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ORIGINAL ARTICLE

Pulmonary embolism in menopausal hormone therapy: a population-based
register study
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M. Hoffmannd and J. Brynhildsenb,e

aDepartment of Obstetrics and Gynecology, Kalmar County Hospital, Kalmar, Sweden; bDepartment of Biomedical and Clinical Sciences,
Link€oping University, Link€oping, Sweden; cDepartment of Obstetrics and Gynecology, Link€oping University Hospital, Sweden; dDepartment
of Health, Medicine and Caring Sciences, Link€oping University, Link€oping, Sweden; eDepartment of Obstetrics and Gynecology, Faculty of
Medicine and Health, €Orebro University, €Orebro, Sweden

ABSTRACT
Objective: Oral but not transdermal menopausal hormone therapy (MHT) increases the risk of venous
thromboembolism. There is no evidence regarding the risk of the serious complication pulmonary
embolism (PE). The aim was to investigate the risk of PE in women using MHT depending on adminis-
tration route, type of progestin and treatment duration.
Method: The population-based case-control study covered 1,771,253 women aged 40–69 years, during
2006–2015. Diagnoses of PE (n¼ 13,974) and drug dispensations were received from national validated
registers.
Results: Current MHT users had a higher risk of PE than non-users (odds ratio [OR] 1.15, 95% confi-
dence interval [CI] 1.05–1.26). First ever users had the highest risk (OR 2.07, 95% CI 1.23–3.50).
Transdermal administration was not associated with increased risk of PE. The OR was slightly but non-
significantly higher with estrogen combined with medroxyprogesterone acetate than with norethister-
one acetate.
Discussion: The risk of PE was significantly increased in users of oral but not transdermal MHT, with
the highest risk in first ever users of oral estrogen combined with medroxyprogesterone acetate. The
risk was considerably lower in women with recurrent treatment, probably because of the healthy
user effect.
Conclusion: PE was most common close to initiation of oral treatment. Transdermal MHT did not
increase the risk of PE.
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Introduction

Approximately 60–80% of all women experience vasomotor
symptoms at some point during the menopausal transition
[1–4] with a mean duration of around 5 years [3,5,6]. The
symptoms are often most pronounced in the years around
menopause [1,2,4,7]. Systemic menopausal hormone therapy
(MHT) is considered the most effective medical treatment
against vasomotor symptoms, with a reported symptom
reduction of 75–95% [3,6,8]. MHT contains either estrogen in
monotherapy (hysterectomized women) or estrogen in com-
bination with a progestin to avoid endometrial hyperstimula-
tion and hyperplasia. Systemic administration can be either
oral or transdermal. There are also low-dose preparations for
the treatment of local urogenital symptoms, which are con-
sidered to have very limited systemic effects and do not
have to be combined with a progestin [9].

MHT is a known risk factor for venous thromboembolism
(VTE), including deep vein thrombosis (DVT) and pulmonary
embolism (PE). Age per se is also a strong risk factor for VTE
[10], with a more than doubled incidence in Sweden for
women aged 65–69 years compared to those aged
40–44 years [10]. Other risk factors are pregnancy, surgery,
immobilization, obesity, cancer and a genetic predisposition/
family history [11].

Several studies have found two to three times increased
risk for VTE in current MHT users compared with non-users.
The risk increase has been reported to be most pronounced
during the first 2 years of drug use [12–17] and to disappear
after treatment is finished [15]. Lately, it has become more
evident that the increased VTE risk is mainly related to the
use of oral but not transdermal MHT [14,15,18–22]. Unlike
oral MHT, the transdermal route avoids first-pass metabolism
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in the liver, which affects the production and activation of
clotting factors [23].

MHT containing estrogen in combination with a progestin
seems to increase the risk of VTE more than estrogen in
monotherapy [12,16,24,25]. Some studies have also found
differences in risk estimates between MHT containing differ-
ent progestins, most pronounced for medroxyprogesterone
acetate (MPA) [15,18,20]. Micronized progesterone in combin-
ation with estrogen has been suggested to be the combined
oral MHT associated with the lowest risk of VTE [14,18,22,26].
This regimen is currently not available in Sweden as a regis-
tered MHT. MHT with the progestin dydrogesterone, a pro-
gestin very similar to progesterone, has not been related to
an increased VTE risk [20,27,28]. This preparation, however,
has only been available in Sweden since 2019, and there are
as yet no Swedish data on VTE risk with such preparations.

