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Abstract

Background: Previous studies have shown conflicting results regarding the influence of cardiovascular risk-factors
on venous thromboembolism. This study aimed to determine if these risk-factors, i.e. physical activity, smoking,
hypertension, dyslipidaemia, and diabetes, were associated with the risk of venous thromboembolism, and to
determine if these associations were confounded by BMI.

Methods: We used data from the E3N cohort study, a French prospective population-based study initiated in 1990,
consisting of 98,995 women born between 1925 and 1950. From the women in the study we included those who
did not have prevalent arterial disease or venous thromboembolism at baseline; thus 91,707 women were included
in the study. Venous thromboembolism cases were self-reported during follow-up, and verified via specific mailings
to medical practitioners or via drug reimbursements for anti-thrombotic medications. Hypertension, diabetes and
dyslipidaemia were self-reported validated against drug reimbursements or specific questionnaires. Physical activity,
and smoking were based on self-reports. Cox-models, adjusted for BMI and other potential risk-factors were used to
determine hazard ratios for incident venous thromboembolism.

Results: During 1,897,960 person-years (PY), 1, 649 first incident episodes of thrombosis were identified at an
incidence rate of 0.9 per 1000 PY. This included 505 cases of pulmonary embolism and 1144 cases of deep vein
thrombosis with no evidence of pulmonary embolism. Hypertension, dyslipidaemia, diabetes, smoking and physical
activity were not associated with the overall risk of thrombosis after adjustment for BMI.

Conclusions: Traditional cardiovascular risk factors were not associated with the risk of venous thromboembolism
after adjustment for BMI. Hypertension, dyslipidaemia and diabetes may not be risk-factors for venous
thromboembolism.
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Introduction

Venous thromboembolism (VTE) is a multifactorial con-
dition resulting from the formation of blood clots in the
deep veins (deep vein thrombosis, DVT), or their migra-
tion to the lungs (pulmonary embolism, PE). Mortality
rate estimates for the European Union give 500,000
VTE-related deaths per year [1]. VTE is considered a
major global health burden, and a leading cause of lost
disability-adjusted life years [2]. Established risk factors
for VTE include long hospitalisations, surgery [3], and
cancers [4]. Family history of VTE, non-O blood groups,
and treatments such as menopausal hormone therapy
(MHT) also increase the risk of VTE [5].

It is currently poorly understood how cardiovascular
risk-factors contribute to VTE risk. Many common
cardiovascular risk factors have been associated with
VTE in meta-analyses including obesity, type 2 diabetes,
smoking, non-O blood group, and high triglyceride
concentrations [6, 7]. However, these associations are
heterogeneous between studies [8, 9]. For example a re-
cent cross-sectional study observed a positive association
between hypertension and VTE [10]. However, a meta-
analysis found that blood pressure was inversely associ-
ated with the risk of VTE [11], and a prospective study
utilising time-varying covariates found no association
[12]. Previous studies have failed to account for female
specific risk-factors for VTE, such as parity, and the use
of MHT [9]. As BMI is a major risk-factor for many of
these conditions, it is possible that previous estimates
not accounting for BMI are biased, and that common
CVD risk-factors are not directly associated with the risk
of VTE.

In this work, we aimed to explore the relationship
between cardiovascular risk factors and VTE, in a large
prospective study of middle-age, and older women
controlling for specific female risk-factors for VTE. The
hypothesis was that any associations between arterial
risk-factors and VTE were confounded by BML

Methods

Study cohort

The E3N (Etude Epidémiologique aupres de femmes de
la Mutuelle Générale de 'Education Nationale (MGEN))
cohort study was set up in 1990, and included 98,995
women born 1925-1950 and affiliated to the MGEN, a
health insurance plan for workers in the education sys-
tem and their spouses. The objective was to identify risk
factors for cancer and chronic conditions in women. In
1990, participants signed an informed consent form in
accordance to the French National Commission for Data
Protection and Privacy. Part of this study is the French
component of the European Prospective Investigation
into Cancer (EPIC) [13].
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Participants were asked every 2-3years to complete
self-administered questionnaires to provide and update
medical events and lifestyle (1990, 1992, 1993, 1995,
1997, 2000, 2002, 2005, 2008, and 2011). The baseline
for the current study was the date the participants an-
swered the 1992 questionnaire. Participants were ex-
cluded from this study if they had stroke, coronary heart
disease, cancer, death (17 =6452), or VTE (1 =390) be-
fore 1992. We excluded 721 participants with no re-
ported baseline body mass index (BMI). The final study
population included 91,707 women.

