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Background: Systemic inflammation is associated with severe coronavirus disease. Hyponatremia
can be caused by inflammation related to non-osmotic stimuli.
Objectives: This study was conducted to investigate hyponatremia status and interleukin 6

concentration as well as their possible relationship in COVID-19 patients compared to healthy
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Methods: In this cross-sectional study, 24 COVID-19 patients and 24 healthy individuals referred
to hospitals in Hamadan were included in the study in order to evaluate the relationship between

hyponatremia and inflammation. The study was conducted after receiving ethical approval and
informed consent from the participants. Complete blood count (CBC), inflammatory markers,
electrolytes, creatinine, liver enzymes, ferritin, albumin, and D-dimer were measured using
Selectra-Pro XI autoanalyzer, Pars Azmoun kits, and Human Interleukin 6 ELISA Kit Catalog
MBS760693. All analyses were performed at a significance level of 0.05.

Results: In this study, there was no statistically significant difference in age and gender between 24
healthy people and 24 participating patients (P>0.05). The level of electrolytes such as sodium,
potassium, magnesium, calcium, and phosphorus was significantly decreased in patients with
COVID-19 compared to controls (P<0.001). The level of inflammatory markers, ferritin, albumin,
D-dimer, and liver enzymes in the patient group was significantly increased compared to the

control group (P<0.01).
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= Conclusion: The results of this study showed a higher incidence of hyponatremia and an
] increased level of interleukin-6 in COVID-19 patients. It seems that the use of strategies to reduce
inflammation will help in the proper management of the disease.
Keywords: Hypernatremia, COVID-19, Inflammation, Electrolytes
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Background

Hyponatremia (serum sodium concentration less than
135 mmol/L) is one of the most well-known electrolyte
disorders of medical importance (1), which is associated
with adverse clinical outcomes in patients with acute
and chronic cardiopulmonary and pneumonia (2). Some
studies on patients with community-acquired pneumonia
(CAP) have reported the association of sodium disorders
with increased mortality and an increased risk of admission
to the intensive care unit considering that hyponatremia
occurs in 26-28% of patients. The increase in the length
of hospitalization is associated with an increase in
hospital costs and an increase in the risk of mortality (3).
Severe hyponatremia is associated with life-threatening

complications, such as encephalopathy, cerebral edema,
seizures, and coma. The risk of this disorder among
pneumonia patients varies based on the type of pathogen.
In other words, 44%-46% of Legionella pneumophila
species cause hyponatremia, and 8%-14% of patients with
CAP caused by other pathogens show hyponatremia (4).
The severity of the underlying diseases is not a direct result
of the cause of the disease, while in severe hyponatremia,
this situation is the opposite. SARS-CoV-2 is a member
of the coronavirus family and the cause of COVID-19
in 2019. In March 2020, the World Health Organization
(WHO) declared COVID-19 as a pandemic, which is one
of the most severe pandemics that humanity has faced
(5). Definitive evidence shows the relationship between
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COVID-19 and the increase of inflammation; therefore, the
occurrence of cytokine storm is one of the most important
mechanisms of its pathogenesis (6). Some studies have
shown the relationship between hyponatremia and the
increase of inflammatory interleukins such as interleukin
(IL)-6 and IL-1. Several results indicate the important role
of IL-6 in the non-osmotic release of antidiuretic hormone
(7). The plasma sodium level in pneumonia patients plays
an important role in evaluating the severity of the disease
and is used in assessing the severity of pneumonia (8).
Numerous studies have shown electrolyte disturbances in
COVID-19 patients, some of them show a decrease and
other studies show an increase in sodium concentration in
COVID-19 patients (6,9,10). Considering the importance
of serum sodium and IL-6 levels in COVID-19 patients,
the aim of this study was to investigate the status of serum
sodium in these patients and its possible relationship
with IL-6 compared to healthy control subjects in public
hospitals in Hamedan, western Iran.

