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Combating COVID-19 and Building Immune Resilience: A Potential Role for
Magnesium Nutrition?

Taylor C. Wallacea,b,c

aThink Healthy Group, Washington, DC, USA; bDepartment of Nutrition and Food Studies, George Mason University, Fairfax, Virginia, USA;
cCenter for Magnesium Education & Research, Pahoa, Hawaii, USA

ABSTRACT
Background: In December 2019, the viral pandemic of respiratory illness caused by COVID-19
began sweeping its way across the globe. Several aspects of this infectious disease mimic meta-
bolic events shown to occur during latent subclinical magnesium deficiency. Hypomagnesemia is
a relatively common clinical occurrence that often goes unrecognized since magnesium levels are
rarely monitored in the clinical setting. Magnesium is the second most abundant intracellular cat-
ion after potassium. It is involved in >600 enzymatic reactions in the body, including those contri-
buting to the exaggerated immune and inflammatory responses exhibited by COVID-19 patients.
Methods: A summary of experimental findings and knowledge of the biochemical role magne-
sium may play in the pathogenesis of COVID-19 is presented in this perspective. The National
Academy of Medicine’s Standards for Systematic Reviews were independently employed to iden-
tify clinical and prospective cohort studies assessing the relationship of magnesium with interleu-
kin-6, a prominent drug target for treating COVID-19.
Results: Clinical recommendations are given for prevention and treatment of COVID-19. Constant
monitoring of ionized magnesium status with subsequent repletion, when appropriate, may be an
effective strategy to influence disease contraction and progression. The peer-reviewed literature
supports that several aspects of magnesium nutrition warrant clinical consideration. Mechanisms
include its “calcium-channel blocking” effects that lead to downstream suppression of nuclear fac-
tor-Kb, interleukin-6, c-reactive protein, and other related endocrine disrupters; its role in regulat-
ing renal potassium loss; and its ability to activate and enhance the functionality of vitamin D,
among others.
Conclusion: As the world awaits an effective vaccine, nutrition plays an important and safe role in
helping mitigate patient morbidity and mortality. Our group is working with the Academy of
Nutrition and Dietetics to collect patient-level data from intensive care units across the United
States to better understand nutrition care practices that lead to better outcomes.
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Introduction

In December 2019, the viral pandemic of respiratory illness
caused by COVID-19, otherwise known as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), from
Wuhan, China began sweeping its way across the globe. The
current pandemic has led to >7 million confirmed cases and
>400,000 deaths worldwide (1). Nutritional care is critical
and if not promptly and adequately implemented, malnutri-
tion will negatively impact patients with the infection. Several
researchers and scientific groups, notably the Society of
Critical Care Medicine (SCCM) and the American Society for
Parenteral and Enteral Nutrition (ASPEN) have recently re-
emphasized generalized recommendations for nutrition ther-
apy in COVID-19 patients requiring ICU care (2, 3). Multiple
micronutrients (e.g., vitamins C and E, copper, zinc, thiamin,
carnitine and others), protein and fluid balance are likely all
involved in mitigating and treating the inflammatory response

induced by COVID-19. However, two unique characteristics
exhibited by COVID-19 patients are particularly relevant to
magnesium nutrition and warrant further investigation: (1) a
cytokine storm manifesting an elevation of interleukin-6 (IL-
6) (4) and C-reactive protein; and (2) hypokalemia (5). This
perspective encourages that constant monitoring (and docu-
mentation) of magnesium status and repletion, when appro-
priate, may influence immune resilience, as well as patient
morbidity and mortality.

Pathology and management of coronaviruses

COVID-19 is a spherical or pleomorphic enveloped, posi-
tive-sense, single-stranded RNA betacoronavirus of the fam-
ily Coronaviridae and the order Nidovirales (6).
Coronaviruses are a large family of viruses that typically
cause mild to moderate upper-respiratory tract infections
and less common gastro-intestinal infections (7). Most of
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the hundreds of coronaviruses identified to date circulate
predominantly among animals such as pigs, camels, bats
and cats (8). Scientists have traditionally considered corona-
viruses in humans to be “inconsequential pathogens” due to
their minute clinical manifestations (e.g., common cold) in
otherwise healthy people(7). However, over the past two
decades coronaviruses capable of causing widespread clinical
complications and mortality have begun to emerge in
humans (9). Four of seven coronaviruses that sicken people
have been well documented to cause mild to moderate dis-
ease (9). Three coronaviruses have caused more serious,
even fatal, disease: 1) SARS-CoV emerged in 2002 causing
8,000 cases with a 10% death rate, 2) Middle East
Respiratory Syndrome (MERS)-CoV emerged in 2012 caus-
ing 2500 cases with a 36% fatality rate; and 3) the current
COVID-19 outbreak emerging in late 2019 (9, 10).

