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The role of electrolyte imbalances 
in predicting the severity 
of COVID‑19 in the hospitalized 
patients: a cross‑sectional study
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Coronavirus disease 2019 (COVID-19) can be fatal in severe cases. Accordingly, predicting the severity 
and prognosis of the disease is valuable. This study examined the role of electrolyte imbalances in 
predicting the severity of COVID-19. In this cross-sectional study, 169 hospitalized patients with 
COVID-19 were included and categorized into three groups based on the severity of the disease 
(moderate, severe, and critical). Serum levels of electrolytes (calcium [Ca], phosphorus [P], sodium 
[Na], potassium [k], and magnesium [Mg]), inflammatory markers (D-dimer, C-reactive protein [CRP], 
ferritin, and lactate dehydrogenase [LDH]), and 25OHVitamin D were measured. The mean age of 
patients was 53 years, and 54% were male. They had moderate, severe, and critical illnesses in 22%, 
47%, and 31%, respectively. CRP, D-dimer, and ferritin increased with the severity of the disease. The 
lower median values of Mg, Na, 25OHVitamin D, Ca, LDH, and higher median lymphocyte counts were 
observed in the moderate vs. the severe group (P < 0.05). These parameters have acceptable sensitivity 
and specificity at the suggested cut-off level to discriminate the moderate and critical cases. Serum 
parameters introduced in this study are appropriate for differentiating between critical and moderate 
cases. The electrolyte imbalance can predict critical patients.

In late 2019, a new pandemic emerged from the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
which the World Health Organization called coronavirus disease 2019 (COVID-19)1. The manifestations of 
COVID-19 are highly variable from mild2 to severe pneumonia, acute respiratory distress syndrome death3. 
SARS-COV-2 enters the host cells via angiotensin-converting enzymes 2 (ACE2) receptors, expressed in several 
organs, such as the heart, liver, kidneys, and lungs with several physiological roles, including regulation of the 
renin-angiotensin system, blood pressure, and electrolytes balance4.

The four essential serum electrolytes are sodium, potassium, calcium, and magnesium. The association of 
hyponatremia with pneumonia has been proposed for many years. Hyponatremia in people with community-
acquired pneumonia has been associated with an increased risk of admission to the intensive care unit (ICU), 
hospital length of stay, and mortality5. In a study on patients with COVID-19 in India, 44% of them had hypona-
tremia, which was mostly mild. In these patients, hyponatremia has been associated with the increased rate of 
ICU admission and mortality6. In patients with COVID-19, hypokalemia is a frequent laboratory abnormality. 
Hypokalemia may increase the risk of arrhythmia. Hypokalemia was diagnosed in (41%) hospitalized patients. 
The average serum potassium was 3 meq/L. Hypokalemia was mild in the most of patients and was associated 
with hypocalcemia in the half of them. Female gender and diuretic therapy were identified as risk factors for 
low serum potassium levels. Hypokalemia was not associated with ICU admission and death in this group of 
patients7. In another study from China, it has been shown that hypokalemia has a high prevalence in patients with 
COVID-19, and there is a direct relationship between the degree of hypokalemia and the severity of COVID-
198. Hypocalcemia is common in severe COVID-19 and is associated with worsening prognosis and outcome9. 
The results of a meta-analysis on 12 articles with a population of 2891 patients showed that 59% of people with 
COVID-19 have hypocalcemia. Hypocalcemia was significantly associated with the severity and mortality of 
disease, length of hospital stays, and admission to the ICU in patients with COVID-1910. In a study, hyperma-
gnesemia is one of the signs of disease severity in hospitalized patients with COVID-19, and it is recommended 
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that serum magnesium should be added to the panel of routine tests on COVID-1911. Hypophosphatemia was 
seen in 7.6% of patients at admission to the hospital. In people with hypophosphatemia, the risk of respiratory 
failure and mortality was significantly higher. The survival rate of the hypophosphatemia group was significantly 
lower than the normophosphatemia group12. Patients with lower vitamin D levels show an increased risk of ICU 
admission or death from SARS-CoV-2 infection13,14.

The electrolyte disturbances are caused by the direct effect of the virus on infected host cells. Furthermore, 
the malfunction of the organs during the disease can also cause electrolyte imbalance7. Possible causes such as 
fever, hyperventilation, sweating, drug-related side effects, and dietary changes may cause electrolyte imbalances 
in patients with COVID-195.

The electrolyte imbalances (such as hypokalemia, hyponatremia, and hypocalcemia) are more common 
in patients with severe COVID-19 in some studies15. However, some other studies have not confirmed these 
associations16,17. There is controversy in the results of studies and lack of evidence on the diagnostic accuracy and 
optimal cut-off of each serum parameter for estimation of the disease severity. The global rate of infection and 
death due to this pandemic is still on the rise, and more people are infected by the coronavirus18. The electrolytes 
are routinely assessed for the patients with COVID-19. Their possible role in the prediction of the severity of 
COVID-19 can suggest them as easy and accessible predictors. Therefore, research continues on different aspects 
of this pandemic. Considering the prevalence and effects of electrolyte imbalance on the severity of COVID-19 
these factors and electrolytes were investigated in this study. The present study aimed to investigate the predic-
tive value of electrolytes imbalance and inflammatory markers in the hospitalized patients with COVID-19, 
according to their disease severity.

Materials and methods
Study design.  In this cross-sectional study, patients who were referred to Masih Daneshvari Hospital, Teh-
ran, Iran, from March 6th to the end of June 2020, and had been diagnosed with COVID-19, based on PCR 
results, were included.

