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Abstract 
Objective: Our aim is to study the pattern of electrolyte imbalances in patients with diabetes mellitus and to compare the results 

among controlled and uncontrolled diabetes mellitus and also to find out the correlation between electrolyte levels and HbA1c. 

Methods: This Cross-sectional study was conducted in a tertiary care hospital in Kerala for a period of one month. Blood 

samples were collected from 77 Diabetic subjects and 15 controls who were age and sex matched. Samples were analysed for 

HbA1c, sodium, potassium, chloride and magnesium levels. 

Results: In our present study, there was significant lowering of magnesium levels in diabetes patients. While performing Pearson 

correlation between HbA1c and electrolytes, there was significant negative correlation of HbA1c with magnesium. Overall 

analysis of our study showed that there is no significant variation in sodium, potassium & chloride levels in diabetes mellitus 

patients compared to non-diabetics. Variation in magnesium levels were pronounced in uncontrolled diabetes mellitus patients 

compared to diabetes mellitus patients whose glycemic levels were under control. 

Conclusion: Magnesium imbalance is common in diabetic people in our area, compared to other electrolyte imbalances. Diabetic 

people should be screened for electrolyte imbalances and steps must be taken to prevent their consequences. 
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Introduction 
Diabetes mellitus is a metabolic disorder affecting 

about 10% of the total populations, and 1/5th of persons 

above the age of 50 years.(1) India has now more than 

50 million people with type-2 diabetes and is being 

called as the “Diabetic capital” of the world.(2) With 

India having the highest number of diabetic patients in 

the world, this sugar disease is posing an enormous 

health problem in the country. The WHO estimate of 

worldwide diabetic prevalence of 171 million in 2000 is 

expected to grow substantially to 366 million by 

2030.(3) The International Diabetes Federation (IDF) 

estimates the total number of diabetic subjects to be 

around 40.9 million in India and this is further set to 

rise to 69.9 million by the year 2025.(4) 

Fluid and electrolyte balance play important roles 

in maintaining the homeostasis in the body, and also in 

protecting cellular function, tissue perfusion and acid-

base balance. The relationship between blood glucose 

and electrolytes is complex and electrolyte imbalance 

may affect the course of diabetes and its management.(5) 

Diabetic nephropathy is one of the complications 

of diabetes mellitus, which ultimately leads to renal 

failure, which is also a cause of electrolyte imbalance in 

diabetic patients. Diabetes mellitus was identified as an 

independent risk factor for hyponatremia and 

hypomagnesemia. Various pathophysiological factors 

like; nutritional status, coexistent acid-base imbalance, 

certain drugs, other comorbid diseases like renal disease 

or acute illness, alone or in combination, also play a key 

role in electrolyte imbalance.(6) Hence we determined to 

study the pattern of electrolyte imbalance in patients 

with diabetes mellitus and to compare the electrolyte 

levels in controlled and uncontrolled diabetes mellitus. 

 

Materials and Methods 
This cross sectional study was carried out in 

Department of Biochemistry of Pushpagiri Medical 

college Hospital. The study was conducted for a period 

of one month. This study includes 77 diabetic patients 

with HbA1c > 6 g% and 15 non diabetic subjects with 

HbA1c < 6g%. After obtaining consent from the 

patients, blood samples were collected and analysed for 

Sodium (Na+), Potassium (K+), Chloride (Cl-) and 

Magnesium (Mg2+) levels. Exclusion criteria include 

patients with acute complications of diabetes, renal 

disorders, vomiting or other causes of fluid loss. 

HbA1c was analysed based on latex enhanced 

immune turbidimetric assay in Toshiba 25FR fully 

automated analyser. Electrolytes Na+, K+ and Cl- were 

analysed using ISE in Beckman Coulter AU 680 

analyser. Serum Mg2+ was analysed in Toshiba 25FR 

analyser. 

The results were tabulated and statistical analysis 

was done using SPSS software. 

 

Results & Observation 
This cross sectional study was conducted to 

analyse the electrolyte abnormalities in diabetes 

mellitus patients. The study group comprised of 92 

subjects that included 47 (51%) females and 45 (49%) 

males. The age group of the study subjects ranged from 

35 – 90 years. For all subjects serum electrolytes and 

HbA1c values were estimated. Of the 92 study subjects, 

15 were non diabetic (HbA1c<6 g%) and were taken as 
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controls and 77 were diabetic (HbA1c > 6 g%) who 

were grouped as cases. 

Mean value of HbA1c in controls and cases were 

5.49 + 0.295 and 8.25 + 1.75 respectively. Electrolytes 

such as Sodium, Potassium, Chloride and Magnesium 

levels were estimated and compared between cases and 

controls. Values were expressed as mean + standard 

deviation.  

 

Table 1: Electrolyte levels in Diabetic and Non-

diabetic Subjects 

 Non-diabetic Diabetic 
P 

value 

Sodium 

(mmol/l) 
138 + 2.16 136 + 3.5 0.16 

Potassium 

(mmol/l) 
3.9 + 0.49 4.2 + 0.47 0.25 

Chloride 

(mmol/l) 
109 + 2.14 109 + 4.7 0.73 

Magnesium 

(mg/dl) 
1.99 + 0.20 1.74 + 0.41 0.02 

 

While performing Pearson correlation between 

HbA1c and electrolytes, there was significant negative 

correlation of HbA1c with magnesium. 

