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Abstract

Background: Different electrocardiographic (ECG) results, seen in coronavirus disease 2019 (COVID-19) patients are most likely due
to the combined impact of acute COVID-19 and chronic heart disease. Few studies have addressed the effects of hypoxemia, the
hallmark of the pandemic disease, on ECG.
Objectives: The present study discusses the prevalence of arrhythmias and disorders of conduction system in demised and survived
COVID-19 patients, using ECG and Sokolow-Lyon voltage as a sign of hypoxemia to predict mortality in the admitted patients and after
discharge.
Methods: We investigated the ECG, and other medical data of 960 COVID-19 patients admitted to Faghihi hospital in Shiraz, Iran,
from August 2021 to December 2021.
Results: Most of the patients were male (541 or 56.4%) and older than 65 years old (462 or 48.1%). A total of 475 (49.5%) patients died.
Multiple logistic regression revealed an independent association between the COVID-19 death rate and cardiovascular disease (OR
= 3.05; 95% CI: 1.96 - 4.74), QT dispersion more than 40 (OR = 5.08; 95% CI: 3.61 - 7.15), heart rate (more than 100 versus less than 60 OR
= 2.86; 95% CI: 1.03 - 7.9), ST segment elevation myocardial infarction (OR = 3.93; 95% CI: 2.63 - 5.86), poor progression (OR = 2.33; 95%
CI: 1.56 - 3.49), hypertrophy (OR = 1.97; 95% CI: 1.02 - 3.81), and Sokolow-Lyon (OR = 2.91; 95% CI: 1.64 - 5.16).
Conclusions: Electrocardiographic examination of COVID-19 patients is important during admission and after discharge.
Sokolow-Lyon voltage less than 10 can be regarded as an independent predictor of mortality in COVID-19 patients discharged from
hospital.
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1. Background

Coronavirus disease 2019 (COVID-19) often appears
with symptoms and signs of respiratory tract infection,
with a relatively high mortality rate (1). Besides, cardiac
involvement in respiratory syndromes is usually an
ominous sign. COVID-19 adult patients have a wide range of
clinical cardiac symptoms. While some patients manifest
no clinical evidence of heart disease, some others unveil
cardiac manifestations such as myocarditis, myocardial
infarction, asymptomatic cardiac arrhythmias, and
atrioventricular block (2-4). Nevertheless, owing to
mutual symptoms such as dyspnea, chest pain, and cough,

diagnosis of cardiac involvement is usually problematic
(5, 6).

A variety of cardiac test abnormalities have been
demonstrated in COVID-19. Cardiac biomarkers,
electrocardiogram, cardiac imaging such as
echocardiogram, cardiovascular magnetic resonance,
and computed tomography (CT) scan are of great concern
to pinpoint the heart involvement. Amongst these tests,
electrocardiography (ECG) is simple, widely available, and
helpful (6).

Despite the good characteristics of ECG, such as
availability, being radiation-free, and non-invasive, the
predictive role of ECG in mortality and morbidity of
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COVID-19 has not been investigated comprehensively
(7-10).

Given that people hospitalized due to COVID-19 have
a high prevalence of cardiovascular risk factors, the
different ECG readings found in them is most likely
due to the combined impact of acute viral sickness and
chronic heart disease. The probable mechanisms of
these findings include inflammation of myocardium,
hyper-aeration insulating effect, positional changes,
pulmonary hypertension, and hypoxia itself (11).

Few studies have been conducted on the effects of
hypoxemia, the hallmark of the respiratory pandemic
disease, in ECG. In 1994, Entwistle et al. used ECG to
assess the effect of hypoxemia on the heart at rest (12).
Depression of the ST segment during hypoxemia was
examined; however, association of this depression with
hypoxemia was not established (12). Moreover, Coustet
et al. showed that Sokolow-Lyon index decreased by a
decrease in arterial oxygen saturation during exercise (13).

2. Objectives

This study aimed to describe the prevalence of ECG
abnormalities among deceased and surviving COVID-19
patients and its relationship with mortality.