According to Swedish and international recommendations,
transdermal treatment is probably a safer alternative for
women with risk factors for VTE [9,29,30], even though the
position statement of The North American Menopause
Society requests more and urgent research on the subject
[31]. Thus, and despite the well-established knowledge that
MHT increases the risk of VTE, there is a need for more data
on the role of different regimes and progestins combined
with estrogen, especially for the risk of PE which is the most
serious venous thromboembolic event.

However, only a few studies have analyzed the risk of
DVT and PE separately depending on the route of adminis-
tration of MHT. A systematic review [32] from 2015 found
only one study analyzing the risk of PE. This study, consid-
ered to be of low quality, reported no significant increase in
the risk of PE with oral compared to transdermal estrogen
therapy (relative risk, 2.0; 95% confidence interval [CI],
0.81–4.95) [33].

In Sweden, data on inpatient and outpatient specialist
care are reported to the National Patient Register, with com-
plete coverage of the inpatient diagnoses since 1987. An
external review and validation from 2011 found a positive
predictive value of 85–95% for diagnoses in the inpatient
register [34]. Diagnoses from the specialized outpatient care
were missing in 80% of registered contacts in 2007, and data
from primary care and several private caregivers are not
included [35]. Regarding VTE, PE is most likely to be diag-
nosed and treated in inpatient care, while DVT might be
diagnosed in outpatient care. Consequently, register-
retrieved diagnoses of PE in Sweden should be considered
more reliable than diagnoses of DVT.

Aim

The overall aim of this study was to investigate the risk of PE
in women aged 40–69 years using MHT in Sweden dur-
ing 2006–2015.

The primary aim was to assess the association between
the use of MHT and PE depending on the route of adminis-
tration and the duration of drug use.

The secondary aim was to assess the association between
the use of MHT and PE, depending on the type of progestin
used in combination with estrogen.

Methods

Study design

The register-based case–control study is based on the com-
plete female population of Sweden aged 40–69 years at
some point during the study period.

Study objects

The population was defined as all women aged 40–69 years
registered as a resident in Sweden at some point during the
period from 1 July 2005 to 31 December 2015. They were iden-
tified using the Total Population Register, held by Statistics
Sweden [36], and included 1,771,253 individuals. Age at index
date – that is, the date when PE was diagnosed – was calcu-
lated as the year at inclusion minus the year of birth.

Women with a prior diagnosis of VTE are less likely to be
prescribed MHT and were therefore excluded. The definition
of VTE with International Classification of Diseases 10th
Revision (ICD-10) codes is available as Supplementary mater-
ial (Supplementary Table 1).

Collection of data

Diagnoses of PE were identified using the National Patient
Register [34], held by the National Board of Health
and Welfare.

The diagnoses in the register are coded using the ICD [37].
The occurrence of PE was defined as the registration of ICD-10
codes I26.0 (PE with mention of acute cor pulmonale) or I26.9 (PE
without mention of acute cor pulmonale) [38] in the National
Patient Register or the Swedish Cause of Death Register [39]. The
latter was also used to censor participants at death.

Data from the National Board of Health and Welfare were
sent to Statistics Sweden for record linkage. The Personal
Identification Number was pseudonymized by a serial num-
ber before access was granted to the researchers at
Link€oping University.

Definition of drug use

Data on dispensed drugs were extracted from the Swedish
Prescribed Drug Register. The register covers all prescribed drugs
dispensed by Swedish pharmacies, irrespective of reimbursement
status, including individual-level data from 1 July 2005 [40].

Systemic MHT was defined using the Anatomical
Therapeutic Chemical (ATC) codes (2016) presented in Table
1. MHT was further subclassified as oral or transdermal, and
by type of progestin (MPA or noretisterone acetate (NETA)).
Fixed combinations of estrogen in combination with proges-
togen are, with one exception, only available as oral treat-
ment in Sweden. During the study period, only one fixed
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preparation of transdermal estrogenþNETA was available
and it constitutes a minor part of the total combined MHT.

For both cases and controls, the index date was defined as
the date of diagnosis of PE for each case. The duration of treat-
ment was calculated retrospectively from the index date. The
type of MHT was defined by the preparation dispensed closest
to the index date. Twelve months of dispensation history were
needed to categorize MHT users as current, new or first ever
users. Since dispensation data on an individual level in the
Swedish Prescribed Drug Register were only available from 1
July 2005, the index date could not be included before the 1
July 2006. Ongoing treatment was defined as at least two dis-
pensations per year consecutively (Figure 1).

For example, a treatment duration of 2 years was defined
as individual 6 in Figure 1 fulfilling all three of the follow-
ing criteria:

� At least two dispensations within the first year prior to
the index date (defined as one dispensation within
0–4months, and in addition one dispensation during the
5–12months preceding the index date).

