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Hypertensive Complications of Pregnancy and Risk of
Venous Thromboembolism

Luuk J.J. Scheres, Willem M. Lijfering, Norbert FEM. Groenewegen, Sanne Koole,
Christianne J.M. de Groot, Saskia Middeldorp, Suzanne C. Cannegieter

Abstract—Hypertension during pregnancy and preeclampsia are associated with increased arterial thrombotic risk in later
life. Whether these complications are associated with risk of venous thromboembolism (VTE) on the short term after
pregnancy and on the long term, that is, outside pregnancy, is largely unknown. We conducted a nationwide cohort
study in women with at least 1 pregnancy and their first VTE risk by linking the Dutch perinatal registry (Perined) to
anticoagulation clinics. We used Cox proportional hazard models to estimate hazard ratios (HRs) and corresponding 95%
CI for VTE risk in women with hypertension during pregnancy, women with preeclampsia, compared with women with
uncomplicated pregnancies (reference). A total of 1919918 women were followed for a median of 13.7 (interquartile
range, 7.6—19.2) years for a total of 24531 118 person-years in which 5759 first VTEs occurred; incidence rate: 2.3 (95%
CI, 2.3-2.4) per 10000 person-years. In the first pregnancy and 3-month postpartum period, VTE risk was higher in
women with hypertension, HR, 2.0 (95% CI, 1.7-2.4), and highest among women with preeclampsia, HR, 7.8 (95% CI,
5.4-11.3), versus the reference group. On the long term, women with hypertension during pregnancy and preeclampsia
had a higher VTE risk: HR, 1.5 (95% CI, 1.4-1.6) and HR, 2.1 (95% CI, 1.8-2.4), respectively, versus the reference
group. When excluding events during pregnancy and postpartum, these HRs were 1.4 (95% CI, 1.3-1.5) and 1.6 (95% CI,
1.4-2.0), respectively. In conclusion, hypertension during pregnancy and preeclampsia are associated with an increased
VTE risk during pregnancy and postpartum period and in the 13 years after. (Hypertension. 2020;75:781-787. DOI:
10.1161/HYPERTENSIONAHA.119.14280.)
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pproximately 10% of all pregnancies are complicated

by high blood pressure, collectively called hypertensive
disorders of pregnancy.' One of the most severe hypertensive
complications of pregnancy is preeclampsia. Preeclampsia is
a disorder of pregnancy characterized by the onset of high
blood pressure and often a significant amount of protein in
the urine.? When it arises, the condition begins after 20 weeks
of pregnancy.? Preeclampsia occurs in =2% of all and 4% of
first pregnancies.’> The occurrence of hypertensive disorders
is associated with higher risk of arterial cardiovascular dis-
eases (ie, myocardial infarction and ischemic stroke) in later
life, with the highest risk in women who have a history of
preeclampsia.*?

Venous thromboembolism (VTE) and arterial cardiovas-
cular disease have been traditionally regarded as separate
diseases with distinct causes and treatment. However, several
studies in the past decade suggest some overlap in the path-
ophysiology of VTE and arterial cardiovascular disease.®'

VTE is also a major contributor to maternal morbidity and
mortality.!" In pregnancy, the risk of VTE is about 5-fold
higher than during the nonpregnant situation, even when
the pregnancy proceeds without apparent complications.'!?
Preeclampsia is associated with an even higher risk of VTE
during the same pregnancy than uncomplicated pregnan-
cies, although studies that looked into this were small num-
bered.'*'® Whether the occurrence of preeclampsia is also
associated with a long-term increased risk of VTE, that is,
also after pregnancy, is largely unknown. Moreover, for hy-
pertension during pregnancy (ie, without the occurrence of
preeclampsia), an association with VTE has not been clearly
established, either during or after pregnancy.

In this large cohort study of pregnant women in the
Netherlands (n=1919918 women with at least 1 pregnancy),
we set out to determine whether hypertensive disorder of preg-
nancy is a risk factor for VTE both during pregnancy as in the
following years.
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Methods

The data that support the findings of this study are available from the
corresponding author on reasonable request.