Assessment of venous thromboembolism cases

Non-fatal incident VTE cases were identified from self-
reports in the follow-up questionnaires sent to the study
participants after baseline. Before the 2008 question-
naire, participants were asked to report VTE events
(without distinguishing between deep and superficial
VTE) as yes/no, and the corresponding date, or pulmon-
ary embolism (PE) and the corresponding date. From
2008 on, questionnaires were specific for DVT or PE,
asking participants not to report superficial VTE. A
flow-chart of case identification is presented in the sup-
plementary material (sup. Fig. 1). All cases were consid-
ered validated, either by imaging procedures, or by
reimbursement for anti-thrombotic medications follow-
ing the event.

When participants reported VTE or PE events in the
2005 or preceding questionnaires, they were contacted
via another letter, whereby they were asked to provide
medical documents relating to the event. In addition, a
questionnaire including information on potential predis-
posing factors (including surgeries, immobilisation over
8 days, cancers, long voyages on airplanes, or other fac-
tors) for thrombosis and characteristics of the event was
sent to the medical doctors who followed these partici-
pants, permitting classification of the events as primary
or secondary. To be validated, clinical events had to be
diagnosed using an imaging procedure. PE was defined
as the presence of either a positive pulmonary angiog-
raphy or a positive helicoidal computed tomography or a
high-probability ventilation/perfusion lung scan. DVT
had to be diagnosed by use of compression ultrasonog-
raphy or venography.

For DVT/PE identified from the 2008 and 2011 ques-
tionnaires, we confirmed that cases were associated with
a relevant antithrombotic prescription (Heparin, Tinza-
parin, Fragmin, Fraxiparin, Enoxaparin, Acénocoumarol,
Fluindione, Warfarin, Dabigatran, Rivaroxaban, or Apix-
aban) at least twice in the year following the VTE using
the MGEN database. Self-reported cases that were not
validated with anti-thrombotic medications were not
considered as valid cases. We cross-referenced self-
reported VTE with self-reported hospital admissions, to
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determine if there was any associated cancer, immobil-
isation, hospitalisation, surgery (e.g. hip and knee surger-
ies), or trauma, which would indicate a secondary VTE.
All other cases were considered a primary event with no
obvious cause.

Fatal cases were identified from national death regis-
ters using International Classification of Diseases (ICD)
-9 (codes 4151 and 4539) and ICD-10 (codes 126.0 and
126.9).

Amongst the 91,711 participants in the study, 1443
incident first cases of VTE were identified during follow-
up (1992-2005) as previously described [14], and a
further 1277 identified from in 2008 and 2011. Cases of
superficial and upper extremity VT (n =848) and cases
for which the type could not be determined (n =223)
were not considered. As a result, 1649 incident cases of
VTE consisting of 505 cases of PE and 1144 cases of
DVT with no evidence of PE were considered.

Assessment of cardiovascular risk factors
All cardiovascular risk factors considered were updated
at each questionnaire cycle for this study.

During the study period, women were asked if they
had received a diagnosis of hypertension that required
treatment in all questionnaires. In 2004, a drug reim-
bursement database became available for women in the
study. Previously we have observed an 82% positive
predictive value/agreement from self-reports when cross
correlating with the drug reimbursement database for
antihypertensive medications. (Anatomical Therapeutic
Chemical Classification System codes C02, C03, C07,
C08, and C09).

Type-2 diabetes cases were based on self-reports,
which were then validated through a specific question-
naire mailed to women having reported type-2 diabetes,
confirming either elevated glucose concentration at diag-
nosis (fasting >7.0 mmol/l or random glucose =11.1
mmol/l), treatment with diabetes drugs, and/or fasting
glucose or HbAlc=7%,(53.0 mmol/mol), respectively
[15]. Cases occurring after 2004 were identified using
the MGEN reimbursement database. All women reim-
bursed for glucose lowering medications at least twice in
a given year were classified as having type-2 diabetes.

