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Background: The COVID-19 pandemic is considered a major health problem all
over the world which has caused extensive and worldwide mortality and
morbidities along with vast economic and political impact. Limitations of our
knowledge and controversies in treatment modalities make the control and
management of this disease more difficult. The status of electrolytes especially
Mg and Zn in plasma and its correlation with the clinical situation and criteria
for recovery has been investigated in various studies. Limited data in Iran
mandate the design of a trial for evaluating our critically ill patients. We
designed this study to investigate the correlation between plasma levels of Mg
and Zn and the outcome including patients' need for assisted/ controlled
ventilation, time required for weaning, length of ICU stay, and probable cause
of death.

Materials and Methods: 413 patients with severe respiratory signs of COVID-
19 disease who were admitted to the ICUs of 3 medical centers of Shahid
Beheshti University of Medical Sciences were evaluated for plasma levels of Mg
and Zn. Supplemental therapy was introduced when needed and was followed
until discharge from ICU or death. All recorded data were analyzed by
statistical methods and results were compared with similar studies.

Results: 20.6% and 35.1% of all participants had low serum levels of Mg and
Zn, respectively. 11 patients (2.7%) died through the treatment period. 56.9%
and 61.0% of participants received Mg and Zn supplements, respectively.
Conclusion: According to our results, serum Mg and Zn levels did not show a
significant correlation with the risk of death due to severe COVID-19 disease,
prolonged assisted ventilation, or duration of ICU stay. There was no
significant association between Mg and Zn supplementation with the risk of
death due to severe COVID-19; however, it showed an inverse relationship with
the time required for assisted ventilation and the duration of ICU stay. It seems
that Mg and Zn supplementation can be useful in preventing or managing
some of the morbidities among COVID-19 patients.
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INTRODUCTION SARS-Cov-2 corona virus. Due to our limited knowledge

During the past 2 years, the COVID-19 pandemic about this disease and its pathogenicity, there are many
affected many countries nearly all around the world. Many problems for managing and controlling it. One of the main
people are infected by a new generation, the so-called features of COVID-19 disease especially in severe cases is



the progressive respiratory problems that may lead to
respiratory insufficiency or even death. Many aspects of
the disease as well as the role of many interventions in its
prevention or control are still unknown. One of the main
challenging items in this regard is the role of some
minerals and electrolytes on the respiratory profile.

SARS-CoV-19  virus can attach to converting
angiotensin II enzyme (ACE II) which is expressed in many
tissues and organs such as lungs, arteries, and intestines
(1). In severe cases, it can stimulate the immune system
and cause progressive inflammation and cytokine storm
(2). About 20% of all infected patients need ICU admission
(3) while about 80% of them will need ventilatory support
with a mortality rate of 30-90% (4). Thus, prompt detection
of disease and on-time control of the pathway of disease
can prevent such a disaster.

Recent studies indicate that an individual's Zn profile
can influence their susceptibility to anti-viral immunity.
Zinc-deficient people are more susceptible to viral
infections (5). Zn ++ cations can inhibit coronavirus
replication by inhibiting RNA polymerase (6). On the other
hand, Zn can reduce the virus entry into the host cell by
downregulation of the ACE-2 enzyme (7). Clinically, zinc
deficiency is defined as plasma zinc level lower than 70
mg/100ml (10.7 mmol/L) (8). Several studies showed that
normal levels of Zn correlate with survival and zinc
supplementation should be considered for patients with
essential zinc deficiency (9). Yasui et al showed that there
is a meaningful decrease in plasma zinc levels among
severe cases of COVID-19 (8). However, some studies
suggest that a decrease in plasma zinc level can have a
supportive effect due to lower zinc availability for bacteria
and limiting cytokine response (10). Also, it has been
reported that an in vitro increase in Zn plasma levels
inhibits macrophage activation, phagocytosis, and O
consumption (11). Also, Zn redistribution from plasma to
the liver, thymus, and bone marrow can have a supportive
effect against invading pathogens (12).

Magnesium is essential in basic biochemical reactions

through cell membranes (13,14), protein, and nucleic acid
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metabolism (15). Mg has also an anti-inflammatory effect
(16). In a study conducted in Morocco, hypomagnesemia
had a direct effect on ICU stay in severe COVID-19 patients
(17). A study in Kermanshah, Iran, showed that
hypomagnesemia is more common among ICU admitted
COVID-19 patients (18). Another study in France also
showed that there is an inverse relation between ICU stay
and plasma levels of Magnesium (19). In another study, it
was shown that both low and high plasma levels of Mg
correlate with higher mortality rates (20). Despite
insufficient data, several studies showed that both low and
high levels of plasma Mg levels correlate with the profile of
many illnesses, despite controversies (21-24). In many
medical centers, supplemental therapy by adding Mg
products is very popular, but its effect on the course of
COVID-19 disease is still unclear (25-31). In some studies, a
positive effect (27, 29-31), and in others no correlation
between Mg plasma levels and the course of the disease are
reported (25,26,28). Several studies have shown that there
are some changes in concentrations of minerals and
electrolytes, especially Zn and Mg, during COVID-19
disease (32-37).

Many physiologic findings insist on the importance of
Zn plasma levels in the clinical course of pulmonary and
coronary diseases (38 - 44). Several studies investigated the
effect of some minerals and vitamins on the condition of
patients with acute and critical respiratory problems
(30,45-49).

Due to the high incidence and prevalence of COVID-19
disease as well as its high rate of mortality and morbidity,
it seems logical to find an exact response to these
questions, especially when the former studies have
generally controversial results.

Due to the high incidence and prevalence of COVID-19
disease and the lack of sufficient data about the probable
correlation between some nutritional elements and the
severity of COVID-19 as well as the proper response to
therapy, we designed a study to evaluate the role of
normal and abnormal values of plasma Zn and Mg in

mortality rate of COVID-19 patients and some very
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important morbidities such as duration of ICU admission
and assisted ventilation.

