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Risks of deep vein thrombosis, pulmonary embolism, and  
bleeding after covid-19: nationwide self-controlled cases  
series and matched cohort study 
Ioannis Katsoularis,1 Osvaldo Fonseca-Rodríguez,2 Paddy Farrington,3 Hanna Jerndal,2  

Erling Häggström Lundevaller,4 Malin Sund,5,6 Krister Lindmark,1 Anne-Marie Fors Connolly2

AbstrAct
Objective
To quantify the risk of deep vein thrombosis, 
pulmonary embolism, and bleeding after covid-19.
Design
Self-controlled case series and matched cohort study.
setting
National registries in Sweden.
ParticiPants
1 057 174 people who tested positive for SARS-
CoV-2 between 1 February 2020 and 25 May 2021 
in Sweden, matched on age, sex, and county of 
residence to 4 076 342 control participants.
Main OutcOMes Measures
Self-controlled case series and conditional Poisson 
regression were used to determine the incidence 
rate ratio and risk ratio with corresponding 95% 
confidence intervals for a first deep vein thrombosis, 
pulmonary embolism, or bleeding event. In the self-
controlled case series, the incidence rate ratios for 
first time outcomes after covid-19 were determined 
using set time intervals and the spline model. The risk 
ratios for first time and all events were determined 
during days 1-30 after covid-19 or index date using 
the matched cohort study, and adjusting for potential 
confounders (comorbidities, cancer, surgery, long 
term anticoagulation treatment, previous venous 
thromboembolism, or previous bleeding event).
results
Compared with the control period, incidence rate 
ratios were significantly increased 70 days after 
covid-19 for deep vein thrombosis, 110 days for 
pulmonary embolism, and 60 days for bleeding. In 
particular, incidence rate ratios for a first pulmonary 

embolism were 36.17 (95% confidence interval 
31.55 to 41.47) during the first week after covid-19 
and 46.40 (40.61 to 53.02) during the second week. 
Incidence rate ratios during days 1-30 after covid-19 
were 5.90 (5.12 to 6.80) for deep vein thrombosis, 
31.59 (27.99 to 35.63) for pulmonary embolism, 
and 2.48 (2.30 to 2.68) for bleeding. Similarly, the 
risk ratios during days 1-30 after covid-19 were 4.98 
(4.96 to 5.01) for deep vein thrombosis, 33.05 (32.8 
to 33.3) for pulmonary embolism, and 1.88 (1.71 to 
2.07) for bleeding, after adjusting for the effect of 
potential confounders. The rate ratios were highest 
in patients with critical covid-19 and highest during 
the first pandemic wave in Sweden compared with 
the second and third waves. In the same period, 
the absolute risk among patients with covid-19 was 
0.039% (401 events) for deep vein thrombosis, 0.17% 
(1761 events) for pulmonary embolism, and 0.101% 
(1002 events) for bleeding.
cOnclusiOns
The findings of this study suggest that covid-19 is 
a risk factor for deep vein thrombosis, pulmonary 
embolism, and bleeding. These results could impact 
recommendations on diagnostic and prophylactic 
strategies against venous thromboembolism after 
covid-19. 

Introduction
Covid-19 has led to a health crisis, with millions of 
deaths globally. Symptoms range from mild to critical, 
with the most common severe manifestation being 
pneumonia with acute respiratory distress syndrome.1 
Recently, reports of cardiovascular complications have 
been increasing,2 and we previously identified covid-19 
as a risk factor for myocardial infarction and stroke.3

Previous studies on the risk of venous 
thromboembolism after covid-19 have shown 
conflicting results. Although a meta-analysis reported 
an incidence of venous thromboembolism of around 
13%,4 the study included mainly patients with severe 
covid-19 during the first wave of the pandemic. 
Another report, including studies with a control group 
design, did not show an increased rate of venous 
thromboembolism.5 With such conflicting data, large 
nationwide studies are needed to better determine 
the risks of venous thromboembolism after covid-19. 
Furthermore, thromboprophylaxis raises concerns 
about bleeding complications. From information 
obtained on all people who tested positive for SARS-
CoV-2 in Sweden, regardless of disease severity, we 
determined the risk of deep vein thrombosis and 
pulmonary embolism as well as bleeding after covid-19 
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WhAt Is AlreAdy knoWn on thIs topIc
It is well known that covid-19 increases the risk of venous thromboembolism
Less evidence exists on the length of time this risk is increased, if risk changed 
during the pandemic waves, and whether covid-19 also increases the risk of 
bleeding