3. Methods

3.1. Setting and Participants

In this case-control study, a total of 960 COVID-19
patients admitted to the Faghihi hospital in Shiraz, Iran,
were enrolled from August 1 to December 1, 2021. The
inclusion criteria were age over 18 years; in-patients
hospitalized for at least one day; having at least one
ECG five days before outcome, at admission, or during
admission; and confirmed SARS-CoV-2 by nasopharyngeal
sample and polymerase chain reaction (PCR).

Cases and controls were selected using simple random
sampling by an independent external researcher among
11,690 participants at Faghihi hospital as the referral center
to deliver care to COVID-19 patients in southern Iran. Cases
were defined as patients who expired in the course of
hospitalization, and controls were unmatched survivors
who were discharged and remained alive after one year of
hospitalization.

3.2. Variables and Data Collection

We collected the demographic information (age and
gender) and ECG variables and patterns of patients. ECG
characteristics were defined as rate, atrioventricular
blocks (AVB), chamber hypertrophy (HTPh), bundle

branch blocks (BBB), poor R wave progression, ventricular
infarction, QT dispersion, and Soklow-Lyon voltage. Those
who did not have ECG were excluded from the survey.

All the ECGs were taken by multiple independent
trained technicians using 12-lead electrocardiography
devices. All the technicians were blinded to the patients’
medical conditions. Two independent cardiologists
interpreted each ECG under the supervision of a cardiac
electrophysiologist. All these people were blinded to the
patients’ demographics, medical history, and outcomes.
Sokolow-Lyon voltage was defined as the height of R wave
in V5 V6 (the taller one) plus depth of S wave in V1 or V2 (the
deepest one). The QT dispersion was defined as the longest
QT in any lead from the shortest one in any other lead.
Also, the treatment method was the standard protocol for
COVID-19 at that time, which was not different between
the survived and expired patients.

3.3. Data Analysis

The statistical package for the social sciences version
21.0 (SPSS Inc., Chicago, IL, USA) was used to analyze the
collected data. frequency (%) was used for categorical
variables such as sex, alcohol dependency, and ECG
findings. Odds ratio (OR) and confidence interval (95%
CI) were utilized to investigate the correlation between
COVID-19 mortality and ECG variables (AVB, HTPh, BBB,
poor R wave progression, ventricular infarction, QT
dispersion, and Soklow-Lyon voltage), age category, sex,
comorbidity diseases, and smoking. The independent
correlation between COVID-19 mortality and ECG variables
was determined using multiple logistic regression
adjusted for sex and age. P-value less than 0.05 was
considered as statistically significant.

4. Results

Among the 960 patients, 541 (56.4%) were male, and
475 (49.5%) were expired. The mean age of participants
was 62.36 ± 15.66 years. The most prevalent comorbidities
were hypertension (42.0%), diabetes mellitus (32.6%), heart
diseases (20.5%), coronary disease (18.5%), hyperlipidemia
(12.2%), lung disease (5.1%), and chronic kidney disease
(4.5%). The cause of mortality was respiratory failure
unresponsive to mechanical ventilation, and arrhythmic
death was less than one percent. Also, the most frequent
arrhythmias were AF (2.5%) and PVC (1.2%).

4.1. Univariate Analysis

In the univariate analysis, sex (male OR = 1.35; 95% CI:
1.05 - 1.75), age range of above 40 years old (age 50 - 65
years old OR = 2.19; 95% CI: 1.48 - 3.24, age more than 65
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years old OR = 3.7; 95% CI: 2.57 - 5.34), chronic kidney disease
(OR = 1.99; 95% CI: 1.05 - 3.78), hypertension (OR = 1.46; 95%
CI:1.13 - 1.89), heart disease (OR=5.04; 95% CI: 3.49 - 7.28), QT
dispersion more than 40 (OR = 9.82 ; 95% CI: 7.05 - 13.69),
atrioventricular conduction block (OR = 4.06; 95% CI: 2.19
- 7.52), heart rate (more than 100 versus less than 60 OR =
2.63; 95% CI: 1.12 - 6.18), ST segment elevation myocardial
infarction (OR=5.85; 95% CI: 4.22 - 8.1), bundle branch block
(OR=5.03; 95% CI: 3.64 - 6.9), poor progression (OR = 2.22;
95% CI:1.56 - 3.18), hypertrophy (OR = 2.57; 95% CI: 1.56 -
4.24), and Sokolow-Lyon (OR = 3.1; 95% CI: 2.01 - 4.78) were
significantly associated with COVID-19 mortality rate (Table
1).

