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ABSTRACT

OBJECTIVES

To investigate associations between current use of
menopausal hormone therapy and development of
venous thromboembolism, ischaemic stroke, and
myocardial infarction.
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National Danish health registries.

PARTICIPANTS

9807 women with venous thromboembolism, 18 460
women with ischaemic stroke, and 11974 women
with myocardial infarction were identified in a cohort
of women of 50-69 years living in Denmark between
2003 and 2021 without a medical history of venous
thrombosis, arterial thrombosis, cancer, liver disease,
thrombophilia, oophorectomy, infertility treatment,
endometriosis, or polyendocrine metabolic ovarian
syndrome (PMOS, previously known as polycystic
ovary syndrome). Cases were matched by birth year to
a total of 49035, 92300, and 59 870 women without
thrombotic disease, respectively.

MAIN OUTCOME MEASURES

Receiving a first time diagnosis of venous
thromboembolism, ischaemic stroke, or myocardial
infarction.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Oral menopausal oestrogen therapy has been associated with increased risk
of venous thromboembolism and stroke, but evidence for an increased risk of
myocardial infarction remains inconsistent

Evidence suggests that no increased thrombosis risk exists with use of
transdermal menopausal hormone therapy

Studies comparing the risk of thrombosis across contemporary methods of
use, regimens, active ingredients, dosages, treatment durations, and ages at
treatment initiation remain limited

WHAT THIS STUDY ADDS

In this nationwide study, current use of oral menopausal hormone therapy was
associated with an increased risk of venous thromboembolism across treatment
characteristics, whereas increased risks of ischaemic stroke and myocardial
infarction were observed only with oral high dose therapy used for more than
one year

The numbers needed to harm for one year of oral therapy were 1055 (95%
confidence interval (Cl) 791 to 1266) for venous thromboembolism, 1642 (1232
to 2463) for ischaemic stroke, and 3846 (2564 to 7692) for myocardial infarction
Transdermal therapy was not associated with elevated thrombotic risk regardless
of dosage and duration of use, supporting the importance of method of use in
minimising risk of thrombosis
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RESULTS

Among women who had not used menopausal
hormone therapy, incidence rates of venous
thromboembolism, ischaemic stroke, and myocardial
infarction per 10000 person years were 15.8, 20.3,
and 13.0, respectively. Compared with no current
use, current use of oral oestrogen therapy (alone

or combined with progestin) was associated with
increased rates of venous thromboembolism (hazard
ratio 1.6, 95% confidence interval (Cl) 1.5 to 1.8),
ischaemic stroke (1.3, 1.2 to 1.4), and myocardial
infarction (1.2, 1.1 to 1.3). The absolute risk increase
peryearwas 0.09% (95% Cl 0.08 to 0.13%) for
venous thromboembolism, 0.06% (0.04 to 0.08%)
for ischaemic stroke, and 0.03% (0.01 to 0.04%)

for myocardial infarction, corresponding to numbers
needed to harm for one year of use of 1055 (95% Cl
79110 1266), 1642 (1232 to 2463), and 3846 (2564
to 7692), respectively.

Use of oral forms of oestradiol was consistently
associated with increased venous thromboembolic
risk compared with no current use. Oral oestradiol
doses»1 mg/day used for more than one year was
associated with increased risks of ischaemic stroke
and myocardial infarction, with risks increasing with
treatment duration (stroke hazard ratio 1.8, 95%

Cl 1.4 to 2.2 and myocardial infarction hazard ratio
1.8, 1.4 to 2.4 for»5 years of use compared with no
current use).

Transdermal therapy was not associated with
increased thrombotic rates compared with no current
use, with the exception of increased risk of myocardial
infarction with transdermal combined cyclic therapy
(hazard ratio 2.1, 95% Cl 1.1 to 4.1).

CONCLUSIONS

Compared with no current use of any hormone
therapy, oral menopausal hormone therapy was
associated with increased venous thromboembolic
risk regardless of dosage and treatment duration,
while prolonged use of high dose oral oestradiol (>1
mg/day) showed elevated risks of ischaemic stroke
and myocardial infarction. No increased thrombotic
risks were observed with transdermal therapy.

