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Abstract

Introduction: Imbalances of various electrolytes, including calcium, are as-
sociated with the prognosis of Covid disease. This study investigated the re-
lationship between serum calcium and clinical outcomes in patients with
COVID-19.

Method: This study is a systematic review and meta-analysis by searching
PubMed, Scopus, web of sciences until August 2021 using the keywords
COVID-19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
COVID, coronavirus disease, SARS-COV-infection. 2, SARS-COV-2, COVID19,
calcium, calcium isotopes, calcium radioisotopes, hypercalcemia, and hypo-
calcemia were performed. Heterogeneity of studies was investigated using I*
index, data were analyzed using meta-analysis (random effects model) with
Comprehensive Meta-Analysis Software software.

Results: Finally, 25 articles were included in the study. Clinical data from
12 articles showed that 59% (95% confidence interval [CI]: 0.49-0.68) of people with
COVID-19 have hypocalcemia. The results of meta-analysis showed that hypo-
calcemia was significantly associated with severity of the disease (p =.002), mor-
tality in patients with COVID-19 (odds ratio [OR]=6.99, 95% CL. 2.71-17.99),
number of hospitalization days (p < .001) and admission to the intensive care unit
(OR=5.09, 95% CI: 2.14-12.10). The results also showed that there is a direct
relationship between low serum calcium levels with increasing D-dimer levels
(p=.02) and decreasing lymphocyte counts (p = .007).

Conclusion: Based on the results of meta-analysis in people with lower
calcium, mortality and complications are higher, therefore, serum calcium is a
prognostic factor in determining the severity of the disease. Consequently, it is
suggested that serum calcium levels should be considered in initial assessments.
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1 | INTRODUCTION

COVID-19 infection caused by severe acute respiratory syn-
drome coronavirus 2, named SARS-CoV-2, is an infectious
disease that spread globally, causing a worldwide pan-
demic."” SARS-CoV-2 can be transmitted through con-
taminated droplets during close contact from person to
person (within 1 m)’ and primarily has been presented with
clinical symptoms including fever, dry cough, headache and
myalgia®’. Most patients will experience mild to moderate
disease and may recover without requiring critical care, but
in high risk individuals with underlying diseases, like
chronic respiratory disease, diabetes and cardiovascular dis-
ease, infection may lead to a severe syndrome with high
lethality.”

To date, some studies have reported the relation between
biochemical parameters and disease severity. Huang et al.,
(2019)* showed that COVID-19 patients admitted to in-
tensive care unit (ICU) had more electrolyte disturbance.
The electrolyte unbalance, especially hypocalcemia, is an
abnormality in viral infections like MERS-CoV and SARS-
CoV.”" Calcium is essential ion in cellular processes and
metabolic and signaling pathways that play an important
role in survival and virulence of viruses.’

In COVID-19, hypocalcemia is highly prominent.
Many studies showed that hypocalcemia has a direct re-
lationship with increased likelihood of hospitalization,
longer hospitalizations, admission to ICU, ventilation,
disease severity, increased D-dimer and increased mor-
tality in COVID-19 patients."” ' But published studies in
this area have some limitations."” Therefore, a compre-
hensive study in this regard is necessary. Hence, hypo-
calcemia in patients with SARS-CoV-2 infection with
more severe clinical syndrome is not unexpected. So, the
degree of hypocalcemia can be a robust metric of disease
intensity and is recommended to be considered by physi-
cians in the treatment process. In this study, we analyzed
the correlation between admission to ICU and hospital,
disease severity, mortality, D-dimer count, lymphocyte
count, and serum calcium levels.

2 | MATERIALS AND METHODS
2.1 | Search strategy and information
sources

This systematic review and meta-analysis was based on
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA). A comprehensive search was
conducted in PubMed, Scopus and Web of Science. Also, to
increase the validity of the search, the list of references used
in all final articles selected for meta-analysis was manually
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searched and evaluated to include other possible sources in
the review.

2.2 | Literature search

For systematic identification, the search was performed
based on the following keywords COVID-19, SARS-CoV-2,
COVID, Coronavirus Disease 19, SARS CoV 2 Infection,
SARS-CoV-2, COVID19, Coronavirus Disease, Calcium,
Calcium Isotopes, Calcium Radioisotopes, Hypercalcemia,
Hypocalcemia in the mentioned databases, using OR, AND.
The search was conducted in Aug 17th, 2021; all searched
articles were included in the study and retrieved, and End-
Note X7 software was used to manage the studies.

