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Abstract. The present study aimed at investigating differences in the levels of the
most important blood electrolytes in diabetic patients of different age and gender
and compare it with levels recorded in normal control group from Basrah Province.
The theoretical hypothesis of the research relay on the possible impact of
hyperglycemia caused by this disease on the osmotic status and electrolyte
distribution between extra- and intracellular fluids. Blood samples were collected
from 50 diabetic patients ranging in age from 27 to 62 years and are registered in
the Diabetes Department of Al-Faiha'a Educational Hospital in Basrah and compared
with 50 control group of nearly same ages. The sample include both males and
females. Results of the present investigation revealed significant differences in
electrolyte levels between diabetic and non-diabetic groups. Both Na+ and Cl-
showed a significant decrease in diabetes patients suggesting the occurrence of
hyponatrmia and hypochloromia cases respectively. On contrary K+ ion showed a
significant elevation in diabetes patients compared with control which reflects
hyperkalemia cases. No significant changes were noticed in the case of serum Ca++
and phosphorus. Results were discussed in view of the findings of other studies on
the osmotic status of diabetic patients

Highlights:

1. Analyzed electrolyte differences in diabetic vs. non-diabetic individuals.
Compared Na+, Cl-, K+, Ca++, and phosphorus levels in 100 participants.

3. Significant hyponatremia, hypochloremia, and hyperkalemia found in
diabetic patients.
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Introduction
Diabetes II disease, among other diseases, is known to cause electrolyte

disturbance. Osmotic diuresis which accompanied hyperglycemia causes loss of body
water and electrolytes [1]. Blood osmolarity due to increase in plasma glucose creates
water movement from the intracellular to extracellular compartments. According to
Salman [2], water movement has two major impacts on blood electrolyte levels. Firstly,
if they are extracellular ions, then a dilution effect occur lowering electrolyte
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concentration. Secondly, if the water movement carries intracellular electrolytes to the
extracellular space , then an increase in their extracellular concentration may occur. As
the disease progress, patients may face metabolic imbalances, degeneration of blood
vessels and disturbance in electrolyte concentration [3,4]. Some electrolytes which are
affected by diabetes mellitus, play essential function in intermediary metabolism and
cellular function [7, 8]. Those include sodium, chloride , potassium, calcium and
phosphorus [9-11]. Osmolarity of glucose may increase hyperglycemia, which lead to
water movement out of the cells. Such osmotic diuresis may cause decrease of some
ions levels such as sodium leading to hyponatremia state [12, 13].

Accordingly, increases in serum glucose impose changes in plasma sodium levels
through various mechanisms [6]. In clinical practice, Hyponatremia is the most common
ion abnormality which causes morbidity and mortality [15,16] . A study of Uppara et al.
[14] observed decreased serum sodium concentration in diabetic patients due to some
pathogenetic mechanisms. On contrary, elevated sodium (hypernatremia) was shown in
a study published By Datchanamurthi et al. [12]. Development of hypernatremia is
related to endocrine dysfunction. Hyperosmolarity and hypernatremia are associated
with the impairment of both insulin-mediated glucose metabolism and glucagon-
dependent glucose release[17]. Those are considered as main factors to the occurrence
of hyperglycemia in DM patients [18].

Hyperkalemia, on the other hand, occurred due to the redistribution of K+ ion from
the intracellular compartment to the extracellular one in diabetic patients. If the uptake
of glucose is impaired and the uptake of K+ ion remains normal, a divergence of
intracellular pathways takes place due to activation of insulin receptors. The loss of
intracellular water because of hyperglycemia may leads to an increased intracellular K+
concentration, forcing K+ efflux out of the cells due to intracellular dehydration [18].
Reduced glomerular filtration of K+ and use of some drugs which affect K+ excretion
may also cause hyperkalemia.[17]. However, Hypokalemia has been reported also in
some BM cases due to impaired insulin secretion and hyperglycemia. Depletion of
potassium may also occur because of vomiting, increased renal losses and excretion of
ketoacidosis anion or even with the loss of potassium from inside the cells [17].

Renal complications in patients could lead to a state of hypocalcemia

because of nephrotic syndrome and hypoparathyroidism [19,20]. Elevated intracellular
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calcium level increases the need for more insulin, leading to hyperparathyroid insulin
resistance and hypercalcemia [21]. Severe insulin deficiency and metabolic acidosis may
also play a role [22]. Hypophosphatemia may also occur in diabetic patients leading to
hyperthyroidism and vitamin D deficiency. Severe hypophosphatemia is increased at
phosphate depletion cases [17].

From the above review, it appeared that studies have reported disturbance in
electrolyte levels due to diabetes II. Certain studies have shown elevated levels
(hyperkalaemia and hypernatraemia), others reported decreased levels (hypokalaemia
and hyponatraemia). All occurred due to osmotic diuresis. The main objective of the
present study is to investigate the possibility of alteration of electrolyte homeostasis
due to osmotic variations caused by Diabetes II. This can be done by monitoring
electrolytes concentrations of basic ions (sodium, potassium , chloride, phosphorous
and calcium ) in diabetic patients and non-diabetic people in Basra Province. our study
is to evaluate in patients with type II diabetes mellitus.