Materials and Methods

Study Design and Participants

This cross-sectional study was approved by the Ethics
Committee of Hamadan University of Medical Sciences
(IR.UMSHA.REC.1400.391).  According to
medicine specialists, the inclusion criteria for the patient
and control groups were: having a definite positive real-
time polymerase chain reaction (PCR) test result and
CT-scan findings for COVID-19, not being intubated,
and being at the age of 18 to 60 years. The exclusion
criteria included: low glomerular filtration rate, suffering
from various types of cancer, diabetes, hypertension,
inflammatory diseases, or any disease that affects the
level of interleukins (diagnosed by a specialist doctor),
long-term use of drugs that suppress the immune system
or drugs that affect the level of sodium (diagnosed by a
specialist), pregnancy or breastfeeding, as well as smoking.
In this way, 24 confirmed COVID-19 patients (confirmed
by molecular PCR test and CT-scan findings) (men and
women) and 24 healthy controls (men and women)
referred to Ayatollah and Sinai hospitals in Hamadan
were examined for periodical monitoring and chronic
underlying diseases. In this study, in patient groups, 37
candidates were examined, of whom 8 individuals were
excluded because they failed to meet the inclusion criteria
and 6 volunteers withdrew from the study.

The patients were informed about the study, and the
consent form was given to them in accordance with the
research regulations of Hamadan University of Medical
Sciences. The details of the admission of the patients
were fully recorded, which included the demographic
information of the patients, vital signs, fever, blood pressure,
oxygen gas pressure, severity of the disease, hospitalization
status in the ward, duration of hospitalization, and the
outcome of the disease in all cases were recorded.

internal

Sample Collection

After confirming COVID-19 by CT-scan findings and
before prescribing any drug therapy, fasting blood samples
were taken from patients and control subjects. After
centrifuging the blood sample for 10 minutes at 3000 g,
the serum was separated. Then, it was poured into 0.2 mL
microtubes and kept in a freezer at -20 °C until the test.

Biochemical Tests

Common laboratory tests such as complete blood count
(CBC) were performed using the Sysmex cell counter
(SE 9020). Inflammatory markers such as C-reactive
protein (CRP) (using the Bionic semi-quantitative latex
agglutination kit) and erythrocyte sedimentation rate
(ESR) (using the automatic ESR analyzer, Sedimex) were
also measured. Electrolytes such as sodium, potassium,
calcium, phosphorus, BUN, and creatinine, as well as liver
enzymes including AST and ALT were measured using
Selectra-Pro XI electrolyte analyzer and Pars Azmoun Kkits.
Additionally, ferritin level was measured using Pishgaman
kit Assay, and the albumin level was measured using the
Man company kit. Besides, D-dimer level was measured
with Pars Azmoun kit and Vaidas device, and IL-6 serum
level was measured using the Human Interleukin 6 ELISA
Kit Catalog MBS760693.

Statistical Analysis

In this study, frequency, percentages, mean and standard
deviation are reported to describe the results. In order to
compare the qualitative variables in two groups, chi-Square
test was used, and independent t-test and Mann-Whitney
U test were used to compare quantitative variables in two
groups. All the tests were carried out at a significance level
of 0.05 in SPSS version 26.0.

Results

A total of 24 healthy people and 24 COVID-19
patients participated in this study. The mean age of the
participants in the healthy group was 42+ 10.5 years and
it was 48 £14.93 years in the patient group, indicating no
significant difference (P>0.05). In the control group, 75%
were men and 25% were women, and in the patient group,
66.7% were men and 33.3% were women, indicating no
significant difference between the two groups (P>0.05).
All participants were comparable in terms of age and
gender. The main characteristics of the respondents are
shown in Table 1. There was no underlying disease in any of
the participants. The control group did not receive drugs,
but those with COVID-19 received favipiravir, vitamin C,
vitamin D, acetaminophen, diphenhydramine syrup, and
Seroflo spray. Moreover, 81% of the patients had moderate
disease and 19% had a severe condition and were admitted
to the intensive care unit. Fortunately, only two deaths
occurred in the patient group (9.5%). Additionally, 88.9%
of patients had a CT scan. Table 1 shows demographic
information and clinical characteristics of the participants.
In this study, the levels of other electrolytes such as
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Table 1. Demographic and Clinical Characteristics of COVID-19 Patients and
Healthy Controls

Hyponatremia status and interleukin in COVID-19 patients

Table 2. The Serum Levels of Biochemical Parameters in COVID-19 Patients
and Healthy Controls

