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• The novel coronavirus disease 2019 (COVID-19) is the cause of an acute respiratory illness

which has spread around the world.

• The virus infects the host by binding to the angiotensin-converting enzyme 2 (ACE2)

receptors. Due to the presence of ACE2 receptors in the kidneys and gastrointestinal (GI)

tract, kidneys and GI tract damage arising from the virus can be seen in patients and can cause

acute conditions such as acute kidney injury (AKI) and digestive problems for the patient.



• One of the complications of kidneys and GI involvement in COVID-19 is fluid and electrolyte

disturbances. The most common ones of these disorders are hyponatremia, hypernatremia,

hypokalemia, hypocalcemia, hypochloremia, hypervolemia, and hypovolemia, which if left

untreated, cause many problems for patients and even increase mortality.

• Fluid and electrolyte disturbances are more common in hospitalized and intensive care

patients.



• Dysnatremia is associated with increased mortality in patients with community-acquired

pneumonia. SARS-COV2 (Severe-acute-respiratory syndrome caused by Coronavirus-type 2)

pneumonia can be fatal.

• The presence of tachypnea was independently associated with both hyponatremia and

hypernatremia, although the mechanisms are not clear. Tachypnea increases insensible body

fluid loss. Additionally, the reduction in oral intake secondary to the hyporexia or anorexia

described in some patients with COVID-19 (26) could be directly worsened by tachypnea itself,

since a higher respiratory rate makes solid food and fluid intake more difficult.



• Hyponatremia is the most common electrolyte abnormality in patients with bacterial

pneumonia, is usually attributed to the syndrome of inappropriate antidiuresis (SIADH) or

hypervolemia, and predicts poor outcome.

• Infection can cause excess release of pro-inflammatory Accepted Manuscript 6 cytokines, such

as interleukin-1β (IL-1β) and interleukin-6 (IL-6), which induce nonosmotic release of arginine

vasopressin (AVP), causing hyponatremia due to SIADH . Therefore, hyponatremia is a good

surrogate marker of the degree of inflammatory response, reflecting the severity of various

infections



• It is known that hyponatremia, even when mild, is associated with a worse outcome and an

increased risk of death in different pathological conditions, including pneumonia , heart failure ,

acute myocardial infarction , cirrhosis , cancer , elderly patients , and intensive care patients .

These data have been confirmed by an extensive meta-analysis, which included 82 publications

for a total of more than 850 000 patients



• . A relative or absolute excess of fluid versus solute intake (the latter found primarily in 

solids) could favor the development of hyponatremia. Where fluid intake was 

extremely low, and solute intake relatively conserved, dehydration and hypernatremia 

could ensue.

• Some drugs previously used in the United States Food and Drug Administration’s (FDA)

treatment protocol for patients with COVID19, such as chloroquine and

hydroxychloroquine, can cause electrolyte imbalance.





• . In this multicentric study of 4,664 patients hospitalized with COVID19, we found that

admittance hyponatremia was frequent, affecting more than 20% of patients, for a total of 9

• 57 subjects. Conversely, hypernatremia was found in only 3.7%, a total of 174 subjects.

• In the current study, multivariable analysis indicated that CKD and bilateral pneumonia, as

well as tachypnea, male sex, and an age ≥70 years, were linked to decreased SNa levels or the

presence of hyponatremia. We found a higher rate of therapy with ACEi/ARBs in

hyponatremic patients as compared with eunatremic subjects, but these treatment regimens

were not independently associated with either a low SNa or the presence of hyponatremia .



• . Furthermore, smoking, tachypnea, and a SC ≥1.5 mg/dl were independently associated with

the presence of admission hypernatremia.

• . Our study also detected a J-shaped curve when plotting mortality risk against SNa, indicating

that risk of mortality progressively increases as SNa descends below 137 mmol/L (Figure 2), until

reaching a SNa of 120 mmol/L.



• Hypernatremia at any timepoint during hospital stay is related to excess in-hospital mortality,

while hyponatremia at presentation is associated with a higher likelihood to require advanced

ventilatory support. Hyponatremia was not a risk factor for in hospital mortality, except for

the subgroup of hypovolemic hyponatremia.

• Therefore, serum sodium values could be used in clinical practice to identify patients with

COVID-19 at high risk of poor outcomes who would benefit from more intensive monitoring

and judicious rehydration











• In a healthy person, RAS activity is balanced by ACE1 (which increases RAS activity) and ACE2 

(which decreases RAS activity) [22]. When SARS-CoV-2 binds and degrades ACE2, the ability 

of ACE2 to regulate RAS is reduced and it cannot antagonize ACEI-2. The final result is RAS 

activity is increased, which acts like secondary increased aldosterone [17]. Increased RAS 

activity enhances the distal delivery of sodium and water to collecting tubule of the kidney 

and the excretion of potassium, because previous literature also has shown that serum K+ is 

negatively associated with plasma renin activity [23]. 







