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Abstract

Objectives: The coronavirus disease-2019 (COVID-19) mortality risk in males is twice as high compared to females.
The literature lacks data regarding how the cardiological parameters influence the mortality rate imbalance between
genders in the setting of COVID-19. This study aims to investigate how cardiological parameters vary between genders in
COVID-19 disease—a potential explanation for the increased mortality rate in males in the setting of COVID-19.
Materials and Methods: We included 458 adult patients with a confirmed diagnosis of COVID-19 disease.
Demographics, comorbidities, laboratory findings, and electrocardiogram parameters were compared between males and
females.

Results: Of 458, a total of 63 (14.2%) patients died, and 82 (17.9%) were followed up in the intensive care unit during
the hospitalization. Although the median age between males and females looked like to be similar, the mortality rate was
significantly higher among males (44% vs 9.5%, p=0.006). High-sensitive troponin T, presentative of myocardial injury,
was considerably higher in dead patients than survivors (p<0.05); however, it did not present a significant difference
between genders. Electrocardiogram features did not show substantial differences, as well.

Conclusion: This study could provide important insights into the currently mostly enigmatic issue, gender-based death
disparity in COVID-19, that cardiological characteristics do not impact the death imbalance.
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Introduction

The coronavirus disease-2019 (COVID-19) pandemic
is continuing to present a grave threat to humanity. A
vast number of people, particularly elders and those
with comorbidities, died due to the disease, and the
numbers are still increasing dramatically”. One of the
most prominent comorbidities to increase the disease’s
severity and mortality is cardiovascular disease (CVD)
@, The association between CVD and COVID-19 is
mutual; COVID-19 may lead to various CVD pathologies,
including myocarditis, arrhythmias, and heart failure
(HF), while preexisting CVD magnifies the possibility of
unfavorable outcomes in patients with COVID-19¢,

A wealth of clinical and epidemiological data
demonstrated the enhanced male-gender role in
mortality®®. The COVID-19 mortality risk in men
was twice as high compared to that in women®.
Various possible issues that may be responsible for the
imbalance of COVID-19 mortality between genders,
ranging from lifestyles to differences in chromosomal
structure, were discussed”. However, the exact cause
has remained unrevealed. Moreover, the literature lacks
data regarding how the cardiological parameters influence
the mortality rate imbalance between genders in the
setting of COVID-19. This study aims to investigate
how cardiological parameters vary between genders
in COVID-19 disease—a potential explanation for
the increased mortality rate in males in the setting of
COVID-19.

Materials and Methods

In this
reviewed the records of COVID-19 patients from
April 28" 2020 to October 30", 2020. We analyzed
demographics, comorbidities, laboratory findings, and

single-center retrospective study, we

electrocardiographic parameters. We included a total
of 458 adult COVID-19 patients who presented to our
center. The outcome of the study population was death or
discharge with a cure. All patients were tested positive for
severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2). We medicated patients with 5-day favipiravir oral
tablets.

The Ministry of Health of Turkey and Institutional
Review Board of Kafkas University approved the
study protocol (reference number: 80576354-050-
99/2717, 25.11.2020). Demographics,
clinical characteristics, and laboratory findings at the

approval date:

admission time were collected from the medical record.
High-sensitive troponin T (hs-TnT) value at admission
was also collected from the medical record. All 12-
lead electrocardiograms (ECG) performed on hospital
admission were analyzed by a blinded cardiologist (M.K)
using a standardized comprehensive electrocardiogram
(ECG) reading protocol®. ECG analysis
intervals, rate, rthythm, axis, QRS morphology (including

included

bundle branch block), and ST or T-wave abnormalities.
Corrected QT interval (QTc) was calculated using the
Hodge formula. Demographics, comorbidities, laboratory
findings, and ECGs parameters were compared between
males and females.

