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ABSTRACT

Background The mortality rate of COVID-19 is elevated in
males compared with females.

Objective Determine the extent that the elevated
thrombotic risk in males relative to females contributes to
excess COVID-19 mortality in males.

Design Observational study.

Setting Data sourced from electronic medical records
from over 200 US hospital systems.

Participants 60 877 patients aged 18 years and older
hospitalised with COVID-19.

Exposure Exposure variable: biological sex; key variable
of interest: thrombosis.

Primary outcome measures Primary outcome was
COVID-19 mortality. We measured: (1) mortality rate of
males relative to females, (2) rate of thrombotic diagnoses
occurring during hospitalisation for COVID-19 in both
sexes and (3) mortality rate when evidence of thrombosis
was present.

Results The COVID-19 mortality rate of males was 29.9%
higher than that of females. Males had a 35.8% higher
rate of receiving a thrombotic diagnosis compared with
females. The mortality rate of all patients with a thrombotic
diagnosis was 40.0%—over twice that of patients with
COVID-19 without a thrombotic diagnosis (adjusted OR
2.50 (2.37 t0 2.64), p<0.001). When defining thrombosis
as either a documented thrombotic diagnosis or a D-dimer
level >3.0 pg/mL, 16.4% of the excess mortality in male
patients could be explained by increased thrombotic risk.
Conclusions Our findings suggest the higher COVID-19
mortality rate in males may be significantly accounted

for by the elevated risk of thrombosis among males.
Understanding the mechanisms that underlie increased
male thrombotic risk may allow for the advancement of
effective anticoagulation strategies that reduce COVID-19
mortality in males.

INTRODUCTION

Male sex has emerged as a risk factor for
increased COVID-19 morbidity and mortality,
with the risk of mortality in males being
30%-40% higher than in females.' * This
heightened mortality risk for males is inde-
pendent of advancing age, and cannot be
fully explained by higher rates among males
of other comorbidities known to increase
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Strengths and limitations of this study

» Data derived from 60 877 hospitalised patients
with COVID-19 comprised of blended claims and
Electronic Health Record (EHR) data.

» Natural language processing (NLP) engine allowing
for detailed interrogation of EHR data.

» Independent manual verification of NLP engine
accuracy.

» Data elements could be missed if not expressed in
a standard fashion that can be recognised by the
NLP engine.

» True magnitude of underlying thrombosis in this
population could be underestimated by both claims
analysis and NLP interrogation of EHR data.

mortality in COVID-19, such as obesity,
diabetes mellitus, hypertension or underlying
cardiopulmonary disease.” * Therefore, the
aetiology of this sex difference in COVID-19
mortality is largely unexplained.

Thrombosis appears to play an important
role in the morbidity and mortality of COVID-
19, with patients at increased risk of both
microvascular and macrovascular thrombosis.
In a meta-analysis of 42 studies representing
data from 8271 patients with COVID-19,
the authors documented an overall venous
thromboembolism rate of 21% and a pulmo-
nary embolism (PE) rate of 13%. For patients
admitted to the Intensive Care Unit (ICU),
the rate of thromboembolism was even
higher, at 31%. Notably, the pooled odds of
mortality were 74% higher among patients
with COVID-19 who developed thromboem-
bolism, compared with those who did not.’

Additionally, thromboses may go undiag-
nosed during a hospital stay for COVID-19.
Markedly elevated D-dimer levels are highly
correlated with underlying thrombosis,
confirmed in two recent studies. In the first
study, a level of 3.0 pg/mL had a sensitivity
of 70.0%, specificity of 96.7% with a positive
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predictive value of 87.5% for underlying thrombosis.” In
the second study, a level >2.5 pg/mL had a sensitivity of
63% and a specificity of 85% for the diagnosis of PE.”

