
Sex Differences in Venous Thromboembolism after
COVID-19 Infection: A Retrospective Population-based
Matched Cohort Study

To the Editor:

There is a link between severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and increased thrombotic
risk. In a population-level study fromDenmark, the 30-day risks of
venous thromboembolism (VTE) after confirmed infections were
0.2% for nonhospitalized patients and 1.5% for hospitalized patients
(1). Others have found that pulmonary embolism (PE) is present in
14.2% of patients at hospital admission for coronavirus disease
(COVID-19), increasing to 35% in critically ill patients (2, 3). It is
established that male patients have a higher risk of adverse health
outcomes, including death, after COVID-19 infection (4). Our aims
were: 1) to describe sex differences in short- and long-term population-
level risk of VTE specifically after COVID-19 infection and 2) to assess
sex differences in outcomes among those with COVID-19 and VTE.

Methods
This was a retrospective population-level cohort study performed in
Alberta, Canada (2021 population, 4,262,635) using secondary
administrative data sources. The study was approved by the
University of Calgary Health Research Ethics Board (REB20-0688)
and is reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology statement for observational
studies (5). We included all people in Alberta with a positive
polymerase chain reaction (PCR) test for COVID-19 (i.e., exposed)
between April 1, 2020, and December 15, 2021. For each case, we
identified two unexposed control patients with a negative COVID-19
PCR test result and no subsequent positive results in the observation
period (Figure 1A). Unexposed patients were matched for age (62 y),
sex, and rural versus urban residence; matching was chosen for the
latter because there is less access to certain diagnostic tests for VTE
(i.e., computed tomography) in rural hospitals in Alberta.

The primary outcome was the first VTE event based on
International Classification of Diseases, 10th Revision (Canadian
modification) codes associated with healthcare visits on or after the
index COVID-19 test date for deep vein thrombosis (DVT; codes
I80.1-3, 8, 9; I82.8, 9; O22.3, 9; O87.1) or PE (codes I26.0, 9) plus at
least one imaging code within 14 days for leg ultrasonography,
computed tomography of the chest, ventilation-perfusion scan, or
echocardiography. This approach improves the sensitivity and
specificity compared with administrative codes alone (6). Secondary
outcomes included emergency department (ED) visits, hospitalization,
and all-cause mortality after the index COVID-19 test date.

We calculated overall and sex-disaggregated risk ratios for VTE, PE,
and DVT at 28 days, 3 months, and 6 months. We used
multivariable negative binomial regression to determine factors
associated with 28-day ED visits and hospitalizations and
multivariable logistic regression for factors associated with 28-day
mortality. Covariates included in the multivariable models included
the exposure of interest (i.e., COVID-19) and known prognostic
factors for mortality and hospitalization after COVID-19 infection:
age, male sex, VTE, and comorbidities (7). We chose the Elixhauser
comorbidity index as a covariate to quantify comorbidities because
it contains a greater number of conditions (n=31) than the
Charlson comorbidity index (n=17), which was also available and
because the Elixhauser index was more strongly associated with
outcomes after COVID-19 infection (8). The Elixhauser index also
contains certain comorbidities, such as obesity, that are associated
with adverse outcomes after COVID-19 and are not present in the
Charlson index (9). Models were also adjusted for treatment with
anticoagulant because this has been associated with mortality and
hospitalizations after COVID-19 infection (10).

Results
During the observation period, there were 255,037 exposed individuals
with a positive PCR COVID-19 test and 509,876 unexposed
individuals (254,839 exposed individuals had 2:1 unexposed control
matching, and 198 had only one available unexposed matched
control). The mean age was 42 years616.8 (standard deviation), and
49.6% were male (Table 1). There were 921 VTE events after
COVID-19 infection and 954 VTE events in the unexposed group
(0.4% vs. 0.2%; P, 0.001). Among all patients who had a VTE event
following a COVID-19 test, those who tested positive for COVID-19
were more likely to be male (64.4% vs. 54.9%; P, 0.001) and were
younger (mean age, 58.5615.5 vs. 61.2616.8 yr; P, 0.001). The
risk ratios for VTE at 28 days, 3 months, and 6 months in the overall
cohort and stratified by sex are shown in Figure 1B, with a higher
VTE risk among COVID-19–positive patients at all time points
compared with those without a positive COVID-19 test. There was
higher risk among male individuals (P, 0.001 for interaction) at all
time points. Results were similar when PE and DVTwere considered
separately (Table 2). A VTE diagnosis was associated with higher 28-day
mortality rates among all COVID-19–positive patients (adjusted odds
ratio [aOR], 8.70; 95% confidence interval [CI], 6.41–11.82).