Dyslipidaemia was self-reported at baseline, and at all
follow up questionnaires. Participants in the study were
asked if they had received a diagnosis of abnormal chol-
esterol from their doctor, or if they required treatment
to control their cholesterol. Participants who did not
provide information on dyslipidaemia were classified as
unknown. The use of lipid-lowering medications was
accounted for from 2004 onwards, using the MGEN
database. Prior to 2004, statin use was considered un-
known. As a secondary analysis, due to potential effects
of statins on VTE risk, we considered the combination
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of self-reported dyslipidaemia, as well as statin reim-
bursement as ‘treated dyslipidaemia’. Separate classes
were also created for ‘reported dyslipidaemia and no sta-
tin reimbursement’ and ‘no reported dyslipidaemia and
statin reimbursement’.

We assessed usual physical activity from question-
naires that included questions on the time spent walking
(to work, shopping, and leisure time), cycling (to work,
shopping, and leisure time), housework, and sports activ-
ities. Metabolic equivalents (METs) per week were esti-
mated by multiplying the hourly average METs for each
item based on values from the Compendium of Physical
Activities [16] by the reported activity duration. Physical
activity was split into three tertiles depending on the
population distribution. Blood ABO group and smoking
were based on self-reports, and at each questionnaire
participants were classified as smoker, ex-smoker, or
never smoker.

Assessment of adjustment variables

Self-reported height and weight were used to calculate
body mass index (BMI), defined as weight (kg) divided
by squared height (m?). In the cohort, self-reported an-
thropometry is considered reliable from a validation
study [17].

Use of MHT was assessed using a booklet containing
photos of all types of oestrogens and progestogens, as
previously described [14]. Age at, and type of menopause
was defined as either (in decreasing order of priority)
age at last menstrual period, age at bilateral oophorec-
tomy, self-reported age at menopause, age at start of
MHT, or the age at the start of menopausal symptoms.
If unavailable, the median age at menopause for the co-
hort (51 years for natural menopause, 47 years for artifi-
cial menopause) was imputed. Women were considered
menopausal at baseline if any of these events occurred
before the start of follow-up. Parity was based on self-
reports. Family history of cardiovascular disease (stroke
or coronary disease in either parent) was based on self-
reports. Incident fractures, cancers, heart attacks, and
strokes occurring during follow-up were based on cases
validated by specific questionnaires to the women and
their practitioners.

Statistical analysis

As risk-factor status can change over time, we updated
values in modelling using information from follow-up
questionnaires, similar to the method used by Wattana-
kit et at [12], i.e. the dataset contained multiple rows for
each participant. If a participant reported hypertension,
diabetes, or dyslipidaemia in one questionnaire, they
were considered to have this condition for the remainder
of follow-up.
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Outcomes considered were the first VTE, then the first
PE, or DVT; and then models considered the status of
the event, i.e. primary VTE, and secondary VTE. In
order to account for competing events when considering
the specific types of VTE, the other types of VTE were
censored from the analysis at the time of the competing
event.

Potential confounders were selected with the help of
directed acyclic graphs (supplementary Fig. 2). Risk-
factors were assessed one by one, (i.e. we did not mutu-
ally adjust for hypertension, diabetes and dyslipidaemia),
using Cox proportional hazard models with age as the
time-scale in order to account for the effect of age.
Models were initially assessed with age as the time scale
(model 1), then on statin use (yes/no), for education
level (high-school/no high-school/university), parity (0,
1, >1), menopausal status (yes/no), ever use of MHT
(yes/no), type of menopause (natural/artificial) (model
2), and finally BMI (model 3). Models were not mutually
adjusted for the considered risk factors, in order to re-
duce the likelihood of introducing collider bias. Time at
entry was the age at the beginning of follow-up (i.e., the
age when the participants answered the questionnaire
sent out in 1992); exit time was the age when partici-
pants were diagnosed with VTE, died (dates of death
were obtained from the participants’ medical insurance
records), were lost to follow-up, or reached the end of
the follow-up period (December 31, 2011), whichever
occurred first.

As VTE can be provoked by bone fractures, other car-
diovascular diseases, or cancer, we also considered a
model controlled for incident fractures (time dependent,
yes/no), cancers (time dependent, yes/no), and both
heart attack and stroke (time dependent, yes/no), during
follow-up as sensitivity analysis. The next sensitivity ana-
lysis excluded cases occurring after 2005 that were not
part of the mailing conducted to validate the VTE cases.
Another sensitivity analysis mutually adjusted for co-
morbid conditions at baseline, i.e. when considering
hypertension, diabetes and dyslipidaemia were adjusted
on at baseline. Finally, in the case of associations which
were unexpected or suspected to be due to bias, we con-
sidered models using only baseline variables to deter-
mine if this was due to the inclusion of collider variables
during follow-up.