The elevated thrombotic risk of males relative to
females was well established in the medical literature long
before the emergence of COVID-19. In multiple studies
of unprovoked deep vein thrombosis (DVT) and PE
where hereditary thrombophilia was excluded, the rate
of recurrent thrombosis in males has been reported to be
anywhere from two to more than three times higher than
females.™* Despite extensive research on the topic, the
aetiology of this sex-based difference in the thrombotic
risk of males remains unknown."

We therefore understand that males are at risk of
higher COVID-19 mortality, that COVID-19 mortality
risk is increased when patients have underlying throm-
bosis, and that unrelated to COVID-19, males are more
prone to thrombosis relative to females. It is therefore
plausible that the elevated thrombotic risk of males rela-
tive to females may partially explain the excess mortality
rate observed in males with COVID-19. In this study, we
sought to understand whether males with COVID-19
have a higher rate of thrombosis compared with females
with COVID-19, and whether a higher rate of thrombosis
contributes to the excess mortality seen in males.

METHODS

Data source

To explore a potential connection between thrombosis, sex
and mortality risk, we analysed hospitalisation data from
over 200 geographically dispersed hospital systems. The
data for this study were sourced from electronic medical
records (EMR) data and post-EMR coding. These EMRs
were processed with a natural language processing (NLP)
engine that produces a homogenised set of codified and
non-codified information, including lab results, medica-
tions, symptoms and various observational extracts of text
from the EMR. The at-scale extraction of this detailed
information allows insight into the clinical manifestations
of the COVID-19 population. We examined the subsets
of patients who survived COVID-19 compared with those
who expired. For each of the groups, we compared the
male and female incidence of receiving a thrombosis
diagnosis code while hospitalised for COVID-19.

Inclusion criteria

From these data, we selected patients aged 18 years or
older who were hospitalised for COVID-19 between
3 March 2020 and 11 June 2021. There were no exclu-
sions for other comorbidities or underlying diseases. We
limited our analysis to those patients who survived and
were discharged from the hospital, those discharged to
hospice care, those who died in the hospital and those
who died after being discharged to home. Patients who
died soon after discharge to home or who were discharged
to hospice care were treated as deceased cases due to

COVID-19. COVID-19 readmission cases were excluded
from our study.

Outcomes and study variables

The primary outcome of interest was mortality from
COVID-19. The exposure variable was biological sex, and
the key variable of interest was thrombosis. We classified
thrombotic diagnosis codes into four major conditions:
(1) myocardial infarction (MI), (2) DVT/PE, (3) stroke
and (4) peripheral arterial occlusion. A full list of ICD-10
codes used to identify thrombosis can be found in online
supplemental table 1.

Because thrombotic diagnoses are underreported in
inpatients with COVID-19," we also examined the peak
D-dimer value of the subset of hospitalised patients in
whom this was measured. A D-dimer level >3.0 pg/mL
was used as a surrogate for underlying thrombosis when a
thrombotic diagnosis code was absent.

Statistical methods

To determine whether the elevated thrombotic risk in
males is associated with higher COVID-19 mortality, we
used mediation analysis,15 where elevated thrombotic
risk was the mediator between the outcome (mortality)
and the exposure variable (gender). Mediation analysis
consists of three steps, which are illustrated in figure 1.
First, we needed to confirm that male patients had
higher mortality rate than female patients in our study
population. Second, we needed to confirm that males
had a higher incidence of a thrombosis diagnosis rela-
tive to females. Third, we needed to demonstrate that
both males and females with thrombosis diagnoses had
a higher mortality rate than those who did not. If all
three of these conditions are supported by statistically
significant differences between groups, we can combine
regression models from the first and third hypotheses to
estimate the proportion of sex effect on mortality that can
be explained by the elevated thrombotic risk. Besides esti-
mating this proportion, we also examined the effect of a
thrombosis diagnosis together with evidence of a D-dimer
level 23.0 pg/mlL, recognising that such levels are also
likely indicative of underlying thrombosis.