Respiratory failure due to acute respiratory distress syn-
drome is the leading cause of mortality in patients diag-
nosed with COVID-19 (11). The nosocomial spread of
COVID-19 can be explained through basic virology: the pre-
dominant human cell receptor for the virus is the angioten-
sin-converting enzyme 2 (ACE2), which is mainly expressed
in a variety of endothelial cells lining the lung, intestine,
kidney and blood vessels (12, 13). ACE2 has recently been
shown to be expressed in the oral cavity mucosa and highly
enriched within epithelial cells of the tongue (14). This may
help explain the potential route of infection given the high
expression of ACE2 in type II alveolar cells of the lung and
epithelial cells of the upper esophagus (14–17). Most
infected individuals experience mild to moderate respiratory
illness and recover without requiring special treatment; how-
ever, older individuals and those with underlying medical
conditions such as obesity, type-2 diabetes and cardiovascu-
lar disease are more likely to develop serious and life-threat-
ening illness (18). Available clinical data suggest that there is
a mild to severe cytokine release among patients, which
increases both morbidity and mortality rates. ACE2 is com-
monly known for its blood pressure lowering effects, since it
catalyzes the hydrolysis of angiotensin II, a vasoconstrictor
peptide. Inhibition of ACE2 enhances angiotensin II, with
resultant proinflammatory effects due to increases in
NADPH oxidase, reactive oxygen species (ROS),

phosphorylation of inhibitor-jB (IjB) and nuclear factor-jB
(NF-jB), and inflammatory cytokines (e.g., TNFa, IL-6,
MCP-1, etc), as well as decreases in endothelial nitric oxide
(eNOS) and nitric oxide (NO) bioavailability (19). Table 1
describes inflammatory mediators stimulated by angiotensin
II. Release of the virus from the alveolus occurs with an
increase in cell permeability and destruction of epithelial
cells (20). It then activates both the innate and adaptive
immune system. Macrophages and other immune cells cap-
ture the virus and as explained above release a large number
of cytokines and chemokines, most notably interleukin-6
(IL-6) and C-reactive protein (CRP). Large numbers of
erythrocytes and inflammatory exudates then enter the
alveoli, eventually causing dyspnea and respiratory failure
(20–23). Pulmonary fibrosis and hypertension are common
when the proinflammatory cytokine IL-6 is expressed in the
lungs (24). High expression of IL-6 other inflammatory
cytokines have also been well documented in patients with
both SARS-CoV and MERS-CoV (25–27). IL-6 plays an
important role in cytokine release and its importance to
human metabolism, autoimmune cell differentiation, and
disease treatment has been recently reviewed by experts in
the field (24). It has broad effects on cells of the immune
system and often displays hormone-like attributes that
affects homeostatic processes in the body (24). CRP produc-
tion by the liver is regulated by cytokines, particularly IL-6.
IL-6 is now being considered as a prominent target for
COVID-19 drug interventions; several pharmacologists and
medical experts have suggested Tocilizumab, a drug
approved for the treatment of rheumatoid arthritis and
juvenile idiopathic arthritis, as a likely effective drug for
patients with COVID-19 (28, 29). Tocilizumab works by
blocking the IL-6 transduction pathway.