Age is one of the most critical risk factors for the severity of COVID-19 and its mortality19. The findings of 
studies conducted in China and Italy show that age, cardiovascular disease, high blood pressure, and diabetes 
mellitus increase the risk of death among affected patients. Age, male gender and multiple co-morbidities defi-
nitely increased the mortality rate in the hospitalized patients with COVID-19 from Italy20,21. Chronic kidney 
and liver disease and the use of drugs such as diuretics can affect the blood levels of electrolytes and are consid-
ered confounding variables22. Drugs such as angiotensin-converting enzyme (ACE) inhibitors may play a role 
in the pathophysiology of COVID-19 by altering electrolyte or ACE levels23. Therefore, we excluded conditions 
and diseases that contributed to the severity of COVID-19 and its mortality or change in the serum level of 
electrolytes19,22–24. We also excluded the people taking above mentioned drugs. Exclusion criteria: Elderly patients 
(over 75 years), patients with end-stage renal disease, hepatic failure, and acute cardiovascular problems (such 
as myocardial infarction), patients with recent use of diuretics, ACE inhibitors, beta-blockers, non-steroidal 
anti-inflammatory drugs, and calcium or magnesium supplements.

The sample size was calculated at 167, considering P = 70.4% and q = 29.6%, based on the study by Wan et al.25, 
the significance level of 0.05, and power 80%. The researcher enrolled the eligible patients (according to the inclu-
sion criteria stated above) using the census method; before enrollment, the researcher explained the research 
objectives to the patients and asked them to read and sign the written informed consent sheets.

To collect information, the field method was used and the study variables were recorded into the study check-
list by reviewing patients’ records and interviewing the patients. The collected information included demograph-
ics (age and gender) and the information needed to classify patients based on disease severity, including clinical 
symptoms (such as shortness of breath, fever, cough, loss of consciousness, gastrointestinal symptoms), computed 
tomography (CT) scan findings, respiratory rate (RR) per minute, oxygen saturation (SpO2) at rest, mean arte-
rial blood oxygen pressure to respiratory oxygen concentration ratio (PaO2/FiO2), respiratory failure requiring 
mechanical ventilation, admission to ICU, and shock. Accordingly, the severity of the disease was categorized 
into four classes: mild (mild clinical symptoms and no imaging), moderate (fever and/or respiratory symptoms, 
or imaging evidence of pneumonia), severe (RR ≥ 30 per minute, SpO2 ≤ 93%, or PaO2/FiO2 ≤ 300 mmHg), and 
critical (respiratory failure requiring mechanical ventilation, shock, multiple organ dysfunction or need for 
monitoring and treatment in the ICU)26. Mild cases did not require hospitalization and were not included in 
the present study.

One venous blood sample was taken from the brachial vein of all patients at admission and sent to the labora-
tory for measurement of lymphocyte count, C-reactive protein (CRP), serum levels of 25OHVitamin D, ferritin, 
D-dimer, and electrolytes, including sodium (Na), calcium (Ca), phosphorus (P), potassium (K), and magnesium 
(Mg). The EDTA-containing tubes were used for lymphocyte count, measured using cell counter Sysmex KX-21 
(with a normal range of 1360–3740) and serum was used for the rest of serum parameters. CRP, Na, K, Ca, Mg, 
P, and LDH were measured using Chemistry Analyzer Spectrophotometry BT3000; the normal range of CRP 
is < 10 mg/L in adults, Na is 135–145 meq/L, K is 3.5–5.3 meq/L, Ca is 8.6–10.3 mg/dL, Mg is 1.5–2.6 mg/dL, P is 
2.5–5 mg/dL in adults, and LDH is 225–500 U. 25OHVitamin D was measured using Chemiluminescence Abbott 
1000 SR and values < 10 ng/mL were considered as a severe deficiency, 10–19.9 ng/mL as moderate deficiency, 
20–29.9 ng/mL as insufficiency, 30–100 ng/mL as sufficient, and > 100 ng/mL as high14. Citrated tubes were 
used for the measurement of D-dimer and ferritin. D-dimer was measured using min UIDAS, Enzyme-linked 
fluorescent assay; values ≥ 500 ng/mL were considered as positive. Ferritin was measured using Chemilumines-
cence Abbott 1000 SR; the normal range of ferritin was 21–275 ng/mL in men and 4.6–204 ng/mL in women.
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Statistical analysis.  Data analysis was performed using SPSS software version 22 (IBM Corp. 2013. 
Armonk, NY: IBM Corp.). After data was input into the software, to describe the data, the number and percent-
age were used for qualitative variables. The normality of numeric variables was checked using the Shapiro–Wilk 
test. Since none of the numerical data had a normal distribution, the median was used to describe the data and 
Kruskal–Wallis statistical test was used to compare between the three groups and the posthoc test was used for 
pairwise comparisons. Only two of the variables had normal distribution (potassium and phosphorus), reported 
as mean ± standard deviation (SD) and compared among the three groups using One-Way ANOVA. In the next 
step, we calculated the diagnostic accuracy of the parameters, which showed a significant difference between 
moderate and critical patients using Med Calc software version 20.013 (MedCalc Software Ltd, Ostend, Belgium; 
2021). ROC diagram was drawn and sensitivity, specificity, and under the curve (AUC) were reported with opti-
mal cut-off. In all tests, a significance level of < 0.05 was considered.

Ethics.  The proposal of this study was approved by Committee for ethics in biomedical research of the 
National Research Institute of Tuberculosis and Lung Diseases (NRITLD), Shahid Beheshti University of Medi-
cal Sciences with ID: IR.SBMU.NRITLD.REC.1399.205 on January 11, 2021. All stages of the study were con-
ducted according to the guidelines of this committee.

