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Abstract: Diabetes mellitus is a metabolic disease characterized by hyperglycemia caused by defects in insulin secretion,
insulin action, or both, that affect the action of insulin on the target tissue. North Sulawesi is in the top 5 of 34 provinces in
Indonesia with the highest prevalence of diabetes mellitus, based on the results of the 2018 Basic Health Research. The
relationship between blood glucose and electrolytes is very complex, so there are still few studies looking for the relationship
between the two in diabetes mellitus patients. This study aimed to find out the association between electrolytes levels (serum
sodium, potassium, chloride, and magnesium) and fasting blood glucose in type 2 diabetes mellitus patients. This cross-sectional
study was conducted in April-September 2020 at Noongan Regional Hospital, North Sulawesi, Indonesia. Demographic data
including age, sex, symptoms, and oral anti-diabetic medication/insulin administration were collected, and then physical
examination including body mass index was carried out. The Kolmogorov-Smirnov and Spearman Rank tests were used for
statistical analysis. There is an inverse correlation between fasting blood glucose and serum sodium, chloride, and magnesium,
but not significant. As for potassium, there is a direct correlation, but also not significant. In conclusion, only potassium has a
positive correlation with fasting blood glucose, while other electrolytes have a negative correlation, however all of correlations
are not significant.
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estimated that deaths due to diabetes mellitus have occurred as
many as 1.5 million deaths globally. Approximately, half of
the deaths in the data are due to chronic hyperglycemia
occurring before the age of 70. WHO predicts diabetes
mellitus will be the 7™ disease that causes death in 2030.
According to the International Diabetes Federation in 2017,
the incidences of diabetes mellitus is estimated to affect 451
million people globally and is projected to increase to 693
million people with diabetes by 2045 [3, 4].

1. Introduction

Diabetes mellitus (DM) is a progressive disease that has a
multifactorial etiology and is characterized by chronic
hyperglycemia and metabolic disorders of carbohydrates, fat,
and proteins as a result of relative or absolute defects of islet
B-cell pancreas, causing impaired insulin secretion or action,
or both [1, 2] Nowadays, diabetes mellitus is becoming one of
the common non-communicable diseases worldwide. It is
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In Indonesia, there are nearly 133 million people suffering
from diabetes mellitus, and about 87.5% of patients do not meet
the goal target of glycemic control properly [5]. According to
the established data that has been determined from the 2018
Indonesian Basic Health Research, the prevalence of diabetes
mellitus in Indonesia in 2018 based on age shows that age 55-64
years is the highest, followed by the age group of 65-74 as the
second highest case. Meanwhile, the proportion based on
gender shows that women are more likely to suffer from
diabetes mellitus than men. This prevalence affects people who
live in urban more than in rural areas. The prevalence of
diabetes mellitus based on physician’s diagnosis among
Indonesian residents in all age group by province shows that
North Sulawesi is in top 5 of a total of 34 provinces [6].

Diabetes mellitus and its complications significantly
increase financial burden on the family and public health,
which implies a significant increase in the burden of country
health costs and also an increase in disability which leads to a
decrease in life expectancy and low quality of life [5]. Chronic
hyperglycemia can cause complications to the eyes, kidneys,
and nerves, but also increases the risk of cardiovascular
disease. Complication of diabetes mellitus can lead to vascular
degeneration, metabolic imbalance, and can cause alterations
of electrolytes concentrations in the human body. Electrolyte
have an important role in maintaining acid-base balance, body
fluid homeostasis, blood clotting, and muscle contraction.
Diabetic nephropathy is one of the complications that can
cause renal failure and this condition can lead to electrolyte
imbalance in diabetic patients. A disrupted electrolyte
distribution process can affect the course of the disease and
also its management at that time. Electrolytes and blood
glucose have complex relationships and are linked to a
number of factors, such as age and underlying conditions.
Several factors as pathomechanisms such as nutritional status,
concomitant acid-base disturbances, the effect of some drugs
and other comorbidities such as renal impairement or the sum
of those factors aforementioned can also play an important
role in electrolyte imbalance [7].