Despite several studies about the role of Mg and Zn
deficiency on ventilatory parameters and the duration of
ventilation, due to rather insufficient data and
controversial results, we were encouraged to design and
conduct a prospective descriptive study to evaluate and
assess the role of Mg and Zn supplementation on the
course of respiratory problems, need for assisted
ventilation, and weaning course in addition to their
probable role in preventing death in patients with severe
COVID-19 disease.

Given the above findings and still more unknowns, we
hypothesized that normal levels of plasma Mg and Zn can
reduce the mortality rate from COVID-19 disease and its

respiratory morbidities in ICU admitted cases..

MATERIALS AND METHODS

We designed a prospective descriptive-analytical study.
This study was a multi-center study and was done in
intensive care units of 3 tertiary medical centers of Shahid
Beheshti University of Medical Sciences, Tehran, Iran. All
adult patients (above 18 years old) which admitted to the
COVID-19 intensive care units were included in the study.
Inclusion criteria were all adult patients admitted to
COVID-19 ICU, confirmed severe COVID-19 disease,
availability of data about plasma levels of Zn and Mg at
the admission, and signed informed consent by the patient
or her/his relatives. Exclusion criteria were unacceptance
by the patient, unavailability of Zn and Mg profile at
admission time, and early death for a reason other than
COVID-19 disease.

During five months, all severe cases of COVID-19
patients who were admitted to ICUs of three tertiary
hospitals of Shahid Beheshti University of Medical Sciences
were included in this study. No case selection and no
interventional approaches in treating protocols made by
researchers. All patients were admitted to the ICU with Zn
and Mg plasma level measurements and during the ICU

stay, these profiles were repeated every day. Plasma levels

of Mg and Zn were followed by the research team. Patients
were divided into three groups with normal, low, or high
plasma levels. No intervention was made by the research
team, but all data about medications, treating protocols,
weight, height, body mass index, assisted ventilation
status, duration and modes for assisted ventilation,
duration of ICU and hospital stay, status at discharge, and
the probable or exact cause of death as well as nutritional
and/or supplemental therapy were recorded in a 3 pages
questionnaire. There were 3 approaches for data recording;
patient and/or family interview, physical examination of
the patient, and clinical / para-clinical data recording.

Due to insufficient data about differences between
mean and standard deviations in the relationship between
Zn and Mg profile and duration of ICU stay and assisted
ventilation, we designed a pilot study at first. In this pilot
study, 68 patients among these 3 ICUs were selected
randomly and derived data were summarized and used for
the main study.

The main study included data from 413 patients: 85 had
low plasma Mg levels compared to 328 with normal levels,
and 145 had low Zn levels compared to 268 with normal
levels. Statistical analysis of data was done using SPSS

version 20 software.

RESULTS

In this study 413 patients were selected in COVID-19
ICUs in 3 tertiary medical centers of Shahid Beheshti
University of Medical Sciences, Tehran, Iran. From a total
number of 413 cases (52.5 % female and 4705% male),
20.6% and 35.1% had lower plasma levels of Mg and Zn,
respectively. During hospital stay, 11 cases died (2.7%).
The mean # standard deviation for all age groups was
49.0£16.7 years. Among all cases, 180 cases (43.6%) had a
history of co-existing disease, mainly hypertension (32%),
diabetes (22.5%), coronary artery disease (15%), and renal
dysfunction (3.6%). During ICU stay, antibiotics and
antacids were prescribed for 34.6% and 11.9 %,
respectively. There were only 5 cases of malnutrition at the

time of ICU admission. In 67.3% of all cases, enteral
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feeding began during the first week using a nasogastric
tube.

During ICU stay, 56.9% and 61.0% of all cases received
supplemental Mg and Zn, respectively. In this regard,
94.1% and 95.9% of cases with low plasma concentrations
of Mg and Zn as well as 47.3% and 42.2% of cases with
normal plasma levels of Mg and Zn received supplemental
therapy, respectively.

From a demographic point of view, there were some
differences in time and duration of ICU admission,
duration of assisted ventilation, and need for supplemental
therapy between 3 medical centers (P<0.05). There was also
a significant difference between these 3 medical centers in
terms of normal and/or low plasma levels for Mg and Zn,
body mass index duration of ICU stay, and need for
supplementation by Mg and Zn (P<0.05).

The effect of possible confounders including age, sex,
body mass index levels, nutritional status, antibiotic and
antiacid drug use, food intake method, treatment centers,
comorbidities, and magnesium or zinc supplementation
were adjusted in regression models.

The B and 95% CI for the times needs for auxiliary
ventilation and the hospitalization days were 0.68 (-0.77,
2.13), P = 0.358 and 0.49 (-0.89, 1.89), P = 0.488 for patients
with low compared to normal Mg group, respectively.
Also, for patients in the low compared to normal Zn group,
the B, and 95% CI for the times needed for ventilation and
the hospitalization days were 0.38 (-0.91, 1.68), P = 0.561
and 0.94 (-0.28, 2.18), P = 0.133, respectively (Table 1).

The OR (95%ClI) of death incidence, more than 2 weeks
need of assisted ventilation, and hospitalization for
patients with low Mg compared to the normal group were
3.24 (0.36 - 28.82), P=0.292, 1.16 (0.63 - 2.12), p-0.619, and
1.09 (0.59 - 1.99), P=0.775 in the final adjusted model. For
patients with low Zn vs normal group, the OR (95%ClI) of
death incidence, more than 2 weeks need of assisted
ventilation, and hospitalization were 2.49 (0.28 - 21.76),
P=0.409, 1.11 (0.63 - 1.95), P=0.703, and 1.53 (0.86 - 2.70),
P=0.141, respectively (Table 2).

We also conducted additional analysis to assess the

association between Mg and Zn supplementation with
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mentioned outcomes. Among all study populations,
patients who consumed Mg supplementation compared
with those who received no Mg supplement showed no
association with death incidence (OR (95%CI): 0.31 (0.04 -
2.26, P=0.253)). However, lower risk of more than 2 weeks
need of ventilation (OR (95%CI): 029 (0.18 - 048,
P<0.001)), and hospitalization (OR (95%CI): 0.30 (0.19 -
0.49, P<0.001)) was observed (Table 3).