2.3 | Study selection

After completing the search and entering articles in End-
note software 7, duplicate articles were found by EndNote
and removed, then all articles were evaluated by title and
abstract, by reading the abstracts, articles related to the
effect of calcium and COVID-19 were entered in this
review. PRISMA flow diagram was used for study selection
(Figure 1).

2.4 | Inclusion and exclusion criteria
Inclusion criteria included the following: evaluation of
hypocalcemia; mortality, severity, admission to ICU and
hospital; D-dimer and lymphocyte count; articles in
English; and all original research articles.

Exclusion criteria were as follows: evaluation of elec-
trolyte abnormalities other than hypocalcemia; hypocalce-
mia in patients other than the COVID-19 patients; articles
written in languages other than English; case report arti-
cles, reviews and letters to the editor; studies that after
checking the quality had a low quality.

2.4.1 | Data collection tools and methods
Data collection tools was an electronic form consisted of
three general sections: (1) general characteristics of the
study (first author, type of study design, sample size, age,
sex, study place, study quality assessment score and out-
come); (2) characteristics of study participants (including
median age of participants, male (%), hypocalcemia and
normal calcium); (3) methodological information (in-
cluding number of samples by groups). Excel Microsoft
2016 software was used to facilitate the work.
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FIGURE 1 PRISMA flowchart of included
L . |
studies in the review. PRISMA, Preferred e: Records identified from*: Duplicate records removed
Reporting Items for Systematic Reviews and tifi Databases (n = 1615) o (n=730)
Meta-Analysis [Color figure can be viewed at Ez
wileyonlinelibrary.com] n
Sc Records excluded based on title
o Records screened S and abstract
- (n =885) (n = 805)
in
a
Eli Y Reports excluded (n=55):
gi Full text assessed for eligibility _ 1. supplementation without
bil (n=80) " baseline data
ity 2. Review
3. efc.
In Studies included in Meta analysis
cl (n =25)
ud
ed

—

2.42 | Measurement of outcome variables
The primary outcome variable of this study (uptake) was the
number of hypocalcemia cases among patients with
COVID-19 as well as healthy people. The second outcome
variable of this study was identification of correlation be-
tween admission to ICU and hospital, disease severity,
mortality, D-dimer count, lymphocyte count, and serum
calcium levels.

2.4.3 | Risk of bias (quality) assessment

In this systematic review, we used the Newcastle -Ottawa
Quality Assessment checklist to evaluate the quality of the
studies. This tool consists of three separate sections: selec-
tion, comparison and outcome. Studies scored based on the
overall scores and divided into three categories: Good, Fair,
and Poor."

2.5 | Data analyses
Cochran's Q statistic (significance level of p<.1) and I
statistic (significance level of >50%) were used to assess
statistical heterogeneity. A random effects model was con-
ducted for meta-analysis of heterogeneous cases (p <.1 and
P> 50%), and fixed-effect model was performed for
meta-analysis of cases without evidence of heterogeneity
(p>.1 and P < 50%).

All analyzes were performed using STATA version 13
statistical and comprehensive meta-analysis software. Studies

were analyzed based on odds ratio (OR) and its 95% con-
fidence interval (CI) and standard difference in mean and its
95% CI.

3 | RESULTS
3.1 | Selection of studies and study
characteristics

After a systematic search, 1615 articles were retrieved in
initial search, after removing the duplicates, 885 articles
remained, of which 533 articles were irrelevant to hy-
pocalcemia and COVID-19. The full text of the remaining
80 articles was read and reviewed, and finally a total of
25 articles, including case-control studies and retro-
spective cohort studies were included (Figure 1).

The characteristics of the assessed studies are given in
Table 1. Clinical data from 12 articles showed that a total
of 2891 patients with COVID-19, of which 1491 had hy-
pocalcaemia, meaning that, decreased serum calcium
levels observed in 59% (95% CI: 0.49-0.68) of patients
with COVID-19.

Among the meta-analysis evaluated studies, seven stu-
dies have examined serum calcium levels in healthy in-
dividuals and patients with COVID-19.""'*'"*" Also, the
relationship between mortality and hypocalcemia in eight
articles evaluated,”'*>'*** in addition, the relationship
between severity of the disease and hypocalcaemia in
seven articles evaluated,”””** " and the relationship be-
tween hypocalcaemia and the length of hospital stay and
admission in the ICU is reported in four and five articles,
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Study name Statistios for each shudy Odds ratio and 95% C1