When considering blood-groups 7834 participants
were excluded from this analysis due to missing data on
blood group. As a hypothesis generating exercise, we
wished to determine if the associations between these
risk factors were consistent over blood-groups, which
are a major risk-factor for VTE. As blood-group is a de-
terminant of blood lipid levels [18], hypertension [19],
diabetes [20], and coagulation factors including von
Willibrand factor [21], we considered effect modification
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was plausible regarding dyslipidaemia, hypertension and
diabetes.

Missing values (occurring in less than 5% of data) were
imputed as the mean for continuous variables, and the
median for categorical variables. During follow-up, if a
value was missing, the previous value was imputed.

All statistical analyses were performed using R and R
studio, with the ‘Survival’ package. A Bonferroni cor-
rected p-value for statistical significance was 0.01. The
proportional hazards assumption was assessed using the
cox.zph function in R. A p-value is generated for the
Person product-moment correlation between the scaled
Schoenfeld residual, and the time transformation for
each variable [22].

Results

During 1,897,960 person-years (PY) (mean follow-up of
20.7 years), 1649 first incident episodes of VTE were
identified at an incidence rate of 0.9 per 1000 PY.

Table 1 displays data at baseline, and after 10 years of
follow-up. The cardiovascular risk profile of the study
participants worsened during follow-up, although total
physical activity increased. BMI increased during follow-
up from a mean of 229kg / m® to 23.8kg / m?
Hypertension prevalence increased from 35.2 to 44.4%,
diabetes from 1.0 to 2.2%, and self-reported dyslipidae-
mia from 7.8 to 25.4%. Smoking prevalence decreased
during follow-up from 14.5 to 11.0%. At 2004, approxi-
mately 25% of study participants had been reimbursed
for statins.

In unadjusted models, hypertension was associated
with an increased risk of VIE (HR pra=1.21 (1.10:
1.34)), but this was not consistent after adjustment for
BMI (HR gt = 1.05 (0.95: 1.16)). Current smokers were
associated with a lower risk of VTE in unadjusted
models, but this was not observed after adjustment for
BMI (HR gpokers = 0.87 (0.73: 1.03)). Mean BMI among
smokers at baseline was 22.5 (3.3) kg / m? compared to
22.9 (3.3) kg / m* among never smokers. Diabetes, dysli-
pidaemia, and physical activity were not associated with
the risk of VTE in unadjusted or adjusted models
(Table 2). Neither treated hypertension, nor treated dys-
lipidaemia were associated with the risk of VTE (not
tabulated).

When considering VTE subtypes (Table 2), including
PE, DVT, primary, and secondary VTE, hypertension
showed a borderline positive association with PE
(HRpea = 1.20 (0.99: 1.45)) after adjustment for BMI, and
was consistent when considering treated hypertension,
but not untreated hypertension (HRp ¢ =1.24 (0.99:
1.56), HRpa untet = 1.16 (0.93: 1.45)). An inverse associ-
ation with the highest tertile of physical activity was ob-
served for primary VTE (HRp3=0.71 (0.56: 0.90)) after
adjustment for BMI. Dyslipidaemia was associated with
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Table 1 Participant demographics at the beginning of followup, and mid-way through the study period

Status at 1992 Status at 2002

(n=91,711) (n=88,302)

Dynamic variables
Age (years) 51.1 (6.6) 614 (6.6)
Declared hypertension (%) 352 444
Treated hypertension (%)* Unknown 26.7
Diabetes (%) 1.0 22
Declared dyslipidaemia (%) 78 254
Statin user (%)* Unknown 25.1
Treated dyslipidaemia (%)* Unknown 129
BMI (kg / m?) 229 (3.3) 238 (38)
BMI <185 (%) 4.0 39
18.5-24.9 (%) 75.8 68.7
25.0-30.0 (%) 164 21.6
> 300 (%) 38 58
Physical activity (METs) 514 (30.2) 60.5 (37.6)
Physical activity < 34.3 METs (%) 33.1 335
Physical activity 34.3-57.8 METs (%) 330 321
Physical activity > 57.8 METs (%) 339 349
Current smoker (%) 145 11.8
Ex-smoker (%) 314 349
Never smoker (%) 54.1 533
Ever MHT use (%) 432 55.5
Static variables