4.2. Multiple Analysis

In multiple logistic regression, there was an
independent relationship between COVID-19 mortality
rate with sex (male OR = 1.51; 95% CI: 1.08 - 2.1), age range
of above 40 years old (age 50 - 65 years old OR = 2.45; 95%
CI: 1.51 - 3.99), age more than 65 years old (OR = 2.73; 95%
CI: 1.73 - 4.31), heart disease (OR = 3.05; 95% CI: 1.96 - 4.74),
QT dispersion more than 40 (OR = 7.51; 95% CI: 5.2 - 10.84),
heart rate (more than 100 versus less than 60 OR = 2.87; 95%
CI: 1.05 - 7.87), ST segment elevation myocardial infarction
(OR = 4.35; 95% CI: 2.93 - 6.45), poor progression (OR = 2.87;
95% CI: 1.93 - 4.25), hypertrophy (OR = 2.02; 95% CI: 1.07 -
3.81), and Sokolow-Lyon (OR = 2.55; 95% CI: 1.47 - 4.41) (Table
1).

5. Discussion

This study aimed to find the predictors of mortality
from ECG. In order of significance, the evaluated
electrocardiographic parameters were QT dispersion
(14), myocardial infarction (15), Sokolow-Lyon voltage,
poor R wave progression (16), and hypertrophy (17). The
single most conspicuous observation to emerge from the
data comparison was that the only remaining predictor of
death after discharge was Sokolow-Lyon voltage.

Mortality rate was higher among males than females,
which is in line with previous reports (18). In addition,
older age increased COVID-19 mortality, as mentioned by
Clara Bonanad in a recent meta-analysis (19).

In our study, there was a significant rise in mortality
due to signs of cardiac involvement in COVID-19, which
is consistent with some previous results. This risk was
mainly observed by four times for myocardial infarction,
2.59 times for poor R progression, and of 1.6 times for
atrioventricular block (15, 16, 20-22). Besides, hypertrophy,
either as an indicator of previously diseased heart or a
heart facing an acute pressure overload, also increased the
risk more than two times (17).

QT dispersion more than 40 milliseconds was five
times more prevalent in demised patients (14). This QT
dispersion is known as an indirect predictor of sudden
cardiac death because of repolarization inhomogeneity.
This can be due to copious number of inflammatory
mediators and their effect on myocardium (23).

We also witnessed a reduction in the Sokolow-Lyon
voltage in demised patients. Sokolow-Lyon voltage is used
most frequently in cardiology to diagnose left ventricular
hypertrophy (24-26). This voltage was reported to be
smaller in hypoxemia by Baptiste Coustet et al. (13). The
decline in voltage during hospitalization, especially when
the disease progressed to a critical stage, could indicate
COVID-19-related heart and lung damage (8). This supports
previous findings by Gupta et al. that reported a decrease
in QRS voltage in COVID-19 patients (27).

Accordingly, in this study, Sokolow-Lyon below 10 was
compared between demised and survived patients. The
odds ratio was nearly 3.5 in univariate analysis and 2.55
when adjusted for age, sex, and ECG. The predictive value
of the voltage in the mortality of COVID-19 patients can
be explained by several hypotheses. First, the hypoxic
effect of COVID-19 can decrease the electrical power of left
ventricle (13). Second, it has been known that pulmonary
diseases - similar to what happens in emphysematous
patients - can result in the hyper-aeration and reduction
in electrical conduction (11, 27). Finally, right ventricular
hypertrophy or dilatation confronts the left voltage and
causes its reduction (24, 28).

Furthermore, the reduction in Sokolow-Lyon voltage
was also assessed in patients after discharge from hospital.
We observed a significant association between the
Sokolow-Lyon voltage below 10 and mortality with the
odds ratio of 3.57 in the demised patients after discharge.
This new observation may be a sign of continued
hypoxia effects and complication on myocardium despite
recovered lung function (29).