Three specific abnormalities in diabetes mellitus are insulin
secretion disturbance, increased hepatic glucose production, and
decreased insulin-stimulated glucose uptake in peripheral tissues.
Glucose is an active osmotic substance, and in some condition of
hyperglycemia can increase serum osmolality which can lead to
water shift to outer cell; and there is a decrease in sodium levels
because of dilution effect. The osmotic effect of glucose can also
cause osmotic diuresis resulting in a decrease in circulating blood
volume, as well as cellular dehydration due to water shift from
the intracellular space [8].

Diabetes mellitus is a disease with independent risk factors
that can cause either hyponatremia or hypernatremia through
several underlying mechanisms. Uncontrolled diabetes
mellitus can induces hypovolemic hyponatremia due to
osmotic diuresis phenomenon. In diabetic ketoacidosis, the
condition of electrolyte loss through urine can increase
sodium wasting from the kidneys. Increased chloride serum
levels can also be seen in diabetic patients. This condition can
be caused by diabetic ketoacidosis which causes a decrease in

blood pH and further disrupts the acid-base balance and leads
to an increase in chloride levels [9].

The relationship between blood glucose and electrolytes is
very complex, so there are still few studies looking for the
relationship between the two in diabetes mellitus patients.
Therefore, this study aimed to determine and analyze the
correlation between electrolytes levels and high blood fasting
glucose in patients diagnosed with diabetes mellitus in
Noongan Regional General Hospital, Minahasa Regency.

2. Material and Methods
2.1. Ethical Approval

This study was approved by the Medical Research Ethics
Committee of R. D. Kandou General Hospital (Ethical
Approval number 071/EC/KEPK-KANDOU/VIII/2020).
Written informed consent for participating in the study was
obtained from all of the patients or accompanying close
relatives.

2.2. Study Design and Study Timeline

A cross-sectional study was conducted at Noongan
Regional General Hospital, Minahasa Regency. This study site
is a regency hospital located around 50 km from Manado, the
capital city of North Sulawesi, at the northeastern part of
Indonesia. This study only analyzed the correlation between
fasting blood glucose of diabetes mellitus patients and
electrolyte levels, without giving any interventions or
treatments to all subjects. The timeline of sample collection
was started in April 2020 and finished in September 2020.

2.3. Populations and Sampling Methodology

Populations were all inpatients and outpatients at the
Noongan Regional General Hospital, Minahasa Regency with
a diagnosis of diabetes mellitus and had high fasting blood
glucose levels (> 126 mg/dL). Sample collection used total
sampling method, in which included all the subjects who were
examined during the study period and met the inclusion and
exclusion criteria and willing to participate in this study. A
prior written approval was given by participant before
undergoing the procedure.

2.4. Statistical Data Analysis

Data analysis was performed by using 22nd version of
Statistical Package for Social Sciences (SPSS 22). Univariate
analysis was conducted to have data results descriptively of
dependent variable (fasting blood glucose) and independent
variables (sodium, potassium, chloride and magnesium).
Meanwhile, bivariate analysis was conducted to determine the
correlation between dependent and independent variables. The
normality of each wvariable was calculated using the
Kolmogorov-Smirnov One Sample test, and it had a normal
distribution if the value of p>0.05. Subsequently, the
correlation between dependent and independent variables was
examined using Spearman’s rank analysis test.
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3. Results (n=23) with aged 55-64 years, with an average age of
58.2+10.17 years. Thirty-four of 72 patients are male (47.2%).
It was found that the majority of patient symptoms were fever
(36.1%), headache (31.9%), and dizziness (20.8%). We
observed that majority of subjects had normal Body Max
Index (73.6%).

3.1. Demographic Data

The patient characteristics are described in Table 1.
Seventy-two blood specimens were collected from patients
with clinically diagnosed as diabetes mellitus. The age of the
patients is between 38 to 77 years and the majority is 31.94%

Table 1. Patient characteristics (demographic and clinical).

