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ABSTRACT

Hypocalcemia prolongs the QTc interval. Total calcium (TCa) measurement can be misleading in cases where the
concentration of albumin is abnormal. We aimed to investigate which calcium level—ionized calcium (iCa) or TCa—may
be more closely related to the QTc interval in COVID-19 patients in whom hypocalcemia and hypoalbuminemia are
observed frequently.

Adult patients hospitalized for COVID-19 were included in this study. ICa levels were obtained from the venous blood gas
sample examined during the emergency department admission, and the TCa levels were obtained from the biochemistry
results on admission. The pH-adjusted iCa (Corrected-iCa) and albumin-adjusted TCa (corrected-TCa) were calculated. The
QT interval was measured from the admission ECG and corrected for heart rate using the Bazett formula.

Hundred and thirty-two patients were included in the study. The mean age was 50219 years, and 62 (47%) patients were
female. Median iCa level was 1,13 mmol/L (1,08-1,18 interquartile range (IQR)), median TCa level was 2.13 mmol/L (2.02-
2.22 IQR). 76 patients (57%) had hypocalcemia (iCa<1,16 mmol/L). The median QTc interval was 431 ms (414-450 IQR).
In the multivariable linear regression analysis, a significant relationship was observed between the QTc interval and iCa
and corrected-iCa levels (3=-2.22, standard error (SE) =27.839, p=0.028, 3=-2.16, SE=29.407, p=0.033), but no significant
relationship was observed between TCa and corrected-TCa levels (3=-1.02, SE=3.959, p=0.312, 8=-0.44, SE=4.635,
p=0,650).

A significant relationship was observed between iCa levels and the QTc interval, which was longer in patients with
hypocalcemia, but there was no significant relationship observed with TCa levels.

Keywords: Hypocalcemia; COVID-19; QTc interval; Calcium levels

COVID-19. (3,4) Studies  on  patients  with
COVID-19 reported a high frequency of
hypocalcemia with both low ionized calcium (iCa)
and total calcium (TCa) levels in the emergency
department (ED) and during
hospitalisation. (5,6,7,8) Although the mechanism

Introduction

Coronavirus disease 2019 (COVID-19), which was
declared a pandemic by the World Health
Organization in March 2020, continues to threaten
human health globally. (1,2) Although the primary

target organ is the lung; pathological changes are
observed in many other organs and tissues.
Electrolyte abnormalities such as hypocalcemia,
hypokalemia, and hyponatremia are among the

of hypocalcemia is not well known, it may be due
to vitamin D deficiency, insufficient intestinal
absorption, effects of cytokines on parathyroid
hormone, low albumin levels. (5,8) Among these

pathological conditions observed in patients with electrolyte  abnormalities, hypocalcemia is
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Fig. 1. Flow-Chart of Patient Selection

associated with disease severity. (5,6,7,8)

Previous  studies have demonstrated that
hypocalcemia prolongs the QT interval. (9,10) In a
large-scale study conducted in the general
population, QT interval was found to be inversely
associated with total and ionised calcium. (11) In
patients with COVID-19, prolongation of the QT
interval and arrhythmic events may occur due to
either primary cardiac injury or electrolyte
abnormalities such as hypocalcemia. Forty percent
of calcium is bound to proteins, especially
albumin. Albumin levels can dectrease significantly
in patients with COVID-19. (12) Due to protein

abnormalities such as hypoalbuminemia, a
decrease in TCa levels can be observed in
COVID-19 patients. Corrected calcium

(corrected-TCa) can be calculated by adjusting
albumin levels. Studies have shown that in
critically ill patients, corrected-TCa is not more
reliable in predicting the accuracy of calcium
levels from total calcium; however, it may be more
appropriate to evaluate hypocalcemia by iCa levels
in these patient groups. (13,14) Considering the
effect of hypocalcemia on QTc interval, it is
unclear which form of calcium level is more
physiologically related to the QTc interval in
patients with COVID-19. It is also unclear which
form of calcium level will be considered for
replacement in hypocalcemic patients with long
QTc. We aimed to investigate which form of
calcium (iCa or T'Ca) may be more closely related
to the QTc interval in COVID-19 patients in
whom hypocalcemia and hypoalbuminemia can be
observed frequently.