5.1. Conclusions

Electrocardiographic examination of COVID-19
patients is important during admission and after
discharge. In COVID-19 patients discharged from hospital,
Sokolow-Lyon voltage less than 10 can be regarded as an
independent predictor of mortality.
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Table 1. Association Between Death and ECG Variables in COVID-19 Mortality with Univariate and Multiple Logistic Regressions

Variables
Status Odds Ratio (95% CI)

Univariate
P Value

Odds Ratio (95% CI)

Multiple a P Value
Survived Expired

Sex

Female 248 (59.19) 171 (40.81) 1 - 1 -

Male 280 (51.76) 261 (48.24) 1.35 (1.05 - 1.75) 0.022 1.35 (0.97 -1.89) 0.080

Age

< 50 152 (74.88) 51 (25.12) 1 - 1 -

50 - 64 170 (57.63) 125 (42.37) 2.19 (1.48 - 3.24) < 0.001 1.51 (0.95 - 2.39) 0.080

≥ 65 206 (44.59) 256 (55.41) 3.7 (2.57 - 5.34) < 0.001 1.42 (0.9-2.24) 0.132

QT dispersion

< 40 311 (84.97) 55 (15.03) 1 - 1 -

≥ 40 217 (36.53) 377 (63.47) 9.82 (7.05 - 13.69) < 0.001 5.08 (3.61 - 7.15) < 0.001

AVB

No 514 (56.92) 389 (43.08) 1 - 1 -

Yes 14 (24.56) 43 (75.44) 4.06 (2.19 - 7.52) < 0.001 1.56 (0.74 - 3.3) 0.245

Heart rate

60 - 100 18 (66.67) 9 (33.33) 1 - 1 -

< 59 434 (57.33) 323 (42.67) 1.49 (0.66 - 3.36) 0.338 1.76 (0.67 - 4.61) 0.252

> 100 76 (43.18) 100 (56.82) 2.63 (1.12 - 6.18) 0.026 2.86 (1.03 - 7.9) 0.043

STEMI

No 466 (65.73) 243 (34.27) 1 - 1 -

Yes 62 (24.7) 189 (75.3) 5.85 (4.22 - 8.1) < 0.001 3.93 (2.63 - 5.86) < 0.001

BBB

No 470 (58.1) 339 (41.9) 1 - 1 -

Yes 58 (38.41) 93 (61.59) 5.03 (3.64 - 6.96) < 0.001 1.08 (0.67 - 1.74) 0.751

Poor progression

No 464 (64.53) 255 (35.47) 1 - 1 -

Yes 64 (26.56) 177 (73.44) 2.22 (1.56 - 3.18) < 0.001 2.33 (1.56 - 3.49) < 0.001

Hypertrophy

No 503 (56.77) 383 (43.23) 1 - (-)