Cytokine-induced malnutrition

Profound metabolic changes occur due to the actions of
proinflammatory cytokines, including but not limited to
TNF-a, IL-1, IL-6, IL-8, and CRP, all of which seem to be
drastically elevated in moderate to severe COVID-19 cases
(30, 31). These changes have long been documented to
influence energy, fat, carbohydrate, protein, and micronu-
trient metabolism (32). At the same time, the body’s antioxi-
dant defenses become depleted in response to the elevated
cytokines, resulting in upregulation of the inflammatory pro-
cess and localized tissue damage. The immune response
exerts a high metabolic and nutritional cost upon the body.
Aside from negative nitrogen and mineral balance, overt
symptoms such as fever and loss of appetite are directly and
indirectly caused by proinflammatory cytokines (33). Thus,
the body of an individual infected with COVID-19 primarily
relies on essential vitamins and minerals contained within to
support its biochemical needs.

Magnesium in human health

Magnesium is the fourth most abundant cation in the
human body and the second most abundant intracellular

Table 1. Inflammatory mediators stimulated by angiotensin II.

NF-jB Nuclear factor-jB
I-jB Inhibitor-jB
NADPH oxidase Reduced nicotinamide-adenine

dinucleotide phosphate dehydrogenase
p47(phox) p47 protein component of NADPH oxidase
TNF-a Tumour necrosis factor-a
IL-6 Interleukin-6
MCP-1 Monocyte chemoattractant protein-1
ICAM-1 Intracellular adhesion molecule-1
VCAM-1 Vascular cell adhesion molecule-1
ROS Reactive oxygen species
O2

� Superoxide
TF Tissue factor
PAI-1 Plasminogen activator inhibitor-1
AP-1 Activator protein-1
MMP Matrix metalloproteinase
CRP C-reactive protein
SAA Serum amyloid A
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cation (next to potassium) (34). It is currently among the
four nutrients prioritized for Dietary Reference Intake (DRI)
reevaluation (35). Enzymatic databases list over 600 enzymes
for which magnesium serves as a cofactor, and an additional
200 in which it may act as an activator (36–38). Total body
magnesium content is about 24 g (2000 mEq or 1mol
[24mg magnesium ¼ 2 mEq ¼ 1mmol]) in a normal
human adult. Bone serves as a reservoir and contains 50%
to 60% of the body’s magnesium (39, 40); approximately
one-third of skeletal magnesium is exchangeable when diet-
ary intakes are low (41). The remaining body magnesium is
intracellular, with approximately 27% and 20% residing in
muscle and soft tissue, respectively (39). Extracellular mag-
nesium accounts for only about 1% of total body magne-
sium, which is found primarily in the serum and red blood
cells (41–43). In the serum, about 32% of magnesium is
bound to the protein albumin and �55% is as the free ion-
ized cation (iMg2þ), which is the bioactive form (41, 44).

There is a substantial body of scientific evidence that
demonstrates an individual’s magnesium requirement and
status are affected by multiple factors, including to sex, age,
race, body weight, lean body mass, energy needs, and the
intake of other minerals, particularly sodium and calcium
(45). Approximately 48% of the population in the United
States has been shown to consume less than the estimated
average requirement (EAR) (46), while three-fourths fail to
meet the recommended dietary allowance (RDA) (47). It
should be noted that these estimates are based on values
published by a the National Academies of Sciences,
Engineering and Medicine (NASEM) DRI Committee in
1997 and are based on average body weight values for men
and women that are lower than the current population aver-
age (48, 49). Racial and ethnic differences in magnesium
intake also exist (50).

Hypomagnesaemia if not properly diagnosed and treated
can be a severe and potentially fatal complication. Deficiency
can be present despite normal total serum magnesium levels
(45, 51). Normal total serum magnesium concentrations
range between 1.7� 2.2mg/dL (or 1.5� 1.9 mEq/L or
0.75� 0.95mmol/L), regardless of age (39, 42). However, this
reference interval was established using distribution of total
serum magnesium among participants enrolled in the
NHANES I (1974� 1974) dataset, rather than clinical out-
comes (42). Whole blood iMg (2)þ has recently been sug-
gested as a more sensitive measure of acute oral intake of
magnesium compared to total serum and urinary magnesium
and may therefore be preferred for assessing patient status
(52). Normal iMg (2)þ values range between 0.42 and
0.59mmol/L (53), although this interval has not been univer-
sally adopted and again, is based on distribution in the nor-
mal “healthy” population vs. the relation of iMg2þ with
clinical outcomes. Hypomagnesemia is a relatively common
occurrence in clinical medicine that often goes unrecognized
since magnesium levels are rarely monitored in the clinical
setting. Prevalence (measuring total serum magnesium) varies
from one study to another, with a wide range from 11 to
61% (54–59). Many studies have showed good relationships
between iMg2þ and total serum magnesium in healthy adult

