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ARTICLE INFO ABSTRACT

Keywords: Background: The association of sex with clinical outcome risk in venous thromboembolism (VTE) is unclear.
Venous thromboembolism Objective: To investigate sex differences in clinical outcomes and anticoagulation effectiveness in VTE in the
Sex GARFIELD-VTE registry.

Clinical outcomes
Oral anticoagulation
Direct oral anticoagulant

Methods: Outcomes included all-cause mortality, VTE recurrence, major and any bleeding, myocardial infarction
(MI)/acute coronary syndrome (ACS), and stroke/transient ischaemic attack (TIA) over 3 years of follow-up.
Hazard ratios were calculated using Cox proportional hazard models with an assessment of sex interactions
with parenteral, vitamin K antagonist (VKA), and direct oral anticoagulant (DOAC) therapies.

Results: Of 10,650 patients, 5290 (49.7%) were female and 5360 were male. Females and males had comparable
ages (median [Q1-Q3]; females: 60.6 [44.0-72.9] years, males: 60.0 [48.0-70.3] years), body mass index (fe-
males: 27.6 [23.6-32.7] kg/mz, males: 27.1 [24.4-30.6] kg/mz), and anticoagulant treatment. Females had
greater risk of major (adjusted hazard ratio [95% CI (1.25 [1.01-1.55]) and any bleeding (1.32 [1.18-1.47]) than
males, but lower risk of recurrent VTE (0.82 [0.72; 0.94]), MI/ACS (0.52 [0.36-0.76]) and stroke/TIA (0.72
[0.52-0.99]). VKA-treated females had greater risk of major (1.69 [1.16-2.48]) and any bleeding (1.43
[1.18-1.73]) than VKA-treated males, while DOAC-treated females had greater risk of any bleeding (1.37
[1.17-1.61]) but not major bleeding (1.22 [0.86-1.72]) than DOAC-treated males. Sensitivity analyses excluding
patients with active cancer (N = 9752) yielded similar results.
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Conclusions: Compared with males, females with VTE have a greater risk of bleeding, but a lower risk of recurrent
VTE, MI/ACS, and stroke/TIA. Sex appears to affect the relationship between VKA and DOAC treatment and

bleeding in VTE.

1. Introduction

Venous thromboembolism (VTE), including pulmonary embolism
(PE) and deep vein thrombosis (DVT), is a major cause of morbidity and
mortality [1] VTE is linked to several risk factors, including age, obesity,
immobilisation, and active cancer [2] VTE is also associated with bio-
logical sex, with epidemiological data showing males and females have
different susceptibility to VTE at different life stages [3-7] Furthermore,
the risk of hospitalisation due to VTE and the length of hospital stay are
influenced by sex [8,9]

The impact of sex on clinical outcomes after VTE diagnosis is unclear.
Some studies have suggested that females anticoagulated for VTE have a
higher risk of major bleeding than males [10-12] In contrast, other
studies have found no association between sex and bleeding risk [13-15]
Likewise, some VTE registry data indicate no sex differences in VTE
recurrence [13,14] However, analyses of other clinical cohorts and
randomised trials have found that the male sex is associated with a
significantly higher risk of VTE recurrence [16-19]

Given these conflicting data, there is a need to re-examine the impact
of sex on clinical outcomes after VTE diagnosis. Moreover, clarity is
required on the time course of clinical outcome susceptibility in each sex
and whether anticoagulation treatments are similarly effective at
improving outcomes in male and female patients. This study used data
from The Global Anticoagulant Registry in the Field-Venous Thrombo-
embolism (GARFIELD-VTE) registry to examine the association of sex
with 3-year clinical outcome risk in VTE patients and to assess the
effectiveness and potential difference in effects by sex of baseline anti-
coagulation treatment on these outcomes.

2. Methods
2.1. Study design and participants

GARFIELD-VTE (NCT02155491) 1is an international, non-
interventional, prospective, observational registry designed to repre-
sent the real-world incidence and management of acute VTE [20] Men
and women >18 years diagnosed with VTE within 30 days of entry into
the registry were included. Registry enrolment occurred between May
2014 and January 2017 at 418 sites in 28 countries. Patients with
recurrent VTE must have completed treatment for the previous VTE
episode. Those with superficial vein thrombosis, participants in an
interventional study, or those with missing or inconsistent endpoint
records were excluded. VTE patients were managed according to local
practices. Decisions to initiate, continue, or change treatment were at
the discretion of the treating physicians and their patients.

