6), 1147—1159.
https://doi.org/10.4093/dm;j.2023.0401

10.61704/pr.592

*!&

w .

Sgt A2


https://doi.org/10.4093/dmj.2023.0401