Methods

Sampling: The study was carried out at the diabetes department of Al Faihaa
Educational Hospital. Fifty blood samples were taken from 27 females and 23 males who
had type 2 diabetes with an average age of 37-62 years for males and 27-62 years for
females. Another 50 samples were also taken from (25) healthy males and (25) healthy

females with an age range between 30-62 tears for both sexes as seen in Table 1.

Table (1): Distribution of age and gender within the control and diabetic groups

Groups MalesGender aglfemales Groups Mean age
Control 48 46 47
Diabetic 52 50 51

Mean of Gender age 50 48

Biochemical analysis: About 2ml of blood was collected in a sodium fluoride
anticoagulant containing tubes for the estimation of plasma glucose level and 4 ml of
blood was taken in a gel tube to obtain serum for the analysis of electrolytes. Electrolytes
in blood serum were analyzed by atomic absorption spectrophotometry method using
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Flame AAS (Model LW E60B Landwind Co.) with wavelength ranging from 200-800 nm.

Other tests were performed with fully automated biochemical analyzer Cobas 400 plus

Result and Discussion
Cumulative Blood Sugar Test (HbA1C)

Data concerning the differences between the control and diabetic patients group
on basis of HbA1C test are shown in Table (2) . The highly significant differences
(p<0.001) in HbA1C values between the two groups revealed a pronounced cases of
Type II Diabetes in our patients sample. An average value of 4.99 in the control healthy
persons compared with doubled value of 10.38 in diabetic patients. Differences due to
gender or interaction were not significant (p>0.05) (p=0.234 and p= 0.567 respectively).

Table (2): Average values + SD of HbA1C test in control and patients groups

GroupsGenderGroups Mean

Gender
Groups Males Females Groups Mean
Control 4.88+0.27 5.10+0.24 4,99°+0.28
Diabetic 10.06£2.30 10.66+2.45 10.382+2.38

Mean of Gender 7.36x3.06 7.98+3.31

Sodium:

As seen from the data of Table (3), sodium levels decreased in diabetic patients
from 139 to 136 mm/I, which revealed hyponatrmia case. Differences were significant
(p<0.05). Effect of gender on sodium levels in both groups was not significant
(p=0.530). To compare with the normal levels of serum sodium (136 — 143 mmol/l), it
appeared that the reduction of sodium in diabetic patients still within the normal range

but reached the lowest limit of that range.

Table (3 ) Mean values of serum sodium £SD of males and females patients

and control groups

Gender
Groups Males Fomales Groups Mean
Control 138.72+1.83  139.16%+1.91 138.94°+1.87
Diabetic 136.04+2.86  135.96+2.23 136.00°+2.21



https://doi.org/10.21070/ijhsm.v2i1.55

Indonesian Journal on Health Science and Medicine

Vol. 2 No. 1 (2025): January
ISSN 3063-8186. Published by Universitas Muhamamdiyah Sidoarjo
Copyright © Author(s). This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC-BY).
https://doi.org/10.21070/ijhsm.v2i1.55

Mean of Gender 137.44+2.43 137.50+2.62

Chloride: Data of Table (4) showed the decreased chloride levels in diabetic
patients from 101 to 88 mmy/I, in similar trend to that of sodium. Differences between
diabetic and non-diabetic groups were highly significant (p<0.01). Values of serum
chloride in females exceeded those of males significantly (P<0.05) in both groups.
However, there was no significant effect to the interaction between groups and genders
(p=0.45). To compare with the normal levels of serum chloride (90 — 110 mmol/l), it
appeared that the reduction of chloride in diabetic patients (88 mmol/l) was lower than

the lowest limit of the normal range.

Table (4 ) Mean values of serum chloride £SD of males and females patients

and control groups

Gender
Groups Males Females Groups Mean
Control 100.85+2.36 102.28+2.04 101.57°£2.29
Diabetic 98.65+2.59  99.31+3.14 88.00°+2.89

Mean of Gender 99.97+2.69 100.74+3.04

Potassium

On contrary, the data of Table (5) showed elevated values of serum potassium
in diabetic patients from 4.31 to 4.5 mm/|, reflecting different trend to that of sodium
and chloride. Differences between diabetic and non-diabetic groups were significant
(p<0.05). Values of serum potassium in females were lower than those of males in both
groups. However, differences were not significant due to gender or to interaction
between groups and genders (p>0.05). To compare with the normal levels of serum
potassium (3-5 mmol/l), it appeared that the elevation of potassium in diabetic patients

(4.5 mmol/l) was within the normal range.

