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Abstract
We examined electrolyte imbalance and blood sugar levels in patients with COVID-19 who had no underlying disease. This cross-sectional

study in a clinical center was performed in Kermanshah, west of Iran. All patients who had a record of magnesium (Mg2+), potassium (K+),

sodium (Na+), and fasting blood sugar (FBS) tests in their clinical files at the time of admission to the hospital from April 21 to July 12, and

didn’t have a history of an underlying disease, were included in the study. Patients were divided into outpatient (as less severe COVID-19) and

intensive care units (ICU) (as severe COVID-19). For statistical analysis of collected data, the SPSS software (version 16) was used. Among a

total of 134 patients, 58 cases (24 ICU and 34 outpatients) were included in the study. The mean and median age was 56 and 62 years,

respectively. From all included, 33 men (57%), 25 women (43%), 52 urban (89.7%), 6 rural (10.3%), 41 alive (70.7%), and 17 died (29.3%)

were recorded. From all included patients, 49.1% hyperglycemia, 38% hyponatremia, 7.3% hypokalemia, and 32% hypomagnesemia were

observed. Unlike the mean of age and the level of K+, there was a statistically significant difference between the outpatient and ICU

groups in terms of Mg2+, Na+, and FBS (p < 0.05). Hyperglycemia and electrolyte imbalance in COVID-19 patients is feasible. Therefore,

notice to measuring these cases and monitoring the patient can be effective in the treatment process and prevent the serious

complications of the disease.
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Introduction
Since December 2019, when coronavirus disease 2019
(COVID-19), an infectious disease caused by severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2), appeared
in Wuhan China, various reports have been published on the

clinical status of infected patients. A number of these reports
indicated hyperglycaemia [1] and electrolyte imbalances in
This is an open access arti
patients [2]. It was suggested that uncontrolled hyperglycaemia
causes an increase in length of hospitalization and mortality

caused by SARS-CoV-2 infection [3]. Electrolyte imbalances
lead to cardiovascular and renal involvement [4].

The renin–angiotensin–aldosterone system is involved in
electrolyte balance and blood pressure stabilization [5].
Angiotensin-converting enzyme 2 (ACE2) is a known receptor

for the SARS-CoV-2 virus spike complex [6]. This receptor is
present in the respiratory, gastrointestinal and urinary tracts.

The virus can induce various clinical manifestations or compli-
cations by binding to these receptors [7]. Electrolyte imbalance

following the binding of the virus to the ACE2 receptor may
contribute to metabolic disorders. Hence, knowledge of such

metabolic disturbances caused by SARS-CoV-2 infection, which
in turn will lead to immune disorders [8], can play a role in

disease prognosis and initial clinical measures and monitoring of
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disease. Understanding the potential pathophysiological mech-

anisms of COVID-19 may offer an opportunity to establish a
novel therapeutic strategy. The heterogeneity of reports of

metabolic and electrolyte disturbances caused by SARS-CoV-2
has placed restrictions on the detailed analysis of this condition.

Access to more reports would greatly reduce these limitations.
In this study, we provide a report on the status of electro-

lytes of magnesium (Mg2+), potassium (K+) and sodium (Na+),

and of fasting blood sugar (FBS) at the initial admission with
COVID-19 of individuals with no underlying disease. We also

compare these factors between individuals with severe and less
severe COVID-19.

Materials and methods
This cross-sectional study was performed at Golestan Hospital,
the main referral centre for individuals with COVID-19 in
Kermanshah, western Iran, from April to July 2020. Our pop-

ulation consisted of individuals who received a diagnosis of
COVID-19 according to PCR and/or chest CT scans.

All patients who had a record of FBS, Mg2+, K+ and Na+

plasma tests in their clinical files at the time of admission to the

hospital from 21 April to 12 July 2020 (the test period) were
listed. Participants were divided into outpatient (as less severe

COVID-19) and intensive care unit (ICU) (severe COVID-19).
All demographic, epidemiological and laboratory data were

recorded in a form provided for this purpose. After reviewing
the clinical records, those with a history of cancer, diabetes,
hypertension, or cardiovascular and renal disorders, were

excluded from the study and those who did not have any his-
tory of these diseases were included in the investigation. Fluc-

tuations in FBS, Mg2+, K+ and Na+ plasma levels due to SARS-
CoV-2 infection were examined and compared between the

severe and less severe COVID-19 groups.
Individuals in each group were divided according to the study

variables as follows: four levels of Na+, K+ and Mg2+ in plasma
(normal, hypo-, severe hypo- and hyper-) and two levels of FBS
(normal and hyperglycemia).
TABLE 1. Frequency and percentage of blood glucose level in two g

point of admission to hospital

Group Frequency and percent

FBS level in plasma

Normal (70–110 mg/dL) Hyp

ICU Count 8 1
% within FBS 29.6% 50.0

Outpatient Count 19 1
% within FBS 70% 50.0

Total Count 27 2
% within FBS 100.0% 100.

