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Abstract

Objective: To evaluate the association of a prolonged corrected QT (QTc) interval in severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and its association with

in-patient mortality.

Methods: A cohort of 745 patients were recruited from a single center between 1 March 2020

and 31 May 2020. We analyzed the factors associated with a prolonged QTc and mortality.

Results: A prolonged QTc interval >450ms was found in 27% of patients admitted with

SARS-CoV-2 infection. These patients were predominantly older, on a ventilator, and had

hypertension, diabetes mellitus, or ischemic heart disease. They also had high troponin and
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D-dimer concentrations. A prolonged QTc interval had a significant association with the require-

ment of ventilator support and was associated with an increased odds of mortality. Patients who

died were older than 55 years, and had high troponin, D-dimer, creatinine, procalcitonin, and

ferritin concentrations, a high white blood cell count, and abnormal potassium concentrations

(hypo- or hyperkalemia).

Conclusions: A prolonged QTc interval is common in patients with SARS-CoV-2 infection and it

is associated with worse outcomes. Older individuals and those with comorbidities should have

an electrocardiogram performed, which is noninvasive and easily available, on admission to

hospital to identify high-risk patients.
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Introduction

The novel coronavirus (severe acute respi-

ratory syndrome coronavirus 2 [SARS-

CoV-2]) leading to the coronavirus disease

2019 (COVID-19) pandemic has resulted in

significant morbidity and mortality.1 There

have been >205 million cases of COVID-19

worldwide and >4.5 million deaths. This

disease has affected more than 210 coun-

tries and territories worldwide and is still

spreading at a high rate, causing lock-

downs, travel restrictions, and health and

economic crises.2 In the United Arab

Emirates, there have been approximately

700,000 confirmed cases with 2000 deaths.2

The clinical presentation of COVID-19

includes typical symptoms of pneumonia,

such as fever, cough, and dyspnea, while

some patients present with atypical fea-

tures, such as fatigue, dry cough, and diar-

rhea.3 People with COVID-19 can also not

have any symptoms, leading to this dis-

ease’s rapid spread from these silent car-

riers.4 An older age, male sex, the presence

of comorbidities, and increased inflamma-

tory markers are associated with a poor

prognosis.5 Hypoxia, myocarditis, myocar-
dial ischemia, arrhythmia, and electrolyte
abnormalities are contributing factors of
death due to COVID-19. While supportive
care and nonspecific management continue,
the mechanism of death has remained
unclear.6

A prolonged heart rate-corrected QT
(QTc) interval representing prolonged ven-
tricular repolarization on a surface electro-
cardiogram (ECG) can predispose to
torsade de pointes, malignant arrhythmias,
and cardiac arrest.7 The QTc, which is a
quantitative tool and is easily measured
on a resting 12-lead surface ECG, can
potentially stratify the risk of adverse
outcomes.

Several off-label medications, including
chloroquine/hydroxychloroquine, azithro-
mycin, and remdesivir, were introduced to
manage this infection worldwide.8 The pri-
mary concern and limitation of using these
drugs are their association with a prolonged
QTc, leading to life-threatening arrhyth-
mias, cardiac arrest, and death.9 An ECG
to measure the QTc interval is routinely
performed in patients before initiation of
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management of COVID-19. Medications
are discontinued if QTc prolongation is
considerable during the treatment
course.10 The mechanism of death in these
patients is unclear, and it is unknown
whether modifying the risk factors contrib-
uting to a prolonged QTc interval will affect
the outcome. Significant gaps remain in our
understanding of how such involvement
may alter the outcomes.

This study aimed to evaluate the inci-
dence, predictors, and outcome of a pro-
longed QTc interval in patients who are
hospitalized with COVID-19. We also
aimed to evaluate the baseline characteris-
tics, clinical and laboratory findings, and
their associations with outcomes.
Furthermore, we evaluated the association
between a prolonged QTc interval and in-
patient mortality.

Methods

Study design, setting, and participants

We performed an observational, retrospec-
tive cohort study of patients with COVID-
19 who were admitted to Rashid Hospital,
which is a tertiary multidisciplinary govern-
ment hospital in Dubai, United Arab
Emirates. The reporting of this study con-
forms to the STROBE guidelines. Patients
who were admitted with a diagnosis of
SARS-CoV-2 infection as shown by reverse
transcription-polymerase chain reaction
between 1 March 2020 and 31 May 2020
were included. Additionally, the patients
were at least 18 years old, had a troponin
measurement, and had at least two ECGs
performed. We excluded COVID-19-
positive individuals who were not hospital-
ized, those who did not have a troponin test
or other baseline laboratory tests, and those
who did not have at least two ECGs.
A positive result on real-time reverse
transcription-polymerase chain reaction,
which was consistent with symptoms, and

laboratory and radiological findings was

defined as a confirmed case of COVID-19.
The national guideline protocol requires

a baseline ECG for all patients with

COVID-19 before initiating anti-COVID-

19 therapy. An ECG was repeated every

24 to 48 hours for patients at high risk of

QT prolongation, such as elderly patients

and patients with a history of cardiac illness

or arrhythmias.11 Asymptomatic or pre-

symptomatic infection was determined

when individuals tested positive for SARS-

CoV-2 using a virological test (i.e., a nucleic

acid amplification test or an antigen test),

but had no symptoms that were consistent

with COVID-19. Mild illness was defined as

having any of the various signs and symp-

toms of COVID-19 (e.g., fever, cough, sore

throat, malaise, headache, and muscle pain)

without shortness of breath, dyspnea, or

abnormal chest imaging. Moderate illness

was defined as having evidence of lower

respiratory disease by clinical assessment

or imaging, and an oxygen saturation

�94% on room air at sea level. Severe ill-

ness was defined as having a respiratory fre-

quency >30 breaths/minute, an oxygen

saturation of <93%, and a ratio of the arte-

rial partial pressure of oxygen to the frac-

tion of inspired oxygen of <300%. Critical

illness was defined as having respiratory

failure, septic shock, and/or multiple

organ dysfunction.11

Azithromycin, hydroxychloroquine,

remdesivir, and ritonavir, which are associ-

ated with a prolonged QTc interval, were

administered as a part of the anti-

COVID-19 therapy in the initial months.

Patients on these medications had a daily

ECG performed if the baseline QTc was

>450ms or the ECG was repeated 24 to

48 hours after the initiation of manage-

ment. If a patient was taking more than

one medication affecting the QTc interval

and QTc prolongation occurred, one of

the medications was discontinued. If the
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QTc interval persisted longer than 500ms,

the other medication was also discontinued.
The QTc was calculated from the QTc

interval and the R-R interval using

Bazett’s formula. QTc prolongation was

defined as a QTc interval >450ms or

60ms from a baseline ECG.