The inclusion criteria were: 1) age >18 years; 2) A
definite diagnosis of COVID-19. Exclusion criteria was
the presence of ST-segment elevated myocardial infarction
(STEMI) and the presence of grade 2 or 3 conduction
block. These patient groups were referred to another
center due to our center’s lack of angiography laboratory.

Chronic heart failure was defined as a left ventricle
ejection fraction <50% according to previous records,
and patients with an estimated glomerular filtration rate
(eGFR) <60 (mL/minute) were determined as chronic
kidney disease.

Statistical Analysis

Data obtained from this study were evaluated by using
the SPSS 20 program. Continuous data were expressed
as mean =+ standard deviation; categorical data were
expressed as percent (%). Data were evaluated with the
Kolmogorov-Smirnov test in terms of normal distribution.
The use of an independent t-test to analyze continuous
data showing normal distribution and a Mann-Whitney
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U-test for the analysis of variables not showing normal
distribution was planned. Crosstabs (chi-square test) were
used for the comparison of categorical data. The statistical
significance level was accepted as p<0.05.

Results

Of 458, a total of 65 (14.2%) patients died, and 82
(17.9%) were followed up in the intensive care unit
during the hospitalization. Although the median age
between males and females looked like to be similar,
the mortality rate was significantly higher among males
(44% vs 9.5%, p=0.006). Demographic, clinical and

Table 1. Demographic, clinical and laboratory characteristics

laboratory characteristics are summarized in Table 1.
For patients followed up in the intensive care unit, males
showed a significantly higher proportion than females
(21.4% vs 14.1%, p=0.041). In 408 (89.1%) patients, at
least one COVID-19 related symptom, was observed. The
most common presented symptom was cough (35.6%),
followed by dyspnea (32.3%) and fatigue (28.6%). It is
worthy of note that overall symptoms did not demonstrate
a significant difference between genders.

Although most laboratory results showed a significant
difference between genders, the medians were in normal
ranges. Hs-TnT was significantly higher in dead patients

Overall
(n=458)
Gender, n (%)
Age (years), median [IQR] 58 (36-71)
Death, n (%) 65 (14.2)
Intensive care unit, n (%) 82 (17.9)

Initial vital signs
SBP (mmHg), median [IQR]

120 (110-120)

DBP (mmHg), median [IQR] 70 (60-80)
Heart rate, median [IQR] 84 (78-96)
Saturation (%), median [IQR] 93.5 (90-95.2)
RR/minute, median [IQR] 20 (20-22)
Symptoms at arrival

Symptomatic, n (%) 408 (89.1)
Fever, n (%) 88 (19.2)
Cough, n (%) 163 (35.6)
Dyspnea, n (%) 148 (32.3)
Fatigue, n (%) 131 (28.6)
Nausea, n (%) 40 (8.8)
Diarrhoea, n (%) 10 (2.2)
Anosmia, n (%) 11 (2.4)
Anorexia, n (%) 25 (5.5)
Ageusia, n (%) 12 (2.6)
Sore throat, n (%) 59 (12.9)
Chest pain, n (%) 55 (12)
Abdominal pain, n (%) 19 (4.1)
Headache, n (%) 73 (16)
arthralgia/myalgia, n (%) 79 (17.2)

Laboratory findings at admission

Male Female

(n=238) (n=220) BRCHS
238 (52) 220 (48) 0.4
55 (34-71) 58 (39-71) 0.556
44 (18.5) 21(9.5) 0.006
51 (21.4) 31 (14.1) 0.041
120 (110-120) 120 (110-130) 0.054
70 (60-80) 70 (60-80) 0.698
85.5 (78-99) 84 (78-92) 0.144
93 (90-96) 94 (90-95) 0.323
20 (20-22) 20 (20-22) 0.088
210 (88.2) 198 (90) 0.545
51 (21.4) 37 (16.8) 0.211
94 (39.5) 69 (31.4) 0.069
79 (33.2) 69 (31.4) 0.676
65 (27.3) 66 (30) 0.525
18 (7.6) 22 (10) 0.348
3(1.3) 7(3.2) 0.16
3(1.3) 8 (3.6) 0.099
8 (3.4) 17 (7.8) 0.038
3(1.3) 9(4.1) 0.058
28 (11.8) 31 (14.1) 0.458
32 (13.4) 23 (10.5) 0.334
7(29) 12 (5.5) 0.178
35 (14.8) 38 (17.3) 0.465
38 (16) 41 (18.6) 0.45
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Table 1. continued

