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Abstract: Diabetes Mellitus type 2 is a group of disorders characterized by high glucose
levels. Electrolyte abnormalities are commonly encountered in chronic diabetes mellitus
type 2 patients. These patients usually have Potassium, Magnesium and Phosphate
depletion. This study was conducted to investigate the electrolytes and lipid abnormalities
in chronic type 2 diabetes mellitus in patients attending Rajiv Gandhi Institute of Medical
Sciences and Hospital Adilabad. This study was conducted in the Department of General
Medicine and Biochemistry, Rajiv Gandhi Institute of Medical Sciences [RIMS],
Adilabad. The study included male and female subjects diagnosed with chronic diabetes
mellitus type 2. Chronic diabetics were defined as those diagnosed with diabetes mellitus
type 2 and on medications, for the duration of 5 years or more they were designated as
Group I. Similarly age and sex-matched controls from the normal population were
included in Group II as controls. Fasting blood samples will be collected in Vacutainer
10ml and serum fasting blood sugar, Serum Electrolytes and lipid profile will be
estimated in fully automatic chemistry analyzer ‘Beckman Coulter Au 400’. The results
obtained were recorded and analyzed using statistical software. Results: A total of 100
patients were included in the study divided into two groups Group I (diabetics) and group
II (controls). The serum fasting blood glucose was measured in group I the mean values
was 174.5 ± 25.6 mg/dl and in group II 96.5 ± 20.5 mg/dl the p values were found to be
significant. The triglyceride levels as compared to controls the mean values in group I
was 201.55 ± 35.8 mg/dl and group II was 190.5 ± 30.12 mg/dl the p values were found
to be significant. The potassium levels were also elevated in the group I (diabetic) as
compared to group II and the p values were found to be significant. It can be concluded
that type 2 diabetes patients have abnormal lipid and electrolyte balance. The impaired
mineral metabolism can result in disturbances in enzymatic activities, hormone
secretions, and antioxidant levels. Therefore monitoring of these patients every 3 months
will help in preventing the occurrence of long-term complications related to diabetes.
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INTRODUCTION
Diabetes Mellitus Type 2 (T2DM) is a chronic
and progressive metabolic disorder characterized by
insulin resistance and pancreatic beta islet cell failure.
Diabetes mellitus is usually characterized by
hyperglycemia either due to relative or absolute lack of
insulin action, or both [1]. The incidence of diabetes
mellitus is increasing in recent times and it is
considered one of the highly prevalent diseases
worldwide. Diabetes and its complications are one of
the important causes of economic burden to the
country's health care system. At present in India, it is
estimated about 30 million people are suffering from
diabetes [2]. The three specific abnormalities present in
diabetes mellitus are impaired insulin secretion,
increased hepatic glucose production, and decreased
insulin-stimulated uptake of glucose in peripheral
tissues. Electrolytes play an important role in
maintaining acid-base balance, blood clotting, control
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body fluid and muscle contractions. Disturbed
electrolyte distribution may affect the course of diabetes
and its management [3]. The relation between blood
glucose and electrolytes is complex and is related to a
number of other factors like age and associated
conditions [4]. Glucose is an osmotically active
substance and hyperglycemia increases serum
osmolality and results in movement of water out of the
cells and reduction of sodium levels by the dilutional
effect. The osmotic effect of glucose also causes
osmotic diuresis causing a decrease in circulating blood
volume and cellular dehydration due to the shift of
water from intracellular spaces causing cellular
dehydration. Diabetics also suffer from lipid
abnormalities and they are more prone to develop
atherosclerosis which is the major cause of premature
deaths in diabetic patients both type 1 and type 2 [5-7].
Hyperinsulinemia,
hypertension,
obesity
and
hypertriglyceridemia and impaired glucose tolerance is
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a strong predictor of coronary artery disease. With this
background, we in the present study tried to investigate
the electrolytes and lipid abnormalities in chronic type 2
diabetes mellitus in patients attending Rajiv Gandhi
Institute of Medical Sciences and Hospital, Adilabad.
District of Adilabad is a remote area predominated by
tribal population and no such previous study was
conducted in this group of the population. The
information from this study will be helpful in treating
the patients affected by Diabetes mellitus type 2
effectively and preventing long-term complications
related to diabetes.
MATERIALS AND METHODS
The study was conducted in the Department of
General Medicine and Biochemistry, Rajiv Gandhi
Institute of Medical Sciences [RIMS], Adilabad.
Institutional Ethical committee Permission was obtained
for the study. A written consent was obtained from all
the participants of the study after explaining the study in
the local language. Only those patients voluntarily
willing to participate in the study were included. A
total of 100 patients were included in the study. They
were divided into two groups Group I and Group II of
50 each. Group, I included male and female subjects
diagnosed with chronic diabetes mellitus type 2.