Data collection

The data were obtained from an electronic

medical record system. We recorded vari-

ous variables, including demographics,

diagnosis, comorbidities, clinical character-

istics, laboratory parameters, ECG, and

outcome (ventilatory support, arrhythmia,

and death) on a standardized data template.

The investigators followed the clinical out-

comes up until 31 July 2020.

Statistical analysis

Data were analyzed using SPSS version

24.0 (IBM Corp., Armonk, NY, USA).

Continuous variables, such as age and

body mass index, were categorized and ana-

lyzed. The outcome variable of QTc interval

was categorized as >450ms and �450ms,

and mortality was another outcome. The

incidence of a QTc interval and mortality

is presented with the 95% confidence

interval (CI). Univariable analysis was per-

formed to obtain outcomes. The associa-

tions between study variables and the

outcomes were analyzed using the chi-

square test. Because the event rates for mor-

tality and a high QTc interval were >10%,

logistic regression analysis with log links

were performed separately. Adjusted and

unadjusted logistic regression was per-

formed to evaluate predictors of QTc pro-

longation and mortality. The potential

variables for multivariable logistic regres-

sion analysis for the outcome of a high

QTc interval were selected using p values

from the univariable analysis. The variables

with p< 0.20 were selected for this analysis.

However, for the outcome of mortality, the
selection of potential risk variables was

based on p< 0.05. Evaluation of the
model was performed using Hosmer–
Lemeshow goodness fit statistics.

Ethical approval

The study was approved by the Dubai
Scientific Research Ethics Committee

(approval number: DSREC-05/2020_12).
The need for informed consent was

waived by the ethics committee because it
was a retrospective study. This study was
conducted in compliance with the ethical

standards of the responsible institution on
human subjects, as well as with the

Declaration of Helsinki.

Results

Patient cohort

Approximately 1700 patients were hospital-
ized during the study period and included
moderate to severe cases. Our cohort finally

included 745 patients because only the
patients who had two sets of ECGs per-
formed 24 to 48 hours apart and had tro-

ponin measurements were included. Of
these patients, 708 had completed outcomes

and 37 (5%) were still hospitalized at the
end of the study. The patients’ median age
was 47 years, and 89% (662/745) were men.

The median length of the hospital stay was
15 days, and the median time to viral clear-

ance was 13 days. A total of 23% of the
patients had a body mass index >30 kg/m2

and 27% of patients required ventilatory

support. A total of 39% had a history of
type 2 diabetes mellitus and had a mean

glycated hemoglobin value of 8.1%, 32%
of the patients had hypertension, and 9%
had a preexisting cardiac illness. Troponin

concentrations >52 ng/L were found in
10% of patients and N-terminal prohor-
mone of brain natriuretic peptide

4 Journal of International Medical Research



(NT-proBNP) concentrations >125 pg/mL

were found in 36% of patients.
A Baseline QTc interval >450ms at

admission, before starting medications,

was present in 27.3% of the patients. The

median QTc was 436ms, and the median of

the maximum QTc interval was 466ms.

A total of 80% of patients were on two or

more medications prolonging the QTc

interval, 88% were on chloroquine/hydrox-

ychloroquine, 49% were on azithromycin,

78% were on Kaletra, and 43.6% were on

favipiravir.
The mean delta QTc interval in patients

on three or more medications was 39ms,

while that in those on two, one, and no

medications was 27, 17, and 10ms, respec-

tively. The mean maximum QTc interval

was also higher in patients taking two med-

ications or more (Figure 1). However, there

was no association between the number

of QTc-prolonging medications and the

outcome.

Incidence of a prolonged QTc interval

(QTc >450ms)

Table 1 shows the incidence of a prolonged

QTc interval. The incidence rate of a QTc

interval >450ms was 27.3% (95% CI: 24.0,

35.0), and it was 26.8% (95% CI: 23.4,

38.2) and 31.6% (95% CI: 31.7, 42.0) in

men and women, respectively. The inci-

dence rate of a QTc interval >450ms was

approximately 30% in patients aged >40

years. The association between baseline

characteristics and a prolonged QTc inter-

val is shown in Table 2. There were signif-

icant associations between a prolonged QTc

interval in patients aged >55 years (risk

ratio, 1.78; 95% CI: 1.22, 2.60, p¼ 0.003)

and ventilated patients (risk ratio, 1.7; 95%

CI: 1.35, 2.16, p< 0.001). Patients with dia-

betes, hypertension, or heart disease had a

1.50, 1.31, and 1.67 times significantly

higher risk of a prolonged QTc interval,

respectively, than other patients who did

not have these morbidities (all p< 0.05).

Univariable analysis of biochemical

parameters and a prolonged QTc interval

Concentrations of troponin �52 ng/L (risk

ratio, 2.30; 95% CI: 1.79, 2.94) NT-

proBNP �125 pg/mL (risk ratio, 2.06;

95% CI 1.39, 3.04), D-dimer �0.5lg/mL

FEU (risk ratio, 3.23; 95% CI: 1.82, 5.74),

creatinine �1.2mg/dL (risk ratio, 1.80;
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Figure 1. Effect of QTc-prolonging medications
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Table 1. QTc interval according to age and sex.

Variables

>450ms �450ms

95% CIn % n %

Overall 195 27.3 518 72.7 24.0, 35.0

Age (years)

<40 33 16.9 162 83.1 11.7, 22.1

40–55 106 31.9 226 68.1 26.9, 36.9

>55 56 30.1 130 69.9 23.5, 36.7

Sex

Male 171 26.8 466 73.2 23.4, 38.2

Female 24 31.6 52 68.4 31.7, 42.0

QTc, corrected QT; CI, confidence interval.

Table 2. Univariable analysis of the associations between baseline characteristics and the QTc interval.