populations, however total serum magnesium seems to be a
weak predictor of ionized hypomagnesemia in hospitalized or
critically ill patients. More than half of patients admitted to
the intensive care unit (ICU) with ionized hypomagnesemia
have normal serum magnesium status (n¼ 446) (53). 60% of
critically ill children with ionized hypomagnesemia were
shown to have normal total serum magnesium status,
although the study population was relatively small (n¼ 24)
(60). Measuring whole blood iMg2þ is likely the superior
marker of status in COVID-19 patients given the enhanced
sensitivity to changes in oral intake (52) and demonstrated
association with commonly used medications such as diu-
retics (53) that are more likely to be taken by subpopulations
at increased risk of infection.

Clinical magnesium deficiency due to low dietary intake in
otherwise healthy people is relatively uncommon since the
kidneys tightly regulate urinary excretion (42, 61). This type
of deficiency is easily diagnosed due to obvious symptoms
such as weakness, confusion, and if extreme, convulsions and
uncontrollable muscle contractions (34). Subclinical magne-
sium deficiency has been shown to be a more common
occurrence in healthy populations and is associated with an
increase in low-grade chronic inflammation. Limiting dietary
intake in animals demonstrates similar results on low-grade
chronic inflammation (62). Several markers of endothelial
dysfunction and systemic inflammation (e.g., IL-6, TNF-a,
soluble intracellular adhesion molecule 1, soluble vascular cell
adhesion molecule 1, and CRP) have shown inverse relation-
ships with low magnesium intake (42). Recent systematic
reviews of randomized, controlled trials illustrate inverse rela-
tionships of magnesium supplementation with circulating
CRP levels, with larger magnitudes of effect among individu-
als with elevated inflammatory status (63,64). Co-supplemen-
tation of magnesium and zinc have also been shown to lower
circulating CRP levels in women with polycystic ovary syn-
drome, in addition to enhancing plasma antioxidant capacity
and downregulating genes controlling the expression of IL-1
and TNF-a (65). Magnesium has a known “calcium-channel
blocking” effect – the mineral can inhibit calcium (Caþ2)
influx in immunocompetent cells, which limits nuclear factor-
jB (NF-jB) activation, cytokine production and resulting sys-
temic inflammation (62, 66). The hallmark downstream effect
of NF-jB activation is the production of proinflammatory
cytokine IL-6. IV infusion of magnesium has been proposed
as an emergent treatment for use in acute asthma exacerba-
tions (primarily an inflammatory disease) given the nutrient’s
demonstrated role in attenuating neutrophil respiratory burst
and superoxide (O2-) production (67). Short-term exposure
to magnesium sulfate has been shown to effectively reduce
the frequency of monocytes producing TNF-a and IL-6 under
constructive and toll-like receptor stimulated conditions,
decreasing cytokine gene and protein expression (66).