Study Population

This is a nationwide cohort study that covers the entire area of the
Netherlands, in which we obtained data between 1999 and 2012 from
the Dutch Perinatal Registry (Perined). The Dutch Perinatal Registry
is a linked database of medical registries from 4 professional groups
that provide perinatal care in the Netherlands: general practitioner,
midwives, gynecologists, and neonatologists/pediatricians. Perined
captures information on 95% to 99% of the =180000 annual deliver-
ies (gestational age >22 weeks or fetal weight >500 g when dura-
tion is unknown) in the Netherlands.!” Data are collected at all stages
and settings during pregnancy. Among the items collected are details
concerning labor, birth and neonatal outcome, like the mode of de-
livery, maternal demographics, and medical conditions, like data on
diastolic blood pressure during pregnancy and urinary protein levels.
The data from the different professionals are joined so all information
about the same child is combined in 1 record. In absence of an unique
identifier from mother or child, the linkage is probabilistic and based
on corresponding items, like date of birth and postal code. The prob-
abilistic linkage is statistically founded and tests the hypothesis that 2
records describe the same individual.

Hypertensive Pregnancy Complications

In this study, hypertensive disorders of pregnancy were the exposures
of interest. Hypertension of pregnancy was defined as the (at least on
1 occasion) highest diastolic blood pressure of 90 mmHg or higher
during the course of pregnancy, without proteinuria of 2300 mg per
24 hours. Preeclampsia was defined as the (at least on 1 occasion)
highest diastolic blood pressure of 90 mmHg or higher during the
course of pregnancy with the presence of proteinuria of 2300 mg per
24 hours, as adapted from the official definition of the International
Society for the Study of Hypertension in Pregnancy.”® The control
group consisted of women with an uncomplicated pregnancy and
who had a diastolic blood pressure <90 mm Hg during the course of
pregnancy. The rationale for only using diastolic blood pressure to
determine hypertension was based on the information available in the
registry (ie, complete for diastolic blood pressure, incomplete for sys-
tolic blood pressure).

Linkage to Anticoagulation Clinics

To capture the outcome of interest, that is, the occurrence of VTE
during follow-up, the data from the Dutch Perinatal Registry were
linked to data from the anticoagulation clinics in the Netherlands,
based on the participants’ full date of birth and postal code. antico-
agulation clinics in the Netherlands monitor all patients managed
with vitamin K antagonists (VKAs). Of all anticoagulation clinics
in the Netherlands, n=48 of 49 (98%) participated in this study.
The anticoagulation clinics that participated provided data on all
women born after 1949 managed with VKAs for deep vein throm-
bosis, pulmonary embolism or both. The exact start dates of the
management indication and the date of VTE diagnoses were pro-
vided. In addition, information on the type of event, that is, first
or recurrent VTE, was specified. The Perined registry was linked
to the data from the anticoagulation clinics including data up until
August 1, 2017.

Deep Vein Thrombosis and Pulmonary Embolism
Diagnoses

In the Netherlands, according to national guidelines, objective im-
aging techniques are required to establish a diagnosis of VTE.
Typically, these consist of compression ultrasound of the legs for
deep vein thrombosis and computed tomographic pulmonary angi-
ography or ventilation perfusion scanning for pulmonary embolism.?!
After a diagnosis of VTE, patients managed with VKAs are referred
to an anticoagulation clinic for monitoring of international normal-
ized ratio and adequate dosing.