2.2. Selection of study sites

The national coordinating investigator identified the care settings
most representative of VTE management in their country. The contract
research organisation provided a list of sites that reflected these care
settings, before contacting a random sample from the list. Sites that
agreed to participate were recruited after a qualification telephone call.
The investigator was required to complete a program providing guid-
ance on patient screening, enrolment, and follow-up in the registry.

2.3. Data source

Patient data were collected using an electronic case report form
(eCRF) submitted to the coordinating centre (Thrombosis Research

Institute, London, UK). The coordinating centre was responsible for
ensuring the completeness and accuracy of data collection. The registry
protocol mandated that 10 % of all eCRFs were verified with source
documentation, that electronic audit trails were available for all data
modifications, and that critical variables were subjected to additional
audits. The data were extracted from the study database on October 14,
2020.

2.4. Ethics statement

The registry was conducted in accordance with the Declaration of
Helsinki and guidelines from the International Conference on Harmo-
nisation on Good Clinical Practice (GCP) and Good Pharmaco-
epidemiological Practice (GPP). The registry protocol was approved
by independent ethics committee for each participating country and the
hospital-based institutional review board. All patients provided written
informed consent to participate. Confidentiality and anonymity of pa-
tients were maintained.

2.5. Clinical outcomes

The primary outcomes were all-cause mortality, recurrent VTE,
major bleeding, any bleeding, myocardial infarction (MI)/acute coro-
nary syndrome (ACS), and stroke/transient ischaemic attack (TIA). We
also assessed the interaction for the primary outcomes between sex and
the following anticoagulation treatments: parenteral therapy, vitamin K
antagonist (VKA) therapy, and direct oral anticoagulation (DOAC)
therapy.

2.6. Definitions

Recurrent VTE was defined as a confirmed diagnosis of VTE after
completion of treatment for a prior VTE event. Major bleeding was
defined as clinically overt bleeding at a critical site, a decrease in hae-
moglobin (>2 g/dL), transfusion of >2 units of packed red blood cells, or
a fatal bleed [21] Non-major bleeding was defined as overt bleeding that
did not meet the criteria for major bleeding. Patients diagnosed with or
treated for cancer <90 days before VTE diagnosis or <30 days after VTE
diagnosis were classified as having active cancer. History of cancer was
defined by the patient being in remission or having not received cancer
treatment within 90 days before VTE diagnosis. Renal insufficiency was
defined as stage III-V chronic kidney disease in patients with a
glomerular filtration rate of <60 mL/min/1.73 m? calculated with an
equation from the Modification of Diet in Renal Disease study [22]

2.7. Statistical analyses

Continuous data were presented as median values with first and third
quartiles. Categorical data were presented as frequency and percentage.
Primary outcome event rates at 3-year follow-up were calculated per
100 person-years with the 95% confidence interval (CI) using Poisson
regression. Time-to-event analyses of clinical outcomes were performed
with Cox proportional hazards models and reported as hazard ratios
(HRs) and their corresponding 95% Cls. Analyses were conducted both
unadjusted and adjusted for the following covariates: age, ethnicity,
body mass index (BMI), recent bleeding/anaemia, chronic heart failure,
chronic immobilisation, active cancer, thrombophilia, prior VTE event,
renal insufficiency, and treatment type. Differences in clinical outcomes
were also examined using cumulative incidence curves considering all-
cause mortality as a competing risk. The interactions of sex with OAC
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therapies were added to explore potential differences in treatment ef-
fects for females versus males.

Patients were assumed to have consistent adherence to therapy type
from baseline until treatment completion or discontinuation. Discon-
tinuation for >7 days was considered permanent discontinuation of
treatment. Interactions of sex by treatment (VKA, DOAC, or parenteral
only) on clinical outcomes were also assessed using Cox proportional
hazard models. Two sensitivity analyses were performed; the interaction
model of all outcomes was repeated following the exclusion of patients
with active cancer and the interaction model of bleeding was repeated
after exclusion of female-specific bleeds. A secondary analysis was also
conducted that observed the rate of recurrent VTE in patients with
unprovoked VTE after discontinuing anticoagulation. This was deter-
mined using adjusted and unadjusted Cox proportional hazards models
as above, but with time zero as time at anticoagulant discontinuation.
For the multivariable models, there were some missing data in the age,
BMI, and anticoagulation variables, which were treated using multiple
imputations. Analyses were performed using SAS® Enterprise Guide
version 8.2 (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Patient characteristics and baseline treatment patterns

Of the 10,864 patients enrolled in the registry (Figure S1), after
exclusion of 185 patients with unconfirmed VTE and 29 with inconsis-
tent data reporting, a total of 10,650 were included in the analysis (5360
males and 5290 females).

