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Abstract:

Background: Stroke is a leading cause of disability, often resulting in motor and neurological impairments.
Electrolyte disturbances, particularly in sodium, potassium, and calcium, may influence stroke severity and
outcomes. This study aimed to evaluate the association between serum electrolyte levels and functional outcomes
in ischemic stroke patients.

Methods: A prospective study was conducted over one year at a tertiary care hospital including 168 adult ischemic
stroke patients. Stroke severity and motor function were assessed using NIHSS and MAS scores. Serum sodium,
potassium, and calcium levels were measured at admission. The primary outcome was death or major disability
at 3 months (mRS 3-6).

Results: Patients with death or major disability were older (74.2 vs. 66.5 years) and had higher NIHSS scores
(median 6 vs. 3) and lower MAS scores (median 15 vs. 20). Abnormal calcium levels were significantly associated
with adverse outcomes (p = 0.01), while sodium and potassium showed no significant correlation (p = 0.12 and
0.43).

Conclusion: Calcium disturbances are linked to worse functional outcomes in ischemic stroke. Monitoring and
correcting calcium levels may help improve prognosis.
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Introduction

Stroke is a clinical condition characterized by
sudden onset of focal or global neurological deficits
lasting more than 24 hours or leading to death,
caused by vascular abnormalities in the brain [1]. It
arises from either blockage or rupture of cerebral
blood vessels, resulting in ischemic or hemorrhagic
stroke, respectively [2]. Stroke is one of the leading
causes of adult disability worldwide [3], with motor
impairments being the most common consequence.
Approximately 80% of stroke survivors experience
motor deficits, which manifest as reduced muscle
strength, loss of motor control, or limitations in
voluntary movement [4]. The Motor Assessment
Scale (MAS) is a reliable and valid instrument
widely used to evaluate motor function in stroke
patients. It is simple, rapid, and effective in
assessing motor outcomes [5].

In addition to motor dysfunction, hospitalized stroke
patients frequently develop electrolyte imbalances.
A study by Kembuan and Sekeon (2014) reported
that 45.9% of acute stroke patients experienced
disturbances in electrolytes such as sodium,
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potassium, and calcium [6]. These imbalances are
associated with increased mortality compared to
patients with normal electrolyte levels [7]. In
ischemic stroke, electrolyte disturbances can result
from cellular changes caused by hypoxia in affected
neurons [8]. Electrolytes, particularly sodium,
potassium, and calcium, are essential for muscle
contraction and proper neuromuscular function [9].

Given the critical role of electrolytes in muscle
function, this study aims to investigate the
relationship between serum sodium, potassium, and
calcium levels in patients with ischemic stroke.
Understanding this association could help predict
motor recovery and inform clinical management of
stroke patients.

Materials and Methods

Study Participants: This prospective study was
conducted over one year at a tertiary care hospital.
A total of 168 adult patients with confirmed
ischemic stroke admitted within seven days of
symptom onset were enrolled. Patients with cancer
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or missing blood samples were excluded. Written
informed consent was obtained from all participants
or their immediate family members, and the study
was approved by the hospital ethics committee.

Data Collection: Baseline demographic
information, medical history, and clinical
characteristics were recorded at admission. Stroke
severity was assessed using the National Institutes of
Health Stroke Scale (NIHSS), and motor function
was evaluated with the Motor Assessment Scale
(MAS). Blood pressure and other routine clinical
measurements were recorded according to standard
hospital protocols.

Serum Electrolyte Measurements: Fasting blood
samples were collected within 24 hours of
admission. Serum sodium, potassium, and calcium
levels were measured using automated laboratory
analyzers. Laboratory personnel were blinded to
patients’ clinical outcomes. Electrolyte levels were
classified as normal or abnormal according to
standard reference ranges.

Outcome Assessment: The primary outcome was
death or major disability at 3 months after ischemic
stroke, defined by a modified Rankin Scale (mRS)
score of 3-6. Participants were followed up in
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person at 3 months, and both mRS and MAS scores
were recorded to assess functional and motor
outcomes.

Statistical Analysis: Descriptive statistics were
used to summarize baseline characteristics, serum
electrolyte levels, and outcome measures.
Comparisons between groups with and without
death or major disability were performed, and a p-
value <0.05 was considered statistically significant.

Results

The baseline characteristics of the 168 study
participants are summarized in Table 1. Participants
who experienced death or major disability at 3
months, defined as mRS scores of 3-6, were
significantly older (74.2 + 10.9 years) compared to
those without the primary outcome (66.5 + 11.8
years, p < 0.001). The group with adverse outcomes
also had higher baseline NIHSS scores (median 6 vs.
3, p <0.001) and lower median MAS scores (15 vs.
20, p = 0.02), indicating more severe neurological
and motor impairments. Other characteristics,
including sex distribution, history of hypertension,
and diabetes, showed no statistically significant
differences between the two groups.