Statistical Analyses

Observation time started at the start of the first pregnancy in the
Perined registry and ended on the date of either a first VTE event, ma-
ternal death, or the date on which the Perined registry was linked to
the data from the anticoagulation clinics, that is, August 1, 2017. The
incidence rate with 95% ClIs (based on a Poisson distribution) of first
VTE events was calculated by dividing the number of VTEs by the
total amount of observation time. We used Cox proportional hazard
models to estimate hazard ratios (HRs) and corresponding 95% Cls
for the risk of VTE in women with hypertensive disorders of preg-
nancy compared with women with uncomplicated pregnancies. The
study design is shown in Figure 1. First, we assessed the risk of VTE
during the first pregnancy and 3-month postpartum period included in
the Perined registry (Figure 1A). Next, we assessed the risk of VTE
during the complete follow-up period, where we included all VTE
events regardless of whether they occurred during a pregnancy or
3-month postpartum period outside of pregnancy (Figure 1B). Last,
we investigated whether hypertension during pregnancy and pree-
clampsia were associated with an increased risk of VTE exclusively
in the period outside pregnancy. To do so, we studied the risk of VTE
during the complete follow-up period but excluded VTE events that
occurred during a pregnancy of 3-month postpartum period herewith
only counting events that occurred outside of pregnancy (Figure 1C).
We compared the rates of VTE among women with uncomplicated
pregnancies during follow-up (reference group), women with hyper-
tension during pregnancy in at least 1 pregnancy during follow-up,
and women with preeclampsia in at least 1 pregnancy during fol-
low-up. To further explore the nature of a potential association, anal-
yses were adjusted for potential confounders on which information
was available: number of pregnancies, age at start of follow-up, and
self-reported ancestry.

Results

Selection of the Study Population

The flowchart of the study population is shown in Figure 2.
There were 2824012 records of women with at least 1 preg-
nancy in the Perined registry that had a maternal date of
birth and postal code available. Of these, there were 758 839
(27%) women with an identical date of birth and postal code,
which were all excluded from the linkage. As a result, a total
of 2065173 women with a first pregnancy had data available
for linkage. In the dataset of the anticoagulant clinics, data on
38580 women born after 1949 who received VKA for deep
vein thrombosis or pulmonary embolism were available. Of
these, 2405 (6%) women had an identical combination of
postal code and date of birth, leaving 36 175 women for the
linkage procedure. Linkage of these datasets based on date of
birth and postal code yielded 7996 matches (ie, these women
had at least 1 pregnancy in the Perined registry and had been
treated for VTE at one of the anticoagulation clinics).

Of the 2065173 women with a first pregnancy, 132254
(6.4%) had a pregnancy loss or had a missing date of birth in
the first pregnancy. As for these women the start of follow-up
could not be determined, they were excluded from further
analyses. Of the remaining 1932919 women, 946 (<0.1%)
had a history of VTE at start of follow-up and were excluded.
Last, of the 1931973 women who were left, 12055 (0.6%)
had missing data on values needed for calculation of fol-
low-up, leaving a total of 1919918 eligible for the analyses.

Clinical Characteristics of the Study Population
The 1919918 women included in the analyses were fol-
lowed for a median of 13.7 years, that is, a total of 24531118
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A VTE events during first pregnancy and 3 months
postpartum period in registry included

A
r 1

Figure 1. Overview of the study design and
performed analyses. First, in analysis A, we
assessed the risk of venous thromboembolism
(VTE) during the first pregnancy and 3 mo
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women. Second, in analysis B, we assessed
this risk of VTE during the complete follow-up
including both events that occurred during
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as events that occurred outside of pregnancy.
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Last, in analysis C, the complete follow-up
time was used, yet events that occurred during
pregnancy or 3 mo postpartum period were

\ excluded.
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person-years in which 5759 first VTEs occurred, for an overall
VTE incidence rate of 2.3 (95% CI, 2.3-2.4) per 10000 per-
son-years. The clinical characteristics of the study population
are shown in Table 1. Of the 1919918 women in the analyses,
1624849 (84.6%) had uncomplicated pregnancies, 264 135
(13.8%) had =1 pregnancies complicated by hypertension
and 30934 (1.6%) had =1 pregnancies complicated by pre-
eclampsia. The mean age at start of follow-up was similar
among groups at about 29 years. The median number of pre-
vious pregnancies was 1 in all groups. There were differences
in proportions of self-reported descent among the groups,
with a slightly higher proportion of 89.3% Dutch in the hy-
pertension during pregnancy group, followed by 84.4% in the
preeclampsia group and 81.0% in the group with uncompli-
cated pregnancies.