Abbreviations: FBS, fasting blood sugar; ICU, intensive care unit.
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The SPSS software v.16 (SPSS Inc., Chicago, IL, USA) was

used for statistical analysis. The quantitative variables were
shown by mean ± standard deviation, and median. Depending on

the type of variables, t-test and χ2 tests or other non-parametric
equivalents were used for comparison of the two groups.
Results
A total of 134 individuals were included in the study: 65 (48%)
in the ICU and 69 outpatient cases (51.5%). After reviewing the

clinical records, 76 (56.7%) had an underlying disease, of which
41 were ICU patients and 35 were outpatients.

Finally, 58 patients were included in the research (24 ICU

cases and 34 outpatient cases) to evaluate the state of FBS and
electrolytes.

Mean age of patients was 56 years (14–94 years), and the
median was 62 years. Patients comprised 33 men (57%), 25

women (43%), and 52 (89.7%) were from urban areas and 6
(10.3%) were from rural areas. Forty-one patients (70.7%)

survived (33% of ICU patients and 97% of outpatients) and 17
(29.3%) died from COVID-19 (66% of ICU patients and 3% of
outpatients). Those who died included 11 men and 6 women

and the living patients were 22 men and 19 women.
There was no significant difference between the mean age of

individuals in the ICU and outpatient groups (p 0.489). The χ2

test also showed that there was no significant difference be-

tween urban and rural living (χ2(1, n = 134) = 0.12, p = 0.20,
phi = 0.125).

In regards to blood sugar levels, 47.3% of patients had
normal blood sugar levels (29.6% of ICU patients and 70% of

outpatients), 3.5% had hypoglycaemia and 49.1% were hyper-
glycaemic (Table 1). In terms of blood sodium levels, 55% of
patients had normal levels, 38% had hyponatraemia and 7% had

hypernatremia (Table 2). For the blood potassium levels, 85%
of patients were in the normal range, 1.8% were hypokalaemic,

7.3% were severely hypokalaemic and 5.5% were hyperkalaemic
(Table 3). Blood magnesium levels were normal in 48% of
roups of COVID-19 patients without underlying disease at the

Totaloglycaemia (<65 mg/dL) Hyperglycaemia (>115 mg/dL)

15 24
% 53.57% 42.1%

13 33
% 46.43% 57.9%

28 57
0% 100.0% 100.0%

nses/by-nc-nd/4.0/).
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TABLE 3. Frequency and percentage of blood potassium level in two groups of COVID-19 patients without underlying disease at

the point of admission to hospital

Group
Frequency and
percent

K+ level in plasma

Total
Normal
(3.5–5 mEq/L)

Hypokalaemia
(3–3.4 mEq/L)

Severe hypokalaemia
(<3 mEq/L)

Hyperkalaemia
(>5.5 mEq/L)

ICU Count 19 0 2 2 23
% within K+ 40.4% .0% 50.0% 66.7% 41.8%

Outpatient Count 28 1 2 1 32
% within K+ 59.6% 100.0% 50.0% 33.3% 58.2%

Total Count 47 1 4 3 55
% within K+ 100% 100% 100% 100% 100%

Abbreviation: ICU, intensive care unit.

TABLE 2. Frequency and percentage of blood sodium level in two groups of COVID-19 patients without underlying disease at the

point of admission to hospital

Group Frequency and percent

Na+ level in plasma

TotalNormal (135–145 mEq/L) Hyponatraemia (121–134 mEq/L) Hypernatraemia (>146 mEq/L)

ICU Count 12 8 4 24
% within Na+ 37.5% 36.4% 100.0% 41.4%

Outpatient Count 20 14 0 34
% within Na+ 62.5% 63.6% .0% 58.6%

Total Count 32 22 4 58
% within Na+ 100.0% 100.0% 100.0% 100.0%

Abbreviation: ICU, intensive care unit.