Yes 25 (33.78) 49 (66.22) 2.57 (1.56 - 4.24) < 0.001 1.97 (1.02-3.81) 0.044

Sokolow-Lyon

≤ 10 495 (58.03) 358 (41.97) 1 1 -

> 11 33 (30.84) 74 (69.16) 3.1 (2.01 - 4.78) < 0.001 2.91 (1.64 - 5.16) < 0.001

Chronic kidney disease

No 470 (51.65) 440 (48.35) 1 - 1 -

Yes 15 (34.88) 28 (65.12) 1.99 (1.05 - 3.78) 0.035 1.55 (0.69 - 3.48) 0.288

Diabetes

No 338 (52.81) 302 (47.19) 1 - 1 -

Yes 147 (46.96) 166 (53.04) 1.26 (0.96 - 1.66) 0.090 0.97 (0.67 - 1.4) 0.854

Hypertension

No 303 (54.89) 249 (45.11) 1 - 1 -

Yes 182 (45.5) 218 (54.5) 1.46 (1.13 - 1.89) 0.004 1.10 (0.76 - 1.58) 0.625

Cerebrovascular accident

No 468 (51.6) 439 (48.4) 1 - 1 -

Yes 17 (38.64) 27 (61.36) 1.69 (0.91 - 3.15) 0.096 1.21 (0.55 - 2.66) 0.631

Hyperlipidemia

No 424 (50.72) 412 (49.28) 1 - 1 -

Yes 61 (52.14) 56 (47.86) 0.95 (0.64 - 1.39) 0.774 0.79 (0.47 - 1.32) 0.363

Autoimmune

No 462 (51.22) 440 (48.78) 1 - 1 -

Yes 23 (45.1) 28 (54.9) 1.28 (0.73 - 2.25) 0.396 1.65 (0.81 - 3.36) 0.168

Heart disease

No 442 (58.47) 314 (41.53) 1 - 1 -

Yes 43 (21.83) 154 (78.17) 5.04 (3.49-7.28) < 0.001 3.05 (1.96 - 4.74) < 0.001

Smoking

No 454 (52.24) 415 (47.76) 1 - 1 -

Yes 31 (36.9) 53 (63.1) 1.87 (1.18 - 2.97) 0.008 1.17 (0.64 - 2.12) 0.617

Abbreviations: AVB, atrioventricular conduction block; STEMI, segment elevation myocardial infarction; BBB, bundle branch block.
a P-value less than 0.05 was considered significant.

4 Shiraz E-Med J. 2022; 23(11):e128688.



Nikoo MH et al.

dean of research operations of cardiovascular department,
for facilitating the bureaucratic procedures of this survey.
We also acknowledge Erfan Taherifard for guidance in
composing and revising the manuscript. The authors also
wish to express their sincere gratitude to Maryam Saket,
head of the archives section in Faghihi hospital, and all the
staff who provided the required data.

Footnotes

Authors’ Contribution: MHN, STH, AS, and MTT analyzed
data, interpreted the results, and wrote the manuscript
draft. MHN and STH interpreted the results and designed
the study. AE, NDE, HE, AJK, and MZ interpreted the results
and wrote the manuscript draft. All authors have read and
approved the manuscript.

Conflict of Interests: One of the authors (STH) of
this study is a member of the editorial board. The
journal confirmed that the mentioned author with CoI was
completely excluded from all review processes. We also
introduced this author with CoI during the submission as
an opposed reviewer.

Ethical Approval: This study was approved by the
ethical board of Shiraz University of Medical Sciences
(code: IR.SUMS.REC.1400.270).

Funding/Support: The research received a grant from the
research deputy of Shiraz University of Medical Sciences
(number: 23648). Funding body of the study did not play
any role in the design of the study.

References

1. Liu YC, Kuo RL, Shih SR. COVID-19: The first documented
coronavirus pandemic in history. Biomed J. 2020;43(4):328–33.
[PubMed ID: 32387617]. [PubMed Central ID: PMC7199674].
https://doi.org/10.1016/j.bj.2020.04.007.

2. Chang WT, Toh HS, Liao CT, Yu WL. Cardiac Involvement of
COVID-19: A Comprehensive Review. Am J Med Sci. 2021;361(1):14–22.
[PubMed ID: 33187633]. [PubMed Central ID: PMC7536131].
https://doi.org/10.1016/j.amjms.2020.10.002.

3. Shiravi AA, Ardekani A, Sheikhbahaei E, Heshmat-Ghahdarijani K.
Cardiovascular Complications of SARS-CoV-2 Vaccines: An Overview.
Cardiol Ther. 2022;11(1):13–21. [PubMed ID: 34845662]. [PubMed Central
ID: PMC8629102]. https://doi.org/10.1007/s40119-021-00248-0.

4. Zibaeenezhad MJ, Moaref A, Abtahi F, Moghadami M, Johari MK,
Ardekani A, et al. Left ventricular thrombosis and endogenous
endophthalmitis in the setting of COVID-19: A case report. Clin Case
Rep. 2022;10(5). e05821. [PubMed ID: 35592043]. [PubMed Central ID:
PMC9097135]. https://doi.org/10.1002/ccr3.5821.

5. Khalid N, Chen Y, Case BC, Shlofmitz E, Wermers JP, Rogers
T, et al. COVID-19 (SARS-CoV-2) and the Heart - An Ominous
Association. Cardiovasc Revasc Med. 2020;21(8):946–9.
[PubMed ID: 32423791]. [PubMed Central ID: PMC7227608].
https://doi.org/10.1016/j.carrev.2020.05.009.