Variables

QTc interval Univariable analysis

>450ms (n¼ 195) �450ms (n¼ 518)

Risk ratio 95% CI p valuen % n %

Age (years)

<40 33 16.9 162 83.1 1.00

40–55 106 31.9 226 68.1 1.89 1.33, 2.67 <0.001

>55 56 30.1 130 69.9 1.78 1.22, 2.60 0.003

Sex

Male 171 26.8 466 73.2 0.85 0.60, 1.21 0.370

Female 24 31.6 52 68.4 1.00

BMI (kg/m2)*

<25 62 28.7 154 71.3 1.00

25–29 73 25.5 213 74.5 0.89 0.67, 1.19 0.426

30–35 40 33.9 78 66.1 1.18 0.85, 1.64 0.320

>35 15 31.9 32 68.1 1.11 0.70, 1.77 0.657

Ventilated patients

Yes 78 39.0 122 61.0 1.71 1.35, 2.16 <0.001

No 117 22.8 396 77.2 1.00

Diabetes

Yes 97 34.3 186 65.7 1.50 1.19, 1.91 0.001

No 98 22.8 332 77.2 1.00

Hypertension

Yes 76 32.5 158 67.5 1.31 1.03, 1.66 0.030

No 119 24.8 360 75.2 1.00

Heart disease

Yes 28 43.1 37 56.9 1.67 1.23, 2.28 0.001

No 167 25.8 481 74.2 1.00

QTc, corrected QT; CI, confidence interval; BMI, body mass index.

*Data of BMI are missing in 50 patients.
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95% CI: 1.42, 2.27) white blood cell count
�12� 103/lL (risk ratio, 1.38; 95% CI:
1.06, 1.8), and LDH �280U/L (risk ratio,
1.69; 95% CI: 1.24, 2.32) were significantly
associated with a prolonged QTc interval
(all p< 0.05, Table 3).

Multivariable analysis of the factors
associated with a high QTc interval

The results of a multivariable analysis of
the factors associated with a high QTc
interval are shown in Table 4. After adjust-
ing for other risk variables, patients who
had diabetes had a 1.3 times significantly
higher risk of a prolonged QTc interval
than those who did not have diabetes
(95% CI: 1.01, 1.67, p¼ 0.04). Laboratory
parameters with a significantly increased
risk of a prolonged QTc interval were tro-
ponin concentrations �52 ng/L (risk ratio,
1.57; 95% CI: 1.17, 2.10) and D-dimer con-
centrations �0.5 lg/mL FEU (risk ratio,
2.83; 95% CI: 1.49, 5.38, both p¼ 0.002).

Predictors of mortality

The incidence of mortality according to age
and sex is shown in Table 5. The incidence
of mortality was 17.4% overall (95% CI:
14.7, 20.1), and that in men and women
was 18.4% (95% CI: 15.4, 21.3) and 9.6%
(95% CI: 3.2, 16.0), respectively. The inci-
dence of mortality increased as age
increased.

Univariable analysis of sociodemographic
characteristics and mortality

The associations between sociodemo-
graphic characteristics and mortality are
shown in Table 6. Patients aged 40 to 55
years had a 2.48 (95% CI: 1.41, 4.34)
times significantly higher risk of mortality
compared with those aged <40 years
(p¼ 0.002). Similarly, patients aged >55
years had a 3.87 (95% CI: 2.16, 6.93) sig-
nificantly higher risk compared with those

aged <40 years (p< 0.001). Ventilated

patients had a 135.0 (95% CI: 59.25,

307.96) times significantly higher risk of
mortality compared with unventilated

patients (p< 0.001). Patients with diabetes

mellitus had a 1.49 (95% CI: 1.02, 2.18)

times significantly higher risk of mortality

than those who did not have diabetes

(p¼ 0.04).

Univariable analysis of biochemical

parameters, QTc, and mortality

Concentrations of troponin �52 ng/L (OR,

4.82; 95% CI: 2.93, 7.94), NT ProBNP

�125 pg/mL (OR, 4.20; 95% CI: 2.34,

7.56), D-dimer �0.5lg/mL FEU (OR,

65.19; 95% CI: 4.02, 1056.23), creatinine

�1.2mg/dL (OR, 11.57; 95% CI: 7.31,
18.3), ferritin �400 ng/mL (OR, 4.86; 95%

CI: 2.45, 9.65), LDH �280U/L (OR, 7.16;

95% CI: 3.62, 14.15), C-reactive protein

�10mg/L (OR, 4.56; 95% CI: 2.13, 9.76]),

and procalcitonin �0.05 ng/mL (OR, 3.19;

95% CI: 1.06, 9.61) were associated with an
increased probability of mortality (all

p< 0.05) A white blood cell count

�12� 103/lL (OR, 4.54; 95% CI: 3.00,

6.88) and abnormal potassium concentra-

tions (> 3 or >5 mmol/L) (OR, 1.79; 95%

CI: 1.2, 2.7) were also associated with an
increased probability of mortality (both

p< 0.01). A QTc interval >450ms (OR,

2.08; 95% CI: 1.40, 3.10) was strongly asso-

ciated with an increased odds of mortality

(p< 0.001) (Table 7).

Multivariable analysis of mortality

In adjusted logistic regression, an age >55

years (OR, 2.18; 95% CI: 1.01, 4.7) was

associated with an increased odds of mor-

tality (p¼ 0.047). Additionally, concentra-

tions of troponin �52 ng/L (OR, 1.77;

95% CI: 0.93, 3.37), D-dimer �0.5lg/mL
FEU (OR, 24.08; 95% CI: 1.38, 419.82),

creatinine �1.2mg/dL (OR, 8.16; 95%
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Table 3. Univariable analysis of the association between biochemical parameters and the QTc interval.

Variables

QTc interval Univariable analysis

>450ms (n¼ 195) �450ms (n¼ 518)

Risk ratio 95% CI p valuen % n %

Troponin - baseline (ng/L)

�52 40 55.6 32 44.4 2.30 1.79, 2.94 <0.001

<52 155 24.2 486 75.8 1.00

NT-proBNP (pg/mL)*

�125 113 42.6 152 57.4 2.06 1.39, 3.04 <0.001

<125 23 20.7 88 79.3 1.00

D-dimer (mg/mL)*

�0.5 172 32.0 365 68.0 3.23 1.82, 5.74 <0.001

<0.5 11 9.9 100 90.1 1.00

Creatinine (mg/dL)

�1.2 95 38.6 151 61.4 1.80 1.42, 2.27 <0.001

<1.2 100 21.5 365 78.5 1.00

WBC count (�103/lL)
�12 49 35.3 90 64.7 1.38 1.06, 1.8 0.016

<12 146 25.5 427 74.5 1.00

Lymphocytes (�103/lL)
�1.0 13 23.6 42 76.4 0.85 0.52, 1.39 0.522

>1.0 182 27.7 474 72.3 1.00

Ferritin (ng/mL)*

�400 150 29.1 366 70.9 1.22 0.9, 1.65 0.195

<400 40 23.8 128 76.2 1.00

LDH (U/L)*

�280 151 31.5 329 68.5 1.69 1.24, 2.32 0.001

<280 39 18.6 171 81.4 1.00

CRP (mg/L)