Results
A total of 169 patients completed the study; 91 were men (53.8%). The median age of the participants was 
55 years. Thirty-seven patients had the moderate disease (21.9%), 80 patients had severe disease (47.3%), and 
52 patients had the critical disease (30.8%); the sex distribution of the three groups was not different (P = 0.129).

The total values of the serum parameters and their comparison among the three groups are shown in Table 1. 
As shown in the table, the median age of patients was different among the three groups (P = 0.003) and higher in 
critical vs. moderate and severe vs. moderate (P = 0.009 and 0.011, respectively). As presented in Table 1, CRP, 
D-dimer, and ferritin showed a severity-dependent trend and increased with the increase in the disease severity 
(P < 0.05; Table 1). But the results showed no difference in serum levels of potassium and phosphorus among the 
three groups with different disease severities (P > 0.05; Table 1). The rest of the serum parameters were different 
between some and not between other groups: median lymphocyte count was higher and median Mg level was 
lower in moderate than critical patients (P = 0.001 and < 0.001, respectively). Serum levels of Na were lower and 
25OHVitamin D was higher in the moderate and severe groups vs. critical group (P < 0.05; Table 1). Median Ca 
and LDH levels were lower in the moderate group, compared to severe and critical groups (P = 0.032 and 0.021, 
respectively).

Investigating the diagnostic accuracy of the parameters with a significant difference between moderate and 
critical patients showed the sensitivity, specificity, and area under curve (AUC) were reported with optimal 
cut-off of the serum parameters. As shown in Fig. 1, sensitivity and specifity of age ≥ 51 years were 70.3% and 
73.1% (Fig. 1A), lymphocyte count ≤ 1200 cells/mm3 were 89.2% and 55.8% (Fig. 1B), CRP ≥ 23 mg/L were 
78.4% and 96.2% (Fig. 1C), Na ≤ 138 meq/L were 75.5% and 78.8% (Fig. 1D), Ca ≤ 8.4 mg/dL were 91.2% and 
48.1% (Fig. 1E), Mg ≤ 2 mg/dL were 91.9% and 78.8% (Fig. 1F) respectively, for discrimination of critical from 
moderate cases. The sensitivity and specificity of 25OHVitamin D ≤ 15 mg/dL were 88.1% and 61.2% (Fig. 2A), 
D-dimer ≥ 510 µg/mL were 70.3% and 88.5% (Fig. 2B), ferritin ≥ 529 ng/mL were 100% and 75.5% (Fig. 2C), and 
LDH values ≥ 520 U/L were 85.3% and 70.6% (Fig. 2D), respectively, for discrimination of critical from moderate 
cases. The AUCs are shown on each figure.

Table 1.   Comparison of age and the serum parameters among the three study groups. CRP C-reactive protein; 
LDH lactate dehydrogenase, all values are reported as median, except potassium and phosphorus, reported 
as mean ± standard deviation. *Comparison among the three groups using Kruskal Wallis test, †Comparing 
moderate with severe, ‡Comparing severe with critical, §Comparing moderate with critical.

Total
Moderate 
disease (N = 37)

Severe disease 
(N = 80)

Critical disease 
(N = 52) P value* P value† P value‡ P value§

Age 55 (42–62) 47.00 57.00 58.00 0.003 0.011 1.00 0.009

Lymphocyte 1453 (1020.25–
1941) 1677.00 1410.00 1090.00 0.001 0.490 0.524 0.001

CRP 30 (13–48) 5.00 25.00 47.50 < 0.001 < 0.001 < 0.001 < 0.001

Sodium 139 (136–140) 140.00 139.00 135.50 < 0.001 0.872 < 0.001 < 0.001

Potassium 4.07 ± 0.54 3.96 ± 0.26 3.99 ± 0.48 4.26 ± 0.72 0.347 – – –

Calcium 8.80 (8.40–9.50) 9.00 8.80 8.55 0.038 0.021 0.847 0.032

Phosphorus 3.11 ± 1.11 3.26 ± 0.76 3.04 ± 0.85 3.11 ± 1.57 0.457 – – –

Magnesium 2.20 (1.90–2.50) 2.40 2.20 1.90 < 0.001 0.490 0.524 < 0.001

25OHVitamin D 20 (13–27) 23.5 21 14 0.014 0.606 0.042 0.015

D-dimer 702.5 (300–
2402.5) 300 600 3120 < 0.001 < 0.001 < 0.001 0.008

Ferritin 441 (200–1000) 150 439 1000 < 0.001 < 0.001 < 0.001 0.001

LDH 518 (413.75–
618.75) 394.5 519.00 660.00 < 0.001 0.004 0.141 < 0.001
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Discussion
The comparison of the serum parameters among the patients with the different severity of COVID-19 (moder-
ate, severe, and critical) showed that the most serum parameters (including the electrolytes and inflammatory 
markers; except K and P) were different among the three groups. Of note, CRP, D-dimer, and ferritin showed 
a severity-dependent trend and increased with the increase in the disease severity and lower median values 
of Mg, Na, 25OHVitamin D, Ca, and LDH and higher median lymphocyte count were observed in moderate 
group vs. severe group. Previous studies on COVID-19 have addressed some (but not all) of these parameters, 
as discussed below.

The results of the present study showed a high sensitivity for the lymphopenia as an important predictor 
of the critical COVID-19. In a retrospective study, the lymphocyte count of the patients admitted to ICU was 
significantly lower and these patients had a higher risk of acute kidney injury27. Although the above-mentioned 
studies have not calculated the diagnostic accuracy of this parameter, their results are consistent with that of 
the present study.