 

Table 2: Correlations between HbA1c and 

electrolytes 

    
Sodi

um 

Potassi

um 

Chlor

ide 

Magnes

ium 

HbA

1C 

Pearson 

Correla

tion 

-

0.155 
-0.167 -0.005 -.218* 

Sig. (2-

tailed) 
0.141 0.112 0.962 0.037 

 

Comparison of electrolytes in controlled DM and 

uncontrolled DM and also with control group: 

Subjects with diabetes were further divided into 2 

groups as controlled diabetes (group 1) and 

uncontrolled diabetes (group 2). HbA1c values < = 7 

gm % were included in group 1 and HbA1c values > = 

8 were included in group 2. The number of subjects in 

group 1 and group 2 were 26 and 36 respectively. Their 

mean HbA1c & electrolyte values are given in Table 3. 

 

Table 3: HbA1c & Electrolyte values of group 1 & 2 

  
Group 

Number Mean 

STD 

Dev 

HBA1C 
1 26 6.542 0.2817 

2 36 9.789 1.3292 

Sodium 
1 26 136.67 2.438 

2 36 136.15 4.151 

Potassium 
1 26 4.285 0.4324 

2 36 4.011 0.4898 

Chloride 
1 26 108.08 2.865 

2 36 109.2 5.902 

Magnesium 
1 26 1.881 0.343 

2 36 1.714 0.4155 

 

On comparing these 2 groups with the control non 

diabetic group, it was found that the Magnesium values 

were significantly lowered in uncontrolled diabetes 

mellitus (group 2) than the diabetic group who were 

under control. 

 

Discussion  
Derangement of water and electrolyte balances 

may occur in subjects with DM, resulting from insulin 

deficiency, hyperglycemia and hyperketonemia. In our 

present study, there was significant lowering of 

magnesium levels in diabetes patients. While 

performing Pearson correlation between HbA1c and 

electrolytes, there was significant negative correlation 

of HbA1c with magnesium. Previous studies have 

shown that there is alteration in sodium and potassium 

levels in diabetic patients.(7,8,9) In contrast to those 

studies, overall analysis of our study showed that there 

is no significant variation in sodium, potassium & 

chloride levels in diabetes mellitus patients compared to 

non-diabetics. Variation in magnesium levels were 

pronounced in uncontrolled diabetes mellitus patients 

compared to diabetes mellitus patients who were under 

good control. 

Magnesium deficiency may play a role in the 

development of endothelial dysfunction and altered 

insulin function. Ma et al. demonstrated that, in African 

Americans and Caucasians, serum Mg2+level was 

significantly lower in subjects with prevalent CVD and 

diabetes.(10) Magnesium deficiency may accelerate 

atherogenesis via various mechanisms like elevation of 

inflammatory cytokines and lipid oxidation, increase in 

endothelial cell growth and inhibition of cellular DNA 

repair.(11,12,13) The various causes of low magnesium in 

diabetics include low intake in diet, abnormal 

intracellular magnesium transport, increased renal 

excretion due to osmotic diuresis, use of loop and 

thiazide diuretics or reduced renal tubular dysfunction 

due to insulin resistance.(14,15) Osmotic diuresis 

accompanied by inappropriate magnesuria was the 

prominent underlying mechanism of hypomagnesemia 

in diabetic patients. Magnesium deficiency may have 

clinical importance because of its cofactor role in 

enzymatic reactions involved in metabolic processes. 

Hypomagnesemia is associated with increased 

likelihood or progression of retinopathy in diabetic 

population. Epidemiologic data suggest that populations 

with low magnesium intake are at increased risk for 

hypertension, stroke, and other manifestations of 

atherosclerotic disease.(16) 

It has been reported that even low Mg2+ levels that 

are still within the normal reference range are 

associated with all-cause mortality in patients with 

Type 2 Diabetes mellitus.(17) There could be various 

causes for low magnesium levels in diabetic patients. 
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They include the low diet intake of magnesium, 

osmotic diuresis leading to renal excretion of high 

levels of magnesium, insensitivity to insulin affecting 

the magnesium transport and reducing the tubular 

reabsortion of magnesium, diabetic autonomic 

neuropathy, irrational use of thiazide and loop diuretics, 

etc.(14,15) Patients with hypomagnesemia are at higher 

incidence of poor glycemic control as well as at the risk 

of developing retinopathy, neuropathy and diabetic foot 

ulcers.(18) Various studies on electrolyte imbalances in 

patients with diabetes have reported that 

Mg2+ intervention may be extremely useful in the 

prevention and treatment of the cardiometabolic 

syndrome.(19)  

 

Conclusion 
Electrolytes play an important role in controlling 

the fluid levels, acid base balance, regulation of 

neurological and myocardial functions, oxygen delivery 

and many other biological processes. Patients with 

Diabetes mellitus are more prone to develop electrolyte 

imbalances probably due to the complications they 

develop and the medications they receive. 

Hypomagnesemia is more prevalent in our study in 

diabetic population than the other electrolyte 

abnormalities. Hypomagnesemia as well as the other 

electrolyte imbalances must be kept in mind in treating 

the diabetic cases because prompt diagnosis of them 

would have a potential effect in preventing the risk of 

contracting many diseases. Hence, Screening for 

electrolyte imbalances should be considered in diabetic 

population and necessary steps may be taken to prevent 

its consequences. Further multi-centric research is 

recommended for accurate assessment of association of 

diabetes and electrolyte imbalance. 
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