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ARTICLE INFO ABSTRACT

Objective: Higher mortality in COVID-19 in men compared to women is recognized, but sex differences in cardio-
vascular events are less well established. We aimed to determine the independent contribution of sex to stroke,
myocardial infarction and death in the setting of COVID-19 infection.

Methods: We performed a retrospective cohort study of hospitalized COVID-19 patients in a racially/ethnically
diverse population. Clinical features, laboratory markers and clinical events were initially abstracted from med-
ical records, with subsequent clinician adjudication.
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ng\}/‘l/lgilg Results: Of 2060 patients, myocardial injury (32% vs 23%, p = 0.019), acute myocardial infarction (2.7% vs 1.6%,
Cardiovascular disease p = 0.114), and ischemic stroke (1.8% vs 0.7%, p = 0.007) were more common in men vs women. In-hospital
Stroke death occurred in 160 men (15%) vs 117 women (12%, p = 0.091). Men had higher odds of myocardial injury

Myocardial infarction (odds ratio (OR) 2.04 [95% CI 1.43-2.91], p < 0.001), myocardial infarction (1.72 [95% CI 0.93-3.20], p =
Myocardial injury 0.085) and ischemic stroke (2.76 [95% CI 1.29-5.92], p = 0.009). Despite adjustment for demographics and car-
Death diovascular risk factors, male sex predicted mortality (HR 1.33; 95% CI:1.01-1.74; p = 0.041). While men had sig-
nificantly higher markers of inflammation, in sex-stratified analyses, increase in interleukin-6, C-reactive protein,
ferritin and d-dimer were predictive of mortality and myocardial injury similarly in both sexes.
Conclusions: Adjusted odds of myocardial injury, ischemic stroke and all-cause mortality, but not myocardial
infarction, are significantly higher in men compared to women with COVID-19. Higher inflammatory markers
are present in men but associated similarly with risk in both men and women. These data suggest that adverse
cardiovascular outcomes in men vs. women are independent of cardiovascular comorbidities.
© 2021 Elsevier B.V. All rights reserved.