Risk of VTE in the First Pregnancy and Postpartum
Period in the Registry

In the first analysis, follow-up ended after the 3-month
postpartum period of the first pregnancy in the registry
(Figure 1A). In the 1919918 pregnancies, 710 first VTE
events occurred at an overall absolute risk of 0.4 (95% CI,
0.3-0.4) per 1000 pregnancies (Table 2). Women with un-
complicated pregnancies (reference group) had a risk of
0.3 (95% CI, 0.3-0.3) per 1000 pregnancies. This risk was
higher in women with hypertensive disorder of pregnancy,
that is, 0.6 (95% CI, 0.5-0.7) per 1000 pregnancies, adjusted
HR, 2.0 (95% CI, 1.7-2.4), and highest among women with
preeclampsia at 1.2 (95% CI, 0.8—1.7) per 1000 pregnancies,
adjusted HR, 7.8 (95% CI, 5.4-11.3).

Long-Term Risk of VTE

In the second analysis, we assessed the risk of VTE during the
complete follow-up by pregnancy complications (Figure 1B).
The absolute risk in the women with uncomplicated

pregnancies was 2.1 (95% CI, 2.0-2.2) per 10000 persons
years (Table 3). This was 3.1 (95% CI, 2.9-3.3) per 10000
persons years in the women with hypertension during preg-
nancy and highest in women with preeclampsia: 4.3 (95%
CI, 3.7-5.0) per 10000 person-years. Taking the women with
uncomplicated pregnancies as reference group, the HR of a
first VTE was 1.5 (95% CI, 1.4-1.6) in women with a hy-
pertensive disorder of pregnancy and 2.1 (95% CI, 1.8-2.4)
in women with preeclampsia. Adjustments for number of
previous pregnancies, age, and self-reported descent did not
change these estimates.

Last, we performed an analysis in which we excluded
events that occurred during pregnancy or 3-month postpartum
period (Figure 1C). This analysis yielded a similar pattern of
the results, that is, an incidence of 1.7 (1.6—1.8) per 10000
person-years in women with uncomplicated pregnancies, 2.3
(2.2-2.5) per 10000 person-years in women with hyperten-
sion during pregnancy, and the largest risk in the preeclampsia
group 3.7 (3.0-4.4) per 10000 person-years (Table 4).
Compared with the uncomplicated pregnancy group as refer-
ence, the adjusted HR was 1.4 (95% CI, 1.3-1.5) in the group
with hypertensive disorders of pregnancy and 1.6 (95% CI,
1.4-2.0) in the women with preeclampsia.

Discussion

In this study, women with hypertension or preeclampsia dur-
ing pregnancy had a higher risk of VTE, both during the cor-
responding pregnancy and postpartum period, as well as in
the 13 following years, compared with women with uncom-
plicated pregnancies. The risk of VTE was higher in women
with preeclampsia than in women with hypertension during
pregnancy. These findings support the hypothesis that hyper-
tensive complications of pregnancy entailing both hyperten-
sion during pregnancy and preeclampsia reflect an underlying
predisposition to vascular disease, including VTE.
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Records of women with at least one pregnancy in the
Perined registry 1999-2012 with date of birth and postal
code available
n=2 824012

Records of women born after 1949 who received vitamin K
antagonists monitoring at one of the anticoagulant clinics for
deep vein thrombosis and/or pulmonary embolism with date

of birth and poslal code available
n=38 580

Women with identical postal
—] code and date of birth
n=758 839

Women with identical postal
code and date of birth
n=2405

Women with at least one pregnancy in the Perined registry
1999-2012 eligible for linkage
n=2 065 173

Women born after 1949 who received vitamin K antagonists
monitoring at one of the anticoagulation clinics for deep vein
thrombosis and/or pulmanary embolism, eligible for linkage

n=36 175

Figure 2. Flowchart of the study population
and linkage procedure. There were 2824012
records of women with at least 1 pregnancy in