WhAt thIs study Adds
The findings of this study suggest that covid-19 is an independent risk factor 
for deep vein thrombosis, pulmonary embolism, and bleeding, and that the risk 
of these outcomes is increased for three, six, and two months after covid-19, 
respectively
This study also found a higher risk of events in patients with comorbidities, 
patients with more severe covid-19, and during the first pandemic wave 
compared with the second and third waves
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using self-controlled case series and matched cohort 
study methods.

Methods
Data source
The personal identification numbers of people 
who tested positive for SARS-CoV-2 between 1 
February 2020 and 25 May 2021 were sent from the 
communicable disease surveillance system, SmiNet 
(Public Health Agency of Sweden), to Statistics 
Sweden. We set the covid-19 date as the earliest from 
the date of disease onset, sample date, diagnosis date, 
or date of report to SmiNet (see supplementary table 1). 
Only first infections were included. Statistics Sweden 
identified four people who tested negative (controls) 
for each participant who tested positive for SARS-
CoV-2, matched on age, sex, and county of residence. 
The index date for control participants was the 
corresponding date for participants who tested positive 
for SARS-CoV-2. The personal identification numbers 
for people who tested positive or negative for SARS-
CoV-2 were cross linked with the Inpatient Registry 
(covid-19 cases: 1987-2021, controls: 1997-2021), 
Outpatient Registry (1997-2021), Cause of Death 
Registry (2020-21), Intensive Care Registry (2020-
21), the Prescribed Pharmaceutical Registry from the 
Swedish National Board of Health and Welfare, and 
the Swedish Intensive Care Registry. We calculated 
the weighted Charlson comorbidity index for each 
participant.6 7

The sample size needed to identify a clinically 
relevant acute effect (incidence rate ratio or risk ratio 
of 2) with 90% power within a risk period of 30 days 
was 181 events in the self-controlled case series study 
and 112 events in the matched cohort study. The 
sample size needed to identify a clinically significant 
effect (incidence rate ratio or risk ratio of 1.5) with 
90% power in the overall 180 day risk period was 
258 events in the self-controlled case series study and 
354 events in the matched cohort study. Sample size 
calculations were performed a priori.

No data were missing in our analysis.

Deep vein thrombosis, pulmonary embolism, and 
bleeding classification
Outcomes were defined using ICD-9 and ICD-10 
(international classification of diseases, ninth and 
10th revisions, respectively) diagnosis codes for deep 
vein thrombosis, pulmonary embolism, and bleeding 
(see supplementary table 2) as reason for contact in 
the outpatient or inpatient registries. Depending on 
the analysis, we chose the first or a recurrent event. 
A first event was defined as a participant with no 
previous event between 1 January 1987 and the start 
of the study period for patients with covid-19, and 
1 January 1997 and the start of the study period for 
control participants. A recurrent event was defined as 
a participant with a previous event during the period 
1987 to day 0 (covid 19) or 1997 to day 0 (index date) 
for participants with covid-19 and control participants, 
respectively. In the analysis, we only included the first 

of the recurrent events occurring within 1-30 days after 
the covid-19 or index date.

statistical analysis
We calculated the mean age and standard deviation 
for the main cohort and for participants with a first or 
recurrent deep vein thrombosis, pulmonary embolism, 
or bleeding event. For each analysis we specify the 
proportion of participants who were female or male. In 
addition, we show the proportion of participants who 
had the event among the whole cohort of participants 
with covid-19 or control participants as the absolute 
risk over the follow-up period of 30 days.