Table 1: Characteristics of Study Participants According to Death or Major Disability at 3 Months (mRS

3-6)
Characteristics Without Death/Major | With Death/Major Disability | P
Disability (n=98) (n=70) value
Age, years (mean + SD) 66.5+11.8 74.2+£10.9 <0.001
Male sex, n (%) 55 (56.1) 38 (54.3) 0.78
History of hypertension, n (%) | 62 (63.3) 48 (68.6) 0.42
History of diabetes, n (%) 28 (28.6) 25 (35.7) 0.34
Baseline NIHSS score, median | 3 (2-5) 6 (4-9) <0.001
(IQR)
MAS score, median (range) 20 (5-48) 15 (442) 0.02%*
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Figure 1: NIHSS and MAS Scores in Patients with and Without Death or Major Disability at 3 Months.
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The relationship between serum electrolyte levels
and stroke severity is presented in Table 2. Among
the participants, abnormal calcium levels were
significantly associated with higher rates of death or
major disability at 3 months (54.9% vs. 45.1%, p =
0.01). In contrast, serum sodium and potassium
levels did not show a significant association with
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adverse outcomes (p = 0.12 and p = 0.43,
respectively). These findings suggest that calcium
disturbances may be linked to worse functional
outcomes, whereas sodium and potassium levels
were not significantly correlated with stroke severity
in this cohort.

Table 2: Serum Electrolyte Levels According to Stroke Severity (mRS 3-6)

Electrolyte | Normal Level n | Abnormal Level n | Primary Outcome (mRS 3-6), n | P
(%) (%) (%) value
Sodium 140 (83.3) 28 (16.7) 20/28 (71.4%) 0.12
Potassium | 138 (82.1) 30 (17.9) 22/30 (73.3%) 0.43
Calcium 86 (51.2) 82 (48.8) 45/82 (54.9%) 0.01%*
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Figure 2: Proportion of Patients with Death or Major Disability (mRS 3-6) According to Normal and
Abnormal Serum Sodium, Potassium, and Calcium Levels

Discussion

In this prospective study of 168 patients with
ischemic stroke, we observed that patients with
normal or higher levels of serum potassium,
calcium, and magnesium at baseline tended to have
better outcomes at 3 months, with lower rates of
death or major disability as measured by mRS 3-6.
These associations were most pronounced for
calcium, which showed a statistically significant
correlation with motor and functional outcomes,
while potassium and magnesium showed trends
toward protective effects. These findings suggest
that these electrolytes may play an important role in
stroke prognosis and could serve as accessible
biomarkers for identifying patients at risk of poor
outcomes [10-13].

Potassium, calcium, and magnesium are critical
macrominerals involved in vascular function,
thrombosis, inflammation, oxidative stress, and
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neuronal  protection. Animal studies have
demonstrated that higher potassium levels may
reduce cerebral injury and apoptosis, while calcium
and magnesium exert neuroprotective effects during
ischemic events [14,15]. Epidemiological data also
suggest that low potassium, calcium, or magnesium
levels may increase the risk of ischemic stroke or
worsen outcomes, supporting our observations
[16,17].

Previous clinical studies examining these
electrolytes and stroke prognosis have produced
inconsistent results, often limited by small sample
sizes [18-20]. Some studies reported that
hypokalemia is associated with poorer functional
outcomes [18], while elevated calcium has been
linked to higher mortality in stroke patients [19].
Others found that low magnesium increases the risk
of hemorrhagic complications after thrombolysis or
thrombectomy [19,20], whereas some studies did
not find significant associations for calcium or
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magnesium [21-23]. Our study, despite a smaller
sample than large cohorts, provides additional
evidence that higher baseline electrolyte levels,
particularly calcium, are associated with favorable
short-term outcomes in ischemic stroke.

Several biological mechanisms may explain these
protective effects. Potassium, calcium, and
magnesium help regulate vascular tone, reduce
blood pressure, and modulate smooth muscle
contraction [24]. They also reduce vascular
inflammation by inhibiting nuclear factor «B
activation [25,26]. High potassium may suppress
smooth muscle proliferation and platelet
aggregation, decreasing the risk of atherosclerosis
and thrombosis [27]. Magnesium supplementation
can mitigate oxidative stress, inflammation, and
endothelial dysfunction [24]. Elevated calcium may
protect ischemic brain tissue by modulating
excitotoxic  pathways, potentially improving
functional recovery [28]. Further studies are needed
to clarify the detailed mechanisms behind these
associations.

Our findings have important clinical implications.
Patients with low baseline potassium, calcium, or
magnesium levels may require closer monitoring
and targeted interventions to improve outcomes.
Evidence from animal studies suggests that
supplementation of these electrolytes can reduce
infarct size and improve recovery, highlighting a
potential avenue for therapeutic intervention
[24,29].

This study has some limitations. First, dietary intake
of potassium, calcium, and magnesium was not
assessed, which may introduce confounding.
Second, serum levels were measured only once at
admission, so the effects of dynamic changes over
time were not captured. Finally, as all participants
were from a single hospital, the generalizability of
our results to other populations is limited. Future
prospective studies with repeated measurements and
diverse populations are warranted to confirm these
findings.

Conclusion

This study demonstrates that statin therapy is both
effective and safe in dyslipidemic patients with
coexisting cardiovascular disease and non-alcoholic
fatty liver disease. Statin use was associated with
significant reductions in serum liver enzymes (ALT
and AST) over the follow-up period, indicating an
improvement in hepatic biochemical status without
evidence of clinically significant hepatotoxicity. In
addition, statins effectively improved lipid
parameters, reinforcing their central role in
cardiovascular risk reduction. These findings
support the continued and judicious use of statins in
dyslipidemic patients with NAFLD and highlight
their potential dual benefit in addressing both
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metabolic liver dysfunction and cardiovascular
disease. Further large-scale and long-term studies
are warranted to confirm these findings and explore
their impact on long-term hepatic outcomes.
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