Chronic diabetics were defined as those diagnosed with
diabetes mellitus type 2 and on medications for the
duration of 5 years or more. These patients were
examined clinically to exclude the presence of any
presence of micro- or macrovascular complications like
retinopathy, peripheral vascular disease, and coronary
heart disease. Similarly, age and sex-matched controls
from the normal population were included in Group II
(n=50) as controls. Fasting blood samples will be
collected in Vacutainer 10ml and serum fasting blood
sugar, Serum Electrolytes and lipid profile will be
estimated in fully automatic chemistry analyzer

‘Beckman Coulter Au 400’ HbA1C estimation was
done by ion exchange resin method. The anonymity of
patients was maintained by coding the sample. The
results obtained were recorded and analyzed using the
statistical software Statistical Package for the Social
Sciences (SPSS version 13.0) p values of <0.05 was
considered significant.
RESULTS
A total of 100 patients were included in the
study divided into two groups Group I (diabetics) and
group II (controls). The Group I consisted of male
(n=38) and female (n=12) the age range was from 46 70 years and the mean age was 59.5 ± 8.5 years. In
group II there were male (n=27) and female (n=23) the
age ranges were 38 – 55 years the mean age was 45.5 ±
5.5 years. The serum fasting blood glucose was
measured in group I the mean values was 174.5 ± 25.6
mg/dl and in group II 96.5 ± 20.5 mg/dl the p values
were found to be significant. Glycosylated Hemoglobin
levels HbA1c values in group I was 7.74 ± 1.25 % and
in group II 6.2 ± 1.25 % the p values were not found to
be significant. The lipid profile of the patients was
measured by estimating serum triglycerides, cholesterol,
HDL, and LDL. The group I patients showed the
significant increase in triglyceride levels as compared to
controls the mean values in group I was 201.55 ± 35.8
mg/dl and group II was 190.5 ± 30.12 mg/dl the p
values were found to be significant. Although
cholesterol levels were found to be higher in Group I as
compared to group II the values were not found to be
significant. Similarly, the HDL values were found to be
higher in group II 42.5 ± 4.5 mg/dl as compared to
group I 37.5 ± 3.5 mg/dl but it was found to be
significant. The LDL-C values in group I was 110.25 ±
24.9 mg/dl as compared to group II 95.5 ± 20.5 mg/dl
the p values were not found to be significant shown in
Table-1.

Table-1: Showing the levels of glucose and lipid profile in diabetic and control subjects
Group I
Group II
Parameter
[Diabetes Mellitus] [Normal Patients] P values
(n=50)
(n=50)
Age (yrs)
59.5 ± 8.5
45.5 ± 5.5
>0.1
Fasting blood glucose (mg/dl)
174.5 ± 25.6
96.5 ± 20.5
< 0.05*
HbA1c %
8.74 ± 2.51
6.2 ± 1.25
>0.145
Triglycerides (mg/dl)
201.55 ± 35.8
190.5 ± 30.12
<0.05*
Cholesterol (mg/dl)
190.65 ± 40.9
181.65 ± 35.5
>0.453
HDL-C (mg/dl)
37.5 ± 3.5
42.5 ± 4.5
>0.05*
LDL-C (mg/dl)
110.25 ± 24.9
95.5 ± 20.5
>0.5
* Significant
The serum electrolyte levels were measured in
the patients the sodium, potassium, chloride and
bicarbonate levels were estimated because they are the
most important macro electrolytes found to vary in
patients suffering from diabetes mellitus. The serum
sodium levels were slightly elevated in group II as
compared to group I, however, the p values were not
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found to be significant. The potassium levels were also
elevated in the group I (diabetic) as compared to group
II and the p values were found to be significant. The
chloride levels were found be almost equal in both the
groups and not significant. The bicarbonate levels were
very slightly elevated in group I but the values were not
significant shown in Table-2.
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Table-2: Comparison of Serum electrolytes in 2 study groups
Group I
Group II
Electrolyte
[Diabetes Mellitus] [Normal Patients] P values
(n=50)
(n=50)
Sodium (mmol/L)
139.15 ± 5.2
141.5±3.9
>0.1
Potassium (mmol/L)
4.6±0.8
3.9±0.75
<0.05*
Chloride (mmol/L)
103.2± 4.8
107.4±5.5
>0.2
Bicarbonate (mmol/L)
25.3±3.5
26.1±1.9
>0.5
* Significant
DISCUSSION
Diabetes mellitus is associated with a cluster of
interrelated plasma lipid and electrolyte abnormalities.
