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ABSTRACT

In Iraq, the prevalence of type 2 diabetes mellitus (T2DM) ranged about 1.4 million which is nearly 8.5%.
The patients with diabetes are commonly caused by electrolyte disorders such as calcium ion (Ca*?),
phosphate (PO,”), magnesium (Mg*’), sodium (Na*) and potassium (K*). Sixty-five patients participated
in this study. Their ages ranged between 45-60 years and the mean of BMI to patients 23.55+4.56. The
mean of random blood glucose (RBG) and HbAlc was 288.42+68.63 mg/dl, 9.08+1.9%, respectively. In
contrast, apparently 30 people were selected as a control group. Their age range was comparable to that
of patients and the mean of BMI equal 22.94+3.15. The mean of RBG and HbAlc was 101.9£11.18 mg/dl
and 5.03t0.63%, respectively. Five electrolytes were measured [serum total calcium (T.Ca), PO,”, Mg™,
Na® and K'] by spectrophotometer methods. There was a significant increase in serum T.Ca, PO,” and K*
in diabetes patients, while no significant difference in Mg and Na*with healthy group. Increased serum
T.Ca formed Ca*?- channels disorder or kidney diseases and metabolic disorders caused defect in serum
T.Ca and PO,". The insulin deficiency and healthy diet increased serum K, finally uncontrolled blood

glucose affecting many tissues and organs that affect electrolytes level.
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Diabetes mellitus describes increased level of
glucose in the blood (hyperglycemia). This
disease is also defined as a metabolic disease
(Jurgen et al., 2019). Blood glucose regulated
by insulin hormone, therefore any dysfunction
of insulin effected on blood glucose level
(Schwerin and Svancarek, 2020). Type 2
diabetes mellitus (T2DM) due to both the action
of insulin is insufficient (insulin resistance)
(Pouya et al., 2019) and reduced insulin
released by pancreas. The prevalence of T2DM
accounted for 91%, while the type 1 diabetes
6% . In Iraq, the prevalence of T2DM is about
1.4 million which is nearly 8.5% (WHO, 2018).
Uncontrolled and prolonged hyperglycemia also
causes complex and damage many organs and
various tissues such as kidneys, heart, blood
vessels, eyes and nerves (Biplab et al, 2018).
There are relationship between diabetes
mellitus and electrolytes (Liamis et al., 2014)
such as T.Ca, PO, Mg, Na" and K*. These
electrolytes play vital roles in the body such
as, promoting several metabolic, second
messenger, cellular activities, ensuring
normal homeostasis, acid base balance,
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creating electrical gradients and enhancing
enzyme activities (Blaine et al.,, 2015). The
patients with diabetes commonly cause
electrolyte disorders (Sreenivasulu et al.,
2020). These are due to insulin deficiency or
resistance manifesting as hyperglycaemia.
Continuously hyperglycaemia will lead to
hyperketonaemia (Ahmed et al, 2017). The
hyponatremia is most frequently seen
electrolyte irregularity in T2DM, which is due
to raised morbidity and mortality. However,
Mg, Ca* and K*' disturbances are unclear
(Karuppan et al., 2019). Potassium converts a
vital indicator in diabetes where it plays a
marker role in diabetic nephropathy cases, on
the other hand, it acts as indicators in
estimating end-stage renal disease and
preparing to dialysis (Sreenivasulu et al.,
2020). Ca* plays a central role in biological
functions, where the insulin secretion and
resistance depend on Ca* balance (Becerra-
Tomas et al., 2014). Any modifications in T.Ca
can have a negative effect on p-cell to secrete
insulin which causes dysfunction in blood
glucose levels. Any increase in T.Ca planes in
cytosolic is related with an increased risk for
T2DM (Unai et al., 2020). Magnesium is metal
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has a vital roles in the cells, cofactor to many
enzymes, carbohydrate metabolism, insulin
secretion and insulin resistance (Barbagallo,
2015). Any defect in Mg* levels in patients with
diabetes mellitus causes poorly controlled
glycemic status. Mg?* deficiency decreases the
affinity of glucose binding to glucokinase
enzyme and indirectly leads to the impairment
of insulin secretion, insulin resistance and
increased macrovascular risk (Siddiqui et al.,
2014). Diabetic patients are more prone to
hypophosphatemia. It is known that increased
insulin levels promote the transport of both
glucose and phosphate into the skeletal
muscle and liver cells (Liamis etal., 2014). The
aim of this study is to estimate electrolytes in
serum because of their effect on the work of
vital organs in the body, which negatively
affects patients with T2DM.

MATERIALS AND METHODS

One hundred Arabic Iraqi patients with type 2
diabetes mellitus participated in the present
study. Only 65 patients satisfied all
biochemical analysis tests. Their ages ranged
between 45-60 years and the mean of BMI to
patients 23.55+4.56. The random blood glucose
and HbAlc were 288.42+68.63 mg/dl and
9.08%£1.9%, respectively. These patients were
registered as diabetes mellitus patients in
“Diabetes and endocrine Unit” at Al, Sadr
General Hospital” in Najaf city-Iraq and
“Diabetes Unit” at “Al , Hakim General
Hospital” in Najaf city-Iraq within January to
April period. The patients had diabetes mellitus
recorded in their files, and diagnosis was
established by clinical symptoms and
biochemical test. The present study excluded
the patients with hypertension, those with
endocrinitis infection and inflammation,
heart diseases and also the patients from non-
Arabic ethnic group.