Introduction

Cardiovascular disease is the leading cause of death
among women worldwide,® with risk increasing
after menopause as endogenous oestrogen levels
decline.? Mechanistic studies have demonstrated that
endogenous oestrogen improves cardiovascular health
by promoting angiogenesis and vasodilation, reducing
fibrosis, enhancing mitochondrial function, and
lowering oxidative stress.> While the cardioprotective
effects of endogenous oestrogen are well acknowledged,
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the cardiovascular impact of menopausal hormone
therapy with exogenous oestrogen remains a subject of
ongoing debate.

Systemic exogenous oestrogen is the key component
of menopausal hormone therapy, prescribed to
alleviate disabling vasomotor symptoms, including
hot flushes and night sweats. In women who have
not undergone hysterectomy, a progestogen is added
to prevent endometrial proliferation induced by
oestrogen. In contrast with oestrogen, substantially
less is known about the independent cardiovascular
and thrombotic effects of exogenous progestogens,
despite their mandatory use in a large proportion of
menopausal hormone therapy regimens.

Early epidemiological studies suggested that
menopausal hormone therapy confers reduced
cardiovascular risk.* > However, a subsequent

randomised controlled trial reported an increased risk
of venous thromboembolism, ischaemic stroke, and
myocardial infarction.® 7 These conflicting findings
have been attributed to methodological discrepancies
involving variation in time since menopause onset and
length of follow-up; reanalysing observational studies
controlling for these discrepancies have yielded risk
estimates more consistent with those from randomised
trials.®

Despite these insights, critical knowledge gaps
remain regarding the cardiovascular effects of
contemporary menopausal hormone therapy, with
limited evidence on the impact of regimen, active
ingredients, dosages, durations, and different ages of
initiation. Considering the increasing life expectancy
and the rising number of postmenopausal women,
updated evidence is needed to guide safe and evidence
based clinical decision making. In this nationwide
study, we aimed to assess the association between
contemporary systemic menopausal hormone therapy
use and the rates of venous thromboembolism,
ischaemic stroke, and myocardial infarction according
to method of use, regimen, active ingredients, dosage,
duration, and age at treatment initiation.

Methods

Study cohort

We conducted a nationwide nested case-control study
using Danish national registries. All cases of first time
thrombosis and age matched controls were identified
from a nationwide cohort of all Danish women aged
50-69 years between 2003 and 2021 with no medical
history of arterial or venous thrombosis, cancer
(except non-melanoma skin cancer), liver disease,
thrombophilia, oophorectomy, infertility treatment,
endometriosis, or polyendocrine metabolic ovarian
syndrome (PMOS, previously known as polycystic
ovary syndrome) (supplementary appendix). We
based the lower age limit on the average age of
menopause onset in Denmark (51 years) to primarily
capture postmenopausal women. The upper age limit
excluded women aged 70 years or older, among whom
menopausal hormone therapy is less commonly used.
Together, we chose these criteria to approximate the
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target population (women likely to start menopausal
hormone therapy) and to improve comparability in
hormonal status across the study population. The
participants were followed from 1 January 2003 or from
their 50" birthday—whichever occurred last—until 30
June 2021, their 70" birthday, emigration, death, a
thrombotic event, or the occurrence of an exclusion
criterion, whichever occurred first. To ensure eligibility
data and complete assessment of menopausal therapy
use, women who immigrated to Denmark after 1994
were excluded, because assessment of use was available
from 1995 with the establishment of the national
prescription registry. The study period began in 2003,
coinciding with revised Danish clinical guidelines
on menopausal hormone therapy. These guidelines
recommended a more restrictive and individualised
approach, including use at the lowest effective dose
and for the shortest possible duration, following safety
concerns raised by the Women’s Health Initiative trial
in 2002.° Furthermore, earlier Danish registry based
research has suggested differences in the safety profile
of hormone therapy before and after the Women’s
Health Initiative trial, indicating potential changes
in the population who used menopausal hormone
therapy.’ This research motivated us to examine
associations in a contemporary context.