� At least two dispensations 13–24months prior to the
index date.

� Less than two dispensations in the third year prior to the
index date.

Statistical analysis

Since the cases of PE were matched to controls of the same
age and who were included in the same year, we used con-
ditional logistic regression for the analyses. Cases of PE were
matched by age and year of inclusion. The number of con-
trols varied between four and 19, with a mean of 15.3.
p< 0.05 was considered statistically significant throughout
the study.

Stata/MP17.1 (StataCorp LLC, College Station, TX, USA)
was used for statistical analyses. Figures were created using
Microsoft Excel version 15.4.

Ethical consideration

The Regional Ethical Review Board in Link€oping Sweden
approved this register study (D-nr 2012/386-31 and 2016/
130-32). Data were extracted from national mandatory popu-
lation health registers by the National Board of Health and

Table 1. ATC codes of available systemic menopausal hormone therapy (MHT)
in Sweden 2000–2015.

ATC code Group and substances

G03CA03 Estradiol (excluding drugs for local vaginal treatment)
G03CA57 Conjugated equine estradiol
G03CX01 Tibolone
G03FA01 Norethisterone acetate (NETA) þ estrogen (continuous)
G03FA12 Medroxyprogesterone acetate (MPA) þ estrogen (continuous)
G03FA15 Dienogestþ estrogen
G03FA17 Drospirenoneþ estrogen
G03FB05 NETAþ estrogen (sequential)
G03FB06 MPAþ estrogen (sequential)
G03FB09 Levonorgestrelþ estrogen

Estradiol is the estrogen included in all of the combined preparations.

Figure 1. Definition of drug use and duration of menopausal hormone therapy (MHT).
Note: X, MHT dispensation. Current MHT use was defined as at least one registered dispensation from the pharmacy within 4months prior to the index date (diagnosis of pulmonary
embolism [PE]), independently of previous dispensations or not (individuals 3–8). Women with a dispensation within 0–4months, but not 5–12months, before the index date were con-
sidered new users (individual 4). If they did not have any dispensation even further back in time, they were considered first ever users (individual 3). Ongoing treatment was defined as at
least two dispensations per year consecutively. Women without any dispensation during the study period were considered non-users (individual 2). Women with dispensations that did
not meet the criteria for continuous treatment were considered previous users and excluded from the analysis (individual 1).
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Welfare and Statistics Sweden. The data management is
regulated by Swedish law [41], and thus no informed con-
sent was needed [42].

Results

Among the 1,771,253 women aged 40–69 years identified in
the Total Population Register, 59,565 were excluded because
of previous VTE or use of MHT that could not be classified as
current due to our definition. After exclusion, 13,974 women
remained with a diagnosis of PE during the period from 1
July 2006 to 31 December 2015 (see Figure 2 for
a flowchart).

Current users of MHT had a significantly increased risk of
PE compared with non-users (odds ratio [OR] 1.15, 95% CI
1.05–1.26). Within this group, the women who were consid-
ered first ever users had the highest risk of being diagnosed
with PE (OR 2.07, 95% CI 1.23–3.50). Women considered as
new users according to the more liberal definition with no
dispensation 5–12months (Figure 1) prior to the index date
had a non-significant increased risk (Table 2).

When MHT was stratified for oral and transdermal admin-
istration, the risk of PE was significantly increased in current,
new and first ever users of oral MHT. Users of oral MHT had
slightly higher OR than MHT in total, whereas transdermal
use was not associated with an increased risk of PE (Tables 2
and 3).

For longer treatment duration with MHT in total, no sig-
nificantly increased risk was observed for each year of use
(Table 3). Women using oral MHT had an increased risk of PE
for each separate year, but the risk was statistically signifi-
cant only for the first, fourth and eighth years (Table 3).

The OR for PE was higher in current users of MHT with
estrogen combined with MPA (OR 1.60, 95% CI 1.31–1.95)
than for users of estrogen in combination with NETA (OR
1.39, 95% CI 1.20–1.61), although the 95% CI overlapped. In
new and first ever users, the number of users in each pro-
gestin group was too low to reach statistical significance
(except for new users of estrogenþMPA), but a similar trend
was seen.

Discussion

The essential finding of this study was that first ever users of
MHT had an increased risk of PE within 4months after start-
ing therapy, compared with non-users. However, we found a
difference in the risk of PE between true first ever users and
women considered new users based on a run-in period (of
8months). This can probably be explained by a healthy user
effect; that is, that women who discontinue treatment due
to reasons other than serious side effects are more likely to
be recurrent users than women who discontinue because of,
for example, PE. Women on MHT who, for some reason other
than VTE, discontinue their treatment are less likely to

Figure 2. Flowchart showing the number of included and excluded cases of pulmonary embolism (PE) and controls. VTE, venous thromboembolism.