TABLE 4. Frequency and percentage of blood magnesium level in two groups of COVID-19 patients without underlying disease at

the point of admission to hospital

Group
Frequency and
percent

Mg2+ level in plasma

Total
Normal
(1.8–2.2 mg/dL)

Hypo-magnesaemia
(1.26–1.7 mg/dL)

Severe hypo-magnesaemia
(<1.25 mg/dL)

Hyper-magnesaemia
(>2.6 mg/dL)

ICU Count 5 8 2 5 20
% within Mg2+ 20.8% 50.0% 66.7% 71.4% 40%

Outpatient Count 19 8 1 2 30
% within Mg2+ 79.2% 50.0% 33.3% 28.6% 60%

Total Count 24 16 3 7 50
% within Mg2+ 100.0% 100.0% 100.0% 100.0% 100%

Abbreviation: ICU, intensive care unit.
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patients, 32% were hypomagnesaemic, 6% were severely
hypomagnesaemic and 14% were hypermagnesaemic (Table 4).

The sample t-test showed that there was a significant dif-
ference between the increase in blood glucose levels due to

disease between the ICU and outpatient groups (p = 0.042) and
the mean ± SD of glucose level in ICU patients (143 ± 54.5 mg/

dL) was more than that in outpatients (116 ± 42.2 mg/dL). The
mean glucose level of those who died due to disease was
156 ± 56.7 mg/dL and that of those who survived was

115 ± 40.6 mg/dL. There was a statistically significant difference
between the glucose levels of the two groups (p = 0.003).
This is an open access artic
There was a significant difference between the outpatient
and ICU groups in terms of blood sodium levels (both hypo-

natraemia and hypernatraemia), (χ2(2, n = 58) = 0.32, p = 0.04,
phi = 0.32).

There was no significant difference in blood potassium levels
between the two groups.

The frequency of people with normal blood magnesium
levels was higher in the outpatient group than in the ICU group.
Also, hypermagnesaemia in the ICU group was higher than in

the outpatient group and there was a significant difference
between the two groups (χ2(3, n = 50) = 0.4, p = 0.04, phi = 0.4).
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100807
le under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Discussion
Our aim was to study electrolytes (Mg2+, K+ and Na+) and

glucose concentration in serum of patients with severe (ICU)
and less severe (outpatient) COVID-19 after diagnosis of dis-
ease and before any intervention therapy. Previous studies

suggested some imbalances in serum electrolytes and glucose
levels in individuals with COVID-19 [1,2,9].

Hyperglycaemia can be a result of related conditions such as
severe sepsis, systemic inflammatory response syndrome and

traumatic brain injury. The initial response to these conditions
is an increase in the levels of some cytokines, which is

accompanied by high levels of blood glucose (hyperglycaemia).
It has been shown that there is a correlation between glucose

blood levels and morbidity/mortality of patients [10,11]. The
characteristic of the pro-inflammatory phase in critical cases of
these conditions is metabolic stress, which leads to the

breakdown of glycogen, the synthesis of adrenocorticotrophic
and glucagon hormones, and insulin resistance, which all cause

an increase of blood glucose [12]. In our study, glucose levels
were higher in those individuals who died, and there was a

significant difference in glucose levels between the two groups.
Studies of risk factors for the mortality and morbidity of

community-acquired pneumonia, SARS and Middle East respi-
ratory syndrome, have shown that hyperglycaemia and/or dia-
betes are involved [13,14]. Wang et al. indicated that the level of

FBS at the time of admission is a significant prognostic factor for
COVID-19 [1]. In our study, there was a significant difference

between the increase in the level of FBS at the time of admis-
sion between the severe and less severe COVID-19 groups and,

consistent with the results of Wang et al., the level of FBS was
higher in the ICU group than in the outpatients. The mean level

of blood glucose in outpatients was not as high as in ICU pa-
tients. According to the previous study, a mild increase in blood

glucose may relate to patient stress [15]. However, it was
suggested that acute insulin resistance, characterized by
hyperglycaemia and hyperinsulinaemia, causes a higher level of

glucose, which has been shown in ICU patients [12].
During the 2003 SARS epidemic, patients with no history of

diabetes revealed hyperglycaemia. In immunohistochemical
staining of the pancreatic tissue of these patients, ACE2 re-

ceptors were shown, similar to the myocardium and alveolar
epithelium of the lung. All reported symptoms of COVID-19