Thirty people were selected as a control group.
Their ages were comparable to that of patients
and the mean of BMI equal 22.94+3.15. The
means of random blood glucose and HbA1lc were
101.9+£11.18 mg/dl, 5.03+0.63%, respectively.
The people with anemic or having an obvious
systemic diseases were excluded.

Diabetes was diagnosed and established on
medical history, current medication intake
or American Diabetes Association (ADA)
criteria (ADA, 2016). The definition of T2DM

was fasting blood glucose 2126 mg/dl (>7.1
mmol/L), RBG >200 mg/dl (=11.1 mmol/
1), or an HbAlc of 6.5 (ADA, 2016).

Body mass index (BMI) was classified by the
World Health Organization. Weight and height
were measured according to WHO guidelines;
BMI was calculated as weight/height? (kg/m?).
Obese individuals were defined as having BMI
more than 30 kg/m? whereas normal
individuals had a BMI of 18-25.

Five milliliters of venous blood samples were
drown using a disposable needle and plastic
syringes from each patient and control subject.
Blood was divided into two anticoagulant tubes
and gel tubes. The blood in gel tube was left at
room temperature for 15 min for clotting,
centrifuged 3000 Xg for 5 min, and then serum
was separated and transported into new
disposable tubes.

The student T-test was employed to assess
differences in scale variables between
diagnostic categories and analysis of
contingency tables (y2-test) was used to check
associations between nominal variables.
Associations among variables were computed
using Pearson’s product-moment and
Spearman’s rank-order correlation
coefficients. All tests were 2-tailed and a p-
value of 0.05 was used for statistical
significance. All statistical analyses were
performed using IBM SPSS windows version
25,2017.

RESULTS AND DISCUSSION

There was a significant increase in serum
T.Ca, PO, and K" in patients with T2DM as
compared with controls, while there was no
significant change in serum Mg" and Na*
(Table 1).

In this study, there was a significant increase
in serum T.Ca level in diabetic patients as
compared with control (Rooney et al., 2016).
Hyperglycemias led to high free fatty acid that
invasion mitochondrial-oxidation system,
which accumulated fatty acids (Zhong et al,
2016). Increased blood glucose and fatty acids
caused more exposure to oxidative stress and
reactive oxygen species that led to Ca*? -
channels dysfunction in endoplasmic
reticulum (Unai et al.,, 2020). Continuous
hyperglycemia led to prevent Ca?* mobilization
and activate proapoptotic signals (Yamamoto
et al, 2019). Therefore, increased Ca?" level
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Table 1. Serum T.Ca, PO,, Mg™, Na* and K' in patients with T2DM as compared with healthy group

Parameters Mean=STD Mean+STD P-value
Patients Controls

S. T. Calcium (mmol/]) 2.59£0.16 2.52%0.1 <0.001*

S. Phosphate (mmol/l) 43+0.3 1.0013+0.699 0.005*

S. Magnesium (mmol/]) 2.06£0.3 2.02510.43 0.68

S. Sodium (mmol/1) 138.76+3.7 142.692+2.85 0.29

S. Potassium (mmol/]) 1.46£0.73 0.93+0.54 <0.001*

in blood resulted from Ca?*- channels disorder
that prevented Ca?" entering to cells. Other
study pointed out, imbalance in Ca?* level
resulting from patients with renal diseases.
Changes in serum T.Ca, Mg" or PO, were
related to the prevalence of T2DM mainly in
combination with obesity (Vaia et al, 2020).
The other research showed that there was a
significant decrease in the concentration of
T.Ca level in the blood of diabetic patients in
the group of males and females compared to
its concentration in the control samples
(Zeinab et al., 2018; Abdulrehman et al., 2019;
Nwankwor et al., 2020). Anastasia et al. (2020)
found that the patients with diabetes had
higher T.Ca that played an important role in
the vascular diseases. Another study found
that there was no difference in serum calcium
levels in diabetic patients compared with the
healthy controls.

The abnormalities of serum PO, ~ contributed
with many reasons; renal diseases, bone
diseases, insulin concentration, insulin
resistance, affecting FGF23 all of these
influencing on PO," level (Ludmilla etal., 2018;
Winiarska, et al., 2021). The unregulated
insulin dosage, insulin resistance in T2DM
caused defect in PO, level. High serum
phosphate contributed to vascular and
metabolic disturbances in elderly patients with
T2DM and renal impairment (Vaia et al., 2020).
Metabolic disorders including changes in
serum T.Ca, Mg* or PO, affected the
prevalence of T2DM (Vaia et al., 2020). Zammit
et al. (2015) found increased serum PO,” in
patients with T2DM resulting from renal
function impairment associated with
increased insulin resistance. In contrast, the
serum PO,” decreased in patients than healthy
group the lower the serum PO,” in diabetics,
may negatively affect hyperglycemia where
increased blood glucose leading to decrease on
serum PO,". Hyperglycemia was bound with low
serum PO,” because of increased T.Ca and PO,"
excretion product from glucosuria (Safaa etal.,

2016). Zhong et al. (2016) found no significant
differences between patients and healthy
groups in serum phosphate.