Self-controlled case series study
The self-controlled case series method8 was used to 
determine the incidence rate ratio and corresponding 
95% confidence intervals of a first venous 
thromboembolic or bleeding event during the risk 
periods 1-7, 8-14, 15-30, 31-60, 61-90, and 91-180 
days after covid-19 in the study period from 1 February 
2020 to 25 May 2021 (fig 1), using the SCCS package 
version 1.4 in R version 4.0.2.9 The remaining time 
was used as the control period, apart from −30 to −4 
days and −3 to 0 days before exposure to SARS-CoV-2 
relative to the covid-19 date. To avoid selection bias, 
day 0 was not included in the risk period, as patients 
presenting with venous thromboembolism or bleeding 
were more likely to have been tested for SARS-CoV-2.10 
We investigated the effect modification of sex, age, 
pandemic wave (1 February to 31 July 2020 for the first 
wave; 1 August 2020 to 31 January 2021 for the second 
wave; and 1 February to 25 May 2021 for the third 
wave), and severity of covid-19 (mild: not admitted to 
hospital; severe: admitted to hospital; critical: admitted 
to intensive care unit). As deaths were found to have 
little substantive impact on results, as confirmed 
in sensitivity analyses excluding participants with 
covid-19 who died during the observation period, we 
used the standard self-controlled case series method 
(see supplementary table 3). Further self-controlled 
case series analyses using splines were undertaken 
to characterise the risk profiles after covid-19 (see 
supplementary figures 1-3).

Matched cohort study
In the matched cohort study,11 comparing covid-19 
cases with four control participants who had not 
reported SARS-CoV-2 positivity to SmiNet and were 
matched on age, sex, and county of residence, the 
risk ratio and 95% confidence interval of venous 
thromboembolism or bleeding in the first 1-30 days 
after covid-19 or the index date were determined 
using unadjusted and adjusted conditional Poisson 
regression analysis. Several potential confounders 
were included in the adjusted risk ratio: comorbidities 
(weighted Charlson comorbidity index), cancer (defined 
as ICD-10 code C00-C97 in the patient registries within 
six months before and after covid-19 or the index date), 
surgery (before venous thromboembolism or bleeding 
and within 30 days before or during the specified 
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risk period), long term anticoagulation treatment 
(as defined by at least two filled prescriptions from 
the pharmacy within 12 months before covid-19 or 
the index date of pharmaceuticals with anatomical 
therapeutic chemical codes: B01AA, B01AB, B01AE, 
and B01AF), and a previous event in the analyses of 
recurrent events. As a sensitivity analysis to investigate 
potential residual confounding, we included the 
individual groups within the Charlson comorbidity 
index as categorical variables in the analyses (see 
supplementary tables 18-20).

The risk ratios and 95% confidence intervals of 
outcomes were determined using the g, package 
gnm version 1.1-1 in R, version 4.0.2.12 The effect 
of pandemic waves and severity of covid-19 (mild: 
not admitted to hospital; severe: admitted to 
hospital; critical: admitted to intensive care unit) 
was determined for venous thromboembolism and 
bleeding using participants who tested negative for 
SARS-CoV-2 as a baseline. We determined the risk for 
all venous thromboembolism or bleeding events (first 
or recurrent event) within 30 days after covid-19 or the 
index date and stratified across the different disease 
severity groups using controls as a baseline.

Patient and public involvement
Access to the pseudonymised historical data from 
our Swedish nationwide registries is restricted by 
law and is not publicly available. Our research 
question needed to be clear and focused to enable 
us to request the data. As our study was related to 
covid-19 research, there was an urgency for analysis. 
In addition, the learning curve to extract and analyse 
the data was steep. This study was conceived from 
an in-house perspective, and we were not funded for 
patient or public involvement, nor had we considered 
the possibility of how to involve patients or the public 
in other ways such as review of the manuscript or 
dissemination of findings. We appreciate the role of 
patients as partners in research and look forward to 
publishing future research that includes patients and 
members of the public.

results
Overall, 1 057 174 people with covid-19 (517 434 

(49%) males, 539 740 (51%) females) were reported to 
SmiNet (table 1). Mean age was 40.2 (SD 19) years. The 
dataset included 42 potential reinfections; five of these 
had the exact same date, although one year apart, 
indicating a coding error. In total, 4 076 342 matched 
control participants were identified.