618 M. SUNDELL ET AL.



experience PE if they restart after a few months or years
with a similar baseline risk since they have already passed
the critical first months of use once.

In line with previous findings regarding VTE, the risk of PE
was increased only in women using oral treatment. We could
not identify any increased risk of PE in users of transdermal
MHT. To the best of our knowledge, this has not previously
been shown for PE but is in accordance with previous

studies of MHT and VTE overall [18,33]. When studying the
duration of treatment in years, there was a clear trend
toward a gradual risk increase over the first 4 years of oral
MHT use. Thereafter, the numbers of cases of PE and users
of MHT were probably too low to reach statistical power,
despite our comprehensive data.

Since almost all previous studies on MHT and VTE were
conducted with DVT as the primary outcome, our results

Table 2. Risk of pulmonary embolism (PE) in current, new and first ever users of menopausal hormone therapy (MHT), subclassified
by route of administration and type of progestin used in combination with estrogen.

Therapy PE cases (N) Controls (N) Odds ratio 95% confidence interval p-Value

MHT total
Current users 13,974 213,726 1.15 1.05–1.26 0.002
New users 13,489 206,911 1.21 0.89–1.64 0.217
First ever users 13,459 206,431 2.07 1.23–3.50 0.007

Oral
Current users 13,927 212,562 1.24 1.13–1.37 <0.001
New users 13,487 206,821 1.39 1.02–1.89 0.039
First ever users 13,458 206,410 2.32 1.34–4.00 0.002

Transdermal
Current users 13,489 207,450 0.64 0.48–0.87 0.004
New users 13,454 206,427 1.29 0.70–2.40 0.414
First ever users 13,445 206,319 1.42 0.33–6.08 0.639

NETAþ estrogen
Current users 13,642 208,604 1.39 1.20–1.61 <0.001
New users 13,460 206,554 1.12 0.69–1.85 0.641
First ever users 13,448 206,339 2.33 0.91–5.97 0.077

MPAþ estrogen
Current users 13,555 207,444 1.60 1.31–1.95 <0.001
New users 13,458 206,420 2.25 1.31–3.88 0.004
First ever users 13,447 206,326 2.52 0.87–7.30 0.090

MPA, medroxyprogesterone acetate; NETA, norethisterone acetate.

Table 3. Risk of pulmonary embolism (PE) depending on the duration of menopausal hormone therapy (MHT), subclassified by route of
administration.

Treatment duration (years) PE cases (N) Controls (N) Odds ratio 95% confidence interval p-Value

MHT total
1 13,508 207,160 1.22 0.94–1.57 0.132
2 13,517 207,491 0.98 0.77–1.25 0.897
3 13,519 207,345 1.15 0.91–1.46 0.243
4 13,507 207,125 1.24 0.96–1.60 0.106
5 13,409 206,958 1.17 0.87–1.59 0.293
6 13,482 206,875 1.08 0.78–1.50 0.652
7 13,473 206,812 0.96 0.66–1.39 0.809
8 13,479 206,760 1.27 0.90–1.79 0.174
9 13,471 206,670 1.22 0.82–1.80 0.324
10 13,467 206,560 1.58 1.04–2.42 0.034

Oral
1 13,502 207,018 1.31 1.00–1.71 0.049
2 13,508 207,300 1.02 0.79–1.32 0.858
3 13,514 207,188 1.27 0.99–1.62 0.060
4 13,499 206,970 1.33 1.01–1.76 0.043
5 13,486 206,839 1.32 0.96–1.81 0.086
6 13,475 206,741 1.13 0.78–1.62 0.523
7 13,470 206,720 1.04 0.70–1.54 0.841
8 13,477 206,662 1.51 1.06–2.16 0.024
9 13,464 206,608 1.10 0.70–1.72 0.683
10 13,464 206,506 1.75 1.11–2.75 0.017