Baseline patient characteristics are shown in Table 1. Male and fe-
male patients had similar median age and BMI. The proportion of cur-
rent smokers was greater in males (22.4%) than females (9.6%). The
proportions of care setting and care specialty types at VTE diagnosis
were similar between males and females. The median creatinine clear-
ance rates and haemoglobin levels in male and female patients were
within the expected levels, with males having slightly higher values. The
median platelet levels were also similar between male and female pa-
tients, as were the international normalised ratios. The relative pro-
portions of patients with primary diagnosis of DVT, PE, or DVT and PE
were similar, as was the site of DVT, the balance of unilateral and
bilateral DVT, and the type of lower limb DVT. Male and female patients
had comparable baseline prescription rates for lone parenteral, VKA, or
DOAC therapies, as well as combinations of parenteral agents with VKAs
or DOAGs.

3.2. Risk factors for VTE in male and female patients

In male and female patients, the most common risk factor for VTE
was a prior episode of DVT or PE (Table 2). Female patients had a recent
bleeding event or anaemia, experienced chronic immobilisation, or had
a previous cancer diagnosis more commonly than male patients. Male
patients had a slightly greater prevalence of renal insufficiency and prior
episodes of DVT or PE.

3.3. Clinical outcomes after 3-year follow-up from VTE diagnosis

In the unadjusted analyses, female VTE patients had higher event
rates of major bleeding and any bleeding than male patients (Table 3).
Conversely, female patients had lower rates of recurrent VTE and MI/
ACS. After adjustment for confounding factors, female patients had a
lower risk of recurrent VTE (adjusted HR [95% CI]; 0.82 [0.72; 0.94]),
MI/ACS (0.52 [0.36; 0.76]), and stroke/TIA (0.72 [0.52; 0.99])
compared with male patients (Fig. 1). Females had a greater risk of
major bleeding (1.25 [1.01; 1.55]) and any bleeding (1.32 [1.18; 1.47])
than males. The causes of major bleeding and minor bleeding were
similar between male and female patients, as were the distribution of
bleeding sites, except for female-specific sites (metrorrhagia and

Table 1
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Baseline patient characteristics.

Covariate

Male N = 5360

Female N = 5290

Age, median (Q1; Q3)

BMI, median (Q1; Q3)

Ethnicity n (%)

Asian

Black

Caucasian

Multi-racial

Unwilling to declare/other/
unknown

Smoking status n (%)

Never smoker

Ex-smoker

Current smoker

Region n (%)

Europe

Asia

North America/Australia

Latin America

Africa/Middle East

Care setting n (%)

Hospital

Outpatient

Care specialty n (%)

Vascular medicine

General practitioner

Internal medicine

Emergency medicine

Cardiology

Creatinine clearance,

median Cockroft Gault (Q1;

Haemoglobin,

median g/dL (Q1; Q3)
Platelets,

Median 10%/L (Q1; Q3)
INR* n (%)
<1.5
1.5-<2.0
2.0-3.0
>3.0
Primary diagnosis n (%)
Deep Vein Thrombosis (DVT)
Pulmonary Embolism (PE)
DVT and PE
Site of DVT n (%)
Upper limb
Lower limb
Cava vein (inferior)
Cava vein (superior)
Site of DVT:

unilateral or bilateral n (%)
Left
Right
Both
Type lower limb DVT n (%)
Distal
Proximal
Both Distal and Proximal
Baseline treatment n (%)
Parenteral therapy only
VKA only
DOAC only
Parenteral therapy + VKA
Parenteral therapy + DOAC
Other AC
No AC treatment

60.0 (48.0;,70.3)
27.1 (24.4;30.6)

851 (16.8)
177 (3.5)
3706 (73.2)
25 (0.5)
302 (6.0)