covid-19 as independent risk factor
Deep vein thrombosis
During the self-controlled case series period, 1761 
participants had a first deep vein thrombosis event; 
of these 783 (44.5%) were female participants and 
978 (55.5%) male participants. Compared with the 
control period, the incidence rate ratios of a first deep 
vein thrombosis were 5.59 (95% confidence interval 
4.47 to 6.98) during the first week after covid-19 
and 7.44 (6.06 to 9.14) during the second week and 
significantly increased up to 70 days and also during 
the period before exposure to SARS-CoV-2 (−3 days 
to day 0) and in the 30 days before covid-19 (table 2, 
supplementary figure 1). The incidence rate ratio for 
deep vein thrombosis during 1-90 days after covid-19 
generally increased with age and was highest during 
the first pandemic wave in Sweden compared with the 
second and third waves. Sex did not appear to have a 
significant effect on the association between covid-19 
and deep vein thrombosis (see supplementary table 4). 
The risk appeared to be increased in patients with more 
severe covid-19 (see supplementary table 7).

In the matched cohort study, a first deep vein 
thrombosis occurred in 401 patients with covid-19 
(absolute risk 0.039%) and 267 control participants 
(absolute risk 0.007%) during the follow-up period 
(30 days) (table 1, supplementary table 10). The risk 
ratio of a first deep vein thrombosis was 4.98 (4.96 
to 5.01) during the 1-30 days after covid-19 (fig 2, 
supplementary table 10). This finding is comparable 
with an incidence rate ratio of 5.90 (5.12 to 6.80) for 
days 1-30 using the self-controlled case series method 
(table 2). This risk was further increased in patients 
with more severe covid-19 (fig 3, supplementary 
table 11) and was higher during the first pandemic 
wave in Sweden compared with the second and third 
waves (see supplementary table 12). For the matched 
cohort study of all deep vein thrombosis events (first 
and recurrent) during days 1 to 30 after covid-19 or 
the index date, 594 occurred among patients with 
covid-19 (absolute risk 0.056) and 579 among control 
participants (absolute risk 0.014; see supplementary 
table 15). The adjusted risk ratio for all deep vein 
thrombosis events after covid-19 was 4.5 (3.84 to 
5.28; see supplementary table 15).

All results remained significant even after adjusting 
for the effect of comorbidities (weighted Charlson 
comorbidity index and individual comorbidity 
groups; see supplementary tables 10 and 18), cancer 
diagnosis, surgery, and long term anticoagulation 
treatment. Long term anticoagulation treatment did 

1 February
2020

-30

Control
period

Control
period

Buffer Risk periods

25 May
2021

-3

Covid-19 Days relative to covid-19

7 14 30 60 90 180

Fig 1 | Overview of self-controlled case series study design, including risk periods, periods before exposure to sars-cov-2, and control periods. the 
covid-19 date was set as the earliest from the date of disease onset, sample date, diagnosis date, or date of report to the communicable disease 
surveillance system sminet (Public Health agency of sweden)
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not appear to protect against deep vein thrombosis (see 
supplementary table 10).

Pulmonary embolism
During the self-controlled case series period, 3267 
participants had a first pulmonary embolism. The 
incidence rate ratio of a first pulmonary embolism 
was 36.17 (31.55 to 41.47) during the first week 
after covid-19 and 46.40 (40.61 to 53.02) during 
the second week compared with the control period 
and significantly increased up to 110 days and also 
during the period before exposure to SARS-CoV-2 
(−3 days to day 0) and the 30 days before covid-19 
(table 1, supplementary figure 2). Significant effect 
modification by sex, age, and pandemic wave was 
found (see supplementary table 5). Specifically, the 
incidence rate ratios were higher in male participants 
than in female participants during the first three 
months after covid-19, and highest in the age group 

50-70 years. The incidence rate ratios for pulmonary 
embolism were highest during the first wave in Sweden 
compared with the later ones in the first two weeks after 
covid-19; however, after the acute phase the incidence 
rate ratios were higher in wave 3 compared with wave 
1 (see supplementary table 5). The risk was observed to 
be increased in participants with more severe covid-19 
(see supplementary table 8).