1. Introduction

COVID-19, caused by coronavirus SARS-CoV2, carries high mortality
and morbidity, especially for cardiovascular disease (CVD) [1,2]. Men
have consistently higher unadjusted and adjusted mortality from
COVID-19 compared to women as reported by various international
agencies and prior literature [3-6]. This sex difference in mortality
may be related to greater underlying comorbidities in men compared
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to women, such as hypertension and CVD, which have been linked to in-
creased severity of COVID-19 [5,7,8]. In addition, two factors that may
contribute to mortality in COVID-19 include myocardial injury defined
by troponin elevation, and increased systemic inflammation, both inde-
pendently associated with in-hospital mortality [1,9,10]. However, little
is known regarding sex differences in myocardial injury, systemic in-
flammation and CVD outcomes, although plausible explanations for
sex differences include variations in immune response and angiotensin
converting enzyme (ACE) 2 expression. We hypothesized that adverse
cardiovascular (CV) outcomes occur more frequently in men compared
to women in the setting of COVID-19, even after adjusting for demo-
graphics and CV comorbidities. Further, as recent evidence suggests a
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Table 1
Comparison of demographics, laboratory markers and clinical outcomes between women and men in COVID-19.*
Variable Overall Women Men p-value
(n = 2060) (n=972) (n =1088)
Age (years) 61 (46-74) 62 (43-77) 61 (48-72) 0.340
Race/Ethnicity 0.075
White 721 (35%) 353 (36%) 368 (34%)
Black 554 (27%) 235 (24%) 319 (29%)
Hispanic 588 (28%) 288 (30%) 300 (28%)
Other 197 (10%) 96 (10%) 101 (9%)
Body mass index, kg/m? 28.3 (24.4-33.5) 29.7 (24.9-35.5) 27.5(24.2-31.6) <0.001
Comorbidities
Hypertension 1088 (53%) 519 (53%) 577 (53%) 0.869
Diabetes 607 (29%) 290 (30%) 317 (29%) 0.728
Coronary artery disease 170 (92%) 61 (6%) 109 (10%) 0.002
Heart failure 165 (8%) 89 (9%) 76 (7%) 0.070
History of smoking 367 (18%) 139 (14%) 228 (21%) <0.001
Medications
Aspirin 213 (10%) 90 (9%) 123 (11%) 0.128
Statin 321 (16%) 144 (15%) 177 (16%) 0.364
ACEi or ARB 286 (14%) 121 (12%) 165 (15%) 0.075
Clinical variables
Heart rate (beats/min) 86 (76-98) 86 (76-98) 87 (75-99) 0.956
Systolic blood pressure (mmHg) 122 (109-138) 122 (108-137) 123 (110-138) 0.191
Diastolic blood pressure (mmHg) 70 (62-79) 68 (60-77) 72 (64-81) <0.001
Fraction of inspired oxygen (Fi02), % 75 (50-100) 60 (45-97) 80 (55-100) 0.104
Length of inpatient admission (days) 6.7 (3.0-13.9) 6.1 (2.7-13.0) 7.0 (3.2-15.1) 0.006
Intensive care unit admission 1719 (83%) 799 (82%) 920 (85%) 0.151
Intensive care length of stay (days) 5.1 (2.8-9.6) 5.1 (2.9-9.6) 5.1 (2.7-9.6) 0.715
Laboratory values
White blood cell count, K/cu mm 7.2 (5.2-9.9) 7.2 (5.2-9.8) 7.2 (5.3-10.2) 0.345
Absolute lymphocyte count, K/cu mm 0.9 (0.5-1.4) 0.9 (0.5-1.5) 0.9 (0.5-1.4) 0.117
Neutrophil/lymphocyte ratio 5.7 (3.0-12.3) 5.3 (2.9-11.0) 5.9 (3.2-13.0) 0.060
Interleukin-6, pg/mL 55 (23-129) 43 (18-101) 72 (27-158) <0.001
C-reactive protein, mg/dL 104 (4.1-27.5) 8.6 (3.0-22.1) 12.2 (5.1-34.7) <0.001
D-dimer, mg/dL 1.0 (0.6-2.1) 1.0 (0.6-2.2) 1.0 (0.5-2.1) 0.397
Ferritin, ng/mL 621 (269-1171) 416 (169-873) 786 (434-1424) <0.001
Fibrinogen, mg/dL 532 (417-644) 510 (407-623) 554 (437-673) 0.005
Troponin I, ng/mL 0.04 (0.02-0.04) 0.04 (0.02-0.04) 0.04 (0.02-0.04) 0.255
Troponin I positive 275 (28%) 106 (23%) 169 (32%) 0.002
N-terminal pro b-type natriuretic peptide, pg/mL 231 (59-1238) 238 (55-1351) 227 (60-1106) 0.695
Creatinine, mg/dL 1.0 (0.8-1.4) 0.8 (0.7-1.2) 1.1 (0.9-1.5) <0.001
Estimated glomerular filtration rate, mL/min/1,73 sqm 80 (48-107) 81 (45-109) 80 (51-104) 0.516
Clinical outcomes
Death 277 (13%) 117 (12%) 160 (15%) 0.076
Myocardial infarction 45 (2.2%) 16 (1.6%) 29 (2.7%) 0.114
Stroke, ischemic 25 (1.2%) 6 (0.7%) 19 (1.8%) 0.019
Stroke, hemorrhagic 11 (0.5%) 3(0.3%) 8 (0.7%) 0.185
Deep venous thrombosis or pulmonary embolism 66 (3%) 30 (3%) 36 (3%) 0.775
Extracorporeal membrane oxygenation 10 (0.5%) 2 (0.2%) 8(0.8%) 0.016
Ventricular tachycardia 19 (1%) 11 (1%) 8 (1%) 0.319
Mechanical ventilation 330 (16%) 127 (13%) 203 (19%) 0.001
Clinical treatments received
Dexamethasone 133 (7%) 57 (6%) 76 (7%) 0.323
Remdesivir 216 (11%) 97 (10%) 119 (11%) 0.516
Hydroxychloroquine 437 (22%) 191 (20%) 246 (23%) 0.120

* ACEi = angiotensin-converting enzyme inhibitors, ARB = angiotensin II receptor blockers, DVT = deep venous thrombosis, PE = pulmonary embolism.

link between increased systemic inflammation and worse outcomes,
[11] we aimed to perform a sex-stratified evaluation of inflammatory
markers and their association with mortality and CV outcomes in hospi-
talized patients with COVID-19.