2310 (44.9)
1683 (32.7)
1151 (22.4)

3201 (59.7)
771 (14.4)
759 (14.2)
162 (3.0)
467 (8.7)

3934 (73.4)
1426 (26.6)

2413 (45.0)

195 (3.6)

2336 (43.6)

140 (2.6)

273 (5.1)

97.9 (71.0;127.2)
Q3)

14.0 (12.4;15.0)

220.0 (175.0;276.0)

3446 (85.8)
251 (6.3)
229 (5.7)
89 (2.2)

3291 (61.4)
1174 (21.9)
895 (16.7)

239 (5.7)
3869 (92.6)
47 (1.1)

25 (0.6)

2153 (51.5)
1761 (42.2)
262 (6.3)

1295 (33.9)
1407 (36.8)
1120 (29.2)

817 (15.4)
301 (5.7)
1698 (32.1)
1442 (27.2)
895 (16.9)
47 (0.9)

93 (1.8)

60.6 (44.0;,72.9)
27.6 (23.6;32.7)

1109 (22.3)
292 (5.9)
3223 (64.8)
31 (0.6)
317 (6.4)

3989 (78.1)
627 (12.3)
493 (9.6)

2779 (52.5)
1041 (19.7)
676 (12.8)
218 (4.1)
576 (10.9)

3863 (73.0)
1427 (27.0)

2362 (44.7)

184 (3.5)

2280 (43.1)

135 (2.6)

327 (6.2)
87.2(61.0;120.5)

12.2(10.9;13.5)

244.0 (194.0;308.0)

3360 (85.1)
256 (6.5)
227 (5.7)
105 (2.7)

3277 (61.9)
1274 (24.1)
739 (14.0)

195 (4.8)
3742 (93.3)
53 (1.3)

24 (0.6)

2221 (55.3)
1509 (37.6)
282 (7.0)

1368 (36.9)
1368 (36.9)
974 (26.3)

971 (18.7)
316 (6.1)
1620 (31.1)
1317 (25.3)
818 (15.7)
63 (1.2)

96 (1.8)

*Only applicable to patients treated with VKA therapy. BMI: body mass index,
INR: international normalized ratio, VKA: vitamin K antagonist, DOAC: direct
oral anticoagulant, AC: anticoagulant.

menorrhagia, Table S1). In a sensitivity analysis with exclusion of
female-specific sites, there were no differences in the rates or adjusted 3-
year risk of major or any bleeding between female and male patients

(Table S2).
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Table 2
Baseline provoked and unprovoked venous thromboembolism risk factors.

Risk factor* Male N =5360  Female N = 5290
Acute medical illness 300 (5.6) 305 (5.8)
Hospitalisation 620 (11.6) 672 (12.7)
Long-haul travelling 282 (5.3) 243 (4.6)
Trauma of the lower limb 439 (8.2) 388 (7.3)
Surgery 643 (12.0) 683 (12.9)
Active cancer 425 (7.9) 473 (8.9)
Pregnancy 0 (0.0) 192 (3.6)
Recent bleed or anaemia 126 (2.4) 244 (4.6)
Chronic heart failure 171 (3.2) 164 (3.1)
Chronic immobilisation 254 (4.7) 355 (6.7)
Family history of VTE (first degree relatives) 318 (5.9) 330 (6.2)
History of cancer 552 (10.3) 629 (11.9)
Known thrombophilia 159 (3.0) 156 (2.9)
Oral contraception 0 (0.0) 529 (10.0)
Prior episode of DVT and/or PE 881 (16.4) 732 (13.8)
Renal insufficiency 224 (4.2) 163 (3.1)

*Not mutually exclusive categories. VTE: venous thromboembolism, DVT: deep
vein thrombosis, PE: pulmonary embolism.

Table 3
Event rates of clinical outcomes stratified by sex.