Table 1. Beta coefficients and 95% confidence interval between serum zinc and
magnesium levels with the number of days requiring ventilation and
hospitalization in study participants

Non-standard beta P-value
coefficient (95%
confidence interval)

Description

Low magnesium levels versus normal levels
Number of days required ventilation

Model 0 -1.35(-2.77, 0.06) 0.061
model 1° -1.27(-2.69, 0.14) 0.079
model 2" -1.23(-2.66, 0.19) 0.089
model 3t 0.68(-0.77, 2.13) 0.358
Number of hospitalization days

model 0 -1.61(-2.98, -0.25) 0.020
model 1° -147(-2.82,-0.11) 0.034
model 2" -1.26(-2.62, 0.09) 0.068
model 3t 0.49(-0.89, 1.89) 0.488

Low levels of zinc versus normal levels
Number of days required ventilation

Model 0 -2.34(-351,-1.18) <0.001
model 1° -2.32(-3.49, -1.16) <0.001
model 2" -2.16(-3.43,-0.99) <0.001
model 31 0.38(-0.91, 1.68) 0.561

Number of hospitalization days

Model 0 -2.06(-3.18, -0.93) <0.001
model 1" -2.01(-3.13, -0.89) <0.001
model 2" -1.70(-2.83, -0.57) <0.001
model 31 0.94(-0.28, 2.18) 0.133

A negative beta coefficient indicates an inverse relationship and a positive beta coefficient
indicates a direct relationship between low levels of magnesium and zinc with the number of
days required for hospitalization and ventilation. If the reported confidence interval for beta
coefficients is zero, it is not statistically significant, and if it is not zero, the relationship is
statistically significant.

* Adjusted for age and gender

+ Adjusted for Model 1 plus body mass index levels, nutritional status, antibiotic use,
antacids, diet, treatment centers and comorbidities,

T Adjusted for Model 2 plus magnesium supplementation,

11 Adjusted for Model 2 in addition to zinc supplementation
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Table 2. Odds ratio and 95% confidence interval between serum zinc and
magnesium levels with the risk of death from COVID-19 and the need for more
than 2 weeks of assisted ventilation and hospitalization in the study participants

Description Odds ratio (95% P-value
confidence interval)

Low magnesium levels versus normal levels
Risk of death and mortality

Model 0 1.85(0.46-7.34) 0.381
model 1° 2.00(0.50-8.00) 0.327
model 2" 1.69(0.28-9.94) 0.560
model 3¢ 3.24(0.36-28.82) 0.292
Requires artificial ventilation for more than two weeks

model 0 0.65(0.38-1.11) 0.112
model 1° 0.65(0.38-1.11) 0.116
model 2" 0.64(0.37-1.11) 0.119
model 3¢ 1.16(0.63-2.12) 0.619
Need to be hospitalized for more than two weeks

Model 0 0.56(0.33-0.95) 0.034
model 1° 0.58(0.34-0.98) 0.046
model 2" 0.61(0.35-1.07) 0.086
model 3¢ 1.09(0.59-1.99) 0.775

Low levels of zinc versus normal levels
Number of hospitalization days

Model 0 0.86(0.21-3.38) 0.830
model 1° 0.88(0.22-3.50) 0.864
model 2" 1.28(0.22-7.29) 0.775
model 3F 2.94(0.28-21.76) 0.409
Requires artificial ventilation for more than two weeks

Model 0 0.47(0.30-0.73)

model 1° 0.47(0.30-0.74) 0.001
model 2" 0.47(0.30-0.75) 0.002
model 3¢ 1.11(0.63-1.95) 0.703
Need to be hospitalized for more than two weeks

Model 0 0.53(0.34-0.82) 0.005
model 1%* 0.54(0.34-0.84) 0.006
model 2" 0.59(0.37-0.93) 0.024
model 3¢ 1.53 (0.86-2.70) 0.141

* Adjusted for age and gender

T Adjusted for Model 1 plus body mass index levels, nutritional status, antibiotic
use, antacids, food intake, treatment centers and comorbidities

T Adjusted for Model 2 plus magnesium supplementation

11 Adjusted for Model 2 plus zinc supplementation

For patients who consumed Zn supplementation
compared with those who received no Zn supplement, the
OR (95%ClI) of death incidence, more than 2 weeks need of
assisted ventilation, and hospitalization were 0.32 (0.04 -
2.29), P=0.259, 0.20 (0.11 - 0.35), P<0.001, and 0.17 (0.10 -
0.31), P<0.001, respectively (Table 4).

Table 3. Odds ratio and 95% confidence interval between magnesium
supplementation and risk of death due to COVID-19 and the need for more than

2 weeks of assisted ventilation or hospitalization in the study participants

Description People with normal .
magnesium The whole population
status (n=328) (n=413)
Odds ratio (95% Odds ratio (95%  P-value
confidence P-value confidence
interval) interval)

Risk of death and mortality
Model 0 0.34(0.08-2.36) 0.346 0.79(0.22-2.80) 0.726
model 1* 0.33(0.06-1.85) 0.210 0.71(0.19-2.57) 0.607
model 2" 0.28(0.03-2.13) 0.221 0.31(0.04-2.26) 0.253
Need to be hospitalized for more than two weeks
Model 0 0.30(0.18-0.48) <0.001 0.34(0.22-0.53) <0.001
model 1* 0.28(0.17-0.45) <0.001 0.33(0.22-0.51) <0.001
model 2" 0.26(0.15-0.43) <0.001 0.29(0.18-0.48) <0.001
Need to be hospitalized for more than two weeks
Model 0 0.30(0.18-0.48) <0.001 0.34(0.22-0.53) <0.001
model 1* 0.25(0.15-0.42) <0.001 0.32(0.21-0.49) <0.001
model 2" 0.24(0.14-0.41) <0.001 0.30(0.19-0.49) <0.001