Linkage based on date of birth and postal code
n=7996 matches

‘Women with at least one pregnancy
n=2065173

women with pregnancy loss or
missing date of birth in first

the Perined registry that had a maternal date of
birth and postal code available. Of these, there
were 758839 (27 %) women with an identical
date of birth and postal code, which were all
excluded from the linkage, leaving 2065173
women. In the data of the anticoagulant
clinics, data on 38580 women born after 1949
who received vitamin K antagonists for deep
vein thrombosis and pulmonary embolism
were available. Of these, 2405 (6%) women
had an identical combination of postal code
and date of birth, leaving 36 175 women for
the linkage. Of 2065173 women in the with

at least 1 pregnancy, 1932919 had a date

pregnancy
n=132 254

Women with child date of birth in first pregnancy in registry
n=1932 919

Women without a history of VTE
n=1931973

Women eligible for analyses
n=1919918

Women with a history of VTE
at start of follow-up

Women with missing data
needed to calculate follow-up

of birth of child in the first pregnancy in the
registry available. Of these, 946 with a history
of venous thromboembolism were excluded. Of
the remaining, 1919918 had data available to
calculate follow-up time and were included in

n=946 the analyses.

time
n=12 055

Our study has several strengths. First, we were able to con-
duct a nationwide study, where we included nearly all pregnan-
cies in the Netherlands from 1999 up to 2012, strengthening
the generalizability of the results and allowing accurate esti-
mates. Second, because of the detailed nature of the registry
we were able to classify the exposures based on clinical cri-
teria and distinguish between hypertension during pregnancy
and preeclampsia (ie, based on blood pressure and urinary
protein loss), thereby reducing the risk of misclassification.
As only patients from anticoagulation clinics are included in

the study, the risk of misclassification, for example, superficial
instead of deep vein thrombosis or misclassification by using
diagnostic or hospital admission codes as outcome, is low.
Several limitations should also be considered. First, we
only included patients who were monitored at the anticoagu-
lation clinics in this study, which will have resulted in an un-
derestimation of the incidence, since women who have VTE
during pregnancy typically receive low-molecular-weight
heparin and are often not switched to VKA in the post-
partum period. In addition, patients who experienced a fatal

Table 1. Clinical Characteristics of the Study Population
Characteristics Uncomplicated Pregnancy Hypertension During Pregnancy Preeclampsia
Total number of women, n (%) 1624 849 (84.6%) 264135 (13.8%) 30934 (1.6%)
Age at inclusion in Perined, mean (SD) 29.5 (5.0 29.8 (4.9) 29.3 (5.0
Number of previous pregnancies, median 1(1-2) 1(1-2) 1(1-2)
(IQR, 25th—75th percentile)
Descent
Dutch, n (%) 1315264 (81.0%) 235857 (89.3%) 26104 (84.4%)
Hindustani, n (%) 23217 (1.4%) 2668 (1.0%) 479 (1.5%)
Other, n (%) 286368 (17.6%) 25610 (9.7%) 4351 (14.1%)

IQR indicates interquartile range.
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Table 2. Risk of Venous Thromboembolism by Pregnancy Complication in the First Pregnancy of Follow-Up
Incidence Absolute
Rate/10000 Risk/1000
First Person- Person-Years = Pregnancies HR HR HR HR HR
Group Women, n | Events,n = Years, n (95% Cl) (95% Cl) (95% Cl) (95% Cl* | (95% Cht | (95% ChE | (95% CI)§
Uncomplicated 1663307 544 1660850 3.3 0.3 1 1 1 1 1
pregnancy (3.0-3.6) (0.3-0.3) (reference) | (reference) | (reference) | (reference) | (reference)
Hypertension 230331 135 228404 5.9 0.6 2.0 2.0 2.0 2.0 2.0
during pregnancy (4.9-6.9) (0.5-0.7) (1.7-2.5) (1.7-2.5) (1.7-2.5) (1.7-2.4) | (1.7-2.4)
Preeclampsia 26280 31 25046 11.8 1.2 7.9 7.9 7.9 7.9 7.8
(8.0-16.7) (0.8-1.7) (5.5-11.4) | (5.5-11.3) | (5.5-11.4) | (5.5-11.3) | (5.4-11.3)

HR indicates hazard ratio.

*Adjusted for number of previous pregnancies.

tAdjusted for age.

FAdjusted for descent.