Materials and Methods

Adult patients hospitalized for COVID-19 at the
our hospital between 15 April and 15 May 2020
were recruited for this single-center, retrospective
observational study. Patients with negative real-
time reverse transcriptase-polymerase  chain
reaction (RT-PCR) results, atrial fibrillation,
pacemaker rhythm, no electrocardiogram (ECG)
recording, and without iCa and TCa levels were
excluded from the study. Patients with a QRS>
120 ms were excluded because the widening of the
QRS complex caused QT interval prolongation
without significant changes in the repolarisation
time. (15) Patients with a GFR <30 ml / min /
1.73 mt2 were excluded as they had more than one
electrolyte abnormality including hypocalcemia,
anticoagulant  therapy wused in the renal
replacement procedure caused hypocalcemia, and
long QTc could be observed. A total of 132
patients met the inclusion criteria and were
included in the study. The patients were divided
into two groups: those with low iCa and those
with normal range iCa. The flowchart of patient
selection is shown in Figure 1.

The demographic, clinical, and laboratory
parameters of the patients during their
hospitalization were obtained from the hospital's
electronic  medical records.ICa levels were
obtained from venous blood gas tests performed
in the first evaluation in the ED and were
measured by ion-selective electrode potentiometry
(ABL 800, Radiometer, Copenhagen, Denmark)
on whole blood. The collected specimens were
venous blood obtained from peripheral vessels.
To avoid any dilutional or chemical interference,
only lyophilised heparin syringes were used for
sample collection (Ayset-72 1U lyophilised lithium
heparin syringe with hypodermic needle-2 ml).
Specimens were transported immediately to the
emergency laboratory by hand at room
temperature. As the measurement laboratory was
close to the emergency room, the transport time
between sampling and analysis was 15 min
maximum. Until the blood gas sample is analysed,
pH changes may occur due to CO2 loss, which
may cause changes in iCa levels. Therefore, pH-
adjusted iCa (corrected-iCa) levels were calculated
according to standardised pH 7.4 levels. The
corrected-iCa level was calculated using the
following equation: iCa corrected= iCa-actual [1-
0.53(7.4-pH actual)]. TCa levels were obtained
from the biochemistry results on admission and
were measured using the Arsenazo-III method
photometrically (ARCHITECT c¢8000, ABOTT,
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USA) on serum obtained after centrifugation (10
min at 3000xg X g at room temperature) of whole
blood collected in plastic tubes with gel separator
and clot activator (SST II Advance, Becton

Dickinson). Albumin levels were lower in
COVID-19  patients. (12) Therefore, albumin-
corrected TCa levels were calculated. The

corrected-TCa level was calculated using the
following equation: corrected calcium (mmol/L) =
total calcium (mmol/L) + 0.02 X (40 - albumin
[g/L]) The TCa reference range was defined as
2.15-2.56 mmol/L and the iCa reference range
was defined as 1.16-1.32 mmol / L.
(16) Hypocalcemia was characterized as an iCa
concentration of less than 1.16 mmol/L.

Myocardial injury was defined as the presence of
at least one cardiac troponin value above the 99th
percentile upper reference limit. The following
criteria were used to characterize the systemic
inflammatory  response  syndrome  (SIRS):
Tachycardia  (heart rate >90  beats/min),
hypothermia or fever (temperature <36 °C or >38
°C), and leukopenia or leukocytosis (white blood
cells >12.000/mm3 or < 4.000/mm3). SIRS was
diagnosed when two or more of these four
conditions were met. A glomerular filtration rate
(eGFR) of less than 60 ml/min/1.73 mt2 is
considered chronic kidney disease (CKD).

QTc Interval Measurement: During ED
admission, standard 12-lead electrocardiogram
(ECG) images were obtained at a paper speed of
25 mm/second and a calibration of 10 mm/mV.
Two experienced cardiologists manually measured
the QT interval after the images were transferred
to a computer via a scanner. In the circumstance
that lead II was unavailable, lead V5 was used.
One of the remaining leads was chosen after both
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Figure 2b. Partial Effect Plot Of Total Calcium For
Predict Qtc Interval In Model 3
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leads II and V5 were considered unsuitable. The
QT interval was calculated by averaging 3 to 5
beats from the beginning of the QRS complex to
T-wave termination. The end of the T-wave was
described as the nadir between the T- and U-
waves in cases where the T-wave was interrupted
by a U-wave. QT intervals were corrected for
heart rate using the Bazett formula (QTc = QT /
(R-R) 1/2). Prolonged QTc was described as a
QTec interval of >450 ms in men and >470 ms in
women. (17)

This research was approved by the local
institutional ethics committee. The research
protocol conformed to the Declaration of
Helsinki.