Chronic diabetes mellitus damages every organ in the
body, mainly the kidneys, leading to end-stage renal
diseases [8-10]. These patients suffer from the
electrolyte and acid-base disturbances. It is due to
chronic elevation of glucose, renal diseases and
medications used [11]. In the present study, we found
an increased mean glucose level in group I patients
suffering from chronic diabetes. We in this study
included patients of >5 years of diabetes because some
of the abnormalities and disturbances of electrolytes
may not appear in the fresh cases and it takes time for
development of these abnormalities. The mean duration
of diabetes in all the present study was 6.74 ± 1.53
years. The mean HbA1c levels in Group I diabetics was
8.74 ± 2.51 % and in control Group II normal was 6.2 ±
1.25 % the values were not found to be significant.
HbA1c is correlated with blood glucose levels as
reported in earlier studies [12]. It has been also shown
that elevation of HbA1c increases the risk for
development of microangiopathy [13, 14]. In a similar
study by N Kumar J in Bihar found the mean HbA1c
levels of 8.5 ±2.1 % in the diabetic group [15]. Lipid
abnormalities have been commonly associated with
diabetes mellitus. The type of abnormality depends on a
number of factors such as the type of diabetes,
endogenous insulin reserve, degree and distribution of
obesity and the presence of nephropathy [16]. In the
present study, we found the most significant
abnormality was the elevation of serum triglycerides in
diabetic patients. It has been seen that in type 2
diabetes, there is an elevation of serum triglycerides 1.5
– 3.0 times as compared to age and sex-matched nondiabetic controls. Although in our study there was a
slight elevation and it was found to be significant. We
in the present study also observed that there is a
reduction of HDL-C and elevation of LDL-C in diabetic
patients. The reduction of HDL cholesterol is said to
occur by 10 -20% in diabetic patients and the LDL is
expected to be normal range. However, in the present
study, it was slightly increased although not found to be
significant. The cause of increased total cholesterol and
LDL in type 2 diabetics is linked to increased rates of
synthesis of LDL cholesterol [17, 18]. In a study by
Zargar Ah et al., in Jammu [19] done on 50 obese type
2 diabetic patients found both cholesterol and
triglycerides were significantly elevated along with the
Available online: scholarsmepub.com

elevation of LDL cholesterols in agreement with results
of our study. Disturbances of water and electrolyte
balances are known to occur in subjects with diabetes
mellitus,
resulting
from
Insulin
deficiency,
hyperglycemia, and hyperketonemia [20]. In the present
study we found the serum sodium levels were slightly
more in group II as compared to group I, however, the p
values were not found to be significant. DM is
independently (irrespective of drugs or hyperglycemia)
is associated with hyponatremia [21]. In one study of
5179 community subjects of >55 years with DM
associated with hyponatremia (OR = 1.98; 95%CI:
1.47-2.68), with the serum glucose levels being too low
to fully explain the degree of hyponatremia [22]. Some
of the possible causes proposed are altered vasopressin
metabolism, the interaction between insulin and
vasopressin, both of which act on renal collecting ducts
and resorption of more hypotonic fluid due to slower
stomach emptying have been elucidated [23-25]. In the
present study, it was found that the potassium levels in
diabetics were significantly more than normal subjects.
There are conflicting reports regarding potassium levels
in diabetes mellitus. Whereas Mcdonnell et al., have
reported insignificant different in potassium levels in
diabetes mellitus [26]. Ugwuja et al., reported low
serum K+ in diabetics than controls [27]. Wang et al.,
reported only 0.6% of diabetes had hypokalemia and
1.2% of diabetes subjects had hyperkalemia [28]. Some
of the causes of disturbance in potassium levels are a
redistribution of potassium from the extracellular
compartment (shift hyperkalemia) without an increase
in potassium levels of the body. In diabetes mellitus,
acidosis causes fall in pH, for each 0.1 fall in pH
potassium increases by 0.4 mmol/L. The important
factor causing chronic hyperkalemia in diabetics is
reduced the tubular secretion of K+ due to the syndrome
of hyporeninemic hypoaldosteronism [29]. The other
ions like chloride and bicarbonates levels were not
significantly associated with diabetes mellitus in the
present study.
CONCLUSION
Within the limitations of the present study, it
can be concluded that type 2 diabetes patients have
abnormal lipid and electrolyte balance. The impaired
mineral metabolism can result in disturbances in
enzymatic activities, hormone secretions, and
antioxidant levels. Therefore monitoring of these
patients every 3 months will help in preventing the
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occurrence of long-term complications related to
diabetes.
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