Characteristics Category N (%)
35-44 8 (11.1)
4554 20(27.8)
& 2elvean) 5564 23 (31.9)
> 65 21(29.2)
Sex Male 34 (47.2)
Female 38 (52.8)
Fever 26 (36.1)
Headache 23 (31.9)
Dizziness 15 (20.8)
Extremity weakness 15 (20.8)
Sy Vomit and nausea 13 (18.1)
Shortness of breath 10 (13.9)
Shivering 9 (12.5)
Myalgia 8 (11.1)
Coughing 8 (11.1)
Others (alteration of mental status, diarrhea, chest pain, abdominal pain, neck pain, tingling) 17 (23.6)
Metformin 34 (47.2)
Insulin/Drug Administration ISrzlslflIilr(:nylureas ?g gg (1);
Meglitinides 1(1.4)
Normal (18,5-24,9) 53 (73.6)
Body Mass Index (kg/m?) Overweight (25-29,9) 18 (25.0)
Obese (> 30) 1(1.4)

3.2. Glucose, Sodium, Potassium, Chloride and Magnesium Levels

Table 2 shows the mean and median of glucose, sodium, potassium, chloride, and magnesium electrolyte concentrations.
Based on statistical data, the potassium concentration had a normal distribution, while glucose, sodium, chloride, and magnesium
had an abnormal distribution data.

Table 2. Glucose, sodium, potassium, chloride, and magnesium levels.

Electrolytes Unit Mean Median Standard deviation  Minimum Maximum
Glucose mg/dL 246.2 214 92.1 148 500
Sodium mg/dL 136.6 137.5 8.6 109 161
Potassium mg/dL 4.2 4.1 0.8 2.0 59
Chloride mg/dL 101.4 102 8.9 76 123
Magnesium mg/dL 1.88 1.83 0.64 0.53 5.15

3.3. Correlation Test Between Fasting Blood Glucose and Electrolyte Levels

The correlation test between the glucose and electrolytes (sodium, potassium, chloride, and magnesium) levels in diabetes
mellitus patients used the Spearman's rank correlation test. The results of this correlation are described in Table 3.

Table 3. Correlation test results between fasting blood glucose and electrolytes levels.

Electrolytes Glucose

Correlation coefficient (rs) Sig. (p)
Sodium -0.062 0.606
Potassium 0.076 0.526
Chloride -0.083 0.487
Magnesium -0.152 0.203

It is shown in Table 3 that the correlation between glucose  categorized as having a very weak and negative correlation
and sodium levels has a value of rs=-0.062 which can be (inversely proportional), which means that if glucose levels in
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blood serum are high then sodium levels will decrease. Based
on the significance test, the result shows p-value=0.606
(p>0.05) then the null hypothesis is accepted, meaning that
there is no significant relationship between glucose and
sodium concentrations.

The correlation between glucose and potassium levels has a
value of rs=0.076 which can be categorized as having a very
weak and positive correlation (directly proportional), which
means that if the glucose levels in blood serum are high then
the potassium levels will increase. Based on the significance
test, the result shows p-value=0.526 (p>0.05) and so the null
hypothesis is accepted, meaning that there is no significant
relationship between glucose and potassium concentrations.

The correlation of glucose and chloride levels has a value of
rs=-0.083 which can be categorized as having a very weak and
negative correlation (inversely proportional), which means
that if glucose levels in blood serum are high then chloride
levels will decrease. Based on the significance test, the result
shows p-value=0.487 (p>0.05) and so the null hypothesis is
accepted, meaning that there is no significant relationship
between glucose and chloride concentrations.

The correlation of glucose and magnesium levels has a
value of rs=-0.152 which can be categorized as having a weak
and negative correlation strength (inversely proportional),
which means that if the glucose levels in blood serum are high
then the magnesium levels will decrease. Based on the
significance test, the result shows p-value=0.203 (p>0.05),
and so the null hypothesis is accepted, meaning that there is no
significant relationship between glucose and magnesium
concentrations.

4. Discussion

The result of this study descriptively shows that the
prevalence of diabetes mellitus is more likely suffered mostly
by subject age 55-64 years-old and the least are those in the
age range of 35-44 years-old. Similar to our findings, there is a
sociodemographic characteristic analysis shows that people
with diabetes mellitus increased a risk with age where the
highest proportion has been found out in people age more than
or equal to 55 years old [10].

Older people with diabetes are associated with increased
risk of frailty which characterized by multisystem
dysregulation leading to a decrease in physiological function
and a further increase in health risk. This dysregulation also
affects innate and adaptive immunity as well as increases in
inflammatory markers and susceptibility to infection. Frailty
is generally associated with infectious diseases through
several pathways that reduce immunity [11]. This path will be
discussed further in this section.