Logistic regression models were used in each of the
three steps. The response variables and covariates of
interest are illustrated in figure 1. We used the Wald test
for regression coefficients in logistic regression models
to assess statistical significance in all steps. All hypoth-
esis tests were one-sided at the 0.05 significance level.
We report 95% Cls and one-tailed p values. We choose
the more powerful one-sided test because all three asso-
ciations described in figure 1/table 1 (male and higher
risk of mortality, male and higher risk of thrombosis, and
thrombosis and higher risk of mortality) are well docu-
mented in literature as we discussed in the Introduction
section, and we only wanted to test if these hypotheses
were true with respect to directions supported by litera-
ture. All regression models were adjusted for age (binary
variable of age >65 years or not) and comorbidities
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Figure 1 Mediation analysis flow chart.

Mediation analysis steps

Step 2: Female Male
Documentation of the higher rate N mber of patients 29 680 31197
of thrombosis in males o )
No thrombosis diagnosis 25625 25 407
Had thrombosis diagnosis 4055 5790
Sex distribution among patients with 41.2% 58.8%
thrombosis
Thrombosis prevalence by sex 13.7% 18.6%
Unadjusted OR 1.44 (1.38 to 1.50) p<0.001
Adjusted OR 1.34 (1.28 to 1.40) p<0.001
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derived from the Charlson Index.'® These comorbidities
can be found in online supplemental table 2. Note that
two comorbidities—MI and cerebrovascular diseases—
are not adjusted in our regression models since they
overlap with our thrombosis definitions shown in online
supplemental table 1.

The proportion of excess male mortality explained by
the elevated thrombotic risk is defined by the ratio of
the mediation effect to the total effect (mediation+di-
rect effect) of gender on mortality. This proportion was
estimated using the methods explained in this paper,'’
which was implemented by an R package ‘mediation’."®
Our R codes for mediation analysis using this package can
be found in online supplemental materials III. Because
thrombotic diagnoses are underreported in inpatients
as discussed above, we estimated the proportion based
on the presence of a thrombosis diagnosis only as well
as a definition of elevated thrombotic risk that included
D-dimer values >3.0 pg/mL'? or presence of a thrombotic
diagnosis. We also reported the proportion explained by
thrombosis diagnoses only on the subset whose D-dimer
was measured to make sure the proportion explained by
elevated thrombotic risk was not subject to selection bias.
The upper bound of the D-dimer normal range (0.5 pg/
mL) was used to normalise D-dimer values.

Patient and public involvement

No patients or members of the public were involved in
the design, conduct, reporting or dissemination plans of
our research.

RESULTS

Our study population was comprised of 60 877 patients
with COVID-19 with an average age of 62 years. There
were slightly more male patients (51.3%) than female
patients. Among study patients, 16.2% had a reported
thrombotic diagnosis during their hospital stay and
20.4% died or were discharged to hospice care. We also
identified a subset of 31 817 patients (52.3%) out of the
study population (with or without a thrombotic diag-
nosis) who had D-dimer values measured during their
hospital stay. Normalised mean peak D-dimer during a
hospital stay was 4.35 (435% of the normal range upper
bound). Characteristics of the full study population and
this patient subset are shown in table 2. Percentages of
comorbid conditions stratified by gender and thrombosis
diagnosis are shown in online supplemental tables 2 and
3 for these two populations.

We found that the mortality rate in males with
COVID-19 was higher by 29.9% compared with females
with COVID-19 (an absolute rate difference of 5.3%;
adjusted OR=1.41 (1.35 to 1.48), p<0.001). Compared
with females with COVID-19, males with COVID-19
had a rate of receiving a thrombotic diagnosis during
their hospital stay that was 35.8% higher (an absolute
difference of 4.9%, OR=1.34 (1.28 to 1.40), p<0.001),
confirming the higher rate of thrombotic diagnoses in

Table 2 Characteristics of the full hospitalised population
and the D-dimer subset