Statistics Analysis: R software version 3.2.2 was
used for statistical analysis (R Project, Austria
Vienna). Shapiro-Wilk test and histogram were
used to determine the distribution of continuous
variables, and if continuous variables showed
normal distribution, they were given as mean and
standard deviation, when not normally distributed,
they were given as median and interquartile range
25-75% (IQR).Categorical variables are expressed
as percentages. Chi-square test was used to
compare categorical variables between groups.
Continuous variables were compared by Mann
Whitney U tests or Student's t test according to
the distribution of data. Multivariable linear
regression analysis was used to evaluate the
relationship between the QTc interval and
candidate predictors (age, sex, potassium levels,
calcium level, SIRS, coronary artery disease,
myocardial injury, beta-blocker use, chronic renal
discase, diuretic wuse). A basal model was
constructed without adding calcium. Then, each
type of calcium level (iCa, corrected-iCa, TCa, and
corrected-T'Ca) was sequentially added to the basal
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Table 1. Demographic characteristics, clinical, laboratory, and electrocardiographic findings of the study

population
Total Low iCa Normal range iCa P value
(n=132) (n=76) (n=506)

Age(year) 50£19 56+17 40t18 <0.001
Gender(female) 62(47%) 34(44%) 28(50%) 0.549
Hypertension 27(20%) 20(26%) 7(14%) 0.084
Diabetes mellitus 22(17%) 16(21%) 6(10%) 0.181
Smoking 35(26.5%) 27(35%) 17(30%) 0.663
Congestive heart failure 2(2%) 2(3%) 0(0%) 0.508
Coronary artery disease 9(7%) 8(10%) 1(2%) 0.078
Chronic obstructive 9(70 6(8%) 3(5%) 0.733
pulmonary diease (7%)
Chronic renal disease 12(9%) 9(12%) 3(5%) 0.330
Myocardial injury 9(7%) 7(6%) 2(2%) 0.184
=22 SIRS criteria 40(30%) 29(38%) 11(20%) 0.032
Beta blocker use 9(7%) 7(9%) 2(3%) 0.301
Diuretic use 12(9%) 9(12%) 3(5%) 0.330
Radiographic finding of 123(93%) 74 (97%) 49(87%) 0.021
pneumonia
Intensive care unit admission 24(18%) 20(26%) 4(7%) 0.009
Lenght of stay hospital (day) 7(6-9) 8(6-10) 6(6-9) 0.184
Temperature (°C) 37.3(36.8-3.78) 37(36.8-38) 36.7(37-37.5) 0.004
Systolic blood pressure 110(100-120) 110(105-121) 110(100-120) 0.372
(mmHg)
Diastolic blood pressure 70(65-75) 70(67-75) 70(65-75) 0.788
(mmHyg)
White blood cell (103/uL) 6.31(4.73-8.03) 6.15(4.58-7.42) 6.57(5.27-8.48) 0.047
Neutrophil (103/uL) 4.31(2.86-5.63) 4.20(2.9-5.51) 4.51(2.86-6.20) 0.546
Lymphosit (103/uL) 1,37(0.96-1.97) 1.20(0.92-1.67) 1.66(1.30-2.29) <0.001
Hemoglobin g/dL 13.9(12.8-14.8) 13.8(13-14.7) 14(12.8-14.9) 0.714
Plathelet(103/uL) 203(170-252) 181(151-216) 239(197-271) <0.001
C-reactif protein (mg/L) 28(2-74) 41 (23-80) 2.2 (2-38) <0.001
D-dimer (ng/mL) 185(120-316) 235(158-349) 152(82-240) 0.001
Ferritin (ug/L) 232(79-459) 306(151-616) 129(50-211) <0.001
Lactic dehydrogenase (IU/L) 260(202-331) 292(246-267) 223(184-258) <0.001
Procalsitonin (ng/mL) 0.07(0.04-010) 0.09(0.05-0.21) 0.05(0.03-0.11) 0.005
Creatinine (mg/dl) 0.79(0.69-0.97) 0.81(0.72-1.04) 077(0.67-0.87) 0.015
Potassium (mmol/L) 3.98(3.72-4.28) 3.95(3.77-4.206) 3.99(3.64-4.32) 0.877
Albumin (g/L) 39(36-43) 38(36-41) 42(38-406) <0.001
Total calcium (mg/dL) 2.13(2.02-2.22) 2.05(2.00-2.12) 2.22(2.17-2.29)
Corrected calcium (mg/dL) 2.14(2.08-2.20) 2.11(2.04-2.16) 2.19(2.14-2.25)
Ionized calcium (mmol/L) 1.13(1.08-1.18) 1.09(1.06-1.12) 1.19(1.17-1.21)
Cor.rected Tonised 1.12(1.08-1.16) 1.09(1.05-1.11) 1.17(1.14-1.19)
calcium(mmol/L)
pH 7.38(7.36-7.41) 7.39(7.37-7.41) 7.36(7.34-7.39) <0.001
pCO2 (mmHg) 41(37-47) 41(36-46) 42(38-48) 0.057
Heart rate (beat/min) 83(74-91) 91(81-100) 84(75-98) 0.111
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QRS duration (ms)
QT interval (ms)
QTc interval (ms)