§Adjusted for number of previous pregnancies, age, and descent.

pulmonary embolism or died before registering at the antico-
agulation clinics are not in the study. However, although the
incidences may have been underestimated, we expect our rel-
ative risk estimates to be accurate for the comparison during
pregnancy and postpartum period as nearly all women with a
VTE during pregnancy receive low-molecular-weight heparin
independent of other pregnancy complications. Second, we
only had information on the occurrence of venous events and
not on outcomes such as death or other thrombotic events like
myocardial infarction or ischemic stroke that would have led
to initiation of anticoagulant therapy. Thus, the relative risk
for hypertensive complications of pregnancy and risk of VTE
might be slightly underestimated. Ideally, women with such
outcomes would have been censored at time of these events.
However, even though the risk of arterial cardiovascular di-
sease is increased in women with a history of hypertensive
pregnancy complications,* the majority of our study popu-
lation was <40 years of age at the end of follow-up. Among
women of these ages, the absolute risk of CVD events is low:
in the Netherlands among women aged 20 to 45 years in
2006 to 2010, 1.3 per 10000 women were admitted for acute
myocardial infarction and 3.5 per 10000 were admitted for
cerebrovascular diseases,”* so the effect of missing infor-
mation on these conditions was probably negligible. Third,
since the linkage of Perined and the anticoagulant clinics was

not based on a unique identifier, there is a risk of misclas-
sification. However, such misclassification will unlikely be
influenced by the exposure (ie, hypertensive complication
of pregnancy or uncomplicated pregnancy) and at most may
have led again to some underestimation of the risks. Fourth,
the definition of hypertension during pregnancy and pree-
clampsia used for the purpose of this study slightly deviates
from the current clinical definition in guidelines. We used a
diastolic blood pressure of 290 mmHg on at least 1 occa-
sion during any moment in the course of pregnancy. Several
guidelines®?® require a systolic or diastolic blood pressure
of over 140 and 90 mm Hg, respectively, on 2 separate occa-
sions, which may have led to a slight overestimation of the
number of women with hypertension in the study which in
turn may have resulted in an underestimation of the effect.
Last, regarding causality, we only had information on a lim-
ited number of confounders. Potential remaining confounders
such as thrombophilia and obesity could explain part of the
observed association.?

Our observations on a VTE risk increase during preg-
nancy and postpartum period in women with preeclampsia are
in line with previous studies.''® In addition, our study adds
important information on a similar risk increase in women
with hypertension during pregnancy and risk VTE. The under-
lying pathophysiology that explains this risk increase is not

Table 3. Long-Term Risk of Venous Thromboembolism During Follow-Up by Pregnancy Complications

Incidence
Rate/10000
First Person- = Person-Years

Group Women, n | Events,n | Years,n (95% Cl) HR (95% Cl) | HR (95% Cl)* = HR(95% Cl)t = HR (95% Cl)¥ = HR (95% CI)§
Uncomplicated 1624849 4491 21486833 | 2.1 (2.0-2.2) | 1 (reference) | 1 (reference) | 1 (reference) | 1 (reference) | 1 (reference)
pregnancy
Hypertension during 264135 1085 3506254 | 3.1(29-3.3) | 1.5(1.4-16) | 1.5(1.4-16) | 1.5(1.4-1.6) | 1.5(1.4-1.6) | 1.5(1.4-1.6)
pregnancy
Preeclampsia 30934 183 421031 43(3.7-5.00 | 21(1.8-2.4) | 2.1(1.8-2.5) | 2.1 (1.8-2.5) | 2.1(1.8-2.4) | 2.1 (1.8-2.4)

HR indicates hazard ratio.

*Adjusted for number of previous pregnancies.

TAdjusted for age.

FAdjusted for descent.

