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Abstract 

Uncontrolled diabetes mellitus is frequently complicated by profound fluid and electrolyte disturbances 

that significantly contribute to acute metabolic decompensation, multi-organ dysfunction, and increased 

inpatient mortality. Hyperglycemia induces hyperosmolality, osmotic diuresis, and transcellular fluid 

shifts that disrupt normal ionic homeostasis, particularly involving sodium, potassium, magnesium, 

calcium, and phosphorus. While osmotic shifts often generate dilutional hyponatremia and 

translocational potassium fluctuations, total body depletion of key intracellular cations remains 

pervasive in clinical presentations such as diabetic ketoacidosis (DKA) and hyperosmolar 

hyperglycemic state (HHS). This comprehensive review synthesizes current pathophysiological 

mechanisms, evaluates electrolyte alterations linked to sustained glycemic elevations, and outlines 

evidence-based correction protocols essential for mitigating clinical complications. 

 

1. Introduction 

Diabetes mellitus represents a widespread metabolic disorder characterized by chronic hyperglycemia 

resulting from defects in insulin secretion, insulin action, or both. When diabetes remains uncontrolled, 

sustained hyperglycemia triggers a cascade of pathophysiological alterations that extend far beyond 

carbohydrate metabolism, prominently impairing water and electrolyte homeostasis (Liamis et al., 

2014). Electrolytes such as sodium, potassium, calcium, magnesium, and chloride serve vital 

physiological roles, including maintaining resting membrane potentials, regulating neuromuscular 

excitability, driving enzymatic reactions, and preserving acid-base balance. 

Clinical investigations consistently demonstrate that electrolyte imbalances are significantly more 

prevalent in diabetic cohorts compared to healthy populations, with overall prevalence rates exceeding 

80% among hospitalized decompensated patients (Eshetu et al., 2023). These ionic disturbances are not 

merely passive biochemical epiphenomena; they actively exacerbate insulin resistance, impair pancreatic 
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beta-cell function, provoke cardiac arrhythmias, and precipitate neurological decline. Understanding the 

exact interplay between glycemic elevation and ionic dysregulation is vital for clinicians managing acute 

hyperglycemic emergencies. 

 

2. Pathophysiological Mechanisms 

The primary driver of electrolyte imbalance in uncontrolled diabetes is osmotic fluid shift secondary to 

extracellular hyperglycemia. Glucose is an osmotically active solute that cannot freely cross cell 

membranes in the absence of adequate insulin signaling. Consequently, elevated plasma glucose 

concentrations generate a significant osmotic gradient, drawing water out of the intracellular space and 

into the extracellular compartment. This transcellular water movement dilutes extracellular solutes, 

frequently masking underlying total body electrolyte depletions. 

Simultaneously, when blood glucose concentrations exceed the renal threshold (approximately 180 

mg/dL), tubular reabsorption capacity is overwhelmed, resulting in glycosuria. Glucosuria induces 

severe osmotic diuresis, causing massive renal wasting of water, sodium, potassium, magnesium, and 

calcium. Furthermore, insulin deficiency impairs membrane-bound Na+/K+-ATPase pump activity, 

which disrupts normal active transport mechanisms and exacerbates intracellular potassium and 

magnesium depletion (Woyesa et al., 2020). 

 

Table 1: Primary Mechanisms Governing Electrolyte Derangements in Hyperglycemia 

Electrolyte 
Primary Pathophysiological 

Mechanism 
Clinical Consequence 

Sodium (Na+) 

Hyperglycemia-induced osmotic 

water efflux (dilutional hyponatremia) 

combined with osmotic diuresis 

(hypovolemic hyponatremia or 

hypernatremia). 

Cerebral edema, confusion, lethargy, 

osmotic demyelination risk upon 

rapid correction. 

Potassium (K+) 

Insulin deficiency and 

hyperosmolality drive potassium 

extracellular shift; profound total 

body depletion occurs via urinary 

osmotic diuresis. 

Cardiac arrhythmias, skeletal muscle 

weakness, ileus, respiratory 

depression. 

Magnesium (Mg2+) 

Impaired renal tubular reabsorption 

secondary to osmotic diuresis and 

reduced TRPM6 transporter 

expression linked to insulin 

resistance. 

Refractory hypokalemia, 

neuromuscular hyperexcitability, 

tetany, cardiovascular risk. 

http://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260587364 Volume 8, Issue 5, September-October 2026 3 

 

Electrolyte 
Primary Pathophysiological 

Mechanism 
Clinical Consequence 

Calcium (Ca2+) 

Hypoalbuminemia, urinary calcium 

wasting, and abnormal parathyroid 

hormone-vitamin D axis regulation in 

chronic hyperglycemia. 

Paresthesia, muscle cramps, 

prolonged QT interval, depressed 

myocardial contractility. 

 

3. Specific Electrolyte Abnormalities 

3.1 Sodium and Water Balance (Dysnatremias) 

Sodium abnormalities represent the most frequent electrolyte disorder observed in uncontrolled diabetes. 

Hyperglycemia-induced osmotic shifts decrease measured serum sodium concentrations. For clinical 

accuracy, healthcare providers utilize the Katz correction formula, adding approximately 1.6 to 2.4 

mmol/L of sodium for every 100 mg/dL elevation in blood glucose above normal levels (Hillier et al., 

1999). Beyond dilutional hyponatremia, sustained osmotic diuresis can lead to severe hypovolemic 

hyponatremia if free water losses are replaced inadequately, or hypernatremia if water loss exceeds 

solute loss. 