Magnesium as a modulator of IL-6 levels

Experimentally induced magnesium deficiency in rodent
models has been widely shown to elicit an inflammatory
response, characterized with increases in plasma hs-CRP and
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IL-6 levels (42, 62, 68). Cross-sectional studies also indicate
inverse relationships between magnesium intake, status and
serum IL-6 concentration (69, 70). However, knowledge of
the relationship between magnesium and IL-6 is limited as a
comprehensive or systematic review of the literature is cur-
rently absent. To support this perspective, methods for con-
ducting systematic review outlined by the National Academy
of Medicine’s Standards for Systematic Reviews (71) were
independently employed to identify clinical and prospective
cohort studies in the peer-reviewed scientific literature.
Detailed methods can be found in Supplementary Tables
1–2 and Supplementary Figure 1. A total of 11 clinical stud-
ies that administered magnesium in oral (n¼ 6) and intra-
venous (n¼ 5) form, as well as 1 prospective cohort study
were identified from the literature search (Supplemental
Table 3) (72–83). Magnesium intake or infusion was associ-
ated with significant decreases in IL-6 across diverse patient
populations, in all but three studies; however most did not
have adequate statistical power. Of the three studies not show-
ing statistically significant decreases in IL-6, two showed bor-
derline statistical significance (p¼ 0.08) with participants
having very low baseline levels (79, 81). A third study in liver
transplant patients showed that 35mg/kg magnesium sulfate
infusion increased IL-6 after 30-minutes and noted that while
normomagnesemia has a protective role against harmful
inflammatory reactions that over-normalization of magnesium
status can cause peripheral vasodilation and should be
avoided. Only two of the included studies had patients with
significantly elevated IL-6 levels from a clinical perspective
(73, 76). Rashvand et al., 2019 showed modest �12%
improvements in IL-6 after oral administration of 500mg
magnesium per day as magnesium oxide for 2-months in
type-2 diabetic patients, as compared to the placebo.
Interestingly, co-administration of magnesium and choline
showed a �17% reduction in IL-6 in this multi-arm RCT
with a parallel design (73). Mojtahedzadeh et al. 2016 admin-
istered 10 g intravenous magnesium sulfate 36-hours post-sur-
gical correction of acute aortic aneurysm in a RCT with a
parallel design (n¼ 18). Even though large differences in IL-6
were noted, particularly after 12-hours, baseline levels were
almost double in the intervention vs. control and both groups
showed large decreases in IL-6 over the 36-hour period (76).
Magnesium infusions present a greater risk compared to diet-
ary intake, but allow for more rapid repletion during an emer-
gency situation, such as initiation of a cytokine storm. Dietary
intake of magnesium through food and modest supplementa-
tion during the early stages of infection (when symptoms are
mild) is safe and may have potential to benefit the patient.
Both scenarios require future clinical research and our team
will be collaborating with the Academy to collect patient level
data on this topic through the Academy of Nutrition and
Dietetics Health Informatics Infrastructure (ANDHII).

Electrolyte interrelationships: Hypokalemia and
hypomagnesemia

Hypokalemia has been shown to be largely prevalent among
critically ill COVID-19 patients (5). A recent report from

China showed that 93% of severe and critically ill patients
suffering from COVID-19 had hypokalemia (5); unfortu-
nately magnesium status was not assessed among this popu-
lation. The major imbalance in the renin-angiotensin system
caused by the downregulation of ACE2 is a critical element
of unfavorable evolution in patients with COVID-19.
Hypokalemia appears to be a biomarker of imbalance, where
diminished urinary potassium loss and response to intraven-
ous potassium indicate restored ACE2 functionality (84).
Supportive of this notion, severe hypokalemic patients
administered 3 g potassium per day of (average 34 g during
hospital stay) reported that patients responded well to the
when they were inclined to recovery (5). Hypokalemia,
defined as a serum potassium concentration of less than 3.5
mEq/L, is one of the most frequent fluid and electrolyte
abnormalities documented in the clinical setting.
Hypokalemia is a common finding in patients with hypo-
magnesemia; about half of patients with clinically defined
potassium deficiency also have depleted magnesium levels
(85), although as previously discussed the serum level used
to define deficiency has varied across studies (0.6 to
0.75mmol/L) with some being more conservative than
others. Hypomagnesemia contributes to the development
and severity of hypokalemia by reducing intracellular potas-
sium concentrations and promoting renal potassium wasting
(86). Intracellular potassium concentrations have been sug-
gested to decrease in the presence of hypomagnesemia since
low magnesium impairs the function of the sodium-potas-
sium ATPase pump. The renal outer medullary potassium
(ROMK) channel exacerbates potassium wasting during
magnesium deficiency through increased distal potassium
secretion. It should be noted that low intracellular magne-
sium (caused by magnesium deficiency) does not necessarily
cause hypokalemia alone, as increases in distal sodium deliv-
ery and aldosterone levels may also have a prominent role
in exacerbating potassium wasting during magnesium defi-
ciency (86). Huang and Kuo (2007) provide an extensive
review of the scientific literature (86).