6. Mandoli GE, De Carli G, Pastore MC, Cameli P, Contorni F,
D’Alessandro M, et al. Right cardiac involvement in lung diseases:
a multimodality approach from diagnosis to prognostication.

J Intern Med. 2021;289(4):440–9. [PubMed ID: 32996153].
https://doi.org/10.1111/joim.13179.

7. Ozdemir MA, Ozdemir GD, Guren O. Classification of COVID-19
electrocardiograms by using hexaxial feature mapping and
deep learning. BMC Med Inform Decis Mak. 2021;21(1):170.
[PubMed ID: 34034715]. [PubMed Central ID: PMC8146190].
https://doi.org/10.1186/s12911-021-01521-x.

8. Bergamaschi L, D’Angelo EC, Paolisso P, Toniolo S, Fabrizio M,
Angeli F, et al. The value of ECG changes in risk stratification
of COVID-19 patients. Ann Noninvasive Electrocardiol. 2021;26(3).
e12815. [PubMed ID: 33512742]. [PubMed Central ID: PMC7994985].
https://doi.org/10.1111/anec.12815.

9. Haseeb S, Gul EE, Cinier G, Bazoukis G, Alvarez-Garcia J,
Garcia-Zamora S, et al. Value of electrocardiography in
coronavirus disease 2019 (COVID-19). J Electrocardiol. 2020;62:39–45.
[PubMed ID: 32805546]. [PubMed Central ID: PMC7409871].
https://doi.org/10.1016/j.jelectrocard.2020.08.007.

10. Patel NH, Rutland J, Tecson KM. Arrhythmias and Intraventricular
Conduction Disturbances in Patients Hospitalized With
Coronavirus Disease 2019. Am J Cardiol. 2022;162:111–5.
[PubMed ID: 34903336]. [PubMed Central ID: PMC8664389].
https://doi.org/10.1016/j.amjcard.2021.08.052.

11. Larssen MS, Steine K, Hilde JM, Skjorten I, Hodnesdal
C, Liestol K, et al. Mechanisms of ECG signs in chronic
obstructive pulmonary disease. Open Heart. 2017;4(1). e000552.
[PubMed ID: 28533915]. [PubMed Central ID: PMC5437720].
https://doi.org/10.1136/openhrt-2016-000552.

12. Entwistle MD, Sommerville D, Tandon AP, Jones JG. Effect of
hypoxaemia on the resting electrocardiogram (ECG) in patients
with cardiac ischaemia. Ann Acad Med Singap. 1994;23(4):460–4.
[PubMed ID: 7979118].

13. Coustet B, Lhuissier FJ, Vincent R, Richalet JP. Electrocardiographic
changes during exercise in acute hypoxia and susceptibility to severe
high-altitude illnesses. Circulation. 2015;131(9):786–94. [PubMed ID:
25561515]. https://doi.org/10.1161/CIRCULATIONAHA.114.013144.

14. Tondas AE, Mulawarman R, Trifitriana M, Nurmaini S, Irfannuddin
I. Arrhythmia Risk Profile and Ventricular Repolarization Indices
in COVID-19 Patients: A Systematic Review and Meta-Analysis.
J Infect Dev Ctries. 2021;15(2):224–9. [PubMed ID: 33690204].
https://doi.org/10.3855/jidc.13922.

15. Fanaroff AC, Garcia S, Giri J. Myocardial Infarction During the
COVID-19 Pandemic. JAMA. 2021;326(19):1916–8. [PubMed ID: 34714324].
https://doi.org/10.1001/jama.2021.19608.

16. Rosen J, Noreland M, Stattin K, Lipcsey M, Frithiof R, Malinovschi A,
et al. ECG pathology and its association with death in critically
ill COVID-19 patients, a cohort study. PLoS One. 2021;16(12).
e0261315. [PubMed ID: 34905575]. [PubMed Central ID: PMC8670711].
https://doi.org/10.1371/journal.pone.0261315.