3.2 Potassium Homeostasis 

Potassium derangements present significant clinical challenges. In acute diabetic ketoacidosis (DKA), 

serum potassium levels upon presentation are frequently normal or elevated due to extracellular shifts 

driven by insulin deficiency, hyperosmolality, and acidemia. However, these serum values are 

misleading; patients experience severe total body potassium depletion due to urinary losses (Woyesa et 

al., 2020). Initiation of insulin therapy drives potassium rapidly back into intracellular spaces, risking 

life-threatening hypokalemia unless aggressive intravenous and oral potassium replacement is 

implemented. 

3.3 Divalent Cations: Magnesium and Calcium 

Hypomagnesemia is widely recognized in poorly controlled diabetes, impairing cellular enzyme 

functions and aggravating insulin resistance. Magnesium acts as an essential cofactor for tyrosine kinase 

activity on the insulin receptor. Furthermore, concurrent hypocalcemia frequently develops due to 

impaired parathyroid hormone secretion and concurrent vitamin D metabolism alterations in chronic 

diabetic nephropathy. 

 

Table 2: Clinical Prevalence and Correlation with Glycemic Indices 

Electrolyte 

Disorder 

Observed 

Prevalence (%) 

Correlation with 

HbA1c / FBS 
Primary Clinical Risk 

Hyponatremia 42.5% – 53.0% 

Strong negative 

correlation (r = -

0.59, p < 0.001) 

Neurological impairment, 

cerebral edema 
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Electrolyte 

Disorder 

Observed 

Prevalence (%) 

Correlation with 

HbA1c / FBS 
Primary Clinical Risk 

Hypokalemia 11.2% – 33.5% 

Moderate negative 

correlation (r = -

0.29, p < 0.001) 

Cardiac arrhythmias, 

muscular weakness 

Hypomagnesemia 15.7% – 38.5% 

Significant inverse 

relationship (p < 

0.001) 

Insulin resistance, 

refractory hypokalemia 

Hypocalcemia 12.9% – 31.5% 

Inverse association 

with advanced 

age/glycemia 

Tetany, QT prolongation, 

arrhythmias 

 

4. Clinical Management and Therapeutic Protocols 

The management of electrolyte imbalances in uncontrolled diabetes requires a structured, multi-

disciplinary approach combining aggressive fluid resuscitation, precise insulin administration, and 

vigilant electrolyte monitoring. Fluid therapy typically begins with isotonic saline (0.9% NaCl) to 

restore intravascular volume and correct tissue perfusion. Once hemodynamic stability is achieved and 

serum glucose levels approach 250 mg/dL, intravenous fluids are transitioned to hypotonic solutions 

(0.45% NaCl) containing dextrose to prevent rapid serum osmolality reduction and subsequent cerebral 

edema. 

Electrolyte monitoring must occur every two to four hours during acute resuscitation. Potassium 

replacement should be initiated proactively if serum potassium falls below 5.2 mmol/L prior to insulin 

administration. Similarly, magnesium repletion is mandatory in hypomagnesemic patients to prevent 

refractory hypokalemia and cardiac rhythm disturbances (Lizzo et al., 2025). 

 

5. Discussion 

Uncontrolled diabetes mellitus is frequently associated with significant electrolyte disturbances, 

particularly during diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state (HHS). 

Hyperglycemia causes osmotic fluid shifts and glycosuria, leading to renal losses of water, sodium, 

potassium, magnesium and calcium. Insulin deficiency and impaired cellular transport further contribute 

to these abnormalities. 

Sodium abnormalities were the most frequently reported, with hyponatremia occurring in 42.5–53.0% of 

patients and showing a strong negative correlation with glycemic indices (r = −0.59, p < 0.001). 

Hyperglycemia causes extracellular water shifts and dilutional hyponatremia, while osmotic diuresis can 

result in further sodium and water depletion or, when free-water loss predominates, hypernatremia. 

Corrected serum sodium is therefore important for accurate assessment and fluid management. 

Potassium disturbances are clinically significant because serum potassium may be normal or elevated at 

presentation despite substantial total-body depletion. Insulin deficiency, hyperosmolality and acidemia 

shift potassium extracellularly, while osmotic diuresis causes urinary potassium loss. Initiation of insulin 

can rapidly shift potassium intracellularly and precipitate hypokalemia. Hypokalemia was reported in 
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11.2–33.5% of patients and was moderately negatively correlated with glycemic indices (r = −0.29, p < 

0.001). 

Magnesium and calcium disturbances were also observed, with hypomagnesemia reported in 15.7–

38.5% and hypocalcemia in 12.9–31.5% of patients. Magnesium depletion may worsen insulin 

resistance and contribute to refractory hypokalemia, while calcium disturbances may contribute to 

neuromuscular and cardiovascular complications. 

Importantly, electrolyte abnormalities are dynamic and may worsen or change during treatment. Fluid 

resuscitation and insulin therapy alter extracellular and intracellular electrolyte distribution, particularly 

potassium. Therefore, management requires appropriate fluid replacement, insulin therapy, serial 

electrolyte monitoring and timely potassium and magnesium replacement. Overall, the findings 

emphasize that electrolyte assessment should be an integral part of managing uncontrolled diabetes, 

especially DKA and HHS. Early recognition, interpretation of corrected sodium, close monitoring and 

appropriate electrolyte replacement are essential to reduce complications such as cardiac arrhythmias, 

neurological dysfunction and neuromuscular abnormalities. 

 

6. Conclusion 

Electrolyte imbalances are near-universal complications of uncontrolled diabetes mellitus, driven by 

intricate physiological interactions involving hyperglycemia, osmotic diuresis, and impaired cellular 

transport mechanisms. Timely recognition, accurate calculation of corrected sodium, and proactive 

electrolyte repletion are crucial components of emergency and inpatient diabetic care. Routine 

electrolyte panel screening should be fully integrated into the ongoing management of chronic 

hyperglycemia to prevent severe morbidity and mortality. 
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