Certain medications (e.g., antibiotics, beta 2-receptor
antagonists, diuretics, insulin, glucocorticoids, laxatives, etc)
may also cause hypokalemia through a variety of mechanisms
including intracellular potassium shifting, increased renal loss,
and decreased intestinal uptake (87). Deficiency in magne-
sium in critically ill patients can not only lead to secondary
hypokalemia but also hypocalcemia, accompanied by severe
neuromuscular and cardiovascular clinical manifestations.
Concurrent magnesium deficiency aggravates hypokalemia
and renders it refractory to potassium treatment (86). If the
patient is hypomagnesemic or has borderline low-normal
serum concentrations, treating hypomagnesemia concomi-
tantly with the hypokalemia is appropriate to prevent serum
potassium levels from falling below the normal range after
discontinuation of potassium therapy. In critically ill patients
with mild to moderate hypomagnesemia, administration of
1 g (8 mEq) of intravenous magnesium will increase serum
concentrations by 0.15 mEq/L within 18 to 30 hours (Table 2)
(88). Severe cases may require treatment with a higher dos-
age. Since magnesium slowly distributes into the tissues and
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is rapidly excreted by the kidneys, infusion time is crucial.
Magnesium administration should be carefully done in
patients with moderate to severe CKD at dose reductions of
50-75%. Suggested intravenous dosing guidelines for patients
of average size with normal renal function are given in
Table 2, adopted from Dickerson 2001 (89).

Vitamin D, respiratory infections, and the role
of magnesium

Vitamin D has been shown to reduce the risk of infections
through multiple mechanisms including the induction of
cathelicidins and defensins that reduce viral replication rates
and concentrations of several proinflammatory cytokines
that lead to inflammation and injury of the lungs (90). A
high-quality systematic review and meta-analysis of 25 RCTs
recently showed supplementation to protect against respira-
tory infection. Patients who were “very vitamin D deficient”
and those not receiving a bolus dose experienced the most
benefit (91). Supplementation with 20 lg (800 IU) per day
was shown to be the most effective with a goal of raising
serum 25(OH)D levels to � 25 nmol/L. No additional bene-
fits were shown with higher levels of supplementation (91).
Since the onset of COVID-19, a growing number of retro-
spective observational investigations of patient medical
records from around the globe have consistently identified
low vitamin D status to be prevalent in those with COVID-
19 (92–98). A study of 20 European countries found vitamin
D status to be related to risk of mortality from infection
(94). Status was also shown to be lower among older
patients (94), which is consistent with the previously pub-
lished vitamin D literature (99). Serum 25-dihydroxyvitamin
D (25OHD) levels below 30 ng/mL were strongly associated
with an increase in COVID-19 mortality in Indonesia. India
provided consistent data to that from Indonesia indicating
that serum 25OHD levels <30 ng/mL to be strongly

associated with risk of death from COVID-19, after control-
ling for age, gender and comorbidities (97). Data from the
Philippines indicate that for each standard deviation increase
in serum 25OHD the odds of having a mild vs. critical out-
come increased by 19.61 times (OR: 0.126, p< 0.001,
n¼ 212) (96). The underlying mechanisms for which vita-
min D status influences risk of COVID-19 infection, severity
and mortality has not been fully elucidated. The most not-
able hypothesis is the potential link of vitamin D as an
inverse endocrine regulator of the renin-angiotensin system.
In animal studies vitamin D acts as a down-regulator of
renin (100). Vitamin D receptor (VDR) knockout mice have
significantly elevated renin and angiotensin II concentra-
tions. These mice also develop hypertension and target-
organ-damage (101, p. 25) similar to patients with severe
COVID-19.

CRP has been suggested to be a valuable biomarker to
anticipate the COVID-19 disease progression in non-severe
adult cases. Elevated CRP levels have been shown to rise in
non-severe patients prior to disease progression (102).
Vitamin D has been suggested to suppress CRP and the
cytokine storm in COVID-19 patients. CRP has also been
suggested to be a surrogate marker for vitamin D deficiency
(98). It is also noteworthy to mention that the active form
of vitamin D (calcitriol or 1,25-dihydroxycholecalciferol) is a
steroid hormone that acts as an immune system modulator
by down-regulating expression of inflammatory cytokines,
while enhancing macrophage function (99).