2. Methods
2.1. Data collection

Data were obtained from the Johns Hopkins Health System COVID-
19 Precision Medicine Analytic Platform Registry (JH-CROWN) on a
racially and ethnically diverse patient population. This registry extrapo-
lates data from 5 hospitals using electronic medical records. Consecutive
adult patients (>18 years of age) with confirmed COVID-19 by reverse
transcriptase polymerase chain reaction test, who were admitted and
died, or were discharged between March 1, 2020 and July 4, 2020,
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were included. Only the index hospitalization for each patient was
included. Any patients who were still admitted after the end date
were excluded.

Comorbidities and clinical events were obtained using ICD-10
codes or key words (Supplement), and sex and race were self-
identified. Myocardial infarction and ischemic and hemorrhagic
stroke, were further adjudicated by a neurologist, 2 cardiologists and
a research nurse [10,12]. All laboratory data were obtained using the
first recorded values during hospitalization. COVID-19 patient man-
agement at our institution is based on specific institutional protocols,
which include protocols for medical interventions, laboratory mea-
surements and cardiac and venous thromboembolism evaluation
and management. The study was approved by the Johns Hopkins
University Institutional Review Board. Patients or the public were
not involved in the design, or conduct, or reporting, or dissemination
plans of our research.
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Table 2
Association of sex with myocardial injury, myocardial infarction, ischemic stroke and
mortality.
Unadjusted Model 1 Model 2
(adjusted (adjusted for age, race, body
for age, race mass index, hypertension,
and BMI) coronary artery disease, heart

failure and history of smoking)

Myocardial injury
0dds Ratio (95% Confidence Interval) and p-value

Malesex 158 2.04 2,04 (1.43-2.91)
(1.19-2.09) (1.44-2.90) p <0.001
p = 0.002 p < 0.001

Myocardial infarction
0dds Ratio (95% Confidence Interval) and p-value

Male sex 1.64 1.71 XXX
(0.88-3.03) (0.89-3.29)
p=0.118 p =0.109

Ischemic stroke
0dds Ratio (95% Confidence Interval) and p-value

Male sex 2.72 3.10 XXX
(1.27-5.82) (1.11-8.65)
p =0.010 p = 0.031
Mortality
Hazard Ratio (95% Confidence Interval) and p-value
Male sex 1.07 Male sex 1.07 (0.84-1.35)
(0.84-1.35) p =0.595
p = 0.595

A. Adjusted* hazard ratios of death per quintile of biomarkers, stratified by sex
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2.2. Statistical methods

We compared demographics, comorbidities, laboratory values
and clinical events using parametric two-sample Student's t-test for
normally distributed continuous variables, nonparametric Mann-
Whitney U test for non-normally distributed continuous variables, or
Chi-squared test for categorical variables. Unadjusted and adjusted
Cox proportional-hazard models were used to estimate hazard ratios
(HR) of death. Model 1 included adjustment for age, race and body
mass index (BMI) and Model 2 added CV comorbidities (hypertension,
diabetes, heart failure, coronary artery disease and history of smoking).
Logistic regression was performed for myocardial injury (defined as tro-
ponin I > 0.04 ng/mL) with models 1 and 2. For myocardial infarction
and ischemic stroke, only model 1 for logistic regression was conducted
given a smaller number of events. Inflammatory and cardiovascular
biomarkers were divided into quintiles. Given that biomarkers were
not available for the entire cohort, analyses were used to identify differ-
ences in demographics and comorbidities among patients with/without
laboratory values available. Identifiable differences were considered
potential confounders and included for adjustment in Cox and logistic
regression looking at sex-stratified association of biomarker elevation
with all-cause mortality and myocardial injury. For ischemic stroke
and myocardial infarction, inflammatory markers were only evaluated
without adjustment given fewer events. All proportional hazard
assumptions were confirmed.