Patient Control P . . Patient group Control group
Property Group Group Value Biochemical Analytes Mean (SD) Mean (SD) P Value
Number of people 24 24 Sodium (mEqy/L) 128.7+10 142.2+7 <0.001
Gender (male) (%) 66.7% 75% 0.538 Potassium (mEg/L) 4+0.6 4.5+0.8 <0.001
Body temperature (°C) 0.5+39.1 0.1+£37 0.03 Blood sugar (mg/dL) 141.8+24.8 92.5+2.17 0.099
Cough 66.7% - - BUN (mg/dL) 22.9+4.7 145+1.3 0.001
Systolic pressure (mm Hg) 0.5+120.7 0.6+120.1 0.723 Creatinine (mg/dL) 1.1+0.2 0.8+0.1 0.001
Diastolic pressure (mm Hg) 0.5+7.3 0.8+.7.8 0.685 Aspartate aminotransferase (U/L)  49.6+7.4 18.£6.2 <0.001
Oxygen saturation percentage 5.2+87 1+£97 = Alanine aminotransferase (U/L) 23.3+6.7 222+7.8 0.011
Respiratory distress 58% - - Alkaline phosphatase (IU/L) 177.2£31 159.4+£16.5  0.246
Muscular pain 71.4% - - Calcium (mg/dL) 7.6+0.4 9.3+£0.6 0.031
Stomachache 23.3% - - Magnesium (mg/dL) 1.9+0.2 02+1.2 0.001
Nausea 28.6% - - Phosphorus (mg/dL) 3.5+0.4 4.5+0.5 <0.001
Vomiting 33.3% - - Creatine phosphokinase (mcg/L) 261.4+34.4 14.9+19.6 0.006
Diarrhea 23.8% - - Lactate dehydrogenase (IU/L) 425.5+£34.9 171.5+40.8 <0.001
Anorexia 57.1% - - Albumin (g/dL) 3.8+0.2 4.3+0.4 0. 01
Headache 66.7% - o D-dimer (ng/mL) 1225+98.8 187.7+29.4 <0.001
Dizziness 14.3% - -
Miled €T ez 88.19% B B Table 3. The Serum Levels of Inflammatory Indicators in the COVID-19
Patients and Healthy Controls
Hospitalization period (days) 10.38% - -
o Biomarkers Patient Control P Value
General admission 76.2%
department e ; : IL-6 level (pg/mL) 3.39+0.9 0.55+0.13  <0.001
Hospitalization in the intensive 90% CRP 3.44x1.1 7.24+54.7  <0.001
. o - -
care unit ESR 167+25  49.82192  <0.01
Clinical outcome of the 10% . . Ferritin (mcg/L) 3424616 164+56.7  <0.001
disease (discharge)
The percentage of lymphocytes 22% 39% <0.01

potassium, magnesium, calcium, and phosphorus were
also measured. Based on the results, the serum level
of sodium in COVID-19 patients showed a significant
decrease compared to the control group (P<0.001). There
was also a significant decrease in the concentration of other
electrolytes such as magnesium and potassium (P <0.001).
Phosphorus and calcium levels were also decreased in the
patient group. A decrease in albumin concentration was
also observed in the patient group. The measurement of
inflammatory markers such as ESR, CRP, IL-6, and ferritin
in both groups showed a significant increase in the serum
level of these inflammatory markers in the patient group
compared to the control group (P<0.001). The increase in
the level of D-dimer and CPK and LDH enzymes was also
significant in COVID-19 patients. Biochemical analyses
were also performed in two groups, the results of which
are presented in Table 2. The changes in non-fasting blood
sugar, BUN, and creatinine levels in the patient group were
significantly increased compared to the control group
(P<0.01). The increase of liver enzymes in the patient
group was also significant compared to the control group
(P<0.01). In the patient group, serum levels of IL-6 and
sodium showed a negative significant relationship with
a correlation coefficient of 0.81 (P<0.001). It should
be noted that no significant relationship was observed
between IL-6 serum level and D-dimer with a correlation

Absolute lymphocyte count (/uL) 1423+281.3 2813+178.4 <0.01

IL-6: Interleukine-6; CRP: C-Reactive protein; ESR: Estimated sedimentation
rate.

coefficient of 0.047 (P < 0.858) Table 3.