" Adjusted for age and gender

TAdjusted for Model 1 plus body mass index levels, nutritional status, antibiotic use,

antacids, food intake, treatment centers and comorbidities, and magnesium levels (in whole

population analysis)

Table 4. Odds ratio and 95% confidence interval between zinc supplementation
and risk of death due to COVID-19 and the need for more than 2 weeks of
assisted ventilation or hospitalization in the study participants

Description People with normal zinc The whole population
status (n=268) (n=413)
Odds ratio (95% Odds ratio (95%
confidence P-value confidence P-value
interval) interval)

Risk of death and mortality
Model 0 0.55(0.10-2.89) 0.482 0.67(0.19-2.37) 0.541
model 1* 0.39(0.06-2.22) 0.291 0.60(0.16-2.18) 0.442
model 2" 0.23(0.03-2.23) 0.234 0.32(0.04-2.29) 0.259
Need to be hospitalized for more than two weeks
Model 0 0.25(0.15-0.43) <0.001 0.26(0.17-0.40) <0.001
model 1* 0.22(0.12-0.39) <0.001 0.25(016-0.39) <0.001
model 2" 0.18(0.09-0.33) <0.001 0.20(0.11-0.35) <0.001
Need to be hospitalized for more than two weeks
Model 0 0.21(0.12-0.36) <0.001 0.26(0.16-0.40) <0.001
model 1* 0.16(0.09-0.29) <0.001 0.23(0.15-0.37) <0.001
model 2" 0.11(0.06-0.23) <0.001 0.17(0.10-0.31) <0.001

" Adjusted for age and gender

* Adjusted for Model 1 plus body mass index levels, nutritional status, antibiotic
use, antacids, diet, treatment centers and comorbidities, and zinc levels (for

whole population analysis)
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DISCUSSION

This study aimed to evaluate the correlation between
plasma levels of Mg and Zn with duration of ICU stay,
respiratory care, and probable death from severe COVID-
19 disease.

We could not confirm any statistically meaningful
correlation between plasma concentrations of Mg and Zn
and death from severe COVID-19 disease. This study could
not prove a valid statistical relationship between plasma
levels of Mg and Zn with mortality from COVID-19
disease.

Several studies showed that there are some changes in
concentrations of minerals and electrolytes during COVID-
19 disease (1,49).

Hypomagnesemia is a common and noticeable
abnormality among patients undergoing intensive care
(45). In our study, 20.6% of cases had low plasma levels for
Mg. A study from Iran confirmed a 32% incidence of
hypomagnesemia among COVID-19 patients.
Subsequently, severe hypomagnesemia was higher in
patients with severe COVID-19 (18). Haraj et al. reported a
122 % incidence of hypomagnesemia (17). In another
study from France, the incidence of low Mg levels was 48%
with 13% diagnosed as hypomagnesemia (19). In a study
from Wuhan, the incidence was reported as 21.6 % with a
greater reduction in Mg level among critically ill patients
(50).

In our study, there is no direct statistically meaningful
correlation between hypomagnesemia and factors such as
duration of ICU stay, need for assisted ventilation, or death
from disease. This finding is challenging. In a study from
Iran, hypomagnesemia correlated with an increasing
mortality rate from COVID-19 (51). Another study
suggests a higher mortality rate in diabetic patients with
hypomagnesemia (52). Gunay et al. found that low plasma
Mg levels do not predict mortality rate (53) but another
study suggested premature death of old COVID-19
patients with low Mg plasma levels (54). Quilliot et al.
reported a decrease in the severity of the infection and the

need for O, among low plasma Mg cases (19). A clinical
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trial from China concluded that hypomagnesemia can
increase enzyme activity and inflammatory response
resulting in death (50). Low plasma levels of vitamin D,
zinc, and magnesium caused a higher APACHE (Acute
Physiologic Assessment and Chronic Health Evaluation)
score and therefore more critical situations (55).

Our study showed a direct relationship between Mg
supplementation in both normal and low-level Mg
circumstances with decreasing ICU stay as well as the need
for prolonged assisted ventilation. Similarly, Ostojic et al.
showed a better blood O saturation after the
administration of a dietetic formula containing Mg (31).
Moreover, combination of vitamin B12, vitamin D, and Mg
caused a decrease in ventilator support and critical care
cases (30). Many factors such as sample size, place of
research, substandard care, or over-standard care can
vigorously affect the results of any trials (56).

Mg is an important mineral in our body. It has anti-
inflammatory and vasodilator effects and has an important
role in immune response (57). Low Mg level results in
smooth muscle contraction which is important in vessels
and respiratory function (58). Minimal Mg deficiency can
cause cardiovascular symptoms and moderate to high
deficiency results in hypokalemia and cardiac events (59).
In a recent study, hypomagnesemia is detected in about
30% of cases by a prolongation of QT Interval (60). This
finding may be important as a cause for sudden cardiac
arrest (61, 62). ATP regeneration after a cytokine storm
needs Mg and hypomagnesemia can cause this problem
more significantly (63). Hypomagnesemia in patients with
COVID-19 may cause '"blocking effects of calcium
channels" which is caused by magnesium ions and
ultimately leads to a more severe inflammatory response in
COVID-19 patients (64). Many hypomagnesemic patients
may benefit from Mg supplements (65-67). This is also true
in our study because both cases with normal and low Mg
levels can experience better conditions after receiving
supplemental Mg.

It is unclear whether COVID-19 can cause a reduction

in plasma Zn levels (68). Zeng et al showed low Zn levels
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in severe cases of COVID-19 (37). In our study, 35.1% of
cases showed a decrease in plasma Zn level. This reduction
can be beneficial (10). In general, it seems that zinc
requirement in COVID-19 patients increases. Albumin is
the carrier of Zn in plasma and it was shown that
hypoalbuminemia has a direct relationship with the
severity of COVID-19 (69). Zinc has a positive effect in
stabilizing DNA and proteins as well as antioxidant
function. Many studies showed that even minimal
reductions in zinc content resulted in abnormal immune
responses (70). On the other hand, Zn supplementation can
prevent sectional diarrhea and pneumonia (71).