Odds Lower Upper Relative |

ratio limit limit Z-Value p-Value weight
Raesi et al., 2021 4357 0.980 19.373 933  0.053 — 11.81
Tormes et al., 2021 1089 0593 1925 0221 0825 15.35
Osman et al., 2021 9553 5995 185240 9484 0.000 L 18.70
Su et al., 2020 37674 2281 622153 2538 0.011 S S B 671
Bennouar et al., 2021 41.055 13.777 122341 6688 0.000 —— 13.41
Tezcanetsl,2020 5833 2153 15805 3488 0.001 —— 13.82
Zheng et al., 2021 7667 1701 34554 2652 0.008 11.55
Filippo et al., 2020 4900 1.167 20572 2171 0.030 11.87

€983 2713 17.998 4028 0.000 e

0.01 0.1 1 10 100

FIGURE 2 Odds ratio for low serum calcium levels and mortality [Color figure can be viewed at wileyonlinelibrary.com]

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative

ratio limit limit Z-Value p-Value weight
Raesi et al., 2021 4987 1421 17.496 2509 0.012 16.65
Torres et al, 2021 2.061 1252 3.394 2841 0.004 -.- 23.63
Osman etal,K 2021 12526 7.722 20.319 10.243 0.000 23.74
Tezcanetal,l 2020 5252 2332 11.826 4.005 0.000 20.92
Fiippo et al, 2020 5.000 1.193 20.954 2.201 0.028 15.05

5093 2145 12096 3.689 0.000 i

0.01 0.1 1 10 100

FIGURE 3
wileyonlinelibrary.com]

respectively.”'>'*'%**** Also, four articles reported hypo-

calcaemia association with D-dimer level and six articles
reported that hypocalcaemia is related to lymphocyte
Count.()’]2’23‘33‘34

The mean serum calcium level in the group of patients
with COVID-19 was significantly lower than healthy in-
dividuals (difference between the mean of the patient group
compared to the healthy group was 0.44 and p < .001).

Mortality: eight studies were eligible to investigate the
relationship between serum calcium levels and death of
patients due to COVID-19. Due to the heterogeneity
(" =86.1) a random model was used to investigate the re-
lationship, the chance of death ratio in the group of patients
with low serum calcium levels compared to the group of
patients with normal calcium levels is 6.98 with a CI range of
2.71-17.99 (Figure 2).

Severity of the disease: In terms of mean calcium
levels, there is a significant difference between the two
groups with severe and mild symptoms (p = .002), so that
in the group with mild symptoms, serum calcium levels
are higher than that in patients with severe symptom.

Hospitalization: The standard difference in mean of
hospitalization in the group of patients with lower serum

Odds ratio for low serum calcium levels and intensive care unit (ICU) admission [Color figure can be viewed at

calcium levels is longer than the group with normal serum
calcium (p <.001).

ICU admission: five studies were eligible to in-
vestigate the relationship between serum calcium levels
and ICU admission of patients with COVID-19. Due to
the heterogeneity (I* = 0.84), a random model was used
to investigate the relationship. The odds ratio of ad-
mission to ICU in the group of hypocalcemia patients
compared to the group of patients with normal serum
calcium is 5.09 with a CI of 2.14-12.09 (Figure 3).

D-diameter level: due to the presence of hetero-
geneity (I°=82.4), a random model was used. The
standard difference in means between the two groups is
different (p=.02), although the level of D-dimer is
higher in the group of hypocalcemia patients, this is not
significant.

Lymphocyte count: based on the results, the mean
difference between the two groups of patients with low and
normal serum calcium is 0.273 which shows that there is a
significant difference in the number of lymphocytes
(p=.007). In other words, in the group of hypocalcemia
patients, the number of lymphocytes has significantly
decreased.
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4 | DISCUSSION

In many viral diseases, serum calcium levels fall to less
than 2.2 mmol/L, which is called hypocalcemia. Hypo-
calcemia is a common abnormality in viral infections such
as SARS, Ebola, pneumonia, and the recent SARS-COV-2
pandemic.””’