Three of the four inflammatory markers, evaluated in the current study, CRP, D-dimer, and ferritin, showed 
a severity-dependent increasing trend and all had high sensitivity and specificity for discrimination of critical 
from moderate cases. Several mechanisms recommended to play a role in the inflammatory and coagulation 
dysregulation during the COVID-19 course can be the underlying mechanism for this finding28. In a study on 
patients with COVID-19, CRP with a cut-off level of 11 mg/dL was suggested to have a sensitivity of 72% and a 
specificity of 71% to distinguish severe from moderate ARDS in COVID-19 patients29, which is almost consistent 
with the results of present study. Similar results were obtained for D-dimer, ferritin and LDH.

Of note, ferritin showed 100% sensitivity in the present study, which show its association with disease severity, 
death, and thrombo-embolic events. This finding is in line with the results of previous studies and suggest ferritin 
as an available and cost-effective method for the prediction of COVID-19 prognosis30–32. LDH also showed a 
high sensitivity and specificity at cut-off level of 520 U/L. This finding is similar to the results of previous studies, 
although the suggested cut-off levels and diagnostic accuracy rate are different29,33.

Three of the five electrolytes evaluated in the present study, Na, Mg, and Ca, showed high diagnostic accuracy 
for the prediction of critical COVID-19.

The suggested cut-off level of sodium for predicting critical COVID-19 was 138 meq/L in this study. This 
cut-off level is within the normal limits of sodium serum level (135–145 meq/L); therefore, we do not propose its 
use as a predictor. But hyponatremia is associated with the severity of disease in this study. This is in line with the 
results of previous studies which showed higher rates of hyponatremia in patients with severe COVID-1915,25,34 
and its predictive value for death, ICU admission, and need for intubation35–37. However, none of these studies 

Figure 1.   The diagnostic accuracy of age and serum parameters for discrimination of critical cases from 
moderate.
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initially included critically ill patients with COVID-19. Sodium plays an important role in ACE2 expression 
and electrolyte imbalance in COVID-19. Also, the level of sodium decreases in the more severe disease38. A 
multicenter study including European and Latin American countries has investigated the relationship between 
hyponatremia (Na < 135 meq/L) and hypernatremia (Na > 145 meq/L) with COVID-19 on 4664 hospitalized 
patients. In this study, the prevalence of hyponatremia and hypernatremia was 20.5% and 3.7% respectively. 
Sodium imbalances were associated with increased risk of sepsis and mortality36. The underlying mechanism for 
the hyponatremia in COVID-19 is supposed to be related to low intake due to anorexia, excretion of sodium from 
skin through sweating, loss of sodium from the gastrointestinal system due to vomiting or diarrhea, increased 
excretion of sodium from kidney due to the use of diuretic drugs or decreased excretion of water from kidney due 
to the syndrome of inappropriate secretion of antidiuretic hormone (SIADH). This syndrome occurs as a result 
of increased release of inflammatory cytokines7,37,39. Previous studies have suggested the role of sodium serum 
levels in regulating and improving immune system function. Hypernatremia in the elderly with COVID-19 has 
increased mortality. Hyponatremia can aggravate COVID-19 or be a sign of severe illness. Therefore, sodium 
disorders in both spectra can affect the severity and mortality of this disease40.

In this study, the mean serum potassium level increased with the disease severity, but this difference between 
the groups was not statistically significant. Patients with COVID-19 have had hypo- and hyper-kalemia in 24% 
and 4% of cases, respectively. The ratio of urinary potassium to creatinine was measured in 39% of patients and 
95.5% of them had increased urinary potassium excretion. Hypokalemia in the setting of COVID-19 can increase 
the risk of ARDS, arrythmia, and acute heart injury. Hypokalemia in the setting of SARS-CoV2 infection may 

Figure 2.   The diagnostic accuracy of 25OHVitamin D, D-dimer, ferritin, and LDH for discrimination of critical 
cases from moderate.
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result from overactivation of the renin–angiotensin–aldosterone system (RAAS), low intake, and gastrointestinal 
or kidney loss. According to the previous studies, the virus increases angiotensin II level and decreases potassium 
level by binding to ACE2 and reducing its expression38. Anorexia secondary to sever acute illness or comorbidi-
ties, gastrointestinal loss due to diarrhea, and kidney loss due to diuretic use or tubular injury from ischemia 
or nephrotoxic toxins are important pathophysiology of hypokalemia in COVID-19. According to this latter 
hypothesis, tubular damage may be related to the direct cytotoxic effect of SARS-CoV-2, as the virus is associ-
ated with diffuse tubular damage7. There is high heterogeneity in different studies in terms of the prevalence and 
severity of the potassium disturbances. Therefore, the role of potassium disturbances in the COVID-19 and its 
complication is unclear, so further studies are needed41.

Magnesium, an essential element for basic biochemical reactions, participates in a variety of physiological 
functions and normal metabolism, such as potassium ion or calcium ion transport, energy metabolism, protein 
and nucleic acid synthesis. Magnesium also reduces inflammation and is a muscle relaxant, vasodilator, and 
has antioxidant effects and protects the nervous system. Therefore, Magnesium homeostasis affects the health 
of the reproductive, cardiovascular, nervous, respiratory, and digestive systems. In the review of possible causes 
of hypomagnesemia in COVID-19, obesity, type 2 diabetes, high arterial blood pressure, decreased immune 
response, and cytokine storm are mentioned. People over the age of 65 and people with underlying diseases such 
as obesity, type 2 diabetes (T2DM) are more at risk of poor outcomes from COVID-19. Hyperinsulinemia is 
common in all of the above cases. Hyperinsulinemia causes hypomagnesemia through increased renal excretion 
of Magnesium and the intracellular level of this ion decreases. Hyperinsulinemia causes a decrease in vitamin 
D levels through hypomagnesemia, a decrease in vitamin D absorption, vitamin D trapping in fat tissue, or a 
decrease in vitamin D activation capacity. These changes decrease the activity of sulfotransferase enzyme 2B1b 
(SULT2B1b), as a result of which the sulfurylation of cholesterol to cholesterol sulfate is reduced. The reduction 
of cholesterol sulfate reduces the electrical charge of red blood cells and increases the risk of agglutination and 
thrombosis42,43. The low serum level of Magnesium and Na has been shown in patients who are admitted to 
ICU in a study from Iran44. Special attention has been paid to Magnesium in COVID-19, as there seems to be a 
bi-directional relationship between hypomagnesaemia and COVID-19 prognosis; COVID-19 impairs Magne-
sium homeostasis and Magnesium deficiency increases the sensitivity of endothelial cells to oxidative stress and 
the resulting endothelial dysfunction causes decreased fibrinolysis, which increases the risk of coagulation45. 
Magnesium also plays a role in the immune response through regulating the cytotoxicity of natural killer cells 
and CD8 killer T cells46.