�10 160 27.6 420 72.4 1.02 0.74, 1.39 0.917

<10 35 27.1 94 72.9 1.00

Procalcitonin (ng/mL)

�0.05 185 28.3 468 71.7 1.54 0.84, 2.82 0.159

<0.05 9 18.4 40 81.6 1.00

Calcium (mg/dL)

�8.5 100 27.2 268 72.8 0.97 0.76, 1.23 0.785

>8.5 93 28.1 238 71.9 1.00

Magnesium (mg/dL)

�1.5 8 40.0 12 60.0 1.48 0.85, 2.56 0.164

>1.5 187 27.1 504 72.9 1.00

Potassium (mmol/L)

<3 or >5 36 26.3 101 73.7 0.94 0.69, 1.28 0.681

3–5 159 28.0 408 72.0 1.00

*NT-ProBNP, D-dimer, LDH, and ferritin data are missing for 355, 79, 32, and 38 patients, respectively.

*NT-ProBNP, D-dimer, LDH, and ferritin data are missing for 355, 79, 32, and 38 patients, respectively.

QTc, corrected QT; CI, confidence interval; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; WBC,

white blood cell; LDH, lactate dehydrogenase; CRP, C-reactive protein.
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CI: 4.5, 14.8), ferritin �400 ng/mL (OR,

2.33; 95% CI: 0.91, 5.99), LDH �280U/L

(OR, 3.16; 95% CI: 1.27, 7.87), and

procalcitonin �0.05 ng/mL (OR, 0.10;
95% CI: 0.02, 0.51), a white blood cell
count �12 �103/lL (OR, 2.33; 95% CI:
1.36, 3.97), and abnormal potassium con-
centrations (<3 or >5 mmol/L) (OR, 2.2;
95% CI: 1.21, 4.08) were associated with
an increased odds of mortality. A pro-
longed QTc interval was not significantly
associated with mortality (Table 8).

Ventricular arrhythmia

Eleven patients had high-grade ventricular
arrhythmias among whom nine died
between 2 and 4 days after the arrhythmia
event (Table 9).

Discussion

In this study, we found that a prolonged
QTc interval was present in 27% of
patients. A prolonged QTc interval was
associated with older age, comorbidities,
specifically hypertension, diabetes mellitus,
and ischemic heart disease, and elevated
troponin and D-dimer concentrations.

QTc prolongation became a hot topic
during the COVID-19 outbreak owing to
a widespread and empirical administration
of combinations of medications known
to cause prolongation of the QTc

Table 4. Multivariable logistic regression analysis
of the factors associated with a high corrected QT
interval.

Variables Risk ratio 95% CI p value

Age (years)

<40 1.00

40–55 1.42 0.98, 2.07 0.063

>55 1.14 0.74, 1.75 0.561

Ventilated patients

Yes 1.05 0.81, 1.37 0.707

No 1.00

Diabetes

Yes 1.30 1.01, 1.67 0.044

No 1.00

Hypertension

Yes 1.01 0.78, 1.30 0.928

No 1.00

Heart disease

Yes 1.15 0.85, 1.57 0.360

No 1.00

Troponin - baseline (ng/L)

�52 1.57 1.17, 2.10 0.002

<52 1.00

D-dimer (lg/mL FEU)

�0.5 2.83 1.49, 5.38 0.002

<0.5 1.00

Creatinine (mg/dL)

�1.2 1.26 0.94, 1.69 0.120

<1.2 1.00

WBC count (�103/lL)
�12 1.09 0.85, 1.41 0.497

<12 1.00

LDH (U/L)

�280 1.02 0.71, 1.46 0.918

<280 1.00

Procalcitonin (ng/mL)

�0.05 0.87 0.43, 1.78 0.706

<0.05 1.00

Note: Variables that were significant at the 20% level in

univariable analysis were included in the multivariable

analysis. The variables NT-proBNP, ferritin, and magne-

sium were excluded because almost 50% of NT-proBNP

data were missing, and regression analysis was not able to

estimate the risk ratios for ferritin and magnesium.

CI: confidence interval; WBC, white blood cell; LDH,

lactate dehydrogenase.

Table 5. Incidence of mortality by age and sex.

Variables

Mortality

Dead Alive

95% CIn % n %

Overall 130 17.4 615 82.6 14.7, 20.1

Age (years)

<40 17 8.1 192 91.9 4.6, 12.4

40–55 62 18.3 277 81.7 14.2, 22.4

>55 51 25.9 146 74.1 19.7, 32.0

Sex

Male 122 18.4 540 81.6 15.4, 21.3

Female 8 9.6 75 90.4 3.2, 16.0

CI, confidence interval.
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interval, including azithromycin, hydroxy-

chloroquine, and lopinavir/ritonavir.12

Hydroxychloroquine and azithromycin

prolong the QTc interval by blocking the

delayed rectifier potassium current involved

in the final rapid repolarization phase of the

action potential. They specifically inhibit

the human ether-a-go-go related gene

(hERG, alpha subunit) potassium channel,

which is a subunit of the delayed rectifier

potassium current. This blockade of the

hERG channel lengthens ventricular repo-

larization, which is shown on a surface

ECG as a prolonged QTc interval.13

Lopinavir/ritonavir is an antiretroviral

agent inhibiting human immunodeficiency

virus protease, and it also blocks the

hERG channel.14 Patients with COVID-19

have severe infection, inflammation and

hypoxia. Therefore, the medication effect

of a prolonged QTc interval is more pro-

nounced in this group of patients than

when administered for other conditions.15

The treatment of COVID-19 has become

challenging because most patients with

COVID-19 develop a prolonged QTc

interval. Patients on anti-covid

medications need to be frequently moni-

tored for the QTc interval by ECG or a

cardiac monitor, which becomes difficult

when hospitals are overwhelmed during

peak times.16

Table 6. Univariable penalized logistic regression analysis of the associations between baseline character-
istics and mortality.