During days 1 to 30 after covid-19 or the index date, 
a first pulmonary embolism event occurred in 1761 
patients with covid-19 (absolute risk 0.17%) and 171 
control participants (absolute risk 0.004%) (fig 2 and 
fig 3). The risk ratio of a first pulmonary embolism 
event was 33.05 (32.80 to 33.30) (fig 2, supplementary 
table 10) in the first month after covid-19, comparable 
to an incidence rate ratio of 31.59 (27.99 to 35.63) 
using the self-controlled case series method for 
the same period (table 2). This risk was further 
increased in patients with more severe covid-19 

table 1 | characteristics of participants with covid-19 and matched control participants without covid-19 and those with a first venous 
thromboembolic or bleeding event during days 1-30 after covid-19* or index date. values are numbers (percentages) unless stated otherwise

cohorts Deep vein thrombosis Pulmonary embolism bleeding

cases (n=1 057 174)
controls 
(n=4 076 342)

cases 
(n=401)

controls 
(n=267)

cases 
(n=1761)

controls 
(n=171)

cases 
(n=1002)

controls 
(n=1292)

Mean (SD) age (years) 40.2 (19) 40.2 (19.1) 59.3 (15.5) 55.8 (17.8) 62.5 (15.3) 62.2 (18.7) 62.7 (18.4) 54.3 (19.9)
Sex:
 Men 517 434 (48.9) 2 000 973 (49.1) 244 (60.8) 140 (52.4) 1170 (66.4) 83 (48.5) 546 (54.5) 508 (39.3)
 Women 539 740 (51.055) 2 075 369 (50.913) 157 (39.2) 127 (47.6) 591 (33.6) 88 (51.5) 456 (45.5) 784 (60.7)
Died 19 073 (1.8) 13 675 (0.3) 46 (11.5) 21 (7.9) 281 (16) 22 (12.9) 195 (19.5) 83 (6.4)
Disease severity:
 Uninfected - 4 076 342 (100) - 267 (100) - 171 (100) - 1292 (100)
 Mild 999 113 (94.5) - 155 (38.7) - 239 (13.6) - 349 (34.8) -
 Hospital admission 50 279 (4.8) - 163 (40.6) - 1037 (58.9) - 467 (46.6) -
 Intensive care unit admission 7782 (0.7) - 83 (20.7) - 485 (27.5) - 186 (18.6) -
Mean (SD) wCCI score 0.81 (1.9) 0.73 (1.8) 1.57 (2.5) 1.90 (2.4) 1.48 (2.3) 2.29 (2.9) 1.98 (2.68) 1.54 (2.4)
Previous venous 
thromboembolism†

19 988 (1.9) 63 895 (1.6) - - - - - -

Previous bleeding 61 150 (5.8) 200 672 (4.9) - - - - - -
wCCI=weighted Charlson comorbidity index.
*Earliest date from date of disease onset, sample date, diagnosis date, or date of report to the communicable disease surveillance system SmiNet (Public Health Agency of Sweden).
†Event (deep vein thrombosis, pulmonary embolism, pregnancy related thrombosis, or bleeding) occurred between 1987 and day 0 (date of covid-19 or index date) for participants with 
covid-19 and between 1997 and day 0 for control participants.

table 2 | incidence rate ratios for a first deep vein thrombosis, pulmonary embolism, and bleeding after covid-19 using self-controlled case series 
(sccs)

Period (days)