Education level (High-school / University (> =BAC +4)) 65.1/349

Parity (number of pregnancies) 2.1

Natural menopause (%) 88.0

Family history CVD (%) 306

Non-O blood group (%) 56.6

*assessed in 2004
2488 participants died between 1992 and 2002

a reduced risk of primary VTE (HRgy=0.68 (0.52:
0.89)), and DVT (HRgys = 0.83 (0.71: 0.97)), after adjust-
ment for BMI. When the dyslipidaemia and statin treat-
ment variables were combined, ‘treated dyslipidaemia’
was not significantly associated with a reduced risk of
primary VTE (HR geated days = 0.98 (0.84: 1.16), not tabu-
lated), compared to participants reporting no dyslipidae-
mia or statin reimbursement. This was also observed for
DVT (HReated dys = 0.85 (0.68: 1.05), not tabulated). Dia-
betes was associated with a reduced risk of secondary
VTE (HRgjap = 0.66 (0.44: 0.98)), but only 25 cases oc-
curred among participants with diabetes, and was not
significant after Bonferroni correction.

Results were similar when controlling for incident cor-
onary disease, stroke, and cancer (supplementary Table 1).
Association between hypertension and PE were consistent,

(HR ¢ = 1.20 (1.00: 1.45)), and similarly for dyslipidaemia
and DVT (HR 4y, =0.83 (0.71: 0.97)) and primary VTE
(HRgys = 0.68 (0.52: 0.89)). Similarly, results were compar-
able when considering only cases that were validated by
imaging procedures (Table 3), although the effect estimate
confidence intervals were wider due to the reduced num-
ber of cases. Association between hypertension and PE
were borderline, but of the same magnitude (HRy, = 1.22
(0.95: 1.56)), and similarly for dyslipidaemia and DVT
(HRg4ys = 0.86 (0.71: 1.04)). Associations between dyslipi-
daemia and primary VTE were consistent (HRgys = 0.74
(0.56: 0.99)), as were associations between physical
activity and primary VTE (HRt3=0.70 (0.54: 0.90)).
When mutually adjusting for comorbid conditions at
baseline, results were similar to those presented in
the main analysis (data not tabulated).
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Table 3 Sensitivity analysis including cases occurring until 2005 which were strictly validated via mailing

All VTE Pulmonary embolism DVT Primary Secondary

Cases adjusted HR* Cases adjusted HR*  Cases adjusted HR*  Cases adjusted HR*  Cases adjusted HR*
physical act T1 413 ref 97 ref 316 ref 154 ref 259 ref
physical activity T2~ 422 1.04 (090: 1.19) 97 1.05(0.79:1.39) 325 1.03 (0.88:1.21) 148 097 (0.77:1.22) 274 1.08 (0.91: 1.28)
physical activity T3~ 394 098 (0.85:1.12) 96 1.00 (0.75:1.33) 298 097 (0.83:1.14) 107 0.70 (0.54: 0.90) 287 1.14 (0.96: 1.34)
Never smoker 721 Ref 172 ref 549 ref 241 ref 480 ref
X smoker 383 092 (0.82: 1.05) 88 093 (0.72: 1.20) 295 092 (0.80; 1.07) 120 087 (0.71: 1.09) 263 0.95 (0.82: 1.10)
smoker 125 0.89 (0.74: 1.08) 30 099 (067: 147) 95 0.86 (0.69: 1.07) 48 1.05(0.77:144) 77 0.81 (0.64: 1.04)
hypertension 583 1.02 (091: 1.15) 162 122 (095: 1.56) 421 097 (0.84: 1.11) 191 096 (0.78:1.18) 392 1.05 (091: 1.22)
dyslipidaemia 189 086 (0.73: 1.01) 52 087 (0.64: 1.19) 137 0.86 (0.71:1.04) 58 0.74 (0.56: 0.99) 131 0.93 (0.76: 1.13)
diabetes 21 0.71 (046:1.11) 6 068 (030: 1.54) 15 0.73 (044:1.22) 10 101 (054:192) N 0.56 (0.31: 1.03)