Transdermal
1 13,447 206,436 0.50 0.18–1.34 0.168
2 13,448 206,460 0.51 0.21–1.24 0.139
3 13,447 206,419 0.51 0.19–1.37 0.180
4 13,448 206,411 0.71 0.29–1.74 0.450
5 13,443 206,384 0.00 n.a. 1
6 13,444 206,381 0.22 0.03–1.59 0.134
7 13,445 206,361 0.53 0.13–2.17 0.375
8 13,444 206,364 0.25 0.04–1.84 0.175
9 13,446 206,336 1.29 0.39–4.22 0.677
10 13,444 206,310 0.62 0.08–4.57 0.637

n.a., not available.
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contribute relevant knowledge about the risk of PE, which is
the most severe form of VTE. Our decision to focus on PE,
and not VTE in general, was based on the lack of previous
studies analyzing PE and DVT separately, but also on the
assumption that PE is most likely to be diagnosed in
inpatient care. In contrast, DVT is often diagnosed in out-
patient care with less reliable register data [34]. Still, we
excluded women with a history of DVT since they have an
increased risk of recurrent VTE and are less likely to be pre-
scribed MHT.

The large discrepancy between the risk of PE in first ever
users and current users of oral MHT highlights that PE is an
adverse event that usually occurs close to initiation
of treatment.

We found a higher risk of PE in women using estrogen in
combination with MPA compared to estrogen in combination
with NETA. This finding is in line with several studies on VTE
[15,20], including a large meta-analysis from 2018 [18], but is
in contradiction to other studies that have reported a lower
risk with MPA [22,26]. Thus, the risk of VTE related to the
type of progestin used in combination with estrogen has
been insufficiently studied. This is especially true for PE,
which was the focus of our study.

The main strength of this large population-based study is
the coverage and reliability of the registers and their data
[34], which makes the results highly generalizable. We have
studied all cases with a diagnosis code of PE in women in
Sweden over a decade for the age groups where MHT is
mainly considered. The comprehensive Swedish health-care
system, which has almost complete registration of inpatient
diagnoses, offers a unique opportunity to study rare out-
comes, such as PE. Also, all relevant drugs are included in
the drug benefit system, which further minimizes the risk of
selection bias. The fact that we analyzed repeated actual dis-
pensations of MHT, and not only issued prescriptions, is also
considered a major strength of this study since it makes it
more probable that individuals actually have used the
studied drug.

Still, PE is a rare condition. Even though we had data for
a population of more than 1.7 million women and more
than 200,000 women were included in each analysis, the
number of women on MHT diagnosed with PE was limited.
Previous studies have suggested a dose-dependent effect of
oral but not transdermal estradiol on coagulation and the
subsequent thromboembolic effect [20]. It would have been
interesting to analyze the PE risk in relation to the dose of
estrogen, but we did not have information about dispensed
doses. Still, even if we had the data, it would probably not
be possible to make such analyses due to lack of power. The
same applies to comparisons between other progestins, tibo-
lone and sequential versus continuous treatment. It would
have been desirable to further analyze the treatment dur-
ation and risk of PE with different progestins, but the results
would not have been reliable because of limited data and,
hence, low power in multiple analyses. Therefore, we chose
to limit the analyses on different progestins (MPA and NETA)
to current, new and first ever users. More data will accumu-
late and become available in the future, and further analyses

can be made in international studies, perhaps in the Nordic
countries with similar demographics and health-care systems.
New products such as micronized progesterone and dydro-
gesterone have recently been introduced in Sweden. MHT
with these progestins might have a different risk of
VTE [20,27,28].

We initially planned for 20 controls per PE case, but due
to limited availability this was not possible. Another limita-
tion is the follow-up time for participants included early in
the study period since the individual-level data were only
included in the Swedish Prescribed Drug Register from 1 July
2005. The limitations of follow-up in the early years studied
might imply that a person may have used MHT further back
in time, but we lack information about it. This might result in
a situation when a woman, who is in fact a recurrent user of
MHT, will be misclassified as a first ever user. The same
might be true with women who immigrated to Sweden dur-
ing the study period. However, this would not reduce the
relevance of our results since a correction of the misclassifi-
cation would instead have made the difference even more
pronounced between the groups studied. Another weakness
is that some women might historically have used more than
one type of MHT; that is, both oral and transdermal prepara-
tions or different progestins. This was not corrected for in
this study.

A general limitation with register-based studies is the lack
of some information. Co-morbidity, menopausal status, hys-
terectomies, oophorectomies and smoking habits are some
examples of data on the individual level that would have
improved the analyses. Our findings can only be generalized
for the age group studied, and not for women using MHT
for the indication of premature ovarian insufficiency.

Conclusion

The risk of PE was highest in first ever users and was consid-
erably lower in women who might have used MHT previ-
ously. Estrogen in combination with both MPA and NETA
was associated with an increased risk of PE. The risk was sig-
nificantly increased in the first 4 years in users of oral MHT,
but not in transdermal users.
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