Number of patients with
Prolonged QTc

92(84-100)
355(334-375)
431(414-450)

21(16%)

94(86-104) 90(80-98) 0.039
352(338-382) 356(328-370) 0.287
439(423-456) 423(407-441) <0.001

2(2%) 19(14%) 0.002

Continuous variables are presented given as mean®SD or median (interquartile range) and categorical variables
were expressed as number (%). SIRS, Systemic Inflammatory Response Syndrome; iCa, ionized calcium

Table 2. Multivariate linear regression analysis between QTc (ms) interval and candidate predictors

without adding calcium (Basal model)

Age(year) 2.59 0.123 0.010
Gender(female) 2.13 4.068 0.035
Chronic Renal Disease -1.71 8.314 0.090
Myocardial Injury 1.34 7.803 0.181
B blocker use -0.89 9.331 0.376
SIRS 2.86 4.443 0.005
Potassium (mmol/L) -1.83 4.866 0.069
Coronary artery disease 2.68 9.547 0.008
Diuretic use 0.82 8.165 0.411

SIRS, Systemic inflammatory response syndrome

model, and four different models were electrocardiographic parameters of the study

constructed. Variables with very low frequencies
were not included in the model. Continuous
variables were included into the model using
restricted cubic spline transformation. The models
were compared using the assessment of fit
(likelihood ratio chi-square), quality (Akaike and
Bayesian information criteria, AIC and BIC
respectively), adjusted R2, and partial R In all
statistical analyses, a two tailed P value of <0.05,
was considered statistically significant.

Results

Hundred and thirty-two COVID-19 patients
whose diagnosis was confirmed by RT-PCR were
included in our study. The mean age was 50£19
years, and 62 (47 %) patients were female. The
median iCa level was 1,13 mmol/L (1.08-1.18
IQR) and the median TCa was 2.13 (2.02-2.22
IQR) mmol/L. Seventy-six patients (57%) had
hypocalcemia (iCa<1.16mmol/L). The patients
were divided into two groups: those with
hypocalcemia (Group 1, n=76) and those without

hypocalcemia  (Group 2, n=56). In the
hypocalcemia group, C-reactive
protein (CRP), procalcitonin, ferritin, lactic

dehydrogenase (LDH), and D-dimer levels were
higher, while lymphocyte and albumin levels were
lower. The demographic characteristics, clinical
finding, laboratory results, and

population are presented in Table 1.

There were 18 patients with normal TCa levels,
but low iCa levels, and two patients with normal
TCa but mildly high iCa levels. The highest total
value with low iCa was 2.4 mmol/L and the
patient's iCa value was 1.08 mmol/L. The QTc
interval of the same patient was observed to be
prolonged at 456 ms and calcium replacement was
found in 11 of all patients during hospitalisation.

The median QTc interval was 431 ms (414-450
IQR). Prolonged QTc was observed in 21
patients, of which 19 had low iCa levels. In 9 of
these 19 patients, corrected-TCa levels were
normal and only 4 received calcium replacement.
In two patients, the QTc interval was above 500
ms.