§Adjusted for number of previous pregnancies, age, and descent.
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Table 4. Long-Term Risk of Venous Thromboembolism Outside of Pregnancy and Postpartum Period by Pregnancy Complications

Incidence
Rate/10000
First Person- | Person-Years
Group Women, n = Events,n = Years, n (95% Cl) HR (95% Cl) | HR (95% Cl)* = HR(95% Cl)t = HR (95% Cl)¥ = HR (95% CI)§
Uncomplicated 1624849 3656 | 21486833 | 1.7 (1.6-1.8) | 1 (reference) | 1 (reference) | 1 (reference) | 1 (reference) | 1 (reference)
pregnancy
Hypertension during 264135 822 3506254 | 2.3(2.2-2.5) | 1.4(1.3-1.5) | 1.4(1.3-1.5) | 1.4(1.3-1.5) | 1.4(1.3-1.5) | 1.4(1.3-1.5)
pregnancy
Preeclampsia 30934 114 421031 3.7(3.0-44) | 1.6(1.3-1.9) | 1.6(1.4-2.0) | 1.6(1.4-2.0) | 1.6(1.3-1.9) | 1.6(1.4-2.0)

HR indicates hazard ratio.

*Adjusted for number of previous pregnancies.

TAdjusted for age.

FAdjusted for descent.

§Adjusted for number of previous pregnancies, age, and descent.

known.** Mechanisms that have been proposed, specifically
in context of preeclampsia, include endothelial dysfunction,
platelet activation, a procoagulant and proinflammatory state,
and release of neutrophil extracellular traps, all associated
with preeclampsia,” leading to a short-term increased risk.
Our findings on a long-term increased VTE risk in women
with hypertensive complications (ie, both hypertension dur-
ing pregnancy and preeclampsia) are novel. In a study from
the Danish National Patient Registry, women with a history
of VTE (n=1419) were followed during their subsequent
pregnancies.”” Compared with women without preconception
VTE, women with preconception VTE had a higher risk of
preeclampsia during their pregnancy: relative risk, 1.5 (95%
CI, 1.3-1.8).” Combined with the results from our study,
these findings suggest that an underlying common predispo-
sition is responsible for both the risk of preeclampsia in VTE.

Perspectives
In summary, hypertensive disorders of pregnancy and espe-
cially preeclampsia are associated with a short- and long-term
increased risk of VTE. These findings imply that although the
hypertensive disorders itself are transient and end with de-
livery of the placenta, the risk of VTE remains increased in the
following years. This suggests that hypertensive disorders of
pregnancy and preeclampsia in particular are associated with
persistent underlying, currently unknown, risk factors. For
this, 2 mechanisms are plausible: either an underlying predis-
position increases the risk of both preeclampsia and VTE or
preeclampsia causes permanent changes which then in turn
lead to the observed long-term increased VTE risk. Potential
underlying mechanisms are subject to speculation and could
include a combination of acquired risk factors, genetic risk
factors, or endothelial dysfunction. Mechanistic studies are
needed to provide more information on the underlying mech-
anism and could give rise to preventive strategies, both for
hypertensive pregnancy complications and VTE. Regardless
of the underlying mechanism, our findings are of clinical rele-
vance. Hypertensive disorders of pregnancy and preeclampsia
in particular are predictors of the short- and long-term risk of
VTE. Although the absolute risk of VTE remains low in this
population, hypertensive disorders of pregnancy together with
other important predictors can guide thromboprophylaxis
decisions." A history of a hypertensive disorder of pregnancy

is likely a valuable VTE predictor during new high-risk situa-
tions (eg, during surgery, plaster cast immobilization, or sub-
sequent pregnancy) and should be considered in development
of future risk assessment models.
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Novelty and Significance

What Is New?

In this study among 1919918 women with at least 1 pregnancy, we
show that hypertension during pregnancy and preeclampsia are asso-
ciated with an increased risk of venous thromboembolism (VTE) both
during pregnancy and postpartum period and on the long term in the
13 years after.

What Is Relevant?

Hypertensive disorders of pregnancy together with other important pre-
dictors can guide physicians in deciding on thromboprophylaxis strate-
gies in attempt to prevent VTE both on the short and long term.

Better understanding of the underlying predisposition that is responsible
for our findings could give rise to new management options for both hy-
pertensive disorders and VTE during pregnancy.

Summary

In this study, we demonstrate an association between hypertension
during pregnancy and preeclampsia and an increased risk of VTE,
both on the short term as on the long term. These findings may aid
in the development of risk assessment strategies aimed to prevent
VTE. In addition, further investigation of the underlying mechanism
may give rise to research opportunities for management options for
hypertensive disorders and VTE during pregnancy.