In the present study, three parameters (Mg, Ca, and 25OHVitamin D) were shown as significant predictors 
of critical COVID-19. Magnesium is important for activating vitamin D, which plays a protective role against 
oxidative stress. Vitamin D and Magnesium supplementation in the patients with COVID-19 has reduced the 
severity of disease and its complications42,47. Previous studies have also found the association of vitamin D defi-
ciency with poor outcomes, such as need to mechanical ventilation and death48. The mechanism of the associa-
tion between vitamin D deficiency and COVID-19 severity can be related to the role of vitamin D on immune 
system. Vitamin D balances the immune system in such a way that it strengthens the immune system against 
the virus but prevents the cytokine storm by T regulatory lymphocytes (Tregs). These especial immune cells are 
the main defense against uncontrolled inflammation and viral infection, which reduce in patients with severe 
COVID-19 and vitamin D deficiency49.

Calcium is one of the four essential ions of the body whose regulation is related to Magnesium and vitamin 
D. In this study the hypocalcemia was associated with the severe and critical disease. This finding is in line with 
the results of previous studies50,51. The cut-off point of calcium level with appropriate accuracy, which was deter-
mined to predict COVID-19 severity in this study, is in normal range. Therefore, we do not recommend using 
this parameter for prediction of disease severity. Hypocalcemia occurs in patients with COVID-19 by several 
mechanisms, such as anorexia and malnutrition during acute illness, change in blood levels of unsaturated fatty 
acids due to the inflammatory process, hypomagnesemia, and vitamin D deficiency. Recent studies have suggested 
other mechanisms, including decreased intestinal absorption of calcium and parathyroid dysfunction. Calcium 
absorption from the small intestine is further reduced by chronic vitamin D deficiency during severe COVID-19 
infection. Parathyroid dysfunction is more common in this condition, and only one-fifth of these patients have 
an adequate parathyroid response to hypocalcemia. In acute respiratory failure due to viral infections, research-
ers have been able to find RNA virus and antigenic substances in parathyroid cells. The ACE 2 receptor has also 
been detected in these cells. In the acute critically ill patients with COVID-19, as in other acute systemic diseases, 
parathyroid function decreases with increasing inflammatory response and cytokine levels, and hypocalcemia 
intensifies. This type of parathyroid hypofunction is more prominent in men52.

In the context of SARS-CoV-2 infection, there may be a cytokine storm that consumes ATP, and phosphate 
and magnesium are needed to reproduce ATP. In fact, the decrease of phosphorus is seen more in patients who 
have conditions such as old age, diabetes, obesity, and the use of diuretics53. Decreasing the level of phosphorus 
at the same time as the SARS-CoV-2 enters the body increase the risk of infection. But due to hypophosphatemia, 
immune responses are weakened and as a result cannot repair the damage to cells and tissues, which leads to 
the progression of the disease36.

One of the limitations of the present study was the nonrandomized recruitment of participants from single 
center, that may affect the results. Therefore, the extrapolation of the results to the whole population should be 
performed with great caution. Furthermore, we did not follow the patients and could not report the short- or 
long-term outcomes. Another limitation of the present study is its cross-sectional nature. If a longitudinal study 
is designed and serial blood sampling are taking from patients, it is better to comment on the changes of these 
parameters in the course of the disease and outcomes.
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Conclusion
In conclusion, the results of the present study showed the diagnostic accuracy of several serum parameters for 
the prediction of critical cases of COVID-19. As these serum parameters are often measured in patients with 
COVID-19 in routine patient work-up, their measurement does not require additional costs, equipment, or time; 
therefore, we recommend that physicians can use these parameters as easy, accessible, and cost-effective markers 
for predicting COVID-19 severity at the proposed cut-offs. Earlier prediction of critical cases, may be reduce 
mortality by appropriate therapeutic and preventive measures. Future longitudinal randomized clinical trials 
with larger sample size, can better determine the relationship between electrolyte imbalances with the severity 
of COVID-19 and its outcomes.

Data availability
All authors had online access to all data during the study. All the data obtained during this study are published 
in this article. According to the provisions of the written consent of the patients, it is stipulated that the data of 
the study will be published without mentioning the names of the participants and in the form of collective data.