A significant relationship was observed between
QTc interval and age (=2.59, standard error
[SE|=0.123, p=0.010), gender (§=2.13, SE=4.0068,
p=0.035), SIRS ($=2.86, SE=4.443, p=0.005), and
CAD (B=2.68, SE=9.547, p=0.008) in the basal
model using multivariable linear regression
analysis (Table 2). In models 1 and 2, a significant
relationship was observed between the QTc
interval and iCa and corrected-iCa ( B=-2.22,
SE=27.839, p= 0.028, p=-2.16, SE=29.407,
p=0.033). However, in models 3 and 4, no
significant relationship was observed between
QTc interval and TCa and corrected-TCa (8-1.02,
SE=3.959, p=0.312, 3=-0.44, SE=4.635, p=0,650)
(Table 3). The performance analysis indicated that
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Table 3. Multivariable linear regression analysis by adding each calcium level to the basal model

B coefficient Standard Error P value
1Ca (Model 1) -2.22 27.8390 0.028
Corrected-iCa (Model 2) -2.16 29.407 0.033
TCa (Model 3) -1.02 3.959 0.312
Corrected-TCa (Model 4) -0.44 4.625 0.658
iCa, ionized calcum; TCa, total calcium
Table 4. Likelihood ratio, AIC, BIC, adjusted R2 and partial R2 values of models
Likelihood ratio AIC BIC Adjusted R2 Partial R2
Basal Model 39.5 1191 1222 0.207
Model 1 44.7 1187 1222 0.232 0.030
Model 2 44.5 1188 1222 0.230 0.029
Model 3 40.6 1192 1226 0.207 0.006
Model 4 39.7 1193 1227 0.201 0.001

AIC and BIC, (lower value denotes better model), Harrel c-index statistics measures the discriminative ability of the
model, and values closer to 1.0 are better. Likelihood Ratio x2 and R2 higher value represent better model

performance

the best performances were observed in models
containing iCa levels (Models 1 and 2) (Table 4).
In model 1, the interactions between potassium
and iCa were assessed (p=0,12). Partial effect
plots of iCa predicting QTc intervals are shown in
Figure 2a. In model 3, the interactions between
potassium and TCa were assessed (p=0,22) and a
partial effect plot of TCa predicting QTc intervals
is shown in Figure 2b.

Discussion

In COVID-19, hypocalcemia and prolongation of
the QTc interval can be seen due to vatious
reasons. In these patient groups, there is not
enough data to examine the relationship between
the QTc interval and calcium level and which
calcium level should be used for QTc monitoring.
The results of this study demonstrated a
significant relationship between iCa levels and
QTc intervals in patients with COVID-19.
Furthermore, QTc intervals were extended as iCa
levels decreased. No significant relationship
between total calcium levels (TCa and corrected-
TCa) and QTc intervals was observed. Again,
hypocalcemia was common among these patients.
Additionally, ferritin, CRP, LDH, procalcitonin,
and D-dimer levels were higher, while albumin
and lymphocyte counts were lower in the low iCa
group.

In COVID-19, cardiac injury and pathological
changes in many other organs and tissues may
occur in addition to lung involvement. One
pathological condition observed in COVID-19

patients is electrolyte abnormalities. Hypocalcemia
is one of these electrolyte abnormalities and has
been identified as one of the major biochemical
features of patients with COVID-19. (5-
8,18). Studies evaluating calcium levels in these
patients have reported a high frequency of
hypocalcemia with both low iCa and TCa levels in
ED and during hospitalisation. (5-8,18) In one of
these studies, hypocalcemia was observed in 83%
according to iCa levels in patients with COVID-
19. (5) In another study evaluating severe
COVID-19 patients, 62.5% of the patients had
hypocalcemia. Hypocalcemia (iCa <1.16 mmol/L)
was observed in 57% of the patients in our study.
Hospitalisation of patients with mild symptoms
and the low rate of severe patients and
comorbidity may explain the rate of
hypocalcemia in our study population. Several
studies have demonstrated that hypocalcemia is
associated with disease severity in patients with
COVID-19, and patients with hypocalcemia have
higher ICU admission rates and mortality.
(5,8,18) Inflammatory parameters such as CRP,
LDH, procalcitonin, and D-dimer were higher,
and albumin and lymphocyte levels were lower in
patients with hypocalcemia. (5,8) Similarly, in our
study of the hypocalcemic group, higher levels of
CRP, ferritin, LDH, procalcitonin, and D-dimer
were observed, while lymphocyte and albumin
levels The mechanism  of
hypocalcemia in these patients is unclear. Low
levels of calcium may be due to a decrease in
intestinal absorption, vitamin D deficiency,
decrease in albumin levels, the effect of

low

were  lowet.