Summary statistics*

Study sample Full population  D-dimer
characteristics dataset analysis subset
Sample size 60 877 31817
Deceased 12 430 (20.42) 6633 (20.85)
Thrombophilia 9845 (16.17) 5160 (16.22)
Thrombosis history 4085 (6.71) 2147 (6.75)
Mechanical ventilation 6803 (11.17) 3941 (12.39)

Deceased or intubated 13 960 (22.93) 7478 (23.50)

Mi 3625 (5.96) 1732 (5.44)
DVT/PE 5150 (8.46) 3000 (9.43)
Stroke 1891 (3.11) 854 (2.68)
PAO 290 (0.48) 100 (0.31)
Age average (SD) 61.70 (18.20) 62.84 (16.54)
Sex: male 31197 (51.25) 16 969 (53.33)
D-dimer average = 435.39%
D-dimer median — 184.40%

*With the exception of D-dimer statistics, sample size and age,
data are otherwise reported as number (percentage) of patients
within each dataset. D-dimer statistics are based on the upper
bound of the normal range for each measure.

DVT, deep vein thrombosis; MI, myocardial infarction; PAO,
peripheral arterial occlusion; PE, pulmonary embolism.

males. Additionally, we found an over twofold difference
in mortality between patients with and without a throm-
botic diagnosis (40.0% vs 16.7%; adjusted OR=2.50 (2.37
to 2.64), p<0.001). Having verified that thrombosis is
more prevalent in males (OR=1.34) and that throm-
bosis is a strong risk factor for mortality (OR=2.50), we
conclude that the elevated thrombotic risk accounts for a
portion of the excess mortality in males. All results of this
three-step mediation analysis are shown in table 1.

Based on these findings, we then sought to deter-
mine what proportion of the excess male mortality in
patients with COVID-19 might be related to the elevated
thrombotic risk. When using only a documented diag-
nosis of thrombosis, the proportion of the mortality
effect explained by thrombosis was significant at 12.1%
(p<0.001), with a 95% CI (9.44% to 15.3%) (table 3).
Because of underreporting of thrombotic diagnoses in
hospitalised patients with COVID-19, we also considered
a D-dimer level >3.0 pg/mL as a surrogate of under-
lying thrombosis. We therefore combined the propor-
tion of increased mortality in males as predicted by a
thrombotic diagnosis with the proportion explained by a
D-dimer level >3.0 pg/mL. In doing so, the total propor-
tion of excess male mortality potentially explained by
the elevated thrombosis risk in males increased to 16.4%
with a 95% CI (11.4% to 22.6%) when the thrombosis
definition was expanded to include D-dimer levels >3.0
pg/mL (table 3). Note that in this subset of patients who
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Table 3 Proportion of excess mortality explained by
elevated thrombotic risk

Mediators Proportion mediated (explained)

12.1% (9.44% to 15.3%) p<0.001

Thrombosis diagnosis
on whole dataset

Thrombosis diagnosis
on D-dimer subset
Thrombosis diagnosis
codes or D-dimer >3.0
pg/mL

10.6% (7.01% to 15.2%) p<0.001

16.4% (11.4% to 22.6%) p<0.001

had D-dimer measured (52.3% of the study cohort), the
proportion of COVID-19 cases with a documented throm-
botic diagnosis alone was 10.6% (table 3), which was very
close to the 12.1% of cases with a documented throm-
botic diagnosis in the study cohort. This indicates that
an additional 5.8% of cases can be explained by elevated
D-dimer levels, and that there was almost no bias in the
selection of the subcohort that had D-dimer measured.

DISCUSSION

The data extracted from our large population of hospital-
ised patients with COVID-19 confirm a higher mortality
rate among those patients with thrombosis. It also demon-
strates that the incidence of thrombosis is higher in males
relative to females and may explain up to 16.4% of the
excess mortality seen in males with COVID-19.