Received: 2 February 2022; Accepted: 26 August 2022

References
	 1.	 Cpere, N. The epidemiological characteristics of an outbreak of 2019 novel coronavirus diseases (COVID-19) in China. Zhonghua 

liu xing bing xue za zhi = Zhonghua liuxingbingxue zazhi 41(2), 145 (2020).
	 2.	 Wang, D. et al. Clinical course and outcome of 107 patients infected with the novel coronavirus, SARS-CoV-2, discharged from 

two hospitals in Wuhan, China. Crit. Care 24, 1–9 (2020).
	 3.	 Wang, T. et al. Comorbidities and multi-organ injuries in the treatment of COVID-19. Lancet 395(10228), e52 (2020).
	 4.	 Nehme, A., Zouein, F. A., Deris Zayeri, Z. & Zibara, K. An update on the tissue renin angiotensin system and its role in physiology 

and pathology. J. Cardiovasc. Dev. Dis. 6(2), 14 (2019).
	 5.	 Królicka, A. L., Kruczkowska, A., Krajewska, M. & Kusztal, M. A. Hyponatremia in infectious diseases—A literature review. Int. 

J. Environ. Res. Public Health 17(15), 5320. https://​doi.​org/​10.​3390/​ijerp​h1715​5320 (2020).
	 6.	 Machiraju, P. K., Alex, N. M., Safinaaz, & Vadamalai, V. Hyponatremia in Coronavirus disease-19 patients: A retrospective analysis. 

Can J Kidney Health Dis https://​doi.​org/​10.​1177/​20543​58121​10670​69 (2021).
	 7.	 Alfano, G. et al. Hypokalemia in Patients with COVID-19. Clin. Exp. Nephrol. 25(4), 401–409. https://​doi.​org/​10.​1007/​s10157-​

020-​01996-4 (2021).
	 8.	 Chen, D., Li, X., Song, Q., Hu, C., Su, F., Dai, J., Ye, Y., Huang, J. & Zhang, X. medRxiv 2020.02.27.20028530. https://​doi.​org/​10.​

1101/​2020.​02.​27.​20028​530 (2020).
	 9.	 Liu, J., Han, P., Wu, J., Gong, J. & Tian, D. Prevalence and predictive value of hypocalcemia in severe COVID-19 patients. J. Infect. 

Public Health 13(9), 1224–1228. https://​doi.​org/​10.​1016/j.​jiph.​2020.​05.​029 (2020).
	10.	 Alemzadeh, E., Alemzadeh, E., Ziaee, M., Abedi, A. & Salehiniya, H. The effect of low serum calcium level on the severity and 

mortality of Covid patients: A systematic review and meta-analysis. Immun. Inflamm. Dis. 9(4), 1219–1228. https://​doi.​org/​10.​
1002/​iid3.​528 (2021).

	11.	 Sharma, R., Heidari, A., Johnson, R. H., Advani, S. & Petersen, G. Serum magnesium levels in hospitalized patients with SARS-
CoV-2. J. Investig. Med. 70(2), 409–414. https://​doi.​org/​10.​1136/​jim-​2021-​001948 (2022).

	12.	 Wang, R., He, M. & Kang, Y. Hypophosphatemia at admission is associated with increased mortality in COVID-19 patients. Int. 
J. Gen. Med. 7(14), 5313–5322. https://​doi.​org/​10.​2147/​IJGM.​S3197​17 (2021).

	13.	 Chiodini, I. et al. Vitamin D status and SARS-CoV-2 infection and COVID-19 clinical outcomes. Front. Public Health 22(9), 
736665. https://​doi.​org/​10.​3389/​fpubh.​2021.​736665 (2021).

	14.	 Vasheghani, M. et al. The relationship between serum 25-hydroxyvitamin D levels and the severity of COVID-19 disease and its 
mortality. Sci Rep. 11(1), 17594. https://​doi.​org/​10.​1038/​s41598-​021-​97017-9 (2021).

	15.	 Lippi, G., South, A. M. & Henry, B. M. Electrolyte imbalances in patients with severe coronavirus disease 2019 (COVID-19). Ann. 
Clin. Biochem. 57(3), 262–265. https://​doi.​org/​10.​1177/​00045​63220​922255 (2020).

	16.	 Huang, C. et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 395(10223), 497–506. 
https://​doi.​org/​10.​1016/​S0140-​6736(20)​30183-5 (2020).

	17.	 Eastin, C. & Eastin, T. Clinical characteristics of Coronavirus disease 2019 in China: Guan W, Ni Z, Hu Y, et al. N Engl J Med. 2020 
Feb 28 [Online ahead of print] DOI: 10.1056/NEJMoa2002032. J. Emerg. Med. 58(4), 711–712. https://​doi.​org/​10.​1016/j.​jemer​
med.​2020.​04.​004(2020) (2019).

	18.	 Mohan, S. et al. SARS-CoV-2 infection: A global outbreak and its implication on public health. Bull. Natl. Res. Centre 45(1), 1–12. 
https://​doi.​org/​10.​1186/​s42269-​021-​00599-7 (2021).

	19.	 Romero Starke, K. et al. The isolated effect of age on the risk of COVID-19 severe outcomes: A systematic review with meta-analysis. 
BMJ Glob. Health 6(12), e006434. https://​doi.​org/​10.​1136/​bmjgh-​2021-​006434 (2021).

	20.	 Doumas, M. et al. COVID19 and increased mortality in African Americans: Socioeconomic differences or does the renin angio-
tensin system also contribute?. J. Hum. Hypertens. 34(11), 764–767. https://​doi.​org/​10.​1038/​s41371-​020-​0380-y (2020).

	21.	 Zuccaro, V. et al. Competing-risk analysis of coronavirus disease 2019 in-hospital mortality in a Northern Italian centre from 
SMAtteo COvid19 REgistry (SMACORE). Sci. Rep. 11(1), 1137. https://​doi.​org/​10.​1038/​s41598-​020-​80679-2 (2021).