We identified the study population through three
national registries: the Danish Civil Registration
System,'® which contains birth year, sex, death, and
migration data for all Danish residents since 1968,
the Danish National Patient Registry,** which contains
all diagnoses received in hospital since 1977 and
all diagnoses received emergency department and
outpatient clinic since 1995, and the Danish National
Prescription Registry, > which contains all prescription
redemptions since 1995.

A unique identification number given to all Danish
residents was used to reliably link information from
the registries.

Cases and controls for thrombosis

We investigated three thrombotic outcomes, all
identified as first time thrombosis events diagnosed in
hospital through the Danish National Patient Registry
and the Danish Registry of Causes of Death.' The three
outcomes were (a) venous thromboembolism (deep
vein thromboses ICD-10 (international classification
of diseases, 10th revision) codes 180.1-I180.3) and
pulmonary embolism (ICD-10 code 126), diagnosed
in a hospital department, outpatient clinic, or in the
emergency department, excluding diagnoses recorded
exclusively in the emergency department and not
subsequently confirmed by a medical department,
(b) ischaemic stroke (ICD-10 codes 163 and 164),
and (c) myocardial infarction (ICD-10 code I121).
These outcome definitions have been previously
validated and have high positive predictive values
(venous thromboembolism 88%, ischaemic stroke
97%, myocardial infarction 97%)."* > We matched
each case on the date the thrombosis diagnosis was
received (index date) to five controls without an earlier
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diagnosis of thrombosis using incidence density
matching by birth year. The risk sets were pooled by
outcome to create three different matched populations.

To enhance the validity of venous thromboembolism
case identification, we conducted a sensitivity analysis
restricted to cases with additional confirmation.
Specifically, we included only participants who had
had relevant imaging or received an anticoagulant
prescription redemption after receiving a thrombosis
diagnosis. This combined approach was necessary
because imaging codes were inconsistently available
early in the study period, and some patients received
anticoagulant treatment free of charge from the hospitals
without a corresponding prescription record.'®

Menopausal hormone therapy

The treatment of interest was current use of systemic
menopausal hormone therapy, defined as use within
90 days up to and including the index date, consistent
with definitions used in previous studies.!” Women
were classified as users if they had redeemed a
prescription, since all systemic formulations require
a prescription in Denmark. We obtained individual
level, daily updated information on type, amount, and
timing of purchased menopausal hormone therapy
from the National Prescription Registry (Anatomical
Therapeutic Chemical codes GO3C (oestrogens),
GO3D (progestogens), GO3F (combined products),
and GO2BAO3 (levonorgestrel releasing intrauterine
device)) from 1 January 1995 to the index date. A list
of available products during the study period can be
found in the supplementary appendix.

For fixed dose products (combined oestrogen and
progestin oral/patch formulations, oestrogen only
patches, and the hormonal intrauterine device), the
drug unit size was considered the daily dose, and
duration of use was calculated according to the amount
of defined daily dose purchased. For single drug
formulations allowing for individualised dosing (oral,
gel, or spray oestrogen and oral progestins), doses
and duration were estimated using the programme
medicinMacro (tagteam/heaven R package), which
calculates the most probable daily dose and duration
according to the prescription pattern of the five most
recent prescriptions.'® Besides prescription data, the
medicinMacro incorporates recommended default,
minimum, and maximum doses from the respective
summaries of product characteristics.

Confounding factors

A directed acyclic graph was used to guide confounder
selection based on assumed causal relationships
(supplementary appendix). We retrieved information
on potential confounding factors at the index
date for all cases and controls and included yearly
income, education, cohabitation status, and a
medical history of hypertension, atrial fibrillation,
cardiomyopathy, heart failure, valvulopathy, diabetes,
thyroid disease, kidney disease, chronic obstructive
pulmonary disease, migraine, hysterectomy, use of
statins, use of bisphosphonates, and concomitant
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use of anticoagulants, aspirin, antidepressants, or
antipsychotic drugs (supplementary appendix).