Because the known genetic risks for thrombophilia
(factor V Leiden, prothrombin G20210A, protein C and
S abnormalities, etc) are not sex-linked chromosomal
mutations, they cannot explain this excess male risk.
There are, however, genetic mutations found on the X
and Y chromosomes which might explain a portion of this
increased thrombophilia in males."”” Additionally, severe
COVID-19 infection is itself associated with a prothrom-
botic state. Although the prothrombotic mechanisms
are not fully understood, several have been postulated.
Activation of the coagulation cascade through direct viral
invasion of the vascular endothelium may cause severe
endothelial injury with disruption of fibrinolytic activity
and release of von-Willebrand factor.*’ Thrombosis may
be triggered by the generalised cytokine activation seen
in severe COVID-19 with resultant activation of platelets
and the complement system.?' Lastly, COVID-19 has been
associated with the development of procoagulant autoan-
tibodies, including antiphospholipid antibodies. Diabetes
has also been shown to independently increase the risk of
thrombosis in hospitalised patients with COVID-19.*

To our knowledge, this is the first study to specifically
address the significantly elevated risk of thrombosis and
its associated excess mortality in males with COVID-19
relative to females. Although mortality as a function of
sex was not specifically addressed in the meta-analysis
of the 42 studies noted in the introduction,’ that study
also documented that thrombosis contributes to excess

mortality in COVID-19. Moreover, among those 42
studies, 29 documented the sex of the patients. Of those
29 studies, 27 (93%) documented a higher percentage
of thromboembolism in males relative to females. Of all
cases of thromboembolism across those 29 studies, 70%
occurred in males and 30% occurred in females.

Studies of thromboprophylaxis among hospitalised
patients with COVID-19 have documented improved
outcomes. A systematic review and pooled analysis of 35
studies looked at anticoagulation strategies in 4685 hospi-
talised patients with COVID-19.” This review suggested
that standard prophylactic doses of anticoagulation were
associated with significant reductions in venous thrombo-
embolism and arterial thrombosis events, with interme-
diate and therapeutic doses of anticoagulation providing
no additional benefit. A more recent Randomized
Controlled Trial (RCT) documented improved outcomes
with full dose anticoagulation compared with thrombo-
prophylaxis in a non-critically ill population hospitalised
with COVID-19. The benefit was most apparent in the
subset of patients with the highest D-dimer levels.** A
second RCT found that compared with standard heparin
thromboprophylaxis, therapeutic doses of low molecular
weight heparin reduced major thromboembolism and
death in a population of high-risk hospitalised patients
with COVID-19 and very elevated D-dimer levels.”” These
studies did not report stratification of the anticoagulation
benefit by sex of the patients.

Our study has limitations. NLP extraction of EMR data
may miss certain data elements if they are not expressed
in a standard fashion that can be recognised by the NLP
engine. The accuracy of the output of the NLP engine was
confirmed in a subset of patients by manual chart review.
Similarly, analysis of claims data might miss patients with
underlying thrombotic diagnoses if these diagnoses were
assumed to be part of the COVID-19 clinical syndrome
and therefore not independently submitted. Lastly, when
interpreting the results from the D-dimer analysis, it
cannot be stated with certainty that a markedly elevated
D-dimer level is related to underlying thrombosis.

In conclusion, our data support the concept that
a significant portion of the excess male mortality in
COVID-19 is related to the elevated risk of thrombosis in
males relative to females. Understanding the mechanisms
that drive the elevated thrombotic risk in males, as well as
those that drive thrombosis in COVID-19, may allow for
the development of more effective anticoagulation strat-
egies that reduce the mortality risk for males diagnosed
with COVID-19. To help develop these strategies, reanal-
ysis of outcome by sex in recently published trials and
new randomised clinical trials is suggested to examine
whether more intense anticoagulation regimens in males
hospitalised with COVID-19 will reduce thromboses and
improve clinical outcomes including mortality.
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