	22.	 Treskova-Schwarzbach, M. et al. Pre-existing health conditions and severe COVID-19 outcomes: An umbrella review approach 
and meta-analysis of global evidence. BMC Med. 19(1), 212. https://​doi.​org/​10.​1186/​s12916-​021-​02058-6 (2021).

	23.	 Chu, C. et al. Comparison of infection risks and clinical outcomes in patients with and without SARS-CoV-2 lung infection under 
renin-angiotensin-aldosterone system blockade: Systematic review and meta-analysis. Br. J. Clin. Pharmacol. 87(6), 2475–2492. 
https://​doi.​org/​10.​1111/​bcp.​14660 (2021).

	24.	 Xu, J. et al. A meta-analysis on the risk factors adjusted association between cardiovascular disease and COVID-19 severity. BMC 
Public Health 21(1), 1533. https://​doi.​org/​10.​1186/​s12889-​021-​11051-w (2021).

	25.	 Wan, S. et al. Clinical features and treatment of COVID-19 patients in northeast Chongqing. J. Med. Virol. 92(7), 797–806. https://​
doi.​org/​10.​1002/​jmv.​25783 (2020).

	26.	 Alsifri, S. et al. Saudi Scientific Diabetes Society Position Statement: Management of diabetes mellitus in the pandemic of COVID-
19. Int. J. Clin. Med. 11(5), 199 (2020).

	27.	 Wagner, J., DuPont, A., Larson, S., Cash, B. & Farooq, A. Absolute lymphocyte count is a prognostic marker in Covid-19: A ret-
rospective cohort review. Int. J. Lab. Hematol. 42(6), 761–765 (2020).

	28.	 Ponti, G., Maccaferri, M., Ruini, C., Tomasi, A. & Ozben, T. Biomarkers associated with COVID-19 disease progression. Crit. Rev. 
Clin. Lab. Sci. 57(6), 389–399 (2020).

https://doi.org/10.3390/ijerph17155320
https://doi.org/10.1177/20543581211067069
https://doi.org/10.1007/s10157-020-01996-4
https://doi.org/10.1007/s10157-020-01996-4
https://doi.org/10.1101/2020.02.27.20028530
https://doi.org/10.1101/2020.02.27.20028530
https://doi.org/10.1016/j.jiph.2020.05.029
https://doi.org/10.1002/iid3.528
https://doi.org/10.1002/iid3.528
https://doi.org/10.1136/jim-2021-001948
https://doi.org/10.2147/IJGM.S319717
https://doi.org/10.3389/fpubh.2021.736665
https://doi.org/10.1038/s41598-021-97017-9
https://doi.org/10.1177/0004563220922255
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/j.jemermed.2020.04.004(2020)
https://doi.org/10.1016/j.jemermed.2020.04.004(2020)
https://doi.org/10.1186/s42269-021-00599-7
https://doi.org/10.1136/bmjgh-2021-006434
https://doi.org/10.1038/s41371-020-0380-y
https://doi.org/10.1038/s41598-020-80679-2
https://doi.org/10.1186/s12916-021-02058-6
https://doi.org/10.1111/bcp.14660
https://doi.org/10.1186/s12889-021-11051-w
https://doi.org/10.1002/jmv.25783
https://doi.org/10.1002/jmv.25783


8

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14732  | https://doi.org/10.1038/s41598-022-19264-8

www.nature.com/scientificreports/

	29.	 Poggiali, E. et al. Lactate dehydrogenase and C-reactive protein as predictors of respiratory failure in COVID-19 CoVID-19 patients. 
Clin. Chim. Acta 509, 135–138 (2020).

	30.	 Liu, H. et al. Mechanisms of COVID-19 thrombosis in an inflammatory environment and new anticoagulant targets. Am. J. Transl. 
Res. 13(5), 3925 (2021).

	31.	 Ahmed, S. et al. Evaluation of serum ferritin for prediction of severity and mortality in COVID-19—A cross sectional study. Ann. 
Med. Surg. 63, 102163 (2021).

	32.	 Tural Onur, S. et al. Could ferritin level be an indicator of COVID-19 disease mortality?. J. Med. Virol. 93(3), 1672–1677 (2021).
	33.	 Han, Y. et al. Lactate dehydrogenase, an independent risk factor of severe COVID-19 patients: A retrospective and observational 

study. Aging (Albany NY) 12(12), 11245 (2020).
	34.	 Qian, G.-Q. et al. Epidemiologic and clinical characteristics of 91 hospitalized patients with COVID-19 in Zhejiang, China: A 

retrospective, multi-centre case series. QJM Int. J. Med. 113, 474 (2020).
	35.	 De Carvalho, H. et al. Hyponatremia is associated with poor outcome in COVID-19. J. Nephrol. 34, 1–8 (2021).
	36.	 Ruiz-Sánchez, J. G. et al. Prognostic impact of hyponatremia and hypernatremia in COVID-19 Pneumonia. A HOPE-COVID-19 

(Health Outcome Predictive Evaluation for COVID-19) Registry Analysis. Front. Endocrinol. (Lausanne) 11, 599255. https://​doi.​
org/​10.​3389/​fendo.​2020.​599255 (2020).

	37.	 Akbar, M. R., Pranata, R., Wibowo, A., Sihite, T. A. & Martha, J. W. The prognostic value of hyponatremia for predicting poor 
outcome in patients with COVID-19: A systematic review and meta-analysis. Front. Med. 8, 805 (2021).

	38.	 Kumar, P. et al. Role of vitamins and minerals as immunity boosters in COVID-19. Inflammopharmacology 29(4), 1001–1016. 
https://​doi.​org/​10.​1007/​s10787-​021-​00826-7 (2021).

	39.	 Gheorghe, G. et al. Is there a relationship between COVID-19 and hyponatremia?. Medicina (Kaunas) 57(1), 55. https://​doi.​org/​
10.​3390/​medic​ina57​010055 (2021).