In our study, serum Zn concentration did not have any
statistically meaningful correlation with mortality due to
severe disease, ICU stay, or need for prolonged assisted
ventilation. Other studies had different results. Ali et al.
reported that there is no correlation between plasma Zn
level and mortality from COVID-19 (72). However, a study
in India had a different result (73). In a study in Spain,
there was an inverse correlation between plasma Zn and
duration of hospital stay (47). On the other hand, Tomasa-
Irriguible et al. showed low plasma Zn concentration
correlated with longer ICU stay and intubation in COVID-
19 patients (74). Skalny et al. proved that plasma Zn level
has a positive correlation with arterial O saturation and a
negative correlation with fever, lung injury, and higher
plasma CRP (75). Talha et al. found that low plasma Zn
level correlates with a doubled risk for hypoxemia and the
need for supplemental O (76). In another study, they
found no relation between plasma Zn level and the
severity of COVID-19 (77). In our study, Zn supplement
was administered for 95% of cases, although no positive
effect of zinc supplementation was detected. Another
study reported a positive effect of Zn supplement for the
prevention and treatment of common cold viruses (78).
However, a recent cohort study did not show any relation
between Zn supplement and improvement of COVID-19
disease (26).

On the other hand, in some studies, there was a

positive effect of zinc supplementation on subsiding

inflammation, increasing lymphocytes, and reducing
clinical signs and symptoms (27,29). Also, in a study in
France, it was proposed that the Zn supplement can cause
faster recovery from COVID-19 (79). Some studies
indicated that supplement therapy in combination with
medications can cause a better and faster result (80). An
important point of view is that high Zn plasma levels can
affect the immune system and lead to B and T cell
intoxication resulting in a very negative effect (81). Thus,
many researchers believe that randomized RCTs are
mandatory to evaluate the effectiveness of the Zn

supplement on the immune system.

CONCLUSION

The present study did not find any significant
relationship between serum magnesium levels and the risk
of death due to COVID-19, auxiliary ventilation time, and
length of hospital stay. Although different statistical
models were used, it was found that lower levels of zinc at
the time of admission and during the first week of
hospitalization were significantly associated with a
decrease in the need for assisted ventilation and a shorter
hospitalization time. However, after adjusting for the effect
of zinc adjuvant supplementation, no statistically
significant relationship was observed between lower than
normal zinc levels with a decrease in the time required for
auxiliary ventilation and hospitalization time. Also, the
findings of the present study did not show a significant
relationship between serum zinc levels and the risk of
mortality due to COVID-19. Another part of the findings of
the present study indicates a statistically significant
relationship between receiving magnesium and zinc
supplementation with reducing the time required for
adjuvant ventilation and hospitalization time in all
participants, regardless of serum magnesium and zinc
status at the beginning of admission and the first week of
hospitalization, and also in people with normal plasma
magnesium and zinc levels.

We had limitations for conducting this trial. It was

impossible to use FFQ (Food Frequency Questionnaire) or
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MNA (Mini Nutrition Assessment) questionnaires due to

the unconsciousness of many patients. Likewise,
unavailability of proper patient bed scales in ICUs as well
as unconscious patients' weight measurement forced us to
try alternative ways for this aim.

We propose conducting clinical trials through multi-
center studies with larger sample sizes to overcome the
limitations of our study. Finally introducing a unique
protocol based on all scientific data can be beneficial for
controlling morbidities and probable mortality from

COVID-19 disease.

Acknowledgements
We appreciate assistance from all our colleagues in

ICUs who collaborated with us in conducting this research.

REFERENCES

1. Anuk AT, Polat N, Akdas S, Erol SA, Tanacan A, Biriken D, et
al. The Relation between Trace Element Status (Zinc, Copper,
Magnesium) and Clinical Outcomes in COVID-19 Infection
During Pregnancy. Biol Trace Elem Res 2021;199(10):3608-17.

2. Alexander ], Tinkov A, Strand TA, Alehagen U, Skalny A,
Aaseth J. Early Nutritional Interventions with Zinc, Selenium
and Vitamin D for Raising Anti-Viral Resistance Against
Progressive COVID-19. Nutrients 2020;12(8):2358.

3. Fois AG, Paliogiannis P, Scano V, Cau S, Babudieri S, Perra R,
et al. The Systemic Inflammation Index on Admission Predicts
In-Hospital Mortality in COVID-19 Patients. Molecules
2020;25(23):5725.

4. Gamberini L, Tonetti T, Spadaro S, Zani G, Mazzoli CA,

et al

Capozzi C, Factors influencing liberation from

mechanical ventilation in coronavirus disease 2019:
multicenter observational study in fifteen Italian ICUs. |
Intensive Care 2020;8:80.

5. Read SA, Obeid S, Ahlenstiel C, Ahlenstiel G. The Role of Zinc
in Antiviral Immunity. Adv Nutr 2019;10(4):696-710.

6. te Velthuis AJ, van den Worm SH, Sims AC, Baric RS, Snijder
EJ, van Hemert MJ. Zn(2+) inhibits coronavirus and arterivirus

RNA polymerase activity in vitro and zinc ionophores block

10.

11.

12.

13.

14.

15.

17.

Radpay R and Eghtesadi S, et al. 243

the replication of these viruses in cell culture. PLoS Pathog
2010;6(11):€1001176.

Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS.
Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2
receptor: molecular mechanisms and potential therapeutic
target. Intensive Care Med 2020;46(4):586-590.

Yasui Y, Yasui H, Suzuki K, Saitou T, Yamamoto Y, Ishizaka T,
et al. Analysis of the predictive factors for a critical illness of
COVID-19 during treatment — relationship between serum
zinc level and critical illness of COVID-19. Int | Infect Dis
2020;100:230-236.

Domingo JL, Marques M. The effects of some essential and
toxic metals/metalloids in COVID-19: A review. Food Chem
Toxicol 2021;152:112161.