B. Adjusted* odds ratios of myocardial injury per quintile of biomarkers, stratified by sex

Interleukin-6
Males (n=241)
Females (n=213)

C-reactive protein
Males (n=419)
Females (n=378)

Ferritin
Males (n=417)
Females (n=368)

D-dimer
Males (n=430)
Females (n=379)

Fibrinogen
Males (n=279)
Females (n=221)

White blood cell count
Males (n=456)
Females (n=410)

Acute lymphocyte count
Males (n=238)
Females (n=299)

1.49 (1.17-1.90) ——
220 (1.57-3.08)
—_—
1.30 (1.05-1.59) ——
1.34 (1.05-1.72)
PN
1.19 (1.00-1.41) |
1.42 (1.14-1.78)
1.63 (1.35-1.95) .
1.4 (1.16-1.79) o
0.84 (0.69-1.03) ©
1.03 (0.80-1.33) N
°
1.29 (1.10-1.51)
1.14 (0.94-1.39) ———
]

0.81(0.65-1.01)
0.71(0.54-0.94) °

T T T T

5 1 2 4

0dds Ratio (95% Cl)

D. Unadjusted odds ratios of ischemic stroke per quintile of biomarkers, stratified by sex

Interleukin-6
Males (n=375) 2.91(1.99-4.24) —————
Fomales (n=317) 227 (1.62-3.18)

C-reactive protein
Males (n=804) 1.79 (1.48-2.16) ——

Females (n=709) 1.84 (1.50-2.25) °

Ferritin
Males (n=792) 1.31(1.10-1.56) ——

Fomales (n=688) 1.29 (1.08-1.55) °

D-dimer
Males (n=800) 1.52 (1.27-1.82) ——

Females (n=699) 1.44 (1.19-1.75) °

Fibrinogen
Males (n=424) 1.21(0.99-1.48) L
Females (n=360) 1.21 (0.94-1.56) e

White blood cell count
Malos (n=929) 1.38 (1.19-1.61) —e—

Females (n=833) 1.24 (1.05-1.46) | o —

Acute lymphocyte count
Malos (n=409) 0.90 (0.74-1.09) e
Females (n=350) 0.87 (0.69-1.10) e

N-terminal pro b-type natriuretic peptide
Males (n=563) 1.54 (1.20-1.97) i
Females (n=499) 177 (1.34-2.34) e

Troponin |
Males (n=427) 1.29 (1.05-1.59) -

Females (n=410) 1.60 (1.23-2.09) ——
T T T
5 1 2 4
Hazard Ratio (95% Cl)

C. Unadjusted odds ratios of myocardial infarction per quintile of biomarkers, stratified by sex
Interleukin-6

Males (n=375) 0.92 (0.59-1.44) ———

Females (n=266) 0.70 (0.32-1.55)

- e

C-reactive protein

Males (n=804) 0.72 (0.51-1.03) e

Females (n=768) 1.60 (0.79-3.26)
Ferritin

Males (n=792) 0.91 (0.66-1.27) *

Females (n=688) 1.92 (1.18-3.12) ————
White blood cell count °

Males (n=929) 1.35 (1.00-1.93)

Females (n=833) 1.21 (0.81-1.80) —e
Acute lymphocyte count .

Males (n=409) 0.96 (0.66-1.41)

Females (n=350) 0.66 (0.39-1.13) o

5 1 2 a
0Odds Ratio (95% CI)

Interleukin-6
Males (n=428)
Females

C-reactive protein
Males (n=913)
Females (n=791)

Ferritin
Males (n=899)
Females (n=768)

White blood cell count
Males (n=1052)
Females (n=927)

Acute lymphocyte count
Males (n=476)
Females (n=216)

447 (1.17-14.9)
XXX

1.55 (0.96-2.49) T
1.00 (0.54-1.86)
P —
0.81 (0.54-1.21) =—ec =
1.60 (0.79-3.26)
1.46 (1.02-2.09) *
1.81 (0.85-3.85) >
.
1.10 (0.67-1.81)
6 (0.44-2.17) .
5 1 2 4

0dds Ratio (95% CI)

Fig. 1. Association of inflammatory markers with mortality, myocardial injury, myocardial infarction and ischemic stroke, stratified by sex. *Hazard ratios of death and odds ratios of
myocardial injury are adjusted for age, race, body mass index, and history of hypertension, diabetes, coronary artery disease, congestive heart failure and smoking.
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3. Results

0f 2060 patients, 1088 were men. Medial length of stay for men was
7.0 (3.2-15.1) days, and for women was 6.1 (2.7-13.0) days (p =
0.006). Men had lower BMI (27.5 vs 29.7 kg/m?, p < 0.001) and greater
pre-existing coronary artery disease (10% vs 6%, p = 0.002) and
smoking history (21% vs 14%, p < 0.001). On admission, men had higher
interleukin-6 (72 vs 43 pg/mL, p < 0.001), C-reactive protein (12.2 vs
8.6 mg/dL, p < 0.001), ferritin (786 vs 416 ng/dL, p < 0.001) and fibrin-
ogen (554 vs 510 mg/dL, p = 0.005) levels. Men were more likely to
have myocardial injury (32% vs 23%, p = 0.002) and ischemic stroke
(1.8% vs 0.7%, p = 0.019). Although there were a greater number of
deaths (15% vs 12%, p = 0.076) and myocardial infarction (2.7% vs
1.6%, p = 0.114) in men vs. women, these differences were not statisti-
cally significant (Table 1).