East ] Med Volume:26, Number:3, July-September/2021

438



inflammatory processes on PTH, or the direct
effect of the virus. (5,8,19)

It has been observed that extending QTc intervals,
which reflects ventricular electrical activity, may
cause  arrhythmias such as torsade de
pointes. (20,21,22) In a study evaluating the
relationship between admission serum iCa levels
and in-hospital mortality and long-term mortality
in hospitalised patients, patients with low serum
iCa levels were found to have an increased risk of
ventricular arrhythmia. (23) Low serum iCa levels
can cause QT prolongation and arrhythmias, such
as Torsad de pointes. (24) Since inward calcium
currents are one of the factors determining the
plateau configuration of the action potential,
hypocalcemia prolongs phase 2 of the action
potential and thus prolongs the repolarisation
duration. (25,26,27) In our study, the QTc interval
was also observed to be longer in the low-iCa
group. Approximately 40% of serum calcium is
bound to proteins, especially albumin, 10% to
anions, and approximately 50% is in free form
(ionised calcium). In clinical practice, TCa levels
are mostly used to monitor calcium levels. The
total serum calcium  concentration  varies
substantially ~ with  the  concentration  of
albiimin. (28) Albumin is a negative acute phase
reactant and, as in COVID-19, a decrease is
observed in its levels secondary to infection.
(12,29) For this reason, corrected-TCa levels
calculated by adjusting the TCa according to the
albumin level can be used. However, studies have
shown that corrected-TCa levels do not provide
better information in critically ill patients than in
TCa. However, iCa levels can provide more
accurate information for determining the calcium
levels in these patients. (13,14) In our study, a
negative correlation was observed between
calcium levels and the QTc interval. In the
multivariable regression analysis, a significant
relationship was observed between ionized
calcium levels (iCa and corrected-iCa) and the
QTc interval, but no significant relationship was
observed between total calcium levels (TCa and
corrected-T'Ca). iCa is the active form of calcium
in the blood. Due to the protein abnormalities
observed COVID-19 patients, TCa and
Correct-TCa levels can be monitored inaccurately,
as determining precise calcium levels can be
difficult. (12) Again, even if TCa or corrected TCa
levels are normal in patients, there may be
variations in iCa levels due to pH changes among
other reasons, which in turn may change the QTc
interval. Therefore,  iCa may  provide
physiologically important information concerning

in

calcium levels. In our study, although TCa level
were normal in 18 patients, iCa levels were low
and seven patients had a prolonged QTc. Calcium
replacement has been shown to shorten QTc
intervals in hypocalcemic patients with QTc
prolongation. (26) In the Diagnosis and
Management of CV Diseases Guidance has
recommended that total calcium levels should be
kept above 2,25 mmol/L in COVID-19 patients
(30); however, this may cause unnecessary and
excessive calcium replacement in hypocalcemic
patients because of low albumin levels or may
cause patients with normal TCa and low iCa to be
overlooked. In our hospital, calcium monitoring
was performed according to corrected TCa levels
due to hypoalbuminemia. It was found that only 4
of 19 patients with low iCa and prolonged QTc
received calcium replacement. Corrected-TCa
values in 9 patients and TCa values in 6 of them
were within the normal range. A small number of
patients received calcium replacement, probably
because of corrected-TCa levels within the normal
range.

Although the number of patients is small, given
the relationship between iCa levels and QTc
intervals, the use of iCa levels in COVID-19
patients can provide very important physiological
information about QTc prolongation. Arrhythmias
that may occur due to reasons such as myocardial
injury and drugs can be prevented with calcium
replacement in  COVID-19  patients with
hypocalcemia and prolonged QTec.

In conclusion, a significant relationship was
observed between ionized calcium levels (iCa and
corrected-iCa) and QTc interval in COVID-19
patients. Further, the QTc interval was longer in
patients with hypocalcemia. No significant
relationship was observed between total calcium
(TCa and corrected-TCa) levels and the QTc
interval. Evaluation of ionised calcium levels,
which are more closely related to QTc, in
COVID-19 patients with prolonged QTc can
provide more physiologically important
information.

Limitations: The most important limitation of
this study was the small sample size. Studies with
larger sample sizes are needed to evaluate the
relationship between different calcium levels and
QTc interval. Again, due to the hospitalisation of
patients with mild symptoms in the initial stages
of the pandemic, severe patients and patients with
comorbidities were lower. Yet hypocalcemia rates
may be higher in patients with severe diseases.
Another limitation is that variables that can affect
the QTc interval, such as CHF, could not be
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included in the multivariable analysis due to the
small sample size.
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