Liuzzi JP, Lichten LA, Rivera S, Blanchard RK, Aydemir TB,
Knutson MD, et al. Interleukin-6 regulates the zinc transporter
Zipl4 in liver and contributes to the hypozincemia of the
acute-phase response. Proc Natl Acad Sci U S A
2005;102(19):6843-8.

Chvapil M, Stankova L, Bernhard DS, Weldy PL, Carlson EC,
Campbell JB. Effect of zinc on peritoneal macrophages in vitro.
Infect Immun 1977;16(1):367-73.

Clohessy PA, Golden BE. Microbiostatic activity of human
plasma and its relation to zinc and iron availability. Biochemn
Soc Trans 1996,24(2):311S.

Komiya Y, Runnels LW. TRPM channels and magnesium in
early embryonic development. Int | Dev Biol 2015;59(7-9):281-
8.

Beyenbach KW. Transport of magnesium across biological
membranes. Magnes Trace Elemn 1990;9(5):233-54.

Ohyama T. New Aspects of Magnesium Function: A Key
Regulator in Nucleosome Self-Assembly, Chromatin Folding

and Phase Separation. Int ] Mol Sci 2019;20(17):4232.

. de Baaij JH, Hoenderop JG, Bindels R]. Magnesium in man:

implications for health and disease. Physiol Rev 2015;95(1):1-
46.

Haraj NE, El Aziz S, Chadli A, Dafir A, Mjabber A, Aissaoui
O, et al. Nutritional status assessment in patients with Covid-
19 after discharge from the intensive care unit. Clin Nutr

ESPEN 2021;41:423-428.

Tanaffos 2023; 22(2): 236-247



244 Zinc and Magnesium Plasma Levels and Mortality Risk in COVID-19 Patients

18.

19.

20.

21.

22.

23.

24.

25.

26.

Sarvazad H, Cahngaripour SH, Eskandari Roozbahani N,
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 2020,;38:100807.

Quilliot D, Bonsack O, Jaussaud R, Mazur A. Dysmagnesemia
in Covid-19 cohort patients: prevalence and associated factors.
Magnes Res 2020;33(4):114-122.

Malinowska J, Matecka M, Ciepiela O. Variations in
Magnesium Concentration Are Associated with Increased
Mortality: Study in an Unselected Population of Hospitalized
Patients. Nutrients 2020;12(6):1836.

Upala S, Jaruvongvanich V, Wijarnpreecha K, Sanguankeo A.
Hypomagnesemia and mortality in patients admitted to
intensive care unit: a systematic review and meta-analysis.
QJM 2016;109(7):453-459.

Jiang P, Lv Q, Lai T, Xu F. Does Hypomagnesemia Impact on
the Outcome of Patients Admitted to the Intensive Care Unit?
and Shock

A Systematic  Review

2017;47(3):288-295.

Meta-Analysis.

Verschelden G, Noeparast M, Noparast M, Goossens MC,

Lauwers M, Cotton F, et al. Plasma zinc status and
hyperinflammatory syndrome in hospitalized COVID-19
patients: An observational study. Int Immunopharmacol
2021;100:108163.

Shakeri H, Azimian A, Ghasemzadeh-Moghaddam H, Safdari
M, Haresabadi M, Daneshmand T, et al. Evaluation of the
relationship between serum levels of zinc, vitamin B12,
vitamin D, and clinical outcomes in patients with COVID-19. |
Med Virol 2022;94(1):141-146.

Al Sulaiman K, Aljuhani O, Al Shaya Al, Kharbosh A, Kensara
R, Al Guwairy A, et al. Evaluation of zinc sulfate as an
adjunctive therapy in COVID-19 critically ill patients: a two
center propensity-score matched study. Crit Care
2021;25(1):363.

Louca P, Murray B, Klaser K, Graham MS, Mazidi M, Leeming
ER, et al. Modest effects of dietary supplements during the

COVID-19 pandemic: insights from 445 850 users of the

27.

28.

29.

30.

31.

32.

33.

34.

COVID-19 Symptom Study app. BM] Nutr Prev Health
2021;4(1):149-157.

Notz Q, Herrmann J, Schlesinger T, Helmer P, Sudowe S, Sun
Q, et al. Clinical Significance of Micronutrient
Supplementation in Critically IlII COVID-19 Patients with
Severe ARDS. Nutrients 2021;13(6):2113.

Thomas S, Patel D, Bittel B, Wolski K, Wang Q, Kumar A, et al.
Effect of High-Dose Zinc and Ascorbic Acid Supplementation
vs Usual Care on Symptom Length and Reduction Among
Ambulatory Patients With SARS-CoV-2 Infection: The COVID
A to Z Randomized Clinical Trial. JAMA Netw Open
2021;4(2):210369.

Corrao S, Mallaci Bocchio R, Lo Monaco M, Natoli G, Cavezzi
A, Troiani E, et al. Does Evidence Exist to Blunt Inflammatory
Response by Nutraceutical Supplementation during COVID-
19 Pandemic? An Overview of Systematic Reviews of Vitamin
D, Vitamin C, Melatonin, and Zinc. Nutrients 2021;13(4):1261.
Tan CW, Ho LP, Kalimuddin S, Cherng BPZ, Teh YE, Thien
SY, et al. Cohort study to evaluate the effect of vitamin D,
magnesium, and vitamin Bz in combination on progression to
severe outcomes in older patients with coronavirus (COVID-
19). Nutrition 2020;79-80:111017.

Ostojic SM, Milovancev A, Drid P, Nikolaidis A. Oxygen
saturation improved with nitrate-based nutritional formula in
with Med

patients Res

2021;49(4):3000605211012380.

COVID-19. ] Int

Louca P, Murray B, Klaser K, Graham MS, Mazidi M, Leeming
ER, et al. Modest effects of dietary supplements during the
COVID-19 pandemic: insights from 445 850 users of the
COVID-19 Symptom Study app. BM] Nutr Prev Health
2021;4(1):149-57.