Hajar et al. (2019) did not find any significant
change between patients and healthy for Mg*.
In contrast, many studies found there was a
significant decrease between T2DM and
healthy group for Mg*. Hypomagnesemia due
to insulin deficiency and resistance affected
tubular reabsorption of magnesium (Anjani
Kumar et al., 2018). Decreased serum
magnesium in pa-tients with T2DM was more
prevalent. This significant association with age,
gender, glycemic control hypomagnesemia led
to insulin sensitivity and developing risk of
secondary complications (Velayutharaj et al.,
2016; Kumar et al., 2019). They also
demonstrated that hypomagnesemia was
linked with diabetic uncontrolled and led to
high risk of diabetic retinopathy. Decreased
Mg*? level led to reduced dietary intake,
impaired insulin metabolism, glomerular
hyperfiltration and acid and electrolytes
imbalance (Quiddi et al., 2021).

The kidney plays an important role in ensuring
glucose homeostasis, gluconeogenesis, and
the reabsorption of filtered glucose in the
proximal tubules. The sodium glucose co-
transporter 2 (SGLT2) present in the proximal
tubule was responsible for the glucose
reabsorption (Banerjee and Grobelna, 2019).
The present study corresponding with other
study found no significant increase in patients
and controls for Na* (Godwill et al, 2018).The
presence of hyperglycemia and increased or
normal Na*concentrations in plasma indicated
a clinically significant decrease in total body
water (Sarguru et al., 2016). Increased
urination in hyperglycemia led to loss of
electrolytes with water and resulted in the
imbalance which disturbed sodium and
potassium levels in the body (Sarguru et al,
2016). Studies suggested that uncontrolled DM
also induced hypovolemic-hyponatremia due
to osmotic diuresis. Increased or normal
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plasma sodium concentrations in the presence
of hyperglycemia indicated a clinically
significant deficit in total body water. In
contrast, some studies showed that there was
a significant decrease in serum Na* in patients
with type 2 diabetes than healthy group (Das
and Borkotoki, 2017; Rajagambeeram et al.,
2020; Sreenivasulu et al., 2020). The patients
with uncontrolled diabetes mellitus had
different levels in serum Na'. This difference
in sodium level caused hyperglycemia-induced
hyponatremia (dilutional-hyponatremia),
hypotonic (water losses with increased
electrolytes) which led to hypernatremia and
decrease in blood volume causing
hyponatremia. Serum Na* levels in poorly
controlled patients with diabetes mellitus
varied since these levels were the result of
hyperglycemia-induced hyponatremia
(dilutional hyponatremia), osmotic diuresis-
induced hypotonic losses (losses of water in
excess of electrolytes), which tended to
increase serum Na* levels, and hypovolemia-
induced decrease in serum Na* levels (Liamis
etal.,2014).

The regulation of serum K* occurred by shift
hyperkalemia (redistribution of K* from the
intracellular to the extracellular compartment)
induced hyperkalemia with no net total body
K" increase. In diabetic ketoacidosis, the
decrease 0.1 from blood pH caused increase by
approximately 0.4 mmol/LK*. Potassium
increases by many reasons such as insulin
deficiency, renal diseases (acute kidney injury
and chronic kidney disease) resulted from
reduced glomerular filtration of K-,
hypertonicity, cell lysis (rthabdomyolysis), and
some drugs (e. g., beta blockers and drugs that
interfere with potassium remover (Liamis et
al., 2014). Other studies illustrated
hyperkalemia associated with reduced insulin
secretion where the potassium shifting from
intra to extra and decreased peripheral glucose
utilization resulted in carbohydrate
intolerance and hyperglycemia metabolic
acidosis and decreased potassium excretion
because of impaired glomerular filtration rate
hypoaldosteronism and hyporeninemic
(Kovesdy, 2017).

Any excess in dietary K* and renaldys function
caused hyperkalemia (Ingrid et al, 2021).
Counter study in Japan found hypokalemia in
T2DM without antihypertensive medications
and this result was prediabetic state to T2DM.

Lower levels of potassium were found to be
associated with a higher risk of diabetes in
some studies (Peng et al., 2017). Hypertensive
with thiazide will keep potassium level above
4.0 mmol /I preventing induced diabetes.

CONCLUSION

The present study was found a significant
increase in serum T.Ca, PO,  and K’ in
patients with T2DM as compared with controls,
while there was no significant change in
serum Mg* and Na*. Increased serum T.Ca in
patients with T2DM may from Ca-channels
disorder or kidney diseases and metabolic
disorders caused defect in serum T.Ca and
PO,". Diabetic ketoacidosis had effect on pH
range. Decreased pH value affected PO,” and
K* levels. The insulin deficiency, healthy diet
caused increase in serum K*, finally
uncontrolled blood glucose had effect on many
tissues and organs that affect electrolytes level.
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