In adjusted analysis, male sex was associated with greater risk of
death (HR 1.33, 95% CI 1.01-1.74; p = 0.041 in Model 2). Men had
greater odds of myocardial injury (OR 2.04; 95% CI 1.43-2.91; p <
0.001 in Model 2) and ischemic stroke in an adjusted model including
age, BMI and race [OR 3.10 (1.11-8.65; p = 0.031), but not of myocar-
dial infarction (Table 2).

After adjustment, per quintile increase in several inflammatory
markers was associated with greater risk of death and odds of myocar-
dial injury in both men and women with similar effect estimates (Fig. 1).
Interleukin-6 was associated with increased odds of ischemic stroke

(Fig. 1).

4. Discussion

We present sex data comparing important cardiovascular indices
among men and women from a large cohort of racially/ethnically
diverse hospitalized patients with COVID-19. Although men had
more underlying CV comorbidities, after adjusting for these, men
had a significantly increased risk of death compared to women. More-
over, the risk of both myocardial injury and ischemic stroke was
higher in men, even after adjustment for clinical confounders. Finally,
we report markedly increased levels of systemic inflammatory
markers in men compared to women early during hospital admission
for COVID-19, although there was no notable difference in the ability
of inflammatory markers to predict adverse outcomes between
sexes. To our knowledge, this is one of the first studies to investigate
sex differences in COVID-19 in important CV outcomes and the degree
of systemic inflammation after adjustment for comorbidities [6,13].
These findings support differences in sex-specific responses, but sug-
gest that these differences are likely independent of common cardio-
vascular comorbidities, as has previously been advocated but not
well studied [8,14,15].

Prior studies have shown that elevated systemic inflammation, as
measured by clinical inflammatory biomarkers, is associated with
COVID-19 severity [11]. However, there are few data on sex-stratified
analyses of systemic inflammation and the extent of association with
mortality and cardiovascular outcomes. In addition, although women
have been reported to have higher levels of inflammatory markers in
the outpatient setting, such as interleukin-6, compared to men, [16]
our study in acutely ill patients with COVID-19 showed that men had
significantly higher levels of several inflammatory markers including
interleukin-6, C-reactive protein and ferritin. Despite high levels of
acute inflammation in men, we demonstrate similar increases in the
risk of mortality and odds of myocardial injury, myocardial infarction
and ischemic stroke with elevations in inflammatory biomarkers be-
tween men and women. These findings raise suspicion that perhaps
men are more likely to have a hyper-inflammatory response than
women, although this alone may not explain the observed sex
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differences in mortality and cardiovascular outcomes. Recent studies
also suggest that hyperactivation of the coagulation system, perhaps
as demonstrated by rise in D-dimer, may be associated with myocardial
injury and COVID-19 mortality [17-19]. COVID-19-related coagulopa-
thy may result in the occurrence of thrombotic microangiopathy in var-
ious organs [20]. While we did not specifically investigate coagulopathy
in our study and did not find D-dimer to be differentially elevated
among men and women, it is certainly possible that COVID-19 related
coagulopathy may be contributing to outcomes such as myocardial in-
farction, ischemic stroke or death.

Limitations of this work include retrospective study design. Addi-
tionally, all laboratory data were measured as clinically indicated,
which raises potential selection bias. However, we adjusted for possible
confounders to limit selection bias.

5. Conclusions

In conclusion, men are at significantly greater risk than women for
myocardial injury, ischemic stroke and all-cause mortality in the setting
of hospitalization with COVID-19. This increased risk in men remains
despite adjustment for demographics and cardiovascular comorbidities.
In addition, increased inflammatory markers are associated with a
greater likelihood of developing myocardial injury, ischemic stroke
and mortality, although this association is similar between men and
women. These data support male sex as an independent risk factor of
myocardial injury, ischemic stroke and mortality in acute COVID-19
illness.
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