Deep vein thrombosis Pulmonary embolism bleeding
no of 
events

incidence rate ratio 
(95% ci) P value

no of 
events

incidence rate ratio 
(95% ci) P value

no of 
events

incidence rate ratio 
(95% ci) P value

Control period 826 1 (ref) - 603 1 (ref) - 4499 1 (ref) -
Days:
 −30 to −4 98 1.39 (1.12 to 1.73) 0.003 157 2.76 (2.29 to 3.33) <0.001 646 1.58 (1.44 to 1.72) <0.001
 −3 to 0 89 8.71 (6.92 to 10.97) <0.001 336 39.04 (33.59 to 45.37) <0.001 305 5.06 (4.48 to 5.71) <0.001
 1 to 7 97 5.59 (4.47 to 6.98) <0.001 530 36.17 (31.55 to 41.47) <0.001 357 3.46 (3.09 to 3.87) <0.001
 8 to 14 122 7.44 (6.06 to 9.14) <0.001 641 46.40 (40.61 to 53.02) <0.001 267 2.75 (2.42 to 3.13) <0.001
 15 to 30 182 5.31 (4.44 to 6.36) <0.001 590 20.24 (17.63 to 23.23) <0.001 378 1.85 (1.65 to 2.06) <0.001
 31 to 60 146 2.59 (2.12 to 3.15) <0.001 190 4.14 (3.44 to 4.99) <0.001 501 1.49 (1.35 to 1.65) <0.001
 61 to 90 70 1.42 (1.09 to 1.85) 0.009 96 2.48 (1.95 to 3.15) <0.001 306 1.06 (0.94 to 1.2) 0.36
 91 to 180 131 1.13 (0.91 to 1.41) 0.27 124 1.40 (1.11 to 1.77) 0.005 668 1.07 (0.97 to 1.18) 0.20
Method (days 1 to 30):
 SCCS 401 5.90 (5.12 to 6.80) <0.001 1761 31.59 (27.99 to 35.63)* <0.001 1002 2.48 (2.30 to 2.68)* <0.001
 Matched cohort study 401 4.98 (4.96 to 5.01) <0.001 1761 33.05 (32.8 to 33.3)† <0.001 1002 1.88 (1.71 to 2.07)† <0.001
CI=confidence interval.
*Relative incidence (95% CI). 
†Risk ratio (95% CI). 30 day relative risk of same events calculated using adjusted conditional Poisson regression analysis in matched cohort study is shown for comparison.
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(fig 3, supplementary table 11) and was substantially 
increased in patients admitted to hospital and those 
admitted to an intensive care unit (increase of about 
140-fold and 290-fold, respectively). The risk of a first 
pulmonary embolism event was highest during the 
first pandemic wave (increase of 54-fold) compared 
with the second wave (increase of 25-fold) and third 
wave (increase of 44-fold) (see supplementary table 
13). For the matched cohort study of all events, 444 
pulmonary embolism events occurred in control 
participants (absolute risk 0.01) and 2226 in patients 
with covid-19 (absolute risk 0.21). The adjusted risk 
ratio was 34.68 (30.05 to 40.02) within 30 days after 
covid-19 (see supplementary table 16).

All results remained significant, even after adjusting 
for the effect of comorbidities (weighted Charlson 

comorbidity index and individual comorbidity groups; 
see supplementary tables 10 and 19), cancer diagnosis, 
surgery, and long term anticoagulation treatment. 
Long term anticoagulation treatment was found to be 
protective against pulmonary embolism (risk ratio 0.3 
(0.29 to 0.31); see supplementary table 10).

Bleeding
During the self-controlled case series period, 7927 
participants had a first bleeding event. The incidence 
rate ratio of a first bleeding event was 3.46 (3.09 to 
3.87) during the first week after covid-19 and 2.75 
(2.42 to 3.13) during the second week compared with 
the control period, and significantly increased up to 
60 days and also during the period before exposure to 
SARS-CoV-2 (−3 days to day 0) and the month before 

Deep vein thrombosis  (n=4 967 398)

  Negative

  Positive

Pulmonary embolism (n=4 967 398)

  Negative

  Positive
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Fig 2 | adjusted relative risks with 95% confidence intervals of a first deep vein thrombosis, pulmonary embolism, and bleeding event within 30 
days after covid-19 in matched cohort study adjusted for weighted charlson comorbidity index score, cancer, surgery, and long term anticoagulation 
treatment. total cohort consists of individuals who tested positive for sars-cov-2 and those who were not reported to the Public Health agency of 
sweden (test negative) as baseline
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Fig 3 | adjusted relative risks with 95% confidence intervals of a first deep vein thrombosis, pulmonary embolism, and bleeding event within 30 
days after covid-19 in matched cohort study adjusted for weighted charlson comorbidity index score, cancer, surgery, and long term anticoagulation 
treatment, and stratified according to disease severity using control participants who were not reported to the Public Health agency of sweden (test 
negative) as baseline. icu=intensive care unit
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covid-19 (table 2, supplementary figure 3). Moreover, 
sex, age, and pandemic wave were observed to be 
significant effect modifiers (see supplementary table 
6). Specifically, the incidence rate ratios were higher 
in male participants than in female participants 
during the first two months after covid-19, higher with 
increasing age, and higher during the first pandemic 
wave compared with the second and third waves (see 
supplementary table 6). No increased risk of bleeding 
was found in mild cases, but a noticeable increase was 
observed in more severe cases (see supplementary 
table 9).