Hgb (g/dL), median [IQR] 14.2 (12.7-15.7) 15.3 (13.5-16.4) 13.4 (12.3-14.5) <0.001
WBC (x10%/uL), median [IQR] 7.68 (5.58-7.68) 8.47 (6.05-12.39) 6.96 (5.3-10.71) 0.001
Lymphocyte (x10%pL), median [IQR] 1.5 (0.92-2.06) 1.45 (0.83-2.01) 1.57 (1.06-2.14) 0.042
Neutrophil (x10%uL), median [IQR] 5.22 (3.35-9.18) 5.83 (3.96-10.23) 4.58 (3.07-7.81) <0.001
PLT (x10%/uL), median [IQR] 209 (168-267) 199 (162-253) 226 (179-280) 0.003
Hs-TnT(ng/L), median [IQR] 4.97 (3-12.47) 6.86 (3-14.54) 4.06 (3-9.63) 0.009
ProBNP (pg/mL), median [IQR] 58.7 (18.2-301.9) 47.1 (14.4-305.3) 69.3 (24.2-296.9) 0.343
CRP (mg/L), median [IQR] 13.5 (3.3-53.3) 19.8 (4.2-71.6) 10.5 (2.6-33.3) 0.002
Procalcitonin (ug/L), median [IQR] 0.059 (0.04-0.128) 0.071 (0.044-0.141) 0.52 (0.038-0.108) 0.003
Creatinine (mg/dL), median [IQR] 0.87 (0.72-1.13) 1.01 (0.85-1.19) 0.74 (.064-0.92) <0.001
D-Dimer (ug/mL), median [IQR] 436 (224-1086) 463 (217-953) 421 (227-1119) 0.619
Comorbidities

Hypertension, n (%) 157 (34.3) 75 (31.5) 82 (37.3) 0.194
Diabetes, n (%) 51 (11.1) 25 (10.5) 26 (11.8) 0.655
Cigarette smoking, n (%) 119 (26) 88 (37) 31 (14.1) <0.001
Coronary artery disease, n (%) 42 (9.2) 27 (11.3) 15 (6.8) 0.094
chronic heart failure, n (%) 21 (4.6) 14 (5.9) 7(3.2) 0.167
COPD, n (%) 123 (26.9) 70 (29.4) 53 (24.1) 0.199
CKD (eGFR <60 mL/min/m?), n (%) 22 (4.8) 13 (5.5) 9 (4.1) 0.493
Cancer, n (%) 10 (2.2) 6 (2.5) 4(1.8) 0.607
Previous hypothyroidism, n (%) 12 (2.6) 3(1.3) 9(4.1) 0.058
Cerebrovascular disease, n (%) 15 (3.3) 6 (2.5) 9 (4.1) 0.346
Previous atrial fibrillation, n (%) 13 (2.8) 3(1.3) 10 (4.5) 0.034

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, RR: Respiratory rate, Hgb: Hemoglobin, WBC: White blood count, PLT: Platelet, hs-
TnT: High-sensitivity troponin T, BNP: B type natriuretic peptide, CRP: C-reactive protein, COPD: Chronic obstructive pulmonary disease, CKD:

Chronic kidney disease, IQR: Interquartile range, n: Number

than survivors (p<0.05); however, it did not present a
significant difference between genders. Procalcitonin
(normal rage <0.5 ug/L) was significantly higher in
females than males [median (interquartile range), 0.071
(0.044-0.141) vs 0.52 (0.038-0.108)] (Table 1). The
most common comorbidity presented in our data was
hypertension in 157 patients (34.3%), followed by COPD
in 123 patients (26.9%). Frequencies of comorbidities
were similar between genders except for previous atrial
fibrillation (1.3% in males vs 4.5% in females, p=0.034).
The smoking ratio was significantly higher among males
than females (37% vs 14.1%, p<0.001).