Variables

Dead Alive Univariable analysis

n % n % OR 95% CI p value

Age (years)

<40 years 17 8.1 192 91.9 1.00

40–55 years 62 18.3 277 81.7 2.48 1.41, 4.34 0.002

>55 years 51 25.9 146 74.1 3.87 2.16, 6.93 <0.001

Sex

Male 122 18.4 540 81.6 2.01 0.96, 4.20 0.062

Female 8 9.6 75 90.4 1.00

BMI (kg/m2)

<25 28 12.6 194 87.4 1.00

25–29 57 18.9 245 81.1 1.60 0.98, 2.6 0.059

30–35 29 23.8 93 76.2 2.15 1.22, 3.81 0.008

>35 13 26.5 36 73.5 2.52 1.21, 5.28 0.014

Ventilated patients

Yes 124 62.0 76 38.0 135.08 59.25, 307.96 <0.001

No 6 1.1 539 98.9 1.00

Diabetes

Yes 61 21.0 229 79.0 1.49 1.02, 2.18 0.040

No 69 15.2 386 84.8 1.00

Hypertension

Yes 41 16.9 201 83.1 0.95 0.64, 1.43 0.819

No 89 17.7 414 82.3 1.00

Heart disease

Yes 16 24.2 50 75.8 1.61 0.89, 2.91 0.112

No 114 16.8 565 83.2 1.00

OR, odds ratio; CI, confidence interval; BMI, body mass index.
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Table 7. Univariable penalized logistic regression analysis of the associations between biochemical
parameters and mortality.

Variables

Dead Alive Univariable analysis

n % n % OR 95% CI p value

Troponin - baseline (ng/L)

�52 34 44.7 42 55.3 4.82 2.93, 7.94 <0.001

<52 96 14.3 573 85.7 1.00

NT-proBNP (pg/mL)

�125 107 39.1 167 60.9 4.20 2.34, 7.56 <0.001

<125 15 12.9 101 87.1 1.00

D-dimer (lg/mL FEU)

�0.5 121 22.0 430 78.0 65.19 4.02, 1056.23 0.003

<0.5 0 0.0 115 100.0

Creatinine (mg/dL)

�1.2 103 40.7 150 59.3 11.57 7.31, 18.3 <0.001

<1.2 27 5.5 462 94.5 1.00

WBC count (�103/lL)
�12 55 39.3 85 60.7 4.54 3.00, 6.88 <0.001

<12 75 12.4 528 87.6 1.00

Lymphocytes (�103/lL)
�1.0 14 25.5 41 74.5 1.71 0.91, 3.22 0.094

>1.0 116 16.9 571 83.1 1.00

Ferritin (ng/mL)

�400 113 21.4 416 78.6 4.86 2.45, 9.65 <0.001

<400 9 5.1 169 94.9 1.00

LDH (U/L)

�280 119 24.2 373 75.8 7.16 3.62, 14.15 <0.001

<280 9 4.1 212 95.9 1.00

CRP (mg/L)

�10 122 20.3 478 79.7 4.56 2.13, 9.76 <0.001

<10 7 5.0 133 95.0 1.00

Procalcitonin (ng/mL)

�0.05 127 18.7 553 81.3 3.19 1.06, 9.61 0.039

<0.05 3 5.9 48 94.1 1.00

Calcium (mg/dL)

�8.5 65 17.0 317 83.0 0.91 0.62, 1.33 0.639

>8.5 64 18.3 285 81.7 1.00

Magnesium (mg/dL)

�1.5 3 14.3 18 85.7 0.89 0.28, 2.84 0.847

>1.5 126 17.5 596 82.5 1.00

Potassium (mmol/L)

<3 or >5 36 25.2 107 74.8 1.79 1.16, 2.77 0.008

3–5 94 15.9 499 84.1 1.00

QTc interval

�450ms 77 14.9 441 85.1 1.00

>450ms 52 26.7 143 73.3 2.08 1.40, 3.10 <0.001

OR, odds ratio; CI, confidence interval; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; WBC, white

blood cell; LDH, lactate dehydrogenase; CRP, C-reactive protein; QTc, corrected QT.
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Apart from medications, the viral infec-
tion itself leads to the development of hypo-
kalemia and other electrolyte
abnormalities, such as hypomagnesemia
and hypocalcemia, due to an interaction
of SARS-CoV-2 with the renin–aldosterone
system. This contributes to a prolonged
QTc interval and arrhythmias.17–19

Genetics and other medical comorbidities
also predispose patients to a prolonged
QTc interval.20 Moderate to severe
COVID-19 infection causes hypoxemia,
myocardial injury, and severe systemic
inflammation, contributing to a prolonged
QTc interval.21

Several studies have reported that a pro-
longed QTc interval in patients with
COVID-19 on hydroxychloroquine, azith-
romycin, or lopinavir/ritonavir does not
significantly affect mortality.22,23 However,
Farr�e et al. reported that a prolonged QTc
interval significantly affected mortality,
even after adjustment for age, comorbid-
ities, and treatment with hydroxychloro-
quine and azithromycin.24 Our study
showed that a prolonged QTc interval was
associated with in-hospital mortality and
ventilator support. Patients who died were
older, had elevated troponin, D-dimer, cre-
atinine, procalcitonin, ferritin, and LDH
concentrations, had an elevated white
blood cell count, and had abnormal potas-
sium concentrations (hypo- or
hyperkalemia).

Many studies have identified several risk
factors associated with a poor prognosis
and increased mortality rate in patients
with COVID-19.25,26 An older age was
associated with worse outcomes in most
studies, and similarly, those with diabetes,
hypertension, or cardiovascular disease
tended to have a poorer outcome than
those with no comorbidities.27 Several stud-
ies have reported the association of elevated
troponin concentrations with poor out-
comes and a higher mortality rate.28

Moderate to severe COVID-19 cases

Table 8. Multivariable penalized logistic regression
analysis of mortality.

Variables OR 95% CI p value

Age (years)

<40 years

40–55 years 1.79 0.88, 3.66 0.110

>55 years 2.18 1.01, 4.7 0.047

BMI (kg/m2)

<25

25–29 1.12 0.6, 2.08 0.730

30–35 1.30 0.64, 2.68 0.468

>35 2.10 0.76, 5.83 0.152

Diabetes

Yes 0.99 0.59, 1.66 0.958

No 1.00

Troponin - baseline (ng/L)

�52 1.77 0.93, 3.37 0.080

<52 1.00

D-dimer (lg/mL FEU)

�0.5 24.08 1.38, 419.82 0.029

<0.5 1.00

Creatinine (mg/dL)

�1.2 8.16 4.5, 14.8 0.000

<1.2 1.00

WBC count (�103/lL)
�12 2.33 1.36, 3.97 0.002

<12 1.00

Ferritin (ng/mL)

�400 2.33 0.91, 5.99 0.079

<400 1.00

LDH (U/L)

�280 3.16 1.27, 7.87 0.013

<280 1.00

CRP (mg/L)

�10 1.93 0.53, 7.07 0.319

<10 1.00

Procalcitonin (ng/mL)

�0.05 0.10 0.02, 0.51 0.006

<0.05 1.00

Potassium (mmol/L)

<3 or >5 2.22 1.21, 4.08 0.010

3–5 1.00

QTc

>450ms 1.06 0.62, 1.79 0.843

�450ms 1.00

Note: Variables that were significant at the 5% level in the

univariable analysis were included in the multivariable

analysis. Ventilated patients were excluded because of the

wider confidence interval.