The sociodemographic analysis also reported that there is
no significant difference between the proportion of sex, male
and female in terms of the incidence of DM [10]. This is
contradictive with our findings in which our results indicate
that the prevalence of diabetes mellitus is more likely in
females than males. Our study also revealed that most of the
subjects had normal BMI. This is in line with an analytical

study by Sobers-Grannum, N. et al conducted in the Caribbean
region which confirmed that females are more likely to suffer
from diabetes mellitus than males, but however these findings
may differ in other parts of the world [12].

In general, males are more likely to suffer from type 2
diabetes mellitus at a younger age than females. In addition,
there are predictor factors that increase the susceptibility of
both sexes to type 2 diabetes mellitus. In females with a higher
BMLI, it is a predictor of an increased tendency to suffer from
diabetes mellitus, while in males the predictor is waist
circumference In males, the frequently finding is abdominal
obesity, whereas females can be in a state of so-called
metabolically healthy obesity. In the pre-diabetic stage, a
fasting hyperglycemia state is frequently seen in males,
whereas a glucose intolerance state is seen more frequently in
females [13].

Furthermore, based on clinical characteristics, it was found
that 60% of diabetes mellitus patients in Indonesia have at
least one co-morbid underlying diabetes mellitus [10].
Inadequate physical activity refers to the development of type
2 diabetes mellitus in women, whereas the condition of the
metabolic syndrome with hypertension and dyslipidemia is
more common in men. Smoking is a risk factor for both sexes,
however in the case of women who smoke and have type 2
diabetes mellitus have significantly higher cardiovascular
complications than men who smoke and have type 2 diabetes
mellitus [12, 13].

In this recent study, we found out that the most symptom of
diabetes mellitus patients is fever. In theory, diabetes mellitus
is associated with a decreased response of T-cells formation,
neutrophil function, and impaired humoral immunity. As a
result, people with diabetes mellitus are increasingly
susceptible to infection. The pathogenesis of infectious
susceptibility can be explained in a number of mechanisms.
First, the compromised complement system, where we know
that this system is one of the main mechanisms responsible for
the activation of humoral immunity. This system involves
serum and surface proteins which have the main function to
promote opsonization and phagocytosis of microorganisms
via macrophages and neutrophils and induce the lysis of
microorganisms [14]. Furthermore, this complement system
activates products and provides secondary signals to activate
B-lymphocytes and produce antibodies. In several studies,
there has been a deficiency of the C4 component in people
with mellitus, where C4 depletion is thought to be associated
with polymorphonuclear dysfunction (PMN) and decreased
cytokine response [15].

Second, it turns out that patients with diabetes mellitus,
mononuclear cells and monocytes secrete less interleukin-1
(IL-1) and interleukin-6 (IL-6) in response to stimulation by
lipopolysaccharides. Low interleukin production is thought to
be due to intrinsic cell defects in people with diabetes.
Furthermore, several studies have shown that increased
glycation can inhibit the production of IL-10 from myeloid
cells, as well as interferon gamma (IFN-y) and tumor necrosis
factor alpha (TNF-a) from T-cells. Glycation can also
decrease the expression of the major histocompatibility
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complex ( MHC) class I on the surface of myeloid cells
resulting in damage to immune cells [14, 15].

Third, there is a suppressing immune response which
causes a decrease in the mobility of PMN leukocytes,
chemotaxis and phagocytic activity that can occur in
hyperglycemia conditions. This hyperglycemic condition can
also  block antimicrobial function by inhibiting
glucose-6-phosphate dehydrogenase (G6PD) and increasing
PMN leukocyte apoptosis and decreasing its transmigration to
the endothelium. In tissues that do not need insulin to transport
glucose, this hyperglycemia condition increases intracellular
glucose levels and is further metabolized using NADPH as a
cofactor in this process. This decrease in NADPH prevents the
regeneration of a molecule that plays a key role in the
antioxidant mechanism in cells. This process increases the
susceptibility to oxidative stress [14, 15].