	40.	 Trecarichi, E. M. et al. Clinical characteristics and predictors of mortality associated with COVID-19 in elderly patients from a 
long-term care facility. Sci. Rep. 10(1), 20834. https://​doi.​org/​10.​1038/​s41598-​020-​77641-7 (2020).

	41.	 Noori, M. et al. Epidemiology, prognosis and management of potassium disorders in Covid-19. Rev Med Virol. 32(1), e2262. https://​
doi.​org/​10.​1002/​rmv.​2262 (2022).

	42.	 Cooper, I. D. et al. Relationships between hyperinsulinaemia, magnesium, vitamin D, thrombosis and COVID-19: Rationale for 
clinical management. Open Heart. 7(2), e001356. https://​doi.​org/​10.​1136/​openh​rt-​2020-​001356 (2020).

	43.	 Guerrero-Romero, F. et al. Magnesium-to-calcium ratio and mortality from COVID-19. Nutrients 14(9), 1686. https://​doi.​org/​10.​
3390/​nu140​91686 (2022).

	44.	 Sarvazad, H., Cahngaripour, S., Roozbahani, N. E. & Izadi, B. Evaluation of electrolyte status of sodium, potassium and magnesium, 
and fasting blood sugar at the initial admission of individuals with COVID-19 without underlying disease in Golestan Hospital, 
Kermanshah. New Microbes New Infect. 38, 100807 (2020).

	45.	 Trapani, V. et al. The relevance of magnesium homeostasis in COVID-19. Eur. J. Nutr. https://​doi.​org/​10.​1007/​s00394-​021-​02704-y 
(2021).

	46.	 DiNicolantonio, J. J. & O’Keefe, J. H. Magnesium and vitamin D deficiency as a potential cause of immune dysfunction, cytokine 
storm and disseminated intravascular coagulation in COVID-19 patients. Mol. Med. 118(1), 68 (2021).

	47.	 Radujkovic, A. et al. Vitamin D deficiency and outcome of COVID-19 patients. Nutrients 12(9), 2757 (2020).
	48.	 Tan, C. W. et al. A cohort study to evaluate the effect of combination Vitamin D, Magnesium and Vitamin B12 (DMB) on progres-

sion to severe outcome in older COVID-19 patients. MedRxiv 115, 766773 (2020).
	49.	 Weir, E. K., Thenappan, T., Bhargava, M. & Chen, Y. Does vitamin D deficiency increase the severity of COVID-19?. Clin. Med. 

20(4), e107 (2020).
	50.	 Raesi, A. et al. Hypocalcemia in Covid-19: a prognostic marker for severe disease. Iran. J. Pathol. 16(2), 144 (2021).
	51.	 Martha, J. W., Wibowo, A. & Pranata, R. Hypocalcemia is associated with severe COVID-19: A systematic review and meta-analysis. 

Diabetes Metab. Syndrome Clin. Res. Rev. https://​doi.​org/​10.​1016/j.​dsx.​2021.​01.​003 (2021).
	52.	 di Filippo, L. et al. Hypocalcemia in COVID-19 is associated with low vitamin D levels and impaired compensatory PTH response. 

Endocrine 74(2), 219–225. https://​doi.​org/​10.​1007/​s12020-​021-​02882-z (2021).
	53.	 van Kempen, T. A. T. G. & Deixler, E. SARS-CoV-2: influence of phosphate and magnesium, moderated by vitamin D, on energy 

(ATP) metabolism and on severity of COVID-19. Am. J. Physiol. Endocrinol. Metab. 320(1), E2–E6. https://​doi.​org/​10.​1152/​ajpen​
do.​00474.​2020 (2021).

Acknowledgements
“The authors dedicate this article to physicians, nurses, and medical personnel who have sacrificed their lives to 
care for patients with COVID-19.”

Author contributions
F.Y. designed and worked in all steps of the project. She wrote the manuscript and reviewed it. She revised and 
edited the article in all steps; M.A. collected data and wrote the manuscript primary draft; A.A. participated in 
data collection; M.V. supervised the investigation. She reviewed and edited the manuscript. The authors like 
to submit this original research article entitled “The role of electrolyte imbalances in predicting the severity 
of COVID-19 in hospitalized patients: A cross-sectional study” for consideration by the “Scientific Reports” 
journal. We confirm that the study is original and has not been published elsewhere, nor is it currently under 
consideration for publication elsewhere.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.V.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.3389/fendo.2020.599255
https://doi.org/10.3389/fendo.2020.599255
https://doi.org/10.1007/s10787-021-00826-7
https://doi.org/10.3390/medicina57010055
https://doi.org/10.3390/medicina57010055
https://doi.org/10.1038/s41598-020-77641-7
https://doi.org/10.1002/rmv.2262
https://doi.org/10.1002/rmv.2262
https://doi.org/10.1136/openhrt-2020-001356
https://doi.org/10.3390/nu14091686
https://doi.org/10.3390/nu14091686
https://doi.org/10.1007/s00394-021-02704-y
https://doi.org/10.1016/j.dsx.2021.01.003
https://doi.org/10.1007/s12020-021-02882-z
https://doi.org/10.1152/ajpendo.00474.2020
https://doi.org/10.1152/ajpendo.00474.2020
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14732  | https://doi.org/10.1038/s41598-022-19264-8

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	The role of electrolyte imbalances in predicting the severity of COVID-19 in the hospitalized patients: a cross-sectional study
	Materials and methods
	Study design. 
	Statistical analysis. 
	Ethics. 

	Results
	Discussion
	Conclusion
	References
	Acknowledgements