• Prevalence of hypocalcemia in COVID-19:

• In April 2020, during the frst pandemic spread in Europe, a case of severe acute hypocalcemia in

an Italian previously thyroidectomized patient with SARS-CoV-2 infection was reported .

Therefore, COVID-19 was suggested for the frst-time as the possible precipitating cause of a

subclinical post-surgical hypoparathyroidism.

• Interestingly, previous studies, conducted in 2003 and 2016 and focused on SARS and Ebola

past epidemic emergencies, reported hypocalcemia as a highly prevalent biochemical

abnormality in patients affected.



• Most of the available studies evaluated total serum calcium levels, adjusted or not for

albumin levels, defning hypocalcemia as levels below either 2.2 mmol/L (8.8 mg/dL) or

2.15 mmol/L (8.6 mg/dL) or 2.12 mmol/L (8.5 mg/dL), reporting a hypocalcemia

prevalence ranging from 62.6% to 74.7% (20–30).

• Other studies evaluating ionized serum calcium levels reported a hypocalcemia

prevalence higher than 80%.



• To date, several potential factors have been hypothesized to play a role in determining hypocalcemia in

COVID-19.

• Among them, we will shortly review calcium dependent viral mechanisms of action:

• High prevalence of hypovitaminosis D in general population

• chronic and acute malnutrition during critical illness

• High levels of unbound and unsaturated fatty acids (UFA) in infammatory responses.



• COVID-19 extra-pulmonary manifestations include systemic and difuse hematologic and

thrombotic complications .

• Symptomatic acute pulmonary embolism, deep-vein thrombosis, ischemic stroke, myocardial

infarction or systemic arterial embolism were reported in up to 30% of patients .

• Calcium ion plays a fundamental role in coagulation, platelet adhesion, contractility of

myocardial and smooth muscle cells.



• Confrming a possible strict relationship between hypocalcemia and coagulopathy, D-dimer

levels and prothrombin activity were reported higher in hypocalcemic compared to

normocalcemic COVID-19 patients .

• Strongly negative correlation was found between serum calcium and D-dimer levels.



• Several authors contributed to a better understanding of hypocalcemia in COVID-19

underlying diverse possible pathophysiological mechanisms.

• In view of the dimensions of the observed phenomenon, it is likely that multiple mechanisms

could underlie a so widespread fnding in COVID-19 patients, a quite heterogenous

population with diferent degree of severity, clinical background and disease outcomes



• Ca2+has been involved in almost every step of viral life-cycles, regulating virion structure

formation, virus cell entry, viral gene expression, post-translational processing of viral

proteins and virion maturation and release.

• How this heavily calcium-dependent SARS-CoV-2 mechanism of action may afect serum

calcium levels is yet unknown.

• However, it can be hypothesized that disruption in calcium homeostasis in patients with

severe infection and high viral load may cause calcium depletion from blood circulation.



• Magnesium, an essential mineral for basic biochemical reactions, participates in a cluster of

normal physiological functions and metabolism, such as the transport of potassium and

calcium ions across cell membranes , energy metabolism, protein and nucleic acid synthesis.

• Among its various functions, magnesium has an anti-inflammatory action, and plays a role in

the immune response, antioxidant protection, and vasodilation .





• Hypomagnesemia is commonly seen (ICU) patients and appears associated with greater

risk of mortality, sepsis, mechanical ventilation, and the length of ICU stay.

• . In ICU, a retrospective study shows that patients with hypermagnesemia at admission

were at two-fold increased crude risk for death than those with normal levels.

• Lastly, in community-acquired pneumonia, high normal magnesium levels (between 0.82-

0.99 mmol/L) have been correlated with higher 30-day mortality rates.



• In a large cohort of 65,974 patients hospitalized in the Mayo Clinic, hypermagnesemia had the most

independent influence on worse patient outcomes.

• Reduced survival was noted in patients with both low and high magnesium levels. The highest

magnesium range (>0.95 mol/L), however, was the strongest independent predictor of hospital

mortality.



• During coronavirus disease 2019 (Covid-19), hypomagnesemia could have serious implications and

possibly lead to progress from mild form to a severe outcome of the disease.

• In fact, magnesium deficiency may induce a drop of T cells, increase plasma concentration of

inflammatory cytokines, and endothelial dysfunction.