Male sex was also associated with higher rates of ED visits
(adjusted incidence rate ratio, 1.01; 95% CI, 1.001–1.03) and
hospitalizations (adjusted incidence rate ratio, 1.19; 95% CI, 1.16–1.21)
within 28 days of COVID-19 testing after adjusting for COVID-19 test
positivity, age, anticoagulant prescription, Elixhauser comorbidity
index, and presence of VTE. The 28-day all-cause mortality rate was
also higher amongmale patients (aOR, 1.57; 95% CI, 1.48–1.67).
Conversely, among all patients with VTE events (n=1,875) following a
COVID-19 test, the risk of death within 28 days was not increased for
male patients (aOR, 1.01; 95% CI, 0.71–1.45).

Discussion
In this large population-based study of patients who were tested for
COVID-19, the risk of VTE was higher among COVID-19–positive
patients as long as 6 months after PCR testing, with disproportionately
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higher risks amongmale patients compared with female patients for
VTE, DVT, and PE.Male patients also had higher use of health care,
including ED visits and hospitalizations, after COVID-19. VTE was
associated with an increased short-term risk of death among
COVID-19–positive individuals, but male sex was not a risk factor for

death after VTE after accounting for COVID-19 positivity and other
confounders.

This is one of the largest population-based studies to explore
sex differences in VTE risk related to COVID-19 and to assess
the association between sex and outcomes after COVID-19.
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A

Figure 1. (A) Study design. (B) Risk ratios and 95% confidence intervals for venous thromboembolism at 28 days and 3 and 6 months in
people with coronavirus disease (COVID-19) compared with people without COVID-19, stratified by sex. ER=emergency room;
PCR=polymerase chain reaction; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; VTE=venous thromboembolism.
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We confirmed a higher VTE risk in male patients that was previously
observed in short-term follow-up studies of hospitalized patients with
COVID-19 (11). Population-based studies in Sweden and the United
Kingdom also found increased VTE persisting beyond 6months and
noted a higher risk of VTE after COVID-19 in male patients
compared with female patients (12, 13). We extend these previous
studies to show higher all-cause mortality rates and healthcare
resource use for male patients. Male patients had higher short-term
mortality rates after COVID-19 testing, regardless of test positivity
and adjusting for the presence of VTE and other confounders.
However, when considering all patients with a VTE event, male sex
was not associated with higher adjusted risk of death, suggesting that
the higher risk of short-termmortality after COVID-19 is not driven
by fatal VTE events but by other factors.

Strengths of this study include the large population-based
sample and matching for age, sex, and geographic location in the
province of Alberta, the latter of which could have influenced
access to COVID-19 testing and imaging confirmation of VTE.
Limitations of this analysis include the retrospective design and
use of administrative data rather than patient-level data from
electronic medical records, even though this approach has been
previously shown to be accurate (6). Overall, this study demonstrates
sex disparities in short- and long-term VTE risk after COVID-19
and worse outcomes amongmale patients, which may inform
clinical decisions and follow-up pathways after COVID-19
infection.�
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Table 2. RRs and 95% CIs for DVT and PE at 1, 3, and 6 months in people with COVID-19 compared with people without
COVID-19, stratified by sex

COVID
test

VTE DVT PE

Events,
n

Total,
n

Risk ratio
(95%CI)

Events,
n

Total,
n

Risk ratio
(95%CI)

Events,
n

Total,
n

Risk ratio
(95%CI)

