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ABSTRACT 

 
Diabetes is a chronic, metabolic disease characterized by elevated levels of blood glucose leading 

to serious damage to the heart, blood vessels, eyes, kidneys and nerves over time. Diabetic patients 
frequently develop a constellation of electrolyte disorders. Several body mechanisms are regulated by 
electrolytes such as maintenance of acid base balance, body fluid maintenance, muscle contraction, 
membrane potential and nerve conduction. Alterations in these electrolytes homeostasis leads to 
physiologic disorders. Serum sodium and potassium levels are altered in patients with diabetes mellitus 
due to the shift of water and due to effect of hyperglycemia. These electrolyte disturbances cause various 
acute and chronic metabolic derangements. This study aims in establishing electrolyte imbalance as a 
better predictor for onset of metabolic derangements in patients with type 2 diabetes mellitus. This 
Observational Cross- Sectional Study was conducted on 120 Type 2 Diabetes Mellitus patients within 30 
to 70 years of age. Pearson correlation was done between serum glucose levels and serum osmolality, 
serum corrected sodium and serum potassium levels statistically significant p value was obtained. The 
results show that corrected serum sodium and serum potassium are better implications of metabolic 
derangements and early markers of cellular impairment in type 2 diabetes mellitus. 
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INTRODUCTION 
 

Diabetes mellitus (DM) is a metabolic disorder which leads to various alterations in metabolism 
of carbohydrates, proteins and fats. In 2021, estimation showed that 537 million diabetic cases were 
reported. This estimate is calculated that it would reach 643 million by 2030 and by 2045 it would reach 
783 million[1]. Major background of Diabetes mellitus(DM) includes defective insulin secretion by 
pancreatic cells and insulin resistance by tissues. 

 
The major complications due to metabolic derangements in diabetes mellitus include micro and 

macrovascular complications. Microvascular complications include diabetic nephropathy, retinopathy 
and neuropathy. Macrovascular complications include cardiovascular disease leading to myocardial 
infarction and peripheral vascular disease leading to diabetic foot[2]. Early identification and prevention 
of these complications is essential. Hence an early marker for detecting the metabolic derangements in 
diabetes mellitus is important. 

 
Diabetes mellitus is commonly associated with electrolyte disturbances and is the result of an 

altered distribution of electrolytes related to osmotic fluid shifts which is hyperglycemia induced or 
osmotic diuresis due to total-body deficits. Therapies in the management of diabetes and complications 
from end-organ injury used in may also contribute to electrolyte disturbances [3].  

 
Hyperglycemia in diabetic patients leads to hypertonicity which causes osmotic extracellular 

shift of potassium leading to hyperkalemia. Redistribution of potassium from the intracellular to the 
extracellular compartment causes hyperkalemia with no net total body K+ increase. Hyperglycemia 
causes raise in serum osmolality which causes movement of water out of cells. This intracellular water 
loss leads to an increase in intracellular potassium concentration which causes a gradient for potassium 
to move out of the cells. Simultaneously, forces causes potassium to be carried along with water through 
the pores in cell membrane Hyperkalemia is also caused due to hyporeninemic hypoaldosteronism 
causing reduced tubular secretion of  potassium[4]. Hyperkalemic renal tubular acidosis is seen in paients 
with overt diabetic nephropathy. 

 
Serum sodium levels is altered in diabetic patients and it causes various effects. Hyponatermia is 