ECG of 313 participants was available. The
electrocardiographical features are summarized in Table 2.

For electrocardiographic (ECG) parameters, dead patients
had longer QRS intervals and more frequent ST-segment/
T-wave changes than surviving patients (both p-value,
<0.05). Bundle branch block and early repolarization
showed higher proportions in males, while the frequency
of ST-segment/T-wave change was higher for females.
QRS interval was higher, and QTc was lower among
males compared to females. It is noteworthy that QTc and
QRS medians were in normal ranges in both genders. All
remaining ECG features were similar between genders.
Farther, when a comparison was made covering only
deceased patients, ECG features and hs-TnT level did not
show significant difference between males and females
(Table 3).

Omar and Peringek. How Cardiological Parameters Vary Between Genders in COVID-19 Disease?



‘ S E Journal
E]CM of Cardiovascular

cievsmed con Medicine Research Article

9

3

Table 2. Electrocardiographic characteristics

Overall (n=313) Male (n=164) Female (n=149) p-value

Sinus, n (%) 301 (96.8) 161 (98.2) 142 (95.3) 0.15
Atrial fibrillation/flutter, n (%) 10 (3.2) 3(1.8) 7(4.7) 0.34
Axis change, n (%) 73 (23.3) 45 (27.4) 28 (18.8) 0.071
Heart rate (b.p.m), median [IQR] 82 (72-91) 80 (72-90) 83 (72-92) 0.286
PR interval (ms), median [IQR] 150 (130-150) 150 (130-166) 148 (130-160) 0.962
P-wave dispersion (ms), median [IQR] 40 (30-55) 40 (30-55) 40 (30-53) 0.081
QRS interval (ms), median [IQR] 90 (84-98) 90 (85-100) 88 (80-95) <0.001
QTc (ms), mean [SD] 429 (37) 422 (38) 436 (35) 0.001
ST-segment/T-wave change, n (%) 119 (38) 52 (31.7) 67 (45) 0.016
fragmented QRS, n (%) 98 (31.3) 54 (32.9) 44 (29.5) 0.518
Isolated S1Q3T3 pattern, n (%) 22 (7.1) 13 (8) 9 (6) 0.505
Bandle branch block, n (%) 55 (17.6) 36 (22) 19 (12.8) 0.033
Premature atrial/ventricular contraction, n (%) 38 (12.1) 19 (11.6) 19 (12.8) 0.752
Early repolarization, n (%) 46 (14.7) 39 (23.8) 7(4.7) <0.001

QTc: Corrected QT, IQR: Interquartile range, n: Number

Table 3. Comparison of electrocardiographic characteristics and hs-TnT level in deceased patients.

Overall Male Female wvalue

(n=43) (n=28) (n=15) P
Atrial fibrillation/flutter, n (%) 6 (9.2) 2 (4.5) 4 (19) 0.08
Axis change (n=43), n (%) 15 (34.9) 8 (28.6) 7 (46.7) 0.318
PR interval (ms), median [IQR] 160 (130-178) 155 (129-176) 165 (137-176) 0.320
P-wave dispersion (ms), median [IQR] 40 (35-60) 40 (37-60) 50 (32-60) 0.949
QRS interval (ms), median [IQR] 95 (86-100) 96 (87-108) 95 (87-98) 0.277
QTc (ms), mean [SD] 431 (56) 420 (54) 451 (54) 0.089
ST-segment/T-wave change, n (%) 26 (60.5) 15 (53.6) 11 (73.3) 0.326
fragmented QRS, n (%) 14 (32.6) 11 (39.3) 3 (20) 0.308
Isolated S1Q3T3 pattern, n (%) 6 (14) 6 (21.4) 0 (0) 0.076
Bandle branch block, n (%) 11 (25.6) 9(32.1) 2(13.3) 0.276
Premature atrial/ventricular contraction, n (%) 8 (18.6) 4 (14.3) 4 (26.7) 0.419
Early repolarization, n (%) 2(4.7) 1(3.6) 1(6.7) 0.999
hs-TnT (ng/L), median [IQR] (n=14) 45 (31-83) 41 (38-70) 50 (20-83) 0.999