Both sex 4 weeks Negative 269 509,351 4.82
(4.18, 5.56)*

130 509,621 2.65
(2.06, 3.4)*

159 509,391 5.51
(4.61, 6.61)*Positive 649 254,807 130 254,913 546 254,827

3 months Negative 430 509,351 3.44
(3.05, 3.87)*

205 509,621 2.23
(1.81, 2.75)*

257 509,391 3.76
(3.24, 4.36)*Positive 740 254,807 173 254,913 602 254,827

6 months Negative 595 509,351 2.63
(2.37, 2.93)*

285 509,621 1.75
(1.45, 2.12)*

359 509,391 2.83
(2.48, 3.23)*Positive 784 254,807 189 254,913 633 254,827

Female 4 weeks Negative 119 256,959 3.66
(2.93, 4.58)*

58 257,090 2.23
(1.5, 3.31)*

68 256,975 4.67
(3.51, 6.27)*Positive 218 128,560 51 128,596 177 128,566

3 months Negative 182 256,959 2.8
(2.32, 3.39)*

89 257,090 2.03
(1.46, 2.8)*

104 256,975 3.38
(2.65, 4.33)*Positive 255 128,560 71 128,596 196 128,566

6 months Negative 256 256,959 2.19
(1.85, 2.60)*

127 257,090 1.6
(1.19, 2.13)*

152 256,975 2.53
(2.04, 3.13)*Positive 281 128,560 80 128,596 214 128,566

Male 4 weeks Negative 150 252,392 5.74
(4.77, 6.92)*

72 252,531 3.01
(2.16, 4.21)*

91 252,416 5.98
(4.74, 7.61)*Positive 431 126,247 79 126,317 369 126,261

3 months Negative 248 252,392 3.91
(3.36, 4.56)*

116 252,531 2.42
(1.83, 3.18)*

153 252,416 3.92
(3.24, 4.75)*Positive 485 126,247 102 126,317 406 126,261

6 months Negative 339 252,392 2.97
(2.59, 3.40)*

158 252,531 1.9
(1.47, 2.43)*

207 252,416 2.99
(2.52, 3.54)*Positive 503 126,247 109 126,317 419 126,261

Definition of abbreviations: CI = confidence interval; DVT=deep vein thrombosis; PE=pulmonary embolism; RR= risk ratio; VTE=venous
thromboembolism.
The total number of VTE cases is 1,379, including 474 DVT cases and 992 PE cases, with 147 cases overlapping. 496 VTE cases were
excluded from this analysis due to diagnostic tests for VTE being performed prior to COVID-19 testing.
*p, 0.001.
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Type 2 Inflammation Is Associatedwith Emphysema
on Computed Tomography

To the Editor:

Between 20% and 40% of patients with chronic obstructive
pulmonary disease (COPD) have evidence of predominant type 2
inflammation, often indicated by high peripheral blood eosinophil
count (BEC). This endotype is associated with frequent exacerbations
and with an airway phenotype, as evidenced by chronic bronchitis,
and has been identified as a potential target for therapy (1, 2).

Whether high BEC is also associated with the emphysema phenotype
is not known. IL-13 (interleukin-13) is a key driver of type 2
inflammation and promotes MMP-12 (matrix metalloproteinase-12)
production in alveolar macrophages, and it may contribute to
emphysema formation (3). A recent study of murine emphysema
suggested that eosinophil-derived cathepsin L may contribute to the
degradation of the extracellular matrix (4). Prior epidemiologic
studies of the relationship between BEC and emphysema were limited
by exclusion of patients with mild disease or by the evaluation of
emphysema by lobar quantification (5, 6). We hypothesized that high
BEC would be associated with greater emphysema on computed
tomography (CT) regardless of the severity of airflow obstruction.

We analyzed CT scans from participants enrolled in visit 2 of
the COPDGene (Genetic Epidemiology of COPD) study who had
available BECs (7). COPDGene included current and former smokers
aged 45–80 years, with at least a 10 pack-year smoking history.
High-resolution CT images were acquired at full inspiration (total lung
capacity) and end-expiration. Inspiratory and expiratory CT scans
were coregistered voxel to voxel using LungQ (Thirona) (8). Voxels
with density,2950 Hounsfield units (HU) on inspiration and
,2856 HU on expiration were categorized as emphysematous.
Voxels with density.2950 HU on inspiration but,2856 HU on
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