(dyspnoea, diarrhoea, acute heart damage and kidney failure)
could be correlated with organ expression of ACE2. The
expression of this receptor in the endocrine part of the

pancreas indicates that the coronavirus that causes SARS,
SARS-CoV, enters the islet cells using ACE2 as a receptor and

causes acute diabetes by damaging these cells [16].
© 2020 The Authors. Published by Elsevier Ltd, NMNI, 38, 100807
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According to the pathophysiology of SARS-CoV-2, the virus

upon binding to its receptor, ACE2, is likely to reduce ACE2
protein expression and cause an increase of angiotensin II,

which can increase renal potassium excretion, eventually lead-
ing to hypokalaemia [17]. Chen et al. reported a high prevalence

of hypokalaemia in individuals with COVID-19 [9]. In our study,
only 10% of participants with both severe and less severe forms
of COVID-19 developed hypokalaemia. One of the reasons for

this discrepancy in the results of patients’ blood potassium
concentrations was the inclusion of patients with underlying

cardiovascular disease and type 2 diabetes by Chen et al.,
whereas in our study, all those with the underlying disease were

excluded [9]. Also, we only examined electrolytes at the time of
admission and did not follow the results for the following days,

so our findings are based on the initial results.
here is less information about the status of magnesium in

individuals with COVID-19, but it cannot be ruled out that

there is an inverse relationship between hypomagnesaemia
and increased inflammatory markers, including interleukin-6,

tumour necrosis factor-α, soluble intracellular adhesion
molecule 1, soluble vascular cell adhesion molecule 1 and C-

reactive protein, which also increase in this disease [18].
Magnesium co-supplementation has been shown to down-

regulate the genes controlling the expression of interleukin-
1 and tumour necrosis factor-α [8]. Magnesium is also

known as a calcium-channel blocker and inhibits the influx of
calcium to immunocompetent cells, thereby preventing the
activation of nuclear factor-κB, the production of cytokines,

especially interleukin-6, and also systemic inflammation [19].
Therefore, it seems that the decrease in magnesium due to

COVID-19 will exacerbate the inflammation caused by the
virus and cause a cytokine storm. According to the hypotheses

of Iotti et al., individuals with COVID-19 manifest with
hypomagnesaemia; one of the reasons for this is the stress

caused by this pandemic, which, under the effect of stress
hormones catecholamines and corticosteroids, magnesium
shifts to the extracellular space and urinary excretion of Mg2+

increases. This also starts a defective cycle, releasing more
stress hormones and exacerbating the hypomagnesaemia [20].

As hypomagnesaemia affects the performance of the
sodium–potassium ATPase pump, the intracellular potassium

concentration decreases following hypomagnesaemia. As a
result of hypomagnesemia, the renal outer medullary potas-

sium channel causes a decrease in potassium by increasing the
distal secretion of potassium. Increased distal sodium delivery

and aldosterone may also contribute to potassium loss along
with magnesium depletion [21]. In our study, 38% of patients
developed hypomagnesemia, which did not differ in frequency

between the groups with severe and less severe disease. The
prevalence of hypomagnesaemia was higher than that of
nses/by-nc-nd/4.0/).
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hypokalaemia; this may be the reason why hypomagnesaemia

precedes hypokalaemia.
Hyponatraemia has been reported in COVID-19 [22–24]. In

a retrospective study conducted by Zhang et al., the correlation
between hyponatraemia and the severity of COVID-19 was

considered [25]. In a review study of electrolyte imbalances in
patients with COVID-19, five studies were identified with a
total of 1415 participants, indicating a relationship between

decreased blood sodium and disease severity [2]. As one of the
expression sites of the ACE2 receptor is in the proximal tubule

[26], hyponatraemia can occur due to increased expression of
the ACE2 receptor in the proximal tubule. In an individual with

severe hyponatraemia, it was shown that SARS-CoV-2 causes a
syndrome of inappropriate secretion of antidiuretic hormone

and manifestations of hyponatremia [27]. The results of the
present study show that hyponatraemia was more common in
outpatients than in severe patients, but all cases of hyper-

natraemia were observed in patients with severe disease.
According to the results of this study, hyperglycaemia and

electrolyte imbalance occur in individuals with COVID-19.
Measurement of these factors and monitoring the patient can

be effective in the treatment process and may help to prevent
the serious complications of this disease.
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