OR, odds ratio; CI, confidence interval; WBC, white

blood cell; LDH, lactate dehydrogenase; CRP, C-reactive

protein; QTc: corrected QT.
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develop a multi-system inflammatory

response responsible for the high incidence

of myocarditis observed in these patients,

causing elevated troponin concentrations.29

A prolonged QTc interval has a linear cor-

relation with elevated troponin concentra-

tions.30 Our study showed that elevated

troponin concentrations were associated

with a significant increase in mortality. D-
dimer concentrations are high in patients

with COVID-19 and they are associated

with an increase in the mortality rate. Our

study also showed that elevated D-dimer

concentrations were associated with a

higher risk of mortality. Although increased

rates of deep vein thrombosis and pulmo-

nary embolism have been reported in

patients with COVID-19, elevated D-

dimer concentrations are common in these
patients, even in the absence of thromboem-

bolism detected in radiological studies.31,32

Elevated D-dimer and creatinine concentra-

tions in COVID-19 are attributed to exten-

sive multiorgan micro-thrombosis, which is

supported by post-mortem studies.33

Abnormal immune-inflammatory
responses and a cytokine storm observed

in severe COVID infection are associated

with a high mortality.34 The present study

showed that the white blood cell count, and

concentrations of procalcitonin, ferritin,

and LDH were significantly higher in

patients with an adverse outcome. Similar

findings were found in several other

studies.35,36

Limitations

The primary limitation of this study is its

retrospective design and data were collected

from medical records, some of which were

missing. We attempted to overcome this

limitation by cross-checking information

about the medical history and comorbid-

ities from the notes of the physicians and

nurses. Some of the laboratory parameters,

such as NT-proBNP, were not measured in

many patients, and these were excluded

from multiple logistic regression analysis.

Patients with elevated troponin concentra-

tions did not have echocardiographic or

coronary assessment because of limited

resources during the pandemic. Therefore,

the causative mechanism of elevated

Table 9. Relationship between prolonged QTC and arrhythmia.

Case

no.

QTc at

baseline

(ms)

Maximum

QTc (ms)

Delta

QTc

(ms) QRS

Type of

arrhythmia

Management of

arrhythmia Died

Arrhythmia

observed

just before

death

1 415 427 12 99 VT Spontaneously reverted No Null

2 409 423 14 84 VT Spontaneously reverted No Null

3 378 474 96 92 VT, VF Electric cardioversion Yes Asystole

4 447 447 0 90 VT Amiodarone Yes PEA

5 462 494 32 100 VT Electric cardioversion Yes PEA

6 459 497 38 110 VT Amiodarone Yes PEA

7 443 495 52 102 VT Electric cardioversion Yes PEA

8 456 484 28 96 VT Electric cardioversion Yes PEA

9 466 506 40 84 VT Amiodarone Yes Asystole

10 347 477 130 104 VT Electric cardioversion,

amiodarone

Yes PEA

11 450 518 68 82 VT Electric cardioversion Yes VF

QTc, corrected QT; VT, ventricular tachycardia; VF, ventricular fibrillation, PEA, pulseless electrical activity.
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troponin concentrations could not be deter-
mined, and there were no follow-up data
available. The rate of arrhythmia due to a
prolonged QTC just before an episode of
cardiac arrest was also unclear because
only patients on QTc-prolonging medica-
tions had a regular ECG performed.

Because the severity of COVID-19
remains unpredictable, and there are cur-
rently no proven specific medications for
this disease, there is an urgent requirement
for multicenter, randomized trials to assess
the usefulness and safety of the current
therapies proven to prolong the QTc inter-
val. Identifying the risk factors of a pro-
longed QTc interval will help physicians
decide on therapy and decide on closer
monitoring strategies. Because the causative
factors of a prolonged QTc interval are not
just medications, biochemical and metabol-
ic parameters must be monitored even in
moderate cases. The evidence on associa-
tions between a prolonged QTc interval
and mortality is conflicting. Therefore,
extensive multicenter studies need to be per-
formed to provide more accurate results.

Conclusion

A prolonged QTc interval is common in
patients with COVID-19 and is associated
with worse outcomes. An older age, those
with underlying cardiac disease, hyperten-
sion, or diabetes mellitus, and elevated tro-
ponin and D-dimer concentrations have an
increased risk of a prolonged QTc interval.
A prolonged QTC is significantly associated
with a requirement for a ventilator, but is
not associated with mortality in multivari-
able analysis. However, older patients,
those with elevated troponin, D-dimer, cre-
atinine, procalcitonin, ferritin, or LDH
concentrations, abnormal potassium con-
centrations (hypo- or hyperkalemia), and
an elevated white blood cell count have an
increased risk of mortality. ECG is a non-
invasive, minimally expensive tool and is

widely available for use in risk stratification

in patients with COVID-19. High-risk

patients should have closer monitoring

and a high dependency level of care.

Acknowledgment

We would like to thank Mohammed bin Rashid

University Research Department for its support

and help regarding this study.

Author contributions

All of the authors made substantial contribu-

tions to the conception and design, acquisition,

analysis, and interpretation of data, drafting the

manuscript, revising it critically for important

intellectual content, and final approval of the

version to be published.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Data availability

The data supporting the findings of this study

are available from the corresponding author

upon reasonable request.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

ORCID iD

Sameera Mohamed Ali https://orcid.org/

0000-0003-1227-9267

References

1. Phelan AL, Katz R and Gostin LO. The

novel coronavirus originating in Wuhan,

China: Challenges for global health gover-

nance. JAMA 2020; 323: 709–710. doi:

10.1001/jama.2020.1097.
2. World Health Organization (WHO).