Outcome Sex No. of events Rate (95% CI)

All-cause mortality Female 591 4.54 (4.19, 4.92)
Male 568 4.27 (3.93, 4.64)
Recurrent VTE Female 568 3.74 (3.41, 4.09)
Male 470 4.27 (3.93, 4.64)
Major bleeding Female 208 1.64 (1.43, 1.88)
Male 155 1.18 (1.01, 1.38)
Any bleeding Female 758 6.57 (6.11, 7.05)
Male 583 4.73 (4.37, 5.14)
MI/ACS Female 46 0.36 (0.27, 0.47)
Male 83 0.63 (0.51, 0.78)
Stroke/TIA Female 67 0.52 (0.41, 0.66)
Male 91 0.69 (0.56, 0.85)

Event rates are per 100 person-years, presented with 95% confidence interval
(CD. VTE: venous thromboembolism, MI: myocardial infarction, ACS: acute
coronary syndrome, TIA: transient ischaemic attack.
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3.4. Time to primary outcome event analysis across 3-year follow-up

Fig. 2 shows the cumulative incidences of clinical outcomes over
three years in female and male VTE patients. There was no sex-based
difference during the first year for MI/ACS and the first two years for
recurrent VTE and stroke/TIA. A greater incidence in males appeared in
the later follow-up periods (Fig. 2a, 2d, 2e). In contrast, 30 days after
enrolment, approximately 0.9% of female patients and 0.4% of male
patients had a major bleeding event, which increased in disparity until
the end of follow-up (3.8% in females, 2.3% in males) (Fig. 2b). A
similar trend was seen in the combination of any bleeding event, with a
cumulative incidence in female patients at 30, 90, and 180 days, and 1,
2, and 3 years of 3.4%, 6.6%, 9.0%, 11.4%, 11.6%, and 14.7%,
respectively (Fig. 2¢).

3.5. Interaction of sex with anticoagulation therapy in VTE

Female VTE patients who received parenteral anticoagulation
treatment were less likely to have a recurrent VTE (adjusted HR [95%
CI]; 0.69 [0.50; 0.95]) or a MI/ACS event (0.36 [0.14; 0.89]) than male
patients on the same treatment (Fig. 3). The difference in risks for fe-
males versus males varied little when treated with VKA versus DOAC
therapies for the outcomes of any bleeding and MI/ACS (interaction p-
values = 0.75 and 0.90, respectively). Compared with males on the same
treatment, female patients treated with VKA therapy had a greater risk
of major bleeding (1.69 [1.16; 2.48]). Similarly, female patients treated
with VKA (1.43 [1.18; 1.73]) or DOAC therapy (1.37 [1.17;1.61]) had a
greater risk of any bleeding than males on the same treatment. A sig-
nificant interaction was found for major and any bleeding outcomes
when comparing the difference in sex-based risks for VKA versus
parenteral anticoagulants (interaction p = 0.023, 0.026, respectively).
There was no difference in females versus males who received parenteral
therapy (major bleeding: 0.90 [0.60; 1.33], any bleeding: 0.99 [0.76;
1.29]). However, no differences in bleeding risk for females versus males
remained once female-specific bleeding sites were excluded (Table S3).

In another sensitivity analysis excluding patients with active cancer
(N = 9752), the greater risks of major bleeding and any bleeding in
females treated with VKA were maintained, as was the reduced risk of

|

All-cause mortality F—e—i 0.93 (0.83, 1.05) P=0.227
|
|
|

Recurrent VTE —— } 0.82 (0.72, 0.94) P<0.001
|
|
. ' |

Major bleeding I 2 ! 1.25 (1.01, 1.55) P=0.041
|
|
) |

Any bleeding | —e— 1.32 (1.18, 1.47) P<0.001
|
|

Myocardial Infarction / ACS ——H } 0.52 (0.36, 0.76) P<0.001
|
|

Stroke / TIA | 0.72 (0.52, 0.99) P=0.044

T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Hazard ratio for females on clinical outcomes
(versus males as reference category)

Fig. 1. Clinical outcome risks in female venous thromboembolism (VTE) patients relative to male patients. Results are shown as forest plots with adjusted hazard
ratio and 95% confidence interval for each outcome after 3-year follow-up from VTE diagnosis. Values greater than one indicate an increase of the hazard rate of
females over males (reference group). Hazard ratios were adjusted for age, ethnicity, body mass index, recent bleeding/anaemia, chronic heart failure, chronic
immobilisation, active cancer, thrombophilia, prior VTE event, renal insufficiency, and treatment type. ACS: acute coronary syndrome; TIA, transient ischemic attack.
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Fig. 2. Cumulative incidence of male and female venous thromboembolism (VTE) patients with a clinical outcome with mortality as a competing risk throughout 3-
year follow-up. Data are presented as cumulative incidence curves stratified by female (red) and male (blue) patients with follow-up time on the x-axes (in days) for
recurrent VTE (a), major bleeding (b), any bleeding (c), myocardial infarction (d), and stroke/transient ischaemic attack (TIA) (e).
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Recurrent VTE: VKA
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HRs with 95% ClIs for 3-year outcomes after VTE diagnosis between females and males (reference

group) in patients who received each treatment.