Faa G, Saba L, Fanni D, Kalcev G, Carta M. Association
between Hypomagnesemia, COVID-19, Respiratory Tract and
Lung Disease. Open Respir Med ] 2021;15:43-45.

Salgo MP. COVID-19: Zinc and Angiotensin-Converting
Enzyme 2 (ACE2) Deficiencies as Determinants of Risk and
Severity of Disease: A Narrative Review. Infect Dis Ther

2021;10(3):1215-1225.

Tanaffos 2023; 22(2): 236-247



35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

Trapani V, Rosanoff A, Baniasadi S, Barbagallo M, Castiglioni
S, Guerrero-Romero F, et al. The relevance of magnesium
homeostasis in COVID-19. Eur ] Nutr 2022;61(2):625-636.
Smith JC Jr, Butrimovitz GP, Purdy WC. Direct measurement
of zinc in plasma by atomic absorption spectroscopy. Clin
Chem 1979;25(8):1487-91.

Zeng HL, Yang Q, Yuan P, Wang X, Cheng L. Associations of
essential and toxic metals/metalloids in whole blood with
both disease severity and mortality in patients with COVID-
19. FASEB ] 2021,35(3):€21392.

Cander B, Dundar ZD, Gul M, Girisgin S. Prognostic value of
serum zinc levels in critically ill patients. J Crit Care
2011;26(1):42-6.

Lee YH, Bang ES, Lee JH, Lee JD, Kang DR, Hong ], et al.
Serum Concentrations of Trace Elements Zinc, Copper,
Selenium, and Manganese in Critically 1ll Patients. Biol Trace
Elem Res 2019;188(2):316-325.

Okabe T, Yakushiji T, Shimazu S, Saito ], Kimura T, Oyama Y,
et al. Serum zinc concentration in patients with acute
myocardial infarction in percutaneous coronary intervention
era. PLoS One 2018;13(8):e0203074.

Yoshihisa A, Abe S, Kiko T, Kimishima Y, Sato Y, Watanabe S,
et al. Association of Serum Zinc Level With Prognosis in
Patients With Heart Failure. ] Card Fail 2018;24(6):375-383.
Visalakshy J, Surendran S, Pillai MP, Rajendran A, Sherif AA.
Could plasma zinc be a predictor for mortality and severity in
sepsis syndrome. Int | Res Med Sci 2017;5(9):3929-34.

Saleh NY, Abo El Fotoh WMM. Low serum zinc level: The
relationship with severe pneumonia and survival in critically
ill children. Int J Clin Pract 2018;72(6):e13211.

Linko R, Karlsson S, Pettild V, Varpula T, Okkonen M, Lund
V, et al. Serum zinc in critically ill adult patients with acute
respiratory failure. Acta Anaesthesiol Scand 2011;55(5):615-
21.

Zafar MS, Wani JI, Karim R, Mir MM, Koul PA. Significance of
serum magnesium levels in critically ill-patients. Int | Appl
Basic Med Res 2014;4(1):34-7.

Thongprayoon C, Cheungpasitporn W, Srivali N, Erickson SB.
Admission serum magnesium levels and the risk of acute

respiratory failure. Int J Clin Pract 2015;69(11):1303-8.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Radpay R and Eghtesadi S, et al. 245

Arrieta F, Martinez-Vaello V, Bengoa N, Jiménez-Mendiguchia
L, Rosillo M, de Pablo A, et al. Serum zinc and copper in
people with COVID-19 and zinc supplementation in
parenteral nutrition. Nutrition 2021;91-92:111467.

Elalfy H, Besheer T, El-Mesery A, El-Gilany AH, Soliman MA,
Alhawarey A, et al. Effect of a combination of nitazoxanide,
ribavirin, and ivermectin plus zinc supplement (MANS.NRIZ
study) on the clearance of mild COVID-19. ] Med Virol
2021;93(5):3176-3183.

Muthuvattur Pallath M, Ahirwar AK, Chandra Tripathi S,
Asia P, Sakarde A, Gopal N. COVID-19 and nutritional
deficiency: a review of existing knowledge. Horm Mol Biol
Clin Investig 2021;42(1):77-85.

Zhu L, Bao X, Bi J, Lin Y, Shan C, Fan X, et al. Serum
magnesium in patients with severe acute respiratory
syndrome coronavirus 2 from Wuhan, China. Magnes Res
2021;34(3):103-113.

Alamdari NM, Afaghi S, Rahimi FS, Tarki FE, Tavana S, Zali
A, et al. Mortality Risk Factors among Hospitalized COVID-19
Patients in a Major Referral Center in Iran. Tohoku | Exp Med
2020;252(1):73-84.

Pulido-Perez P, Pondigo-de Los Angeles JA, Hernandez-
Hernandez ME, Torres-Rasgado E, Romero JR. Renal function,
serum magnesium levels and mortality in COVID-19 patients
with type 2 diabetes. Magnes Res 2021;34(1):20-31.

Gunay S, Caliskan S, Sigirli D. Relationship of magnesemia
with myocardial damage and mortality in patients with
COVID-19. Magnes Res 2021;34(3):93-102.

Keenan F, Warnock E, Rice M, Allen K, Warnock J, Beck P, et
al. Outcomes of older COVID-19 patients in Acute Care at
Home, Southern HSC Trust, Northern Ireland, from March -
June 2020. Ulster Med J 2021;90(3):162-167.

Beigmohammadi MT, Bitarafan S, Abdollahi A, Amoozadeh L,
Salahshour F, Mahmoodi Ali Abadi M, et al. The association
between serum levels of micronutrients and the severity of
disease in patients with COVID-19. Nutrition 2021;91-
92:111400.

Speakman LL, Michienzi SM, Badowski ME. Vitamins,

supplements and COVID-19: a review of currently available

evidence. Drugs Context 2021;10:2021-6-2.