QTc: Corrected QT, hs-TnT: High-sensitivity troponin T, SD: Standard deviation, IQR: Interquartile range, n: Number
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Discussion

Here, to our knowledge, we presented the first study
addressing the role of cardiological characteristics in
sex-dependent death-disparity in COVID-19. Our study
revealed that the mortality rate was twice higher among
males than females in a similar line with previous
reports®?. The majority of the patients who were followed
up in the intensive care unit (ICU), which indicated
disease severity, were males. When comparing males and
females, initial vital signs, symptoms, laboratory results,
and comorbidities showed similar features. Additionally,
when the cardiological characteristics, including hs-
TnT, the indicator of cardiac injury, were compared, we
could not find a significant difference between genders.
However, the smoking rate was higher among males.

Avastnumber of reports showed the striking dominance
of male sex, around twice as high, in the overall mortality
in patients with COVID-19¢19, The most extensive study
to date, OpenSAFELY®, has assessed data from over 17
million patients in the United Kingdom and identified that
males have over twice the as high increased risk of death
as females. Another data from five European countries
(France, Italy, Spain, Switzerland, and Germany) presented
a similar outcome®. These critical reports confirmed an
imbalance of COVID-19 severity, hospitalization, and
mortality between men and women.

A range of hypotheses, from lifestyles to differences
in chromosomal structure, from underlying comorbidities
to variation in sex hormones, have been argued regarding
gender-based death disparity in the context of COVID-19.

According to prior reports, for cardiological
characteristics, there were various ECG abnormalities
associated with poor outcomes in patients with
COVID-191112_ In a study, ventricular arrhythmia and
sinus tachycardia were associated with higher mortality
in COVID-19 patients'®. Another study highlighted
that prolonged QTc was an independent risk factor of
mortality in COVID-19!%. Romero et al."® found out that
T wave inversion was also associated with mortality in
the setting of COVID-19 disease. Furthermore, according

to Abrams et al.'®, longer QTc and left bundle branch
block on admission showed an increased risk of death.
For ECG changes in the current study, dead patients
had longer QRS intervals, more frequent ST-segment/T-
wave changes than surviving patients. However, when a
comparison was made, these ECG features did not show a
significant difference between males and females. Bundle
branch block and early repolarization showed higher
proportions in males. However, it is hard to link just
the two ECG changes to the increased mortality; while,
critical ECG abnormalities such as fragmented QRS,
QTC, ST-segment/T-wave changes showed no difference
between genders.

According to previous reports, myocardial injury,
which was defined as troponin value above the 99®
percentile upper reference limit, was directly correlated
with increased mortality in patients with COVID-9U7,
Similarly, in our study, the median values of hs-TnT at
admission were markedly higher in the dead patients than
in the survivors. Nevertheless, it showed similar medians
between genders.

COVID-19 patients with underlying comorbidities
in both young and older individuals show more severe
symptoms and higher mortality irrespective of gender!$19,
A field that has pioneered this dialogue is underlying
cardiovascular disease (CVD)??0, Past evidence presented
that patients with a history of CVD met with unfavorable
outcomes of COVID-19 more frequently®”. The current
study showed similar proportions of CVD in both genders.
It can be suggested that CVD did not influence male-based
increased mortality in patients with COVID-19.