During days 1 to 30 after covid-19 or the index 
date, a first bleeding event occurred in 1002 patients 
with covid-19 (absolute risk 0.10%) and 1292 control 
participants (absolute risk 0.04%). The risk ratio 
of a first bleeding event was 1.88 (1.71 to 2.07), 
comparable to an incidence rate ratio of 2.48 (2.30 to 
2.68) using the self-controlled case series method for 
the same period (fig 2, table 2, supplementary table 
10). In contrast with venous thromboembolic events, 
but in accordance with the SCCS analyses, the risk of 
a first bleeding event was observed not to be increased 
in patients with mild covid-19 but was further 
increased in patients with more severe covid-19 (fig 
3, supplementary table 11). In the matched cohort 
study of all bleeding events, 2370 control participants 
(absolute risk 0.06%) and 1677 patients with covid-19 
(absolute risk 0.16%) had a first or recurrent bleeding 
event during days 1 to 30 after covid-19 or the index 
date. The adjusted risk ratio was 1.9 (1.76 to 2.05) (see 
supplementary table 17).

All results remained significant even after adjusting 
for the effect of comorbidities (weighted Charlson 
comorbidity index and individual comorbidity groups; 
see supplementary tables 10 and 19), cancer diagnosis, 
surgery, and long term anticoagulation treatment. 
Long term anticoagulation treatment was associated 
with an increased risk of bleeding (risk ratio 2.37 (1.79 
to 3.14); see supplementary table 10).

discussion
This study found an increased risk of a first deep 
vein thrombosis up to three months after covid-19, 
pulmonary embolism up to six months, and a bleeding 
event up to two months, with the risk of pulmonary 
embolism in the acute phase being especially high. 
This study used a nationwide cohort consisting of all 
people who tested positive for SARS-CoV-2 regardless 
of disease severity. The risks were observed to be 
consistently increased regardless of whether a self-
controlled case series or matched cohort study 
statistical method was used.

strengths and limitations of this study
The incidence of risk during the period before exposure 
to SARS-CoV-2 (days −3 to day 0) were found to be high 
for all three outcomes, driven by an increased number 
of events at day 0. Some of the patients with these high 
risks were likely infected with SARS-CoV-2 before the 
event. However, because including day 0 in the risk 

period would introduce test bias,10 we excluded this 
day and incorporated it in the pre-exposure period. In 
addition, risks were observed to be increased during the 
buffer period (−30 to −4 days), probably because of a 
delay in testing or documentation of covid-19 diagnosis, 
or due to reverse causality (ie, nosocomial covid-19).

Furthermore, we compared the risk of outcomes 
among the different pandemic waves and found 
the incidences or risk to be higher in the first wave, 
especially during the acute phase of covid-19. This 
could be explained by improvements in the treatment 
arsenal against covid-19, especially the widespread 
use of thromboprophylaxis after the first wave. 
Additionally, we found an excess risk of outcomes 
in patients with more severe covid-19 admitted to 
hospital, but especially in those admitted to an intensive 
care unit. The rates for venous thromboembolism in 
this patient group have been shown to be high despite 
thromboprophylaxis.13

We acknowledge limitations to our study. Firstly, 
registry based information is at risk of containing 
incomplete or inaccurate data. Secondly, venous 
thromboembolism may have been underdiagnosed 
in patients with covid-19. Critically ill patients may 
be too unstable for diagnostic evaluation of venous 
thromboembolism, or the evaluation might be delayed 
owing to contagiousness issues. Furthermore, as 
registry data for control participants was limited to 
1997, events might have more often been falsely 
classified as first events in the control participants, 
possibly resulting in underestimation of the risks. 
However, overestimation of the risks might also exist 
owing to limited testing for covid-19, especially during 
the first pandemic wave. In addition, vaccine data were 
not available for our study. By week 17 (30 days before 
the end of our data), 30.3% of the population aged 
12 years or older had received their first vaccine dose 
(Swedish Public Health Agency data). The vaccines 
were prioritised for elderly people primarily, therefore 
the distribution of vaccines was increased in elderly 
age groups compared with younger age groups. As we 
found that older people have an increased risk of deep 
vein thrombosis, pulmonary embolism, and bleeding, 
it is possible that vaccine coverage provides a protective 
effect in age groups older than 50 years. Potentially this 
could partially explain why the incidence rate ratios 
were lower (at least in the acute phase) during the third 
pandemic wave. Moreover, we acknowledge residual 
confounding as a limitation to our study. However, the 
similarity of the results between the matched cohort 
study and self-controlled case series analysis, which 
controls for all confounders that might be regarded 
as fixed during the study period (thus including body 
mass index and smoking) suggests that these are not 
major confounders. Furthermore, the results remained 
unchanged when adjusting for specific comorbidities 
from the Charlson comorbidity index.