more common in diabetic patients[5].Hyponatremia is due to osmotic dilutional effect or osmotic 
diuresis. Hence pseudohyponatemia is to be watched before diagnosing and treating a patient as 
electrolyte imbalance. To eliminate this effect, corrected serum sodium levels are used[6].It is the 
measured serum sodium adjusted with osmotic dilutional effect due to hyperglycemia. It is the measured 
serum sodium adjusted with osmotic dilutional effect due to hyperglycemia. The corrected [Na+] is 
calculated by adding 1.6 mmol/L for every 100 mg/dL  increment of serum glucose above normal to 
measured [Na+] .When serum glucose concentration is higher than 400 mg/dL a correction factor by 2.4 
mmol/L is used[7]. Corrected sodium after adjustment for hyperglycemic dilutional effects should be is 
an effective tool for the monitoring of treatment in hyperglycemic states[8].Studies show that diabetes 
mellitus per se (independently of drugs or hyperglycemia) is associated with hyponatremia[9]. The 
magnitude of the deficit of sodium and water can be assessed by correcting the plasma sodium 
concentration in patients with glycemia and it provides a reasonable initial estimate of the required 
tonicity of replacement fluids for treatment. 

 
Electrolyte abnormalities are associated with increased morbidity and mortality[10].Early 

detection of electrolyte imbalance helps in prevention of metabolic derangements in diabetic patients.Due 
to the high prevalence of diabetes mellitus,It is essential to limit the morbidity caused in the community 
by early detection of metabolic derangements which can be done by monitoring the serum electrolytes. 
 
Aim 

• To identify and evaluate electrolyte abnormalities in patients with Type 2 Diabetes Mellitus. 
 
Objectives 
 

• To measure serum glucose, sodium, potassium, urea, creatinine levels in diabetic patients. 
• To calculate Corrected Serum Sodium, estimated GFR(e GFR) and Serum Osmolality levels. 
• To evaluate electrolyte imbalance as a better predictor for onset of metabolic derangements in 

patients with type 2 diabetes mellitus.  
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MATERIALS AND METHODS 
 

This Cross sectional study was carried out in the Department of Biochemistry and Diabetology in 
Rajiv Gandhi Government General Hospital, Chennai-03 after obtaining institutional ethical committee 
approval and informed consent from the participants. 
 
Study Population 
 
Inclusion Criteria 
 

Type 2 Diabetes Mellitus patients attending Diabetology OPD within 3 months of diagnosis 
between 30 to 70 years of age 
 
Exclusion Criteria 
 

Known cases of hypertension, patients on medications which alter serum electrolytes, 
known cases of autoimmune diseases and tumours, Known cases of renal impairment. 

 
Sample Collection 
 

5ml of fasting venous blood sample was obtained from the study participants using sterile 
vacutainer tubes. Blood sample was centrifuged, serum separated and electrolytes, urea, creatinine were 
analysed. Blood for Plasma glucose was collected in a different container. The analysis was done using 
fully automated clinical chemistry random access analyser roche COBAS c501. 

 
Laboratory Investigations 
 

PARAMETERS METHOD 

Plasma Glucose Glucose Oxidase Peroxidase method 

Serum Sodium & Potassium Indirect Ion Selective Electrode method 

Serum Urea Glutamate Dehydrogenase - Urease method 

Serum Creatinine Modified Jaffe’s method 

CALCULATED VALUES 

Corrected Serum Sodium Measured Sodium + (1.6 (Glucose-100) / 100) 

e GFR: Cockcroft and Gault formula ((140-age) x weight) / (72 x Serum Creatinine)) x 
0.85(if   female) 

Serum Osmolality (2 x sodium) + Glucose + BUN + 9 
18           2.8 

 
OBSERVATIONS AND RESULTS 

 
   Tables 1 to 6 
 
 All the patients were known cases of type 2 diabetes mellitus. 
    

DISCUSSION 
 

The purpose of the study was to evaluate and establish electrolyte imbalance as a better 
predictor for onset of metabolic derangements in patients with type 2 diabetes mellitus. Our study 
showed that serum osmolality in our study subjects were within the reference range.  

 
Our study subjects has the eGFR of 101.37 ± 38.17(table 1) indicating that the renal function is 

preserved in our study subjects and electrolytes have been correlated in normal renal functioning cases 
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of diabetes mellitus. 
 