17. Song L, Zhao S, Wang L, Yang K, Xiao W, Clifford SP, et al. Cardiovascular
Changes in Patients With COVID-19 From Wuhan, China. Front
Cardiovasc Med. 2020;7:150. [PubMed ID: 33102532]. [PubMed Central
ID: PMC7498715]. https://doi.org/10.3389/fcvm.2020.00150.

18. Nguyen NT, Chinn J, De Ferrante M, Kirby KA, Hohmann SF,
Amin A. Male gender is a predictor of higher mortality in
hospitalized adults with COVID-19. PLoS One. 2021;16(7). e0254066.
[PubMed ID: 34242273]. [PubMed Central ID: PMC8270145].
https://doi.org/10.1371/journal.pone.0254066.

19. Bonanad C, Garcia-Blas S, Tarazona-Santabalbina F, Sanchis J,
Bertomeu-Gonzalez V, Facila L, et al. The Effect of Age on Mortality
in Patients With COVID-19: A Meta-Analysis With 611,583 Subjects. J
Am Med Dir Assoc. 2020;21(7):915–8. [PubMed ID: 32674819]. [PubMed
Central ID: PMC7247470]. https://doi.org/10.1016/j.jamda.2020.05.045.

20. Singh A, Akbar MS, McElroy D, McCurdy M, Young F, Thomas J, et
al. The electrocardiographic manifestations and derangements of

Shiraz E-Med J. 2022; 23(11):e128688. 5

https://ethics.research.ac.ir/ProposalCertificateEn.php?id=219250
http://www.ncbi.nlm.nih.gov/pubmed/32387617
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7199674
https://doi.org/10.1016/j.bj.2020.04.007
http://www.ncbi.nlm.nih.gov/pubmed/33187633
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7536131
https://doi.org/10.1016/j.amjms.2020.10.002
http://www.ncbi.nlm.nih.gov/pubmed/34845662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8629102
https://doi.org/10.1007/s40119-021-00248-0
http://www.ncbi.nlm.nih.gov/pubmed/35592043
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9097135
https://doi.org/10.1002/ccr3.5821
http://www.ncbi.nlm.nih.gov/pubmed/32423791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7227608
https://doi.org/10.1016/j.carrev.2020.05.009
http://www.ncbi.nlm.nih.gov/pubmed/32996153
https://doi.org/10.1111/joim.13179
http://www.ncbi.nlm.nih.gov/pubmed/34034715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8146190
https://doi.org/10.1186/s12911-021-01521-x
http://www.ncbi.nlm.nih.gov/pubmed/33512742
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7994985
https://doi.org/10.1111/anec.12815
http://www.ncbi.nlm.nih.gov/pubmed/32805546
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7409871
https://doi.org/10.1016/j.jelectrocard.2020.08.007
http://www.ncbi.nlm.nih.gov/pubmed/34903336
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8664389
https://doi.org/10.1016/j.amjcard.2021.08.052
http://www.ncbi.nlm.nih.gov/pubmed/28533915
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5437720
https://doi.org/10.1136/openhrt-2016-000552
http://www.ncbi.nlm.nih.gov/pubmed/7979118
http://www.ncbi.nlm.nih.gov/pubmed/25561515
https://doi.org/10.1161/CIRCULATIONAHA.114.013144
http://www.ncbi.nlm.nih.gov/pubmed/33690204
https://doi.org/10.3855/jidc.13922
http://www.ncbi.nlm.nih.gov/pubmed/34714324
https://doi.org/10.1001/jama.2021.19608
http://www.ncbi.nlm.nih.gov/pubmed/34905575
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8670711
https://doi.org/10.1371/journal.pone.0261315
http://www.ncbi.nlm.nih.gov/pubmed/33102532
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7498715
https://doi.org/10.3389/fcvm.2020.00150
http://www.ncbi.nlm.nih.gov/pubmed/34242273
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8270145
https://doi.org/10.1371/journal.pone.0254066
http://www.ncbi.nlm.nih.gov/pubmed/32674819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7247470
https://doi.org/10.1016/j.jamda.2020.05.045


Nikoo MH et al.