COVID-19 dashboard. Available from:

https: //who.sprinklr.com.
3. Lechien JR, Chiesa-Estomba CM, Place S,

et al. Clinical and epidemiological

14 Journal of International Medical Research

https://orcid.org/0000-0003-1227-9267
https://orcid.org/0000-0003-1227-9267
https://orcid.org/0000-0003-1227-9267
https: //who.sprinklr.com


characteristics of 1420 European patients

with mild-to-moderate coronavirus disease

2019. J Intern Med 2020; 288: 335–344.

doi: 10.1111/joim.13089.
4. Guan W, Ni Z, Hu Y, et al. Clinical charac-

teristics of coronavirus disease 2019 in

China. N Engl J Med 2020; 382:

1708–1720. doi: 10.1056/NEJMoa2002032.
5. Popov GT, Baymakova M, Vaseva V, et al.

Clinical characteristics of hospitalized

patients with COVID-19 in Sofia, Bulgaria.

Vector Borne Zoonotic Dis 2020; 20:

910–915. https: //www.liebertpub.com/doi/

abs/10.1089/vbz.2020.2679. doi: 10.1089/

vbz.2020.2679.
6. Shi S, Qin M, Shen B, et al. Association of

cardiac injury with mortality in hospitalized

patients with COVID-19 in Wuhan, China.

JAMA Cardiol 2020; 5: 802–810.

doi:10.1001/jamacardio.2020.0950.
7. Robison LB, Brady WJ, Robison RA, et al.

QT interval prolongation and the rate of

malignant ventricular dysrhythmia and car-

diac arrest in adult poisoned patients. Am J

Emerg Med 2021; 46: 156–159. doi: S0735-

6757(21)00362-4 [pii].
8. G�erard A, Romani S, Fresse A, et al. “Off-

label” use of hydroxychloroquine, azithro-

mycin, lopinavir-ritonavir and chloroquine

in COVID-19: A survey of cardiac adverse

drug reactions by the French network of

pharmacovigilance centers. Therapie 2020;

75: 371–379. http: //dx.doi.org/10.1016/j.th

erap.2020.05.002. doi: 10.1016/j.therap.

2020.05.002.
9. Huang HD, Jneid H, Aziz M, et al. Safety

and effectiveness of hydroxychloroquine and

azithromycin combination therapy for treat-

ment of hospitalized patients with COVID-

19: A propensity-matched study. Cardiol

Ther 2020; 9: 523–534. https: //search.pro

quest.com/docview/2451854483. doi:

10.1007/s40119-020-00201-7.
10. Aslam W, Lamb CR and Ali N. Torsades de

pointes in SARS-CoV-2 (COVID-19) pneu-

monia: Medicine reconciliation and careful

monitoring of QTc interval may help pre-

vent cardiac complications. BMJ Case Rep

2021; 14: e239963. doi: 10.1136/bcr-2020-

239963 [pii].

11. COVID-19 treatment guidelines panel. coro-

navirus disease 2019 (COVID-19) treatment

guidelines. National Institutes of Health.

Available at https: //www.covid19treatment

guidelines.nih.gov/. (accessed 31 August

2021).
12. Echarte-Morales J, Minguito-Carazo C, Del

Castillo-Garcia S, et al. Effect of hydroxy-

chloroquine, azithromycin and lopinavir/

ritonavir on the QT corrected interval in

patients with COVID-19. J Electrocardiol

2021; 64: 30–35. doi: S0022-0736(20)30607-

5 [pii].
13. Capel RA, Herring N, Kalla M, et al.

Hydroxychloroquine reduces heart rate by

modulating the hyperpolarization-activated

current if: Novel electrophysiological

insights and therapeutic potential. Heart

Rhythm 2015; 12: 2186–2194. https: //www.

clinicalkey.es/playcontent/1-s2.0-S15475271

1500630X. doi: 10.1016/j.hrthm.2015.05.027.
14. Amani B, Khanijahani A, Amani B, et al.

Lopinavir/ritonavir for COVID-19: A sys-

tematic review and meta-analysis. J Pharm

Pharm Sci 2021; 24: 246–257. doi: 10.18433/

jpps31668.
15. Sinkeler FS, Berger FA, Muntinga HJ, et al.

The risk of QTc-interval prolongation in

COVID-19 patients treated with chloro-

quine. Neth Heart J 2020; 28: 418–423. doi:

10.1007/s12471-020-01462-6.
16. Koh HM, Chong PF, Tan JN, et al. QT

prolongation associated with hydroxychlor-

oquine and protease inhibitors in COVID-

19. J Clin Pharm Ther 2021; 46: 800–806.

doi: 10.1111/jcpt.13356.
17. Sandhu AT, Kohsaka S, Lin S, et al. Renin-

angiotensin-aldosterone system inhibitors

and SARS-CoV-2 infection: An analysis

from the veteran’s affairs healthcare

system: Sandhu. ACEI, ARB, and associa-

tion with COVID. Am Heart J 2021; 240:

46–57. doi: S0002-8703(21)00151-4 [pii].
18. Kaur U, Chakrabarti SS and Patel TK.

Renin-angiotensin-aldosterone system

blockers and region-specific variations in

COVID-19 outcomes: Findings from a sys-

tematic review and meta-analysis. Ther Adv

Drug Saf 2021; 12: 20420986211011345. doi:

10.1177/20420986211011345.

Ali et al. 15

https: //www.liebertpub.com/doi/abs/10.1089/vbz.2020.2679
https: //www.liebertpub.com/doi/abs/10.1089/vbz.2020.2679
http: //dx.doi.org/10.1016/j.therap.2020.05.002
http: //dx.doi.org/10.1016/j.therap.2020.05.002
https: //search.proquest.com/docview/2451854483
https: //search.proquest.com/docview/2451854483
https: //www.covid19treatmentguidelines.nih.gov/
https: //www.covid19treatmentguidelines.nih.gov/
https: //www.clinicalkey.es/playcontent/1-s2.0-S154752711500630X
https: //www.clinicalkey.es/playcontent/1-s2.0-S154752711500630X
https: //www.clinicalkey.es/playcontent/1-s2.0-S154752711500630X


19. Henry BM, Benoit JL, Rose J, et al. Serum

ACE activity and plasma ACE concentra-

tion in patients with SARS-CoV-2 infection.

Scand J Clin Lab Invest 2021; 81: 272–275.

doi: 10.1080/00365513.2021.1926536.
20. Turkowski KL, Dotzler SM, Tester DJ,

et al. Corrected QT interval-polygenic risk

score and its contribution to type 1, type 2,

and type 3 long-QT syndrome in probands

and genotype-positive family members. Circ

Genom Precis Med 2020; 13: e002922. doi:

10.1161/CIRCGEN.120.002922.
21. Chen R, Liang W, Jiang M, et al. Risk fac-

tors of fatal outcome in hospitalized subjects

with coronavirus disease 2019 From a

nationwide analysis in China. Chest 2020;

158: 97–105. http: //dx.doi.org/10.1016/j.ch

est.2020.04.010. doi: 10.1016/j.chest.2020.