Discussion

More than 150 million people have been infected with
SARS-CoV-2, and the pandemic caused by this virus has
become the world’s biggest health concern. The virus
enters the host cells through angiotensin-converting
enzyme 2 receptors (11). These receptors are expressed in
many organs and are responsible for many physiological
processes such as regulation of renin angiotensin system,
blood pressure, and electrolyte balance (12). The
COVID-19 virus can activate various molecular pathways
that cause the complexity of pathogenesis and its clinical
results, including the death of type 1 pneumocytes,
interference with the renin-angiotensin system, disruption
ofiron metabolism, activation of intravascular coagulation,
which can lead to death. As mentioned before, the ACE2
receptor, the main entry point into the human cells for
SARS-CoV-2, is a zinc carboxypeptidase, which is
associated with the ability of the virus to disrupt iron
homeostasis and increase serum ferritin level. This study
has caused researchers to trace elements involved in the
clinical course of COVID-19 (13). Lung diseases are
among the most important causes of hyponatremia, which
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occurs in more than 30% of people with pneumonia.
Various studies have shown the relationship between
serum sodium concentration (hypo and hypernatremia)
and mortality in hospitalized patients and introduced it as
an independent risk factor for mortality (11). In this study,
more than 90% of patients had hyponatremia. This finding
is consistent with previous reports showing that
hyponatremia is more common than hypernatremia in
patients with CAP who have sodium disorder (13). Meta-
analysis studies with 37% sensitivity and 82% specificity
have associated hyponatremia with adverse clinical
outcomes of COVID-19, such as mortality, prolonged
hospitalization, and severity of COVID-19 (such as severe
pneumonia or requiring intensive care unit or invasive
mechanical ventilation). In the condition of normal
sodium level, there is a 16% probability of a bad prognosis
of COVID-19, and in the presence of hyponatremia, this
probability increases to 33% (14). Syndrome of
inappropriate antidiuretic hormone secretion (SIADH)
has been proposed as one of the important causes of
hyponatremia, and factors such as pain, nausea, and some
drugs trigger this condition (15). Another factor
contributing to the occurrence of SIADH in pneumonia is
hypoxic pulmonary vasoconstriction followed by the
reduction of left ventricular filling, which leads to the
increase of ADH secretion (16). Inflammation and
increased IL-6 levels are factors involved in the non-
osmotic release of ADH (16). The results of this study
showed that the level of IL-6 in COVID-19 patients had a
significant increase compared to control subjects.
Retrospective studies also show that 22.9% of COVID-19
patients had hyponatremia during admission, which was
associated with adverse respiratory function and increased
IL-6 levels in these patients compared to normothermic
patients (17). Research has proven that hyponatremia is
related to various inflammatory diseases such as
pneumonia, acute respiratory distress syndrome,
tuberculosis, and meningitis (18). Studies show that
inflammatory cytokines such as IL-1p and IL-6 are
involved in the development of hyponatremia associated
with inflammatory conditions (19). Laboratory studies
have proven that inflammatory interleukins such as IL-1B
can cause central and peripheral release of vasopressin and
IL-6 can induce ADH secretion in two ways: direct
stimulation of the hypothalamus and damage to the
alveolar basement membrane and lung (20). Additionally,
studies have shown that IL-6 causes early activation of
arginine vasopressin neurons in response to the injection
of bacterial lipopolysaccharide (21). More importantly,
Palin et al proved that 2 hours after the injection of IL-6,
the level of arginine vasopressin increases (21). These
researchers suggest that inflammatory interleukin causes
the activation of vasopressin-secreting neurons and there
is a possibility that they cause SIADH (20). Our previous
study proved the existence of oxidative stress in COVID-19
patients (22). ROS stimulates the breakdown of lipid
membranes and changes the redox status of proteins