*adjusted on education level, statin use, menopause, MHT use, parity, type of menopause, family history of CVD and BMI

Associations between hypertension, dyslipidaemia and
VTE differed slightly depending on ABO blood group
(Table 4). Hypertension was associated with a higher risk
of primary VTE amongst O-group participants (HRyta =
1.56 (1.07: 2.27)), and a non-significant increased risk of
PE (HRyta = 1.21 (0.88: 1.68)). Dyslipidaemia was associ-
ated with a reduced risk of VIE amongst O-group partici-
pants (HRpys=0.78 (0.63: 0.98), Table 3), with similar
associations for all types of VTE (Table 4), but these asso-
ciations were not consistent when considering the ‘treated
dyslipidaemia’ variable, and showed no significant devi-
ation from HR = 1 (not tabulated).

Discussion

In this large cohort of women, hypertension, dyslipidae-
mia, and diabetes were not associated with the risk of
all-VTE after adjustment for BMI. We observed negative
associations between physical activity and the risk of pri-
mary VTE, and potential negative associations between
dyslipidaemia and primary VTE.

In this study, no evidence for associations between
cardiovascular risk-factors and all-VTE was observed, or
disappeared after adjustment for BMI. BMI has been
identified as a major risk-factor for VTE in multiple

previous studies [12, 23-26], and confounded associa-
tions assessed in this study. BMI possibly explains
previous positive associations between cardiovascular
risk-factors and VTE in studies that were not adjusted
for BMI. Studies of genetic variations using Mendelian
randomisation provide evidence of the causal link be-
tween increased weight and VTE [27, 28]. These results
suggest that people with metabolic conditions such as
hypertension, diabetes and dyslipidaemia may not be at
increased risk of VTE, given that they have a BMI within
the healthy range.

VTE commonly presents with comorbid conditions
such as endothelial dysfunction [29], and signs of athero-
sclerosis [30]. Prospective studies into risk factors for
VTE provided conflicting results. A 2017 meta-analysis
of prospective studies identified an inverse association
between systolic blood pressure and VTE risk [11]. This
inverse association was strongest in the highest range of
systolic pressure (140-200 mmHg), but considering
participants who may be approaching hypertensive crises
(> 180 mmHg) may not represent the general population,
and could be affected by bias due to unmeasured confound-
ing from hypertension medications, lifestyle changes to re-
verse hypertension, diagnosis biases, or specific surveillance

Table 4 Hazard ratio and 95% confidence intervals for cardiovascular risk factors and specific VTE type in strata of blood ABO group

for metabolic conditions

p-interaction* All VTE Pulmonary Embolism Deep vein thrombosis Primary Secondary

Group O

hypertension 0.01 1.14 (0.95: 1.38) 1.21 (0.88: 1.68) 1.10 (0.88: 1.39) 1.56 (1.07: 2.27) 1.03 (0.83: 1.28)
dyslipidaemia 0.78 0.70 (0.58: 0.85) 1.10 (0.78: 1.53) 0.60 (0.44: 0.83) 0.67 (0.42: 1.09) 0.82 (0.64: 1.06)
diabetes 0.82 0.68 (0.36: 1.29) 0.55 (0.20: 1.50) 0.79 (0.35: 1.80) 1.31 (0.47: 3.66) 0.51(0.23:1.17)
Group non-O

hypertension - 0.97 (0.85: 1.11) 1.05 (0.82: 1.36) 0.95 (0.81: 1.10) 0.78 (0.60: 1.01) 1.05 (0.90: 1.23)
dyslipidaemia - 0.78 (0.69: 0.88) 0.78 (0.63: 0.97) 0.78 (0.67: 0.90) 0.63 (0.48: 0.83) 0.83 (0.72: 0.95)
diabetes - 0.78 (0.51: 1.18) 1.19 (0.66: 2.15) 0.56 (0.31: 1.01) 1.02 (047:2.19) 0.71 (043: 1.16)

* interaction with all-VTE

* adjusted on education level, statin use, menopause, MHT use, parity, type of menopause, family history of CVD and BMI
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for cardiovascular conditions. Another meta-analysis in
2016 of prospective and case-control studies has indicated
that hypertension is associated with an increased risk for
VTE compared to non-hypertensive subjects [31]. In the
Nurses’ Health Study [32], hypertension was identified as a
risk factor for VTE, with a relative risk of 1.9; however,
hypertension was not identified as risk factor in the
Framingham Heart Study [33]. Our study of French women
observed no associations between hypertension and all-
VTE, but a weak association between hypertension and PE
was identified. It is possible that these results could be ex-
plained by uncontrolled confounding from conditions such
as pulmonary disease (or other respiratory conditions),
which could be associated with both hypertension [34], and
the risk of PE [35]. Similarly, isolated PE has been associ-
ated with a higher risk of arterial thrombotic events [36],
which could possibly be explained by underlying hyperten-
sion among people with PE as reported in our results.