04.010.
22. Bianco M, Biol�e CA, Campagnuolo S, et al.

COVID-19 therapies and their impact on

QT interval prolongation: A multicentre ret-

rospective study on 196 patients. Int J

Cardiol Heart Vasc 2020; 30: 100637. http:

//dx.doi.org/10.1016/j.ijcha.2020.100637.

doi: 10.1016/j.ijcha.2020.100637.
23. Rivera-Izquierdo M, Valero-Ubierna MDC,

R-delAmo JL, et al. Therapeutic agents

tested in 238 COVID-19 hospitalized

patients and their relationship with mortali-

ty. Med Clin (Barc) 2020; 155: 375–381. doi:

S0025-7753(20)30448-6 [pii].
24. Farr�e N, Moj�on D, Llagostera M, et al.

Prolonged QT interval in SARS-CoV-2

infection: Prevalence and prognosis. J Clin

Med 2020; 9: 2712. https: //search.proquest.

com/docview/2437120959. doi: 10.3390/

jcm9092712.
25. Zhou F, Yu T, Du R, et al. Articles clinical

course and risk factors for mortality of adult

inpatients with COVID-19 in Wuhan,

China: A retrospective cohort study.

Lancet 2020; 395: 1054–1062.
26. Li X, Guan B, Su T, et al. Impact of cardio-

vascular disease and cardiac injury on

in-hospital mortality in patients with

COVID-19: A systematic review and meta-

analysis. Heart 2020; 106: 1142–1147. http:

//dx.doi.org/10.1136/heartjnl-2020-317062.

doi: 10.1136/heartjnl-2020-317062.

27. Li B, Yang J, Zhao F, et al. Prevalence and

impact of cardiovascular metabolic diseases

on COVID-19 in China. Clin Res Cardiol

2020; 109: 531. doi: 10.1007/s00392-020-

01626-9.
28. Lala A, Johnson KW, Januzzi JL, et al.

Prevalence and impact of myocardial injury

in patients hospitalized with COVID-19

infection. J Am Coll Cardiol 2020; 76:

533–546. http: //dx.doi.org/10.1016/j.jacc.

2020.06.007. doi: 10.1016/j.jacc.2020.06.007.
29. Maeda T, Obata R, Rizk D, et al. Cardiac

injury and outcomes of patients with

COVID-19 in New York city. Heart Lung

Circ 2021; 30: 848–853. http: //dx.doi.org/

10.1016/j.hlc.2020.10.025. doi: 10.1016/j.

hlc.2020.10.025.
30. Yang J, Liao X, Yin W, et al. Elevated car-

diac biomarkers may be effective prognostic

predictors for patients with COVID-19: A

multicenter, observational study. Am J

Emerg Med 2021; 39: 34–41. http: //dx.doi.

org/10.1016/j.ajem.2020.10.013. doi: 10.10

16/j.ajem.2020.10.013.
31. Chocron R, Duceau B, Gendron N, et al.

D-dimer at hospital admission for

COVID-19 are associated with in-hospital

mortality, independent of venous thrombo-

embolism: Insights from a French multicen-

ter cohort study. Arch Cardiovasc Dis 2021;

114: 381–393. http: //dx.doi.org/10.1016/j.

acvd.2021.02.003. doi: 10.1016/j.acvd.2021.

02.003.
32. Fauvel C, Weizman O, Trimaille A, et al.

Pulmonary embolism in COVID-19 patients:

A French multicentre cohort study pulmo-

nary circulation. Eur Heart J 2020; 41:

3058–3068.
33. Miesbach W and Makris M. COVID-19:

Coagulopathy, risk of thrombosis, and the

rationale for anticoagulation. Clin Appl

Thromb Hemost 2020; 26: 1076029620938149.

doi: 10.1177/1076029620938149.

34. McElvaney OJ, McEvoy NL, McElvaney

OF, et al. Characterization of the

inflammatory response to severe

COVID-19 illness. Am J Respir Crit Care

Med 2020; 202: 812–821. doi: 10.1164/

rccm.202005-1583oc.
35. Mehta AA, Haridas N, Belgundi P, et al.

A systematic review of clinical and

16 Journal of International Medical Research

http: //dx.doi.org/10.1016/j.chest.2020.04.010
http: //dx.doi.org/10.1016/j.chest.2020.04.010
http: //dx.doi.org/10.1016/j.ijcha.2020.100637
http: //dx.doi.org/10.1016/j.ijcha.2020.100637
https: //search.proquest.com/docview/2437120959
https: //search.proquest.com/docview/2437120959
http: //dx.doi.org/10.1136/heartjnl-2020-317062
http: //dx.doi.org/10.1136/heartjnl-2020-317062
http: //dx.doi.org/10.1016/j.jacc.2020.06.007
http: //dx.doi.org/10.1016/j.jacc.2020.06.007
http: //dx.doi.org/10.1016/j.hlc.2020.10.025
http: //dx.doi.org/10.1016/j.hlc.2020.10.025
http: //dx.doi.org/10.1016/j.ajem.2020.10.013
http: //dx.doi.org/10.1016/j.ajem.2020.10.013
http: //dx.doi.org/10.1016/j.acvd.2021.02.003
http: //dx.doi.org/10.1016/j.acvd.2021.02.003


laboratory parameters associated with
increased severity among COVID-19
patients. Diabetes Metab Syndr 2021; 15:
535–541. http: //dx.doi.org/10.1016/j.dsx.
2021.02.020. doi: 10.1016/j.dsx.2021.02.020.

36. Wasserstrum Y, Lotan D, Itelman E, et al.
Corrected QT interval anomalies are
associated with worse prognosis among
patients suffering from sepsis. Intern Med J

2016; 46: 1204–1211. doi: 10.1111/imj.13170.

Ali et al. 17

http: //dx.doi.org/10.1016/j.dsx.2021.02.020
http: //dx.doi.org/10.1016/j.dsx.2021.02.020

	table-fn1-03000605211056834
	table-fn2-03000605211056834
	table-fn3-03000605211056834
	table-fn4-03000605211056834
	table-fn5-03000605211056834
	table-fn6-03000605211056834
	table-fn7-03000605211056834
	table-fn8-03000605211056834
	table-fn9-03000605211056834
	table-fn10-03000605211056834
	table-fn11-03000605211056834
	table-fn12-03000605211056834
	table-fn13-03000605211056834
	table-fn14-03000605211056834