comparison with other studies
Previous studies have shown an association 
between thrombosis and infections.14 15 The risk 
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of events in our study was, however, observed to be 
much higher. This could be explained by several 
pathophysiological alterations in covid-19, such as 
a direct effect of the virus on endothelial cells,16 an 
exaggerated inflammatory response, down regulation 
of angiotensin converting enzyme 2 receptors, and 
activation of the coagulation system.17 Although 
deep vein thrombosis and pulmonary embolism 
traditionally belong in the venous thromboembolism 
spectrum of disease, the relative incidence of 
pulmonary embolism was much higher, which 
could be due to immunothrombosis (thrombosis in 
the pulmonary vessels from local inflammation).18 
The increased risk of bleeding could be related 
to endothelial dysfunction,16 coagulopathy,17 or 
disseminated intravascular coagulation.19

Our results are in line with those of similar studies 
that used the self-controlled case series method 
to determine the association between covid-19 
and thromboembolic events. A large study from 
England using electronic health records found that 
4671 patients were admitted to hospital due to 
venous thromboembolism within 28 days of testing 
positive for SARS-CoV-2, and the incidence rate ratio 
for venous thromboembolism was about 14-fold 
increased during the first two weeks, decreasing to 
an increase of about eightfold during the third week 
and threefold during the fourth week.20 Because 
the authors did not discriminate between first or 
recurrent events, nor did they differentiate between 
deep vein thrombosis and pulmonary embolism, it is 
difficult to compare the incidence rate ratios between 
their and our study. Furthermore, the English study 
only included people who were vaccinated against 
covid-19. The only other comparable nationwide self-
controlled case series study to ours is from Scotland, 
where all people who tested positive for SARS-CoV-2 
from 1 March to 5 October 2020 were included.21 
Those authors identified 179 people with deep vein 
thrombosis and 417 with pulmonary embolism during 
the study period, with incidence rate ratios increased 
by about 12-fold and 17-fold during the first week after 
covid-19, respectively. Day 0 was included in the first 
risk period, thereby the incidence rate ratios may be 
inflated as a result of test bias.10 Although the Scottish 
study found an increased relative incidence of deep 
vein thrombosis (1.77) during the period 28 to 56 days 
after covid-19 that is comparable to the finding in our 
study (2.59) in similar periods, it was not statistically 
significant. Currently, no studies have used the 
self-controlled case series method to determine the 
association between covid-19 and bleeding. However, 
a Danish study that compared the incidence of major 
bleeding between participants who tested positive for 
SARS-CoV-2 and those who tested negative, did not 
find a higher incidence for those who tested positive.22 
The Danish study did not use matched controls but 
instead included people who probably displayed 
symptoms similar to those of covid-19 but who did not 
test positive for SARS-CoV-2. Therefore, in the Danish 
study it is difficult to determine if infection with SARS-

CoV-2 increases the risk of bleeding compared with the 
background population.

conclusions and policy implications
The present findings have major policy implications. 
Our findings arguably support thromboprophylaxis 
to avoid thrombotic events, especially for high 
risk patients,23 and strengthens the importance 
of vaccination against covid-19. It remains to be 
established whether SARS-CoV-2 infection increases 
the risk of venous thromboembolism or bleeding more 
than it does for respiratory infections, such as influenza, 
but also whether the period of thromboprophylaxis 
after covid-19 should be extended. Future clinical 
research would be beneficial in this context.
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