2019 novel coronavirus disease (COVID-19). IndianPacingElectrophysiol
J. 2021;21(3):156–61. [PubMed ID: 33657456]. [PubMed Central ID:
PMC7914373]. https://doi.org/10.1016/j.ipej.2021.02.005.

21. Long B, Brady WJ, Bridwell RE, Ramzy M, Montrief T, Singh M,
et al. Electrocardiographic manifestations of COVID-19. Am J Emerg
Med. 2021;41:96–103. [PubMed ID: 33412365]. [PubMed Central ID:
PMC7771377]. https://doi.org/10.1016/j.ajem.2020.12.060.

22. Mendoza I, Gonzalez K, Rodriguez H, Morr I, Blanco S, Hernandez
H, et al. Abstract 9788: Advanced Atrio-Ventricular Block in Patients
with Active Covid-19 Infection. Circulation. 2021;144(Suppl_1). A9788.
https://doi.org/10.1161/circ.144.suppl_1.9788.

23. Jang SW. QTc Dispersion Predicts Prognosis in COVID-19 Disease.
Korean Circ J. 2021;51(10):863–5. [PubMed ID: 34595854]. [PubMed
Central ID: PMC8484998]. https://doi.org/10.4070/kcj.2021.0275.

24. Bornstein AB, Rao SS, Marwaha K. Left Ventricular Hypertrophy.
StatPearls. Treasure Island (FL): Florida, USA; 2022.

25. Antikainen RL, Grodzicki T, Beevers DG, Webster J, Jokelainen
JJ, Bulpitt CJ. Left ventricular hypertrophy by Sokolow-Lyon

voltage criterion predicts mortality in overweight hypertensive
subjects. J Hum Hypertens. 2009;23(1):20–6. [PubMed ID: 18754020].
https://doi.org/10.1038/jhh.2008.102.

26. Padaki S, Dambal A. Sokolow-Lyon voltage and cornell voltage criteria
in the diagnosis of left ventricular hypertrophy in obese individuals.
Int J Clin Exp Physiol. 2017;4(3):129–32.

27. Gupta P, Jain H, Gill M, Bharaj G, Khalid N, Chaudhry W, et al.
Electrocardiographic changes in Emphysema. World J Cardiol.
2021;13(10):533–45. [PubMed ID: 34754398]. [PubMed Central ID:
PMC8554360]. https://doi.org/10.4330/wjc.v13.i10.533.

28. Bhattacharya PT, Ellison MB. Right Ventricular Hypertrophy.
StatPearls. Florida, USA: Treasure Island (FL): StatPearls Publishing;
2022.

29. Sobh E, Reihan MS, Hifnawy TMS, Abdelsalam KG, Awad SS, Mahmoud
NMH, et al. Cardiovascular system and coronavirus disease-2019
(COVID-19): mutual injuries and unexpected outcomes. Egypt
Heart J. 2021;73(1):77. [PubMed ID: 34478001]. [PubMed Central ID:
PMC8414463]. https://doi.org/10.1186/s43044-021-00202-4.

6 Shiraz E-Med J. 2022; 23(11):e128688.

http://www.ncbi.nlm.nih.gov/pubmed/33657456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7914373
https://doi.org/10.1016/j.ipej.2021.02.005
http://www.ncbi.nlm.nih.gov/pubmed/33412365
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7771377
https://doi.org/10.1016/j.ajem.2020.12.060
https://doi.org/10.1161/circ.144.suppl_1.9788
http://www.ncbi.nlm.nih.gov/pubmed/34595854
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8484998
https://doi.org/10.4070/kcj.2021.0275
http://www.ncbi.nlm.nih.gov/pubmed/18754020
https://doi.org/10.1038/jhh.2008.102
http://www.ncbi.nlm.nih.gov/pubmed/34754398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8554360
https://doi.org/10.4330/wjc.v13.i10.533
http://www.ncbi.nlm.nih.gov/pubmed/34478001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8414463
https://doi.org/10.1186/s43044-021-00202-4

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Setting and Participants
	3.2. Variables and Data Collection
	3.3. Data Analysis

	4. Results
	4.1. Univariate Analysis
	Table 1

	4.2. Multiple Analysis

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