Previous studies have mostly shown that neither dia-
betes nor dyslipidaemia are associated with the risk of
VTE [24, 26, 37]. The LITE study identified a slightly in-
creased risk of VTE amongst participants with diabetes
(HR=1.5 (95% CI: 1.0-2.1)) [25]. One meta-analysis
[38] of 19 prospective cohort and case control studies
found a weak positive, but non-significant association
between diabetes and VTE risk (HR=1.10 (95% CI:
0.94—1.29)). The authors conclude that diabetes is un-
likely to play a major role in VTE development, which
our study supports. We were however limited by the
number of cases which occurred amongst diabetic
women, and the relatively low number of diabetic
women in the cohort.

We observed a weak association between dyslipidae-
mia and the risk of primary VTE. Despite controlling for
statins, it is possible that this relationship could be
confounded by treatment for dyslipidaemia other than
statins, or for behavioural changes provoked by a diag-
nosis of dyslipidaemia. These associations were not con-
sistent when considering self-reported dyslipidaemia
cross-referenced with statin reimbursement. Interest-
ingly Wattanakit et al. [12] also observed a weak nega-
tive association between high concentrations of LDL-C,
and all VTE (HR 1pr.160=0.73 (0.54: 0.98)), and the
UK biobank study observed inverse associations between
apolipoprotein B, lipoprotein(a), and the risk of VTE [9].
Further research should be conducted to further under-
stand these observations, which could possibly be result-
ing from bias after adjusting on an intermediate variable
during follow-up, or due to time-varying confounding
which may not be appropriately controlled for under the
modelling strategy used [39]. It is unclear whether any
independent protective effect from statins exists, despite
Rovustatin having been shown to reduce the likelihood
of VTE in a large RCT [40]. Statins are theorised to
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reduce the risk of VTE through mechanisms independ-
ent to the lowering of LDL-C [41], such as increased
anticoagulant activity. Elevated or oxidised low density
lipoprotein (LDL) can promote thrombin formation [42],
thus an imbalance in lipids may result in a hyper-
coagulative state.

In this study, we observed no association between
smoking, and the risk of VTE. This is in opposition to
previous studies [43, 44] including the large UK biobank
study that observed convincing associations between
smoking and the risk of VIE [9]. A previous meta-
analysis [7] of 32 observational studies has shown that
smoking is associated with an increased risk of VTE,
with a risk ratio of 1.19 as well as linear responses from
pack-years and cigarettes per day. We were unable to re-
produce this observation perhaps due to the low number
of smokers in this cohort, and that many participants
quit smoking during follow-up. It is also possible that
the effect of smoking could be mediated, or masked, by
a lower BMI among smokers.

Total physical activity as estimated by METS was not
associated with the overall risk of VTE, although the
highest levels of physical activity were associated with a
reduced risk of primary VTE. Previous prospective stud-
ies have shown similar results regarding all VTE, and
data from the Nurses’ Health Study [45] have shown that
time spent inactive (but not total physical activity) is as-
sociated with an increased risk of pulmonary embolism.
Physical activity could reduce the risk of VTE by im-
proving circulation and the quality of blood-vessels, and
lowering the likelihood of blood stagnation in the lower
extremities which can lead to deep vein thrombosis. It is
possible that time spent stationary could be a more im-
portant predictor of VTE than total physical activity.

Regarding ABO group, associations between hyperten-
sion and primary VTE were higher within the O group.
The AB blood group is associated with an increased risk
for VTE, through increased von Waillebrand factor
(VWE) [46]. Hypertension is also associated with in-
creased VWF concentrations [47], and the O-group is
associated with higher rates of hypertension [19]. It is
possible that patients with O blood group and hyperten-
sion have similar VWF levels as patients with AB blood
group and no hypertension, and that further increases in
VWE in AB/hypertensive cases are limited. It is less clear
why dyslipidaemia appeared associated with a reduced
risk only amongst O-group participants, and these ob-
servations may have occurred by chance as the p-values
were non-significant.