Table 1 
 

 Mean 
Std. Deviation 

(±) 
Minimum Maximum 

Glucose 260.44 44.94 180 383 
Serum 

Osmolality 
288.9 8.27 257.51 303.79 

Corrected serum 
Sodium 

133.1 3.95 118.05 138.53 

eGFR 101.37 38.17 35.22 249.98 
Potassium 5.17 0.3 4 5.9 

 
Table 2: Pearson Spearman Correlation With Serum Glucose 

 
Analytes r value P value 

Serum osmolality 0.365 0.000* 
Corrected sodium 0.219 0.016* 

eGFR -0.101 0.274 
Potassium 0.596 0.000* 

*Significance < 0.05 
 

Table 3: Correlation Of Serum Glucose And Serum Osmolality 
 

 
 

Table 4: Correlation Of Serum Glucose And e GFR 
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Table 5: Correlation Of Serum Glucose And Corrected Serum Sodium 
 

 
 

Table 6: Correlation Of Serum Glucose And Potassium 
 

 
 
The mean of serum Sodium was 130.5 ± 3.91 mEq/L(table 1) and the mean of corrected serum 

sodium was 133.1 ± 3.95 mEq/L as shown in table 1. There was significant hyponatremia in diabetic 
patients. This is in concurrence to the study done by Yongze Zhang et al [5]. 

 
Hyponatremia was detected after using the formula for correction of serum sodium levels with 

the osmotic effect of hyperglycemia. Measured serum sodium levels were found to be lower than that of 
the corrected serum sodium levels indicating the osmotic effect og hyperglycemia. Therapies to treat 
hyponatremia must be followed by the use of the corrected serum sodium levels to prevent 
hyperkalemia due to over treatment.The corrected serum sodium levels were found to be lower than 
the reference range indicating true hyponatremia in our study subjects. 

 
The mean serum potassium level was 5.17 ± 0.3 mEq/L (table 1). There was significant 

hyperkalemia in diabetic patients with normal renal function and normal serum osmolality. This is in 
congruence with the study done by Kleber Goia-Nishide et al[12] and T Saito et al [13]. 

 
Hyperkalemia in diabetic patients occurs due to various causes including renal insufficiency to 

excrete potassium and due to fall in GFR. It is also due to extracellular shift of potassium. The cause of 
which is distinguished by the calculation of e GFR. Our study subjects have normal e GFR indicating that 
the hyperkalemia is due to true extracellular shift of potassium. 

 
 Correlation studies were done. Pearson spearman correlation study showed significant positive 

https://pubmed.ncbi.nlm.nih.gov/?term=Saito+T&cauthor_id=10426570
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correlation between serum glucose and serum osmolality(table2, 3 ) which is congruent with the study 
done by G Oztürk et al[14]. The mean value of serum osmolality in diabetic patients was within the 
reference range. 

 
Correlation was assessed between plasma glucose levels and e GFR. Pearson spearman 

correlation analysis showed that there is no significant correlation between serum glucose levels and e 
GFR (table 2,4 ).This indicated that the cases had normal e GFR with dyselectrolytemia. 

 
Pearson spearman correlation study shows significant correlation between corrected serum 

sodium levels and serum glucose levels with r value 0.219 and significant p value(table 2,5). This is in 
congruence with the study done by Matthew B Wolf et al[15]. Correlation studies done by  Pearson 
spearman correlation study showed significant positive correlation between serum glucose levels and 
serum potassium levels with the r value of 0.59(table 2,6).This is similar to the study done by P McNair 
et al [16]. 

 
 The results of the study show that there is significant dyselectrolytemia in patients with normal 

serum osmolality and normal e GFR. This indicates that dyelectrolytemia can be used as an early 
indicator for metabolic derangements in diabetic patients. This on early detection will be helpful in 
early management and prevention of morbidity and mortality. 

 
CONCLUSION 

 
 There is significant dyselectrolytemia in patients with diabetes mellitus with normal serum 
osmolality and estimated glomerular filtration rate. Hyponatremia and hyperkalemia have been found to 
be an early and better predictor for onset of metabolic derangements in patients with type 2 diabetes 
mellitus and can be useful in prevention of early morbidity and mortality of diabetic patients. 
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