Numerous studies have reported severe hypocalcemia
in more than 60% of patients with COVID-19
hospitalizations."””*® Therefore, it has been hypothe-
sized that there is a relationship between hypocalcemia
and the severity of COVID-19 disease. The aim of this
study was to evaluate the serum calcium level in patients
with COVID-19 and healthy individuals and its relation-
ship with severity of the disease and mortality in patients
with COVID-19. According to the results, calcium levels
in patients with COVID-19 are significantly lower than in
healthy individuals. The cause of hypocalcemia in
COVID-19 patients with a critical condition is not known
exactly, but several mechanisms have been suggested for
this: (1) Old age and chronic malnutrition that led to vi-
tamin D deficiency can lead to hypocalcemia. (2) Calcium
is mainly bound to plasma albumin. Decreased serum
albumin levels can cause hypocalcemia. (3) Proin-
flammatory cytokines in patients with COVID-19 inhibit
parathyroid hormone (PTH) secretion and cause calcium
imbalance. (4) Elevated levels of unsaturated fats have
been reported in patients with COVID-19, since
unsaturated fatty acids can bind to calcium and cause
hypocalcemia.” "’

4.1 | The relationship between
hypocalcemia and severity of disease and
increased mortality in patients with
COVID-19

The results showed that the disease is less severe in patients
with lower serum calcium levels and mortality is sig-
nificantly higher among these patients. Due to the fact that
calcium homeostasis is completely regulated by hormonal
processes, especially PTH, the mechanism by which the
virus uses calcium for reproduction and survival does not
fully explain the low serum calcium levels observed in SARS-
CoV-2 infection. Therefore, there may be a relationship be-
tween hypocalcemia and inflammation. According to some
studies, cytokines can impair the expression of calcium re-
ceptor and thus cause an imbalance in serum calcium
levels.”” Numerous studies have shown that inflammatory
markers, including cytokines, are higher in the serum of
COVID-19 patients than in healthy individuals.”** Proin-
flammatory cytokines such as interleukin-1 and interleukin-
6 are produced in critical disease conditions. The association
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between hypocalcemia and more severe infection and con-
sequent higher mortality can be explained by the interaction
between serum calcium levels and the immune system."*'.
The findings of this study also confirmed that serum calcium
levels are directly related to severity of disease and mortality
in patients with COVID-19. These findings in the present
study are consistent with the findings of Martha (2021).*

4.2 | Relationship between
hypocalcemia and lymphocyte count and
D-dimer level in patients with COVID-19

The results of meta-analysis showed that there was a sig-
nificant difference between the two groups of patients with
low and normal calcium levels in terms of lymphocyte count
and D-dimer level. Patients with low serum calcium have
fewer lymphocytes, higher D-dimer levels, and therefore,
more severe disease. Studies have shown that the
SARS-COV-2 virus may also kill cytotoxic T lymphocytes by
mechanisms similar to acute respiratory syndrome (SARS),
such as direct bone marrow suppression or destruction by
cytokines. T lymphocytes are essential to control viral in-
fections.'>"*** The results of D-dimer analysis in the present
study showed that there is a direct relationship between D-
dimer-dimer level and hypocalcemia. The lower the serum
calcium level, the significantly higher the D-dimer level and
consequently the severity of the disease. Paliogiannis et al.
(2020)** reported in a meta-analysis study that D-dimer le-
vels were significantly higher in patients with COVID-19 and
were directly related to severity of the disease.”” Therefore,
two factors, lymphocyte count and D-dimer level, are directly
related to severity of the disease and serum calcium levels.
Patients with hypocalcemia have lower lymphocytes and
higher D-dimer levels, have more inflammatory response.
Therefore, calcium levels can be a predictor of severity of the
disease.

4.3 | Relationship between
hypocalcemia and the number of
hospitalization days and admission to
the ICU

The results of the present meta-analysis revealed that
hypocalcemia in patients with COVID- 19 was sig-
nificantly associated with an increase in the number of
hospitalization days and the probability of admission to
the ICU. Numerous studies have examined the risk factors
for hospitalization of patients with COVID-19, including
high CRP, old age, low lymphocyte count, elevated cyto-
kine levels, and hypoalbuminemia. Increased levels of
cytokines and hypoalbuminemia are factors that can cause
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hypocalcemia and increase the length of hospital stay.
Regardless of the mechanism responsible for hypocalce-
mia, low calcium levels appear to be recurrent in hospi-
talized patients with SARS-CoV-2 infection and can have
important clinical consequences, including cardiovascular,
neurological, and musculo-skeletal and mental side ef-
fects. Therefore, attention to this biochemical marker is of
special importance.”""’

5 | CONCLUSION

The results of meta-analysis showed that patients with
lower calcium levels, severity of disease was higher and
hospitalization and mortality were higher. Due to high
mortality and lack of definitive treatment in critical
patients, early detection of prognostic parameters of
patients is (Wang et al. 2020°) necessary for intervention,
so the role of serum calcium levels as a prognostic bio-
chemical marker in determining the severity of the disease
is important. Since it is easy to measure serum calcium in
emergencies and helps physicians identify the severity of
the disease, it is recommended that serum calcium levels
should be considered in initial assessments.
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