In a previous study by Rajagambeeram, R. et al. reported
that there was an inverse correlation between serum sodium
levels in diabetic patients. The results showed that sodium
levels had a negative correlation with fasting blood glucose
levels and HbA1C levels. On the other hand, potassium levels
have a positive correlation with fasting blood glucose, but not
significant. Hyperkalemia has clearly shown an association
with hyperglycemia [16]. The results of the inverse correlation
also support our findings in this recent study. It was found that
sodium and potassium levels were not significantly correlated
with blood glucose, but for potassium levels, it was positively
correlated with hyperglycemia, in which it is proper with the
existing theory

Another study by Karuppa, A. et al showed that a common
electrolyte abnormality in DM is hyponatremia, in which
about one third of subjects reported had low sodium levels
(<130 mEq/L). This supports the existing theory that patients
with poor blood glucose control have a higher risk for
hyponatremia due to the inability of the kidneys to maintain
control homeostatic mechanisms which include thirst,
secretion of antidiuretic hormone (ADH), and renal function
to control filtering of sodium excretion [17].

The frequency of hyponatremia is more likely to be seen in
the elderly than in younger ages. Drugs may also cause
hyponatremia in diabetic patients. A number of drugs are
associated with a high risk of hyponatremia, including
diuretics, selective serotonin reuptake inhibitors (SSRIs),
angiotensin-converting-enzyme inhibitors (ACE-i), opioids
and anti-arrhythmic  drugs. However, drug-induced
hyponatremia is more common as a result of chronic drug use.
In addition, each hospitalized patient has the possibility of
electrolyte correction as part of hospital management to
prevent potential risk of mortality in diabetic patients [17].

In uncontrolled diabetic patients, there is a phenomenon
called pseudohyponatremia which is having low sodium
concentrations, normal serum osmolality, but experiencing
hypertriglyceridemia. This condition requires proper
diagnosis to prevent the dangers of overtreatment. Therefore,
in such cases, the patient does not show classic symptoms in
relation to hyponatremia. This condition does not require
treatment to correct sodium but requires adequate glycemic

control, as this glycemic control is associated with decreased
serum triglycerides and results in correction of
pseudohyponatremia [18].

The main cause of hypotonic hyponatremia in diabetic
patients is due to osmottic diuresis-induced hypovolemia. In
diabetic ketoacidosis (DKA) patients, obligate urinary
B-hydroxybutyrate and acetoacetate sodium acetoacetate are
excreted which results in decreased hypovolemia. The
alteration of vasopressin hormone in DM with renal
complication leads to an increase in the expression of
insulin-induced aquaporin (AQP-2) water channels and water
absorption in the gastrointestinal tract (GI) due to slower
gastric emptying. These are considered to play a key role in
the association between diabetes mellitus and hyponatremia
[17,18].

Study by Rajagambeeram, R. et al also reported that
diabetic patients were more likely to develop hypokalemia
than hyperkalemia, but there were no significant correlations
and differences between uncontrolled and controlled subjects
[17]. Hypokalemia in diabetics can be caused by several
mechanisms. First, there is a shift in the redistribution of
potassium from the extracellular fluid (ECF) compartment to
intracellular fluid (ICF) due to the use of insulin. Second, the
loss of potassium from the GI tract due to malabsorption
syndrome or impaired motility due to diabetes which causes
bacterial overgrowth and causes chronic diarrhea. Third, loss
of potassium from the renal system due to osmotic diuresis, or
preexisting hypomagnesemia. The fact that hypomagnesemia
causes hypokalemia due to low intracellular concentrations of
magnesium (Mg2 +) leads to activation of extracellular
medullary K + channels to be excreted more [18].

This recent study revealed that chloride (Cl-) was
negatively correlated with glucose levels in diabetic patients
and had a very weak correlation. In a study conducted by
Woyesa, SB, et al. demonstrated a correlation between
chloride and as risk factors for diabetes mellitus. Three
electrolyte abnormalities were found in diabetics, namely
hyponatremia, hypochloremia and hyperkalemia. Several
previous studies have also identified a condition in diabetic
patients, called diabetic hyperchloremia. These serum
electrolyte abnormalities were found to accompany sodium
and potassium abnormalities [19].