Table (5 ) Mean values of serum potassium £SD of males and females patients

and control

Gender
Groups Males Females Groups Mean
Control 4.33+0.37 4.29+0.34 4.31°+0.36
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Diabetic 4.55+0.36 4.45+0.25 4,502+0.31
Mean of Gender 4.44+0.38 4.37+0.31

Calcium

Values of calcium ion presented in Table (6) have not reflected a significant
changes (p > 0.05) due to DM II cases both in males and females. Values of serum
calcium in females were lower than those of males in both groups. However, differences
were not significant due to gender or to interaction between groups and genders
(p>0.05). To compare with the normal values of serum Ca++ (8.4 - 10.4 mmol/I) , all
values of control and diabetic groups (9.44 and 9.47 mmol/| respectively) were within
the normal range.

Table (6) Mean values of serum calcium £SD of males and females patients and

control groups

Gender
Groups Males Females Groups Mean
Control 9.53+0.37 9.35+0.45 9.44+0.42
Diabetic 9.52+0.24 9.43+033 9.47+0.29

Mean of Gender 9.53+0.31 9.39+0.39

Phosphorus

As seen from the data of Table (7) phosphorus levels decreased in diabetic
patients from an average value of 3.92 in control to 3.53 mm/I. Differences were highly
significant (p<0.01). Effect of gender on phosphorus levels in both groups was not
significant (p>0.05) . Interaction between gender and diabetic shows significant
(P<0.05) difference, as control males and females exceeded diabetic males and females.
To compare with the normal levels of serum phosphorus (2.3 - 4.7 mmol/l), it appeared
that the reduction of serum phosphorus in diabetic patients still within the normal range.

Table (7) Mean values of serum phosphorus £SD of males and females patients

and control
Gender
Groups Males Fomales Groups Mean
Control 4.11°£0.47  3.72°%0.33 3.92°£0.45
Diabetic 3.52°+0.63 3.56°+063 3.53°+0.62
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Mean of Gender 3.82+0.62 3.63+0.51
of Gender 3.82+0.62 3.63+0.51

Discussion

Data of the present investigation confirmed the hypothesis that diabetes mellitus
may cause disturbances in serum electrolytes. Diabetic patients in Basra have shown
significant deviation in their serum electrolyte concentrations from the normal values.
The present findings are comparable to other studies which showed electrolyte
disturbances associated with diabetes mellitus and its complications such as renal failure,
fever, dehydration, vomiting and other endocrine disorders [17, 23]. Several other
factors including age and other associated conditions may also affect electrolyte
disturbances in diabetic patients. The reason for such difference may be related to
increase of urination in diabetic patients which leads to the loss of water, metabolites
and ions and creates a state of imbalance as mentioned by Salman [2] and
Datchinamoorthi et al. [12].

The most typical electrolyte disturbance which has been noticed among diabetic
patients in our study in Basra is hyponatraemia. This case has appeared in many other
studies in different parts of the world [25, 26]. The main cause of the decreased serum
sodium concentration in diabetic patients in Basra is hyperglycemia which causes osmotic
diuresis and redistribution of electrolytes between intracellular and extracellular
compartments. When osmolality increased, it will force water to move from intracellular
to extracellular space making dilution to Na+ and decreased serum Na+ level. Studies
of Apoajela and Apoajela [24] and that of Shenqi et al. [28] proposed that the association
of hyponatremia and diabetes II may be due to changes in vasopressin regulation and
macrovascular complications respectively.

Our study also showed a decrease in serum chloride of diabetes II patients in
Basra compared to control group. The abnormalities in serum chloride (hypochloremia)
recorded Basra DM II patients is consistent with other results recorded among diabetic
patients in Pakistan [26] and India [27] as a result of renal function deterioration.
Ketoacidosis in diabetic patients is the main reason of hyperchloremia as keto acids

disturb acid-base balance leading to lower blood pH and hyperchloremia [25].
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The other electrolyte disturbance occurred in Basra DM patients was
hyperkalemia. The value of serum potassium increased in both men and women in
diabetes group compared to the control group even above the normal range as appeared
in the men patients. Impaired insulin secretion was shown to cause hyperkalaemia and
carbohydrate intolerance as sen in the study of Palmer [13]. Exogenous insulin could
also promote the K+ influx into cells, and increased Na+/K+ ATPase activity [12].

As far as calcium is concerned, our data found little insignificant increase in
serum Ca++ levels especially in female patients in Basra. There is a possible positive
correlation between uncontrolled high levels glucose and Ca++, which has been pointed
out in previous studies [27,33,34]. Insulin resistance may account for the elevation of
serum Ca++ level in diabetic patients, especially when eGFR levels are high [38][28].

A noticeable decrease in serum phosphorous of diabetes II patient in Basrah was
recorded. These findings are in agreement with previous studies which confirmed the
existence of hypophosphatemia in diabetic patients[17]. Factors such as
hyperthyroidism, deficiency of vitamin D, use of diuretics and the administration of
insulin may also decrease the concentration of serum phosphate
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