Fig. 3. Clinical outcome risks in female venous thromboembolism (VTE) patients relative to male patients according to baseline anticoagulation treatment type.
Results are shown as forest plots with the adjusted hazard ratio (HR) and 95% confidence interval (CI) for each outcome and treatment type after 3-year follow-up
from VTE diagnosis. Values greater than one indicate an increase of the hazard rate of females over males (reference group) on the same anticoagulation treatment.
Hazard ratios were adjusted for age, ethnicity, body mass index recent bleeding/anaemia, chronic heart failure, chronic immobilisation, active cancer, thrombo-
philia, prior VTE event, and renal insufficiency. P-values express the interaction of sex with VKA versus either DOAC or parenteral therapy. VKA: vitamin K
antagonist, DOAC: direct oral anticoagulant, ACS: acute coronary syndrome; TIA, transient ischemic attack.

MI/ACS in female patients treated with a parenteral anticoagulant incidence of VTE recurrence after anticoagulant discontinuation was not

(Table S4).

3.6. Unprovoked VTE

significantly different between male and female patients (events per
100-person years; males: 4.64 [3.73; 5.78] vs. females: 4.73 [3.78;
5.94]). Additionally, the unadjusted and adjusted risk of VTE recurrence
after anticoagulant discontinuation was not different in females and

In patients with an unprovoked index VTE episode (N = 4068), the males (unadjusted HR: 0.99 [0.72; 1.36]; adjusted HR: 1.02 [0.74;

v
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1.31D).
4. Discussion

We found that female VTE patients have a greater risk of major and
any severity bleeding than male patients, but a reduced risk of recurrent
VTE, MI/ACS, and stroke/TIA. These differential risks were evident at
all stages of follow-up and were independent of VTE risk factors and
anticoagulation treatment, except the use of parenteral therapy and
bleeding. Of interest, female VTE patients who received VKA therapy
had a greater risk of major bleeding than male patients on the same
treatment, while the association became nonsignificant between sex and
major bleeding for patients on DOACs and significantly different with
parenteral therapy. These findings suggest that biological sex influences
the susceptibility to clinical outcomes and the effectiveness of anti-
coagulation therapies in VTE patients.

4.1. Bleeding risk is greater in female VTE patients

By the end of the 3-year follow-up, 3.9 % of female VTE patients
experienced a major bleeding event, which was lower than the 9.2 %
rate from the Japanese COMMAND VTE registry and 12% from Amer-
ican Worcester VTE study [14,23] Despite the relatively low incidence,
major bleeding occurred more frequently in female patients than male
patients, with the disparity emerging within 30-60 days and widening
throughout the follow-up. Adjusted hazard models showed female pa-
tients had a 25% greater risk of major bleeding over 3 years, consistent
with meta-analyses indicating a 20-37% increased risk for females with
VTE [11,12,15] This contrasts with the non-significant sex difference in
bleeding risk in the Japanese COMMAND VTE registry [14] However,
the sex-based difference in bleeding is dependent on inclusion of
female-specific ~metrorrhagia and menorrhagia; removal of
female-specific bleeding sites made the association non-significant. This
is consistent with the Italian START-Register, which only found a sig-
nificant sex-based difference in bleeding when vaginal/uterine sites
were included in analysis [24] In our view, this secondary finding does
not detract from the finding of the main analysis that females with VTE
have greater bleeding risk. By ignoring female-specific bleeding, we
would fail to capture the bleeding risks in real-world female VTE pa-
tients. Instead, our findings suggest that approaches that mitigate
bleeding at female-specific sites while also providing anticoagulation
should be used in female VTE patients.