Strengths and limitations

This study has a number of strengths, notably a long
follow-up, large number of participants and cases, con-
trol for a large set of potential confounders, detailed



MacDonald et al. Thrombosis Journal (2021) 19:58

reporting on the type of VTE, and a validation procedure
used for all cases. Exposures of metabolic conditions
were verified against specific treatment reimbursements.
Regarding hypertension and diabetes, self-reported
hypertension showed strong correlation with reimburse-
ments for blood-pressure lowering medications, and dia-
betes cases were validated via a specific questionnaire.
Measured blood pressure values, and cholesterol values
were not available for the majority of study participants,
thus it was not possible to determine if there is some
non-linear relationship between blood-pressure levels/
serum cholesterol and the risk of VTE. The dichotomi-
sation of these variables should be considered a major
limitation of the current approach.

As later VTE cases were based on self-reports verified
by drug reimbursement, it is possible that a number of
cases were misdiagnosed, or that cases were missed.
Regarding DVT, it is possible that misclassification be-
tween superficial and deep thrombosis could occur.
Baseline dyslipidaemia cases were based on self-reports,
but later cases were verified by treatment reimburse-
ments in secondary analysis. Smoking data was based on
self-reports, and included a low number of current
smokers, resulting in a lower statistical power to investi-
gate associations among smokers. Similarly, physical ac-
tivity data was based on self-report and may be subject
to error. However, these data were assessed prior to the
VTE event, and any error should be independent of the
event.

A major strength is the consideration of risk-factors as
time dependent variables, as a large number of partici-
pants developed hypertension and dyslipidaemia during
follow up. However, this method can also introduce bias,
through the inclusion of time-varying covariates or po-
tential mediators in the model [39, 48]. Future studies
should address this limitation using g-methods [49],
which can take into account time-varying confounding
without potentially introducing bias from time-varying
covariates. Due to this possibility, models considering
only baseline data were considered in sensitivity analysis,
and showed no major differences. Limitations include
the lack of data on medications at study baseline, and
the fact that later cases of VIE were validated only via
drug reimbursements, and not on information from im-
aging procedures. Reassuringly, we did observe similar
results when only considering cases strictly validated via
specific mailings to medical practitioners. The E3N co-
hort is rather homogenous, and the majority of partici-
pants are at a low-risk of non-communicable diseases
such as VTE, and cardiovascular disease, thus it is
unclear how these observations may translate to higher-
risk populations.

As treatments for hypertension, diabetes, and dyslipi-
daemia are commonly long-term [50], we are confident
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that these exposures are true representations of these
metabolic conditions. Although these conditions are po-
tentially reversible with weight loss and changes in the
diet, this would be hard to verify. It is possible that some
residual confounding from other lifestyle factors could
drive some of the associations observed, especially for
the negative associations between dyslipidaemia and pri-
mary VTE. The modelling approach chosen, i.e. not mu-
tually adjusting for all considered risk-factors reduces
the likelihood of including mediators as in the model,
which could introduce collider bias (for example base-
line physical activity may influence the future risk of
hypertension). Unmeasured confounding is another
major concern. For example, certain auto-immune con-
ditions such as rheumatoid arteritis are associated with
hypertension [51], and with the risk of VTE [52].
Assuming that these types of conditions can cause
hypertension, then associations between hypertension
and VTE may be positively biased, which could poten-
tially explain the observations between hypertension and
PA. However as these conditions are relatively rare in
the general population, we believe that this is a low risk
of bias. Similarly, medications that can provoke VTE
were unadjusted for, but unless they are causally related
to the considered exposures and the thrombotic events,
then they should not majorly bias the results. The lack
of control for factors such as these is a common limita-
tion in many previous cohort studies of VTE [12, 25].

Conclusion

Altogether these results suggest that the common risk-
factors for CVD are not risk factors for VTE. Regular
physical activity may reduce the risk of primary VTE.
We confirm previous observations linking dyslipidaemia
to a reduced risk of VTE, which should be investigated
in future studies. People with metabolic conditions, but
with a healthy BMI may not be at higher risk of VTE.
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