involved in osmotransduction, especially osmotically
activated tyrosine kinases (such as ERK1/2, p38, members
of the src family), these changes increase their activity and
change cellular homeostasis (23). In this study, D-dimer
level was significantly increased in COVID-19 patients.
The D-dimer level has been proposed as a biomarker for
the severity and mortality of COVID-19 (24). The results
of the study by Zhang et al on COVID-19 patients showed
that D-dimer level is a useful early marker in the control
and management of this disease (25). Among other
tindings of this study, there was a significant relationship
between sodium level and serum D-dimer level (P<0.05)
and IL-6 level (P<0.05). A high D-dimer level not only
indicates a hypercoagulable state but also confirms the
presence of inflammation (26). The existence of a
relationship between electrolyte disorders, especially
hyponatremia, and D-dimer levels has been studied in
other diseases. Accordingly, the sodium/D-dimer ratio has
recently been proposed as a factor predicting the effect of
first-line chemotherapy as well as a prognostic factor in
patients with advanced gastric cancer (27). Although it
seems that the common point of hyponatremia and the
increase of D-dimer level is the presence of inflammatory
conditions, the exact mechanism is not clear and more
investigation is definitely needed. The results of this study
showed that COVID-19 affects the level of other
electrolytes. In other words, a decrease in the serum
concentration of potassium, magnesium, phosphorus, and
calcium was observed. In a study conducted by Liu et al in
2020, electrolyte disorders were observed in hospitalized
patients with COVID-19, including hyponatremia,
hypokalemia, hypomagnesemia, hypocalcemia, and
hypoalbuminemia. Hypocalcemia has been attributed to
the hypoalbuminemia present in COVID-19 patients (28).
Albumin has different bioactive roles and in addition to its
antioxidant function, it affects the concentration of
electrolytes. Hypoalbuminemia causes a shift of fluid from
the plasma to interstitial spaces, decrease in serum volume,
release of ADH, and hyponatremia. A decrease in albumin
concentration has been reported in COVID-19 patients
(27). As mentioned before, in this study, there was a
decrease in serum magnesium concentration in the patient
group compared to the control group. It has been
hypothesized that reducing the concentration of
magnesium can change the clinical condition of COVID-19
from mild to severe. Magnesium has a regulatory effect on
the cytotoxic functions of natural killer cells (NK) and
CD8+ T lymphocytes (29). The reduction of NK and T-cell
cytotoxicity due to magnesium deficiency can indicate the
greater susceptibility of the elderly and people with high
blood pressure, obesity, and diabetes to COVID-19.
Besides, magnesium deficiency increases the production
of inflammatory cytokines in monocytes and increases the
expression of NF-k; therefore, hypomagnesemia has pro-
inflammatory activity (30). Considering the occurrence of
cytokine storm in COVID-19 and the fact that ATP
reproduction after cytokine storm requires sufticient level
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of magnesium, it can be concluded that hypomagnesemia
can aggravate the condition of the disease. In this study,
hypokalemia was also observed in the patient group.
Various mechanisms, such as the increase in the activity of
the renin-angiotensin system (resistance of the virus to
this system), damage of digestive system, anorexia
secondary to the disease, and tubular damage caused by
ischemia or nephrotoxic factors are involved in the
occurrence of hypokalemia in COVID-19. Tubular damage
can be caused by the direct cytotoxic effect of the virus
(31). The results of a study by Alfano et al showed that
hypokalemia occurred in half of the COVID-19 patients
within the first 24 hours of hospitalization. The incidence
of hypokalemia was associated with a significant
prolongation of hospitalization (32). In severe cases,
hypokalemia is associated with life-threatening
complications such as arrhythmic heart disorders,
paralysis, and rhabdomyolysis, especially in people with
cardiovascular diseases. Another important point is that
due to the association of hypokalemia with QT
prolongation, serum potassium should be carefully
measured in these patients because some drugs used in
COVID-19,such asazithromycin and hydroxychloroquine,
also affect QT. This study had limitations, including the
small size of the selected sample, as well as the impossibility
of measuring the excretion of sodium and other
electrolytes, especially in the urine sample. Moreover, if it
is possible to measure the serum level of ADH, it would be
possible to determine the type of hyponatremia more
accurately.

Conclusion

Hyponatremia is one of the most common electrolyte
disorders in COVID-19 patients. Our study showed a
higher incidence of hyponatremia and an increased level
of interleukin-6 in COVID-19 patients, indicating a
significant relationship between these two. Determining
the etiology of this disorder is very important in these
patients because it can determine the type of treatment.
In this study, the reduction of other electrolytes such as
hypomagnesemia, hypokalemia, and hypocalcemia was
also observed. More studies are needed to accurately
determine the pathogenesis of these disorders.
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