We also assessed the impact of CVD risk factors such
as hypertension, advanced age, and smoking. Arterial
hypertension, which is clearly a male-biased disease, is
an excellent example of a sex-based death imbalance in
COVID-19%. A retrospective observational study by Gao
et al.®® has observed a two-fold increase of COVID-19
mortality in hypertensive individuals, highlighting a
clear relationship between hypertension and COVID-19.
However, the proportion of hypertension was similar in
both genders in our data.
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Older age, another classical CVD risk factor, is most
profoundly implicated in COVID-19-associated mortality.
The OpenSAFELY study has identified that hazard ratios
increase with age, increasing from 2.40 in those over
60 years old to 20.61 in individuals over 80 years old®.
Similarly, in our study, the mortality rate was positively
correlated with advanced age. However, notably, the
median age in both genders showed no difference.

Ahmed et al.®) argued the role of smoking in COVID-19
in a commentary. They suggested that men could
potentially have poorer respiratory outcomes in SARS-
Cov-2 infection because they were more likely to smoke.
They also highlighted that this remained speculative as
gender-stratified smoking rates were not specifically
reported in the published COVID-19 literature. When we
looked at our data, the percentage of smoking was higher
among males in comparison to females. Also, smoking
was significantly higher in dead patients than in those
who survived. Additionally, when a comparison was made
among only dead patients, the smoking ratio was higher
in males than in females. Herein, could smoking, as a
cardiovascular disease risk factor, explain the male-based
mortality rise in COVID-19? Possible, but more evidence
is needed in this field.

As for the other arguments that potentially help
explain the high mortality of males in the context of
COVID-19, many genes that play crucial roles in immune
responses are present on the X chromosome. Current
evidence demonstrates that the differential expression and
regulation of X-linked genes between males and females
play significant roles in sexual dimorphic responses
to infection®. Furthermore, the sex-related difference
in the immune system, sex hormone milieu, and other
unknown causes may contribute to the high mortality of
males in stressful conditions, including COVID-19¢,
According to some reports, sex and sex hormones affect
many components of the circulating and tissue-based
renin-angiotensin-aldosterone system (RAAS), including
ACE2@%. Nevertheless, reports from several preclinical
studies agree that ACE2 is frequently higher in males than

in females, mainly under pathological conditions®”?). Tt is
a point of question whether this influences death disparity
between genders.

Ultimately, numerous reports, with various hypotheses,
tried to explain the higher mortality rate in males than in
females in the setting of COVID-19. However, the exact
cause has remained unclear.

In this study, we focused on the potential cardiological
influence on the sex-based disparity for COVID-19
deaths. However, we did not meet any cardiological
characteristics including ECG parameters and hs-TnT
and comorbidities such as hypertension, diabetes, chronic
heart failure, chronic kidney disease (CKD), cancer,
hypothyroidism, COPS, CVD, cerebrovascular disease,
and age, which contribute to the increased mortality rate
among males. Future studies should explore the effects of
additional factors on COVID-19 susceptibility/mortality
disparity within the context of sex groups to disentangle
these issues.

Study Limitations

This study has several significant limitations that must
be acknowledged: 1) we did not have previous ECGs of
patients and, thus, we could not distinguish between new-
onset vs. chronic ECG abnormalities, 2) we only assessed
ECGs which were available on admission; herewith,
we cannot exclude that a later cardiac involvement with
subsequent ECG changes might have resulted in some
differences between the groups, 3) This study lacks
echocardiographic imaging; echocardiographic work-
up in patients with COVID-19 was often challenging
due to efforts to mitigate exposure risk of health care
workers, 4) Since we were lack of detailed data about
pharmacological therapy for comorbidities, we could not
calculate how treatment affected survival, in-depth. Long-
term observations and prospective studies are needed.

Conclusion

This study could provide important insights into the
currently mostly enigmatic issue, gender-based death
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disparity in COVID-19, that cardiological characteristics
do not impact the death imbalance. More comprehensive
studies are needed in this area.
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