Furthermore, Woyesa, SB, et al found that the correlation
between abnormal serum chloride concentration levels and
drug type for diabetic patients was negative and very weak for
the correlation coefficient [19]. This contradicts Kataoka, H,
et al. which investigated the effects and possible mechanisms
underlying the diuretics of the sodium-glucose cotransporter 2
inhibitor (SGLT2i) drug on serum chloride concentrations and
were clinically significant based on the "chloride theory" in
type 2 DM and type 2 heart failure (HF) patients. The study
postulated that, according to the "chloride theory", chloride
ion is the main key of electrolytes to regulate and distribute
plasma volume in all body spaces, namely the intracellular,
intravascular, interstitial compartments and pleural spaces;
and not sodium. Therefore, compared to cationic sodium ions,
anionic chloride ions in the human body have the potential for
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"tonicity" in the vascular space, thus fueling the concept of
this theory [20].

The study also showed that medical treatment for diabetes
mellitus using SGLT2i drugs can be classified as a
“chloride-regaining diuretics” to preserve or enhance chloride
serum concentration via a number of mechanisms. According
to the concept of “chloride-theory” and SGLT2i as
“chloride-regaining”, it can be considered that this
combination could have peculiar properties to preserve
plasma volume and renal function, also the capability draining
interstitial body fluid by serum chloride-associated
enhancement of vascular tonicity. This concept is consistent
with clinical observation nowadays that SGLT2i reduces
interstitial congestion without any deleterious effects of
arterial underfilling or predominantly decreases extracellular
volume. However, it is important to remember that SGLT2i
cannot be administered to diabetic patients and non-HF
patients with hypernatremia and hyperchloremia [20].

Magnesium (Mg2 +) is involved in the process of insulin
secretion and acts as a cofactor in various enzyme processes
for carbohydrate metabolism. Magnesium deficiency
decreases the affinity of glucose for binding to glucokinase
and indirectly results in impaired insulin secretion, insulin
resistance and leads to increased macrovascular risk.
Numerous studies have documented that hypomagnesemia is
associated with poor glycemic control, and possibly due to
urinary wastage of magnesium. This study revealed that
magnesium was negatively correlated with glucose levels in
diabetic patients and had a weak correlation. Research
conducted by Rajagambeeram, R, et al. found that magnesium
levels were negatively correlated with glycemic control and
fasting blood glucose (FBG), and the strength of the
correlation was found to be not strongly correlated.
Hypomagnesemia is an electrolyte disorder due to nutritional
deficiencies, diuretics, metabolic acidosis, glomerular
hyperfiltration, and changes in insulin metabolism [16].

Epidemiological studies suggest that low magnesium intake
is associated with an increased risk of developing diabetes
mellitus, whereas high magnesium intake is associated with a
reduced risk of diabetes mellitus. In addition,
hypomagnesemia also causes impaired glucose disposal and
contributes to cardiovascular disease, retinopathy and
nephropathy. The incidence of hypomagnesemia in people
with type 2 diabetes mellitus is very wide, and depends on the
cause, such as oral pool intake and chronic diarrhea associated
with autonomic neuropathy. Proton pump inhibitor drugs
(PPIs) also interfere with magnesium absorption in the GI
tract. This effect results from a drug-induced low pH in the
intestinal lumen which alters the affinity of potential transient
receptors namely melastatin-6 and melastatin-7 (TRPM6 and
TRPM7) channels on the apical surface of enterocytes for
magnesium [21].

This study has several limitations, including the size of the
research subjects is not large enough for the results of
electrolytes to be statistically significant. This could be due to
the fact that the period of sample collection was during the
Covid-19 pandemic so that the number of patients visiting the

hospital was significantly reduced.

5. Conclusion

The risk of developing diabetes mellitus increases with age,
especially in those who are over or equal to 55 years of age,
are female, and have an excess body mass index. Only
potassium has a positive correlation with fasting blood
glucose, whereas other electrolytes have negative correlation,
however all correlations are not significant. Because four
electrolyte abnormalities are found in people with diabetes
mellitus, namely hyponatremia, hyperkalemia, hypochloremia,
and hypomagnesemia, therefore -electrolyte examination
should be routinely measured in type 2 diabetes.
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