4.2. Sex differences in VTE recurrence

Sex has been inconsistently associated with VTE recurrence. Meta-
analyses of randomised trials show no difference between females and
males [11,12] However, a meta-analysis inclusive of cohort studies and
randomised trials suggests that males have a 1.8-fold greater risk [16]
Our real-world data aligns with the latter, with male patients having a
nearly 20% greater VTE recurrence risk over the 3-year follow-up than
female patients [25] Interestingly, males had a greater risk of VTE
recurrence despite having an overall lower prevalence of persistent
VTE-provoking risk factors compared with females. This might suggest
that male VTE patients are inherently more susceptible to VTE recur-
rence than female patients. However, when our analysis was limited to
patients with an unprovoked index VTE event who had stopped anti-
coagulant therapy, there was no difference in VTE recurrence risk. This
contrasts with a 2.8-fold greater risk of VTE recurrence in males with an
unprovoked index VTE event than in females in the Leiden Thrombo-
philia study [17]; although this population was considerably younger,
had a longer median follow-up period than our study, and women on
hormonal treatment were not excluded.

Taken together, our findings support the inclusion of sex in VTE
recurrence risk stratification, as proposed by the sex-specific AIM-SHA-
RP VTE recurrence scores [26], while also providing a rationale for
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further pre-clinical and clinical research into the inherent VTE recur-
rence risks in male and female VTE patients. Given the lower VTE
recurrence risk but higher bleeding risk in females, our findings also
establish rationale for further research into the role of sex in anticoag-
ulant decision making, including whether males and females are better
suited to certain anticoagulant types, anticoagulant doses, or short- and
long-term treatment durations.

4.3. Female VTE patients have a lower risk of MI and stroke

In addition to sex differences in bleeding and VTE recurrence, we
found that female patients have a nearly 50% lower risk of MI/ACS risk
and a 28% lower risk of stroke/TIA. Limited research exists on sex dif-
ferences in MI and stroke risk among VTE patients. One study from
Taiwan found males with unprovoked VTE had a 35% higher risk of
adverse cardiovascular events, including ACS and stroke [27]. Another
study reported that VTE increases the MI and stroke risk in female pa-
tients over 65, but not in males [28]. This suggests that sex influences MI
and stroke risk, though not entirely consistent with our results. Further
research is needed to clarify sex-related risks for arterial thrombotic
events, especially in ageing VTE patients. Nonetheless, our findings
indicate sex differences in MI and stroke, as well as bleeding and VTE
recurrence, in a real-world VTE patient population.

4.4. Sex-based differences in outcome risk on anticoagulation therapies

The collation of data from randomised trials suggests that a patient’s
sex affects the association of edoxaban with bleeding risk [11]. Simi-
larly, we show here that VKA-treated female patients have a nearly 70%
greater risk of major bleeding than VKA-treated male patients. Only
female patients on parenteral therapy, and not those on VKA or DOAC
therapy, were afforded protection against recurrent VTE or MI/ACS
when compared with males on the same therapy. This suggests that sex
might be a determinant of the effectiveness of anticoagulant therapy. By
extension, it suggests that sex should inform anticoagulation therapy
decision-making. Further research in the form of a randomised trial or
appropriately weighted comparative effectiveness observational study is
required to appropriately evaluate the effect of sex on specific DOAC
types for VTE management.

4.5. Limitations

Our study has several limitations. Firstly, we analysed data from an
observational registry where the attending clinicians decided on patient
enrolment and on VTE management, introducing potential selection
bias. In particular, patients enrolled in the registry have been more likely
to receive a novel anticoagulant, such as a DOAC, rather than older
therapies like VKAs or parenteral agents. Secondly, we did not stratify
patients according to DOAC type because rivaroxaban made up over
75% of DOAC prescriptions in GARFIELD-VTE [29]. Therefore, we
cannot discount whether the results of our study are due to the differ-
ential effects of a specific DOAC therapy. Finally, we did not perform
genetic profiling of our population. Hence, it is possible that the uneven
distribution of genetic mutations known to be associated with sex-based
outcomes in VTE, such as factor V Leiden or prothrombin 20210G-A
mutations, influenced the results of our study [30]

5. Conclusion

Sex is associated with clinical outcomes in an international popula-
tion of VTE patients. Female VTE patients have a greater risk of major
bleeding from over 3 years of follow-up, with a parallel lower risk of
recurrent VTE, MI/ACS, and stroke/TIA. Further research is required to
determine why sex influences clinical outcomes in VTE patients and to
determine how consideration of a patient’s sex should guide VTE
management.
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