Tanaffos 2023; 22(2): 236-247



246 Zinc and Magnesium Plasma Levels and Mortality Risk in COVID-19 Patients

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

William JH, Danziger J. Magnesium Deficiency and Proton-
Pump Inhibitor Use: A Clinical Review. ] Clin Pharmacol
2016;56(6):660-8.

Gromova OA, ITu T, Iudina NV, Elu E, Gromov AN, Grishina
TR. Magnesium deficiency and dysregulation of vascular tone.
Kardiologiia 2014;54(7):66-72.

Weglicki WB, Chmielinska JJ, Kramer JH, Mak IT.
Cardiovascular and intestinal responses to oxidative and
nitrosative stress during prolonged magnesium deficiency.
Am ] Med Sci 2011;342(2):125-8.

Jain S, Workman V, Ganeshan R, Obasare ER, Burr A, DeBiasi
RM, et al. Enhanced electrocardiographic monitoring of
patients with Coronavirus Disease 2019. Heart Rhythn
2020;17(9):1417-1422.

Habibzadeh P, Moghadami M, Lankarani KB. The effect of
potential therapeutic agents on QT interval in patients with
COVID-19 Infection: The importance of close monitoring and
correction of electrolytes. Med Hypotheses 2020;143:109847.
Lee SW, Ha EK, Yeniova AO, Moon SY, Kim SY, Koh HY, et
al. Severe clinical outcomes of COVID-19 associated with
proton pump inhibitors: a nationwide cohort study with
propensity score matching. Gut 2021;70(1):76-84.

van Kempen TATG, 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 |
Physiol Endocrinol Metab 2021;320(1):E2-Eé.

Wallace TC. Combating COVID-19 and Building Immune
Resilience: A Potential Role for Magnesium Nutrition? ] Am
Coll Nutr 2020;39(8):685-693.

Tang CF, Ding H, Jiao RQ, Wu XX, Kong LD. Possibility of
magnesium supplementation for supportive treatment in
patients with COVID-19. Eur | Pharmacol 2020;886:173546.
Chaigne-Delalande B, Li FY, O'Connor GM, Lukacs M]J, Jiang
P, Zheng L, et al. Mg2+ regulates cytotoxic functions of NK
and CD8 T cells in chronic EBV infection through NKG2D.
Science 2013;341(6142):186-91.

Carta MG, Romano F, Orrtt G. The True Challenges of the
Covid-19 Epidemics: The Need for Essential Levels of Care for

All. Open Respir Med ] 2020;14:8-9.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

XuW, Liu Y, Zou X, Luo H, Wu W, Xia ], et al. Hypozincemia
in COVID-19 Patients Correlates With Stronger Antibody
Response. Front Immunol 2022;12:785599.

Rabbani G, Ahn SN. Review: Roles of human serum albumin
in prediction, diagnoses and treatment of COVID-19. Int ] Biol
Macromol 2021;193(Pt A):948-955.

Scott ME, Koski KG. Zinc deficiency impairs immune
responses against parasitic nematode infections at intestinal
and systemic sites. ] Nutr 2000;130(5S Suppl):1412S-20S.
Lamberti LM, Walker CL, Chan KY, Jian WY, Black RE. Oral
zinc supplementation for the treatment of acute diarrhea in
children: a systematic review and meta-analysis. Nutrients
2013;5(11):4715-40.

Ali N, Fariha KA, Islam F, Mohanto NC, Ahmad I, Hosen M]J,
et al. Assessment of the role of zinc in the prevention of
COVID-19 infections and mortality: A retrospective study in
the Asian and European population. J Med Virol
2021;93(7):4326-33.

Singh S, Diwaker A, Singh BP, Singh RK. Nutritional
Immunity, Zinc Sufficiency, and COVID-19 Mortality in
Socially Similar European Populations. Front Immunol
2021;12:699389.

Tomasa-Irriguible TM, Bielsa-Berrocal L, Bordejé-Laguna L,
Tural-Llacher C, Barallat ], Manresa-Dominguez JM, et al. Low
Levels of Few Micronutrients May Impact COVID-19 Disease
Progression: An Observational Study on the First Wave.
Metabolites 2021;11(9):565.

Skalny AV, Timashev PS, Aschner M, Aaseth J, Chernova LN,
Belyaev VE, et al. Serum Zinc, Copper, and Other Biometals
Are Associated with COVID-19 Severity Markers. Metabolites
2021;11(4):244.

Talha KA, Patwary MI, Alam ZN, Ali SM, Ahmed S, Nafee A,
et al. Case-Control Study to Evaluate Zinc Deficiency as a Risk
Factor for Oxygen Requirement in Patients with COVID-19.
Mymensingh Med ] 2022;31(1):216-222.

Al-Saleh I, Alrushud N, Alnuwaysir H, Elkhatib R, Shoukri M,
Aldayel F, et al. Essential metals, vitamins and antioxidant
enzyme activities in COVID-19 patients and their potential
with  the disease Biometals

associations severity.

2022;35(1):125-145.

Tanaffos 2023; 22(2): 236-247



78.

79.

Wang MX, Win SS, Pang J. Zinc Supplementation Reduces
Common Cold Duration among Healthy Adults: A Systematic
Review of Randomized Controlled Trials with Micronutrients
Supplementation. Am J Trop Med Hyg 2020;103(1):86-99.

Dubourg G, Lagier JC, Brouqui P, Casalta JP, Jacomo V, La
Scola B, et al. Low blood zinc concentrations in patients with

poor clinical outcome during SARS-CoV-2 infection: is there a

80.

81.

Radpay R and Eghtesadi S, et al. 247

need to supplement with zinc COVID-19 patients? ] Microbiol
Immunol Infect 2021;54(5):997-1000.

Derwand R, Scholz M. Does zinc supplementation enhance the
clinical efficacy of chloroquine/hydroxychloroquine to win
today's  battle COVID-19?
2020;142:109815.

Chiang KC, Gupta A. To zinc or not to zinc for COVID-19

prophylaxis or treatment? | Med Microbiol 2021;70(9):001299.

against Med Hypotheses.

Tanaffos 2023; 22(2): 236-247