Several steps in vitamin D metabolism are dependent on
magnesium as a cofactor, such as:

� Binding of vitamin D to vitamin D binding
protein (VDBP)

� 25(OH)D synthesis
� 1,25(OH)D synthesis
� 25-hydroxylase synthesis

Table 2. Intravenous dosing of potassium and magnesium in patients with normal renal function.

Dosing of potassium chloride

Serum K (mEq/L) Dose (mEq) Laboratory Work

3.5� 3.9a 40 (x 1) Assess basal metabolic profile and check
magnesium status next morning.

3.0� 3.4 40 (x 2) Assess basal metabolic profile and check
magnesium status next morning; may wish to
assess potassium status 2-hours after second 40
mEq bolus, especially if losses are suspected to
be high. Reassess

2.0� 2.9 40 (x 3þ) Assess potassium status 2-hours after second 40
mEq infusion and reassess; may need 1� 2
additional boluses; repeat. Check magnesium
status. Reassess.

Dosing of Magnesium Gluconate
Serum Mg (mg/dL) Dose (g/kg)
1.6� 1.8 0.05
1.0� 1.5 0.1
<1.0 0.15

Adapted with permission from Dickerson 2001 (89).
aSome clinicians choose not to provide any potassium for a serum concentration of 3.5–3.9 mEq/L, depending on the clin-
ical scenario.

Note: These doses are based on “average sized” adults and should not be used for patients with renal impairment or
adrenal insufficiency. Always examine magnesium status in any patient who is hypokalemic. Increase the amount of
potassium in the IV/parental nutrition solutions if possible. Be sure to check arterial pH level to ascertain whether any
aberrations in serum potassium are due to an abnormal pH.
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� Vitamin D receptor (VDR) activation for cellular effects
(103, 104)

Magnesium deficiency can decrease parathyroid hormone
synthesis and secretion, and also the number of available
VDRs in target cells (104–108). Serum 1,25(OH)D often
remains low in patients with magnesium deficiency despite
vitamin D intake (103, 104, 109, 110). The role of magne-
sium in vitamin D activation and function has recently
described in detail by experts in the field (111).

A recent retrospective observational investigation of
COVID-19 patients found significantly fewer hospitalized
patients age �50 years receiving daily oral vitamin D3

(1000 IU), magnesium (150mg), and vitamin B12 (500lg)
supplementation for up to 14-days (n¼ 3/17) required sub-
sequent oxygen therapy compared to controls (16/26).
Multivariate analyses showed supplementation to be a sig-
nificant protective factor against clinical deterioration after
adjusting for age, gender and comorbidities (HR: 0.152, 95%
CI: 0.025� 0.930, p¼ 0.041) (112).

Clinical recommendations

Concurrent vitamin D and magnesium supplementation
may be critical for prevention and treatment of COVID-
19. Consuming nutrient-dense foods that follows patterns
current recommended U.S. dietary guidelines is critical for
supporting immune system resilience. Normal healthy indi-
viduals taking precaution to prevent infection or those
experiencing mild COVID-19 symptoms may consider
daily supplementation with �350mg of magnesium, par-
ticularly if dietary intake is low. Modest daily over-the-
counter supplementation with vitamin D2 or D3 should
remain under the current UL of 4000 IU per day (99),
unless otherwise prescribed by a credentialed medical
professional.

Critical care teams in the ICU may wish to consider mag-
nesium infusion in COVID-19 patients with moderate to
severe hypokalemia, cytokine storm, or suspected hypomag-
nesemia. Usual adult dose for treating hypomagnesemia is
1 g (8 mEq) of intravenous magnesium every 6-hours for 4
doses (mild hypomagnesemia) or as much as 250mg/kg
within a 4-hour period (severe hypomagnesemia).
Appropriate diluents include 5% dextrose or 0.9% sodium
chloride. Caution should be used to prevent exceeding renal
excretory capacity (separate recommendations may exist for
patients with impaired kidney function). When possible,
whole blood ionized magnesium (vs. serum magnesium) has
been demonstrated to be a more sensitive indicator of mag-
nesium of a patient’s status (52). Clinicians should also use
treatment with magnesium as concurrent with potassium
repletion, when appropriate. See additional suggestions for
intravenous potassium and magnesium repletion in Table 2.
Monitor and replete a patient’s 25OHD status to �30 ng/mL
through your institution’s standard protocol(s).
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