Information on body mass index and smoking status
was not available in the Danish registries.

Statistical analysis

We used conditional logistic regression to estimate
adjusted hazard ratios and corresponding 95%
confidence intervals (CIs) for incident venous
thromboembolism, ischaemic stroke, and myocardial
infarction, according to current use of systemic
menopausal hormone therapy and method of
oestrogen use (oral or transdermal). Additional
analyses examined the influence of regimen (oestrogen
only, combined oestrogen-progestin with continuous
use of progestin, combined treatment with cyclic
use of progestin), active ingredients (oestradiol
only, oestradiol and norethisterone, oestradiol and
medroxyprogesterone, oestradiol and levonorgestrel),
and daily dose of oestradiol (oral low dose <1 mg v high
dose >1 mg, transdermal low dose <50 pg v high dose
>50 pg).

The sampling assumptions for the risk set design
were met by selecting controls using incidence density
sampling from individuals who remained at risk of
thrombosis at the time of the corresponding case event.
Using this approach, individuals could be selected
as controls more than once and could subsequently
become cases. Estimates from the conditional logistic
regression are therefore equivalent to those from a
Cox proportional hazards model and are reported as
hazard ratios.'® We assessed the proportional hazards
assumption by including interaction terms between
exposure and follow-up period in the models, with
follow-up categorised as <2 years, 2-5 years, and >5
years. These interaction terms were used to assess
whether hazard ratios varied across follow-up periods,
using likelihood ratio tests comparing adjusted models
with and without the interaction terms.

In all analyses, the reference group was women
with no current use of any systemic or local oestrogen,
progestogen, or testosterone including hormonal
contraceptives and perimenopausal progestogen
therapy (supplementary appendix). We categorised
current use of these products as separate use categories
in the statistical models and therefore controlled for
them by design. Similarly, women having used multiple
menopausal hormone therapy types within the 90 days
were categorised separately in the statistical model as
mixed users. All statistical models were adjusted for all
the previously mentioned confounders.

To properly investigate the impact of treatment
duration (<1 year, 1-5 years, >5 years of uninterrupted
use including gaps of up to 90 days) and age at
treatment initiation (<50 years, 50-54 years, 55-59
years >59 years) on thrombosis risk among current
users, we analysed a subcohort of new users. From the
original study cohort, we excluded women who began
treatment before 1 January 1996, to ensure at least
one year without drug use (the prescription registry
started in 1995) and thereby correct identification of
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Table 1 | Characteristics of the study populations. Data are number (%) unless otherwise specified
Ischaemic stroke

Venous thromboembolism

Myocardial infarction

Cases Controls Cases Controls Cases Controls
Characteristics (n=9807) (n=49035) (n=18460) (n=92300) (n=11974) (n=59870)
Age
Median (IQR) age (years) 62 (56-66) 62 (56-66) 62 (57-66) 62 (57-66) 62 (57-66) 62 (57-66)
Income*
Low 2173 (22.2) 12538 (25.6) 4420 (23.9) 23270 (25.2) 2964 (24.8) 14997 (25.0)
Medium 5502 (56.1) 23918 (48.8) 10200 (55.3) 45180 (48.9) 6570 (54.9) 29352 (49.0)
High 2132 (21.7) 12579 (25.7) 3840 (20.8) 23850 (25.8) 2440 (20.4) 15521 (25.9)
Education
Basic 4134 (42.2) 20081 (41.0) 8199 (44.4) 38187 (41.4) 5589 (46.7) 24954 (41.7)
Upper secondary 3684 (37.6) 17189 (35.1) 6794 (36.8) 32373 (35.1) 4310 (36.0) 20603 (34.4)
Bachelors degree 1718 (17.5) 9926 (20.2) 3000 (16.3) 18446 (20.0) 1843 (15.4) 12055 (20.1)
Masters degree or doctorate 271 (2.8) 1839 (3.8) 467 (2.5) 3294 (3.6) 232 (1.9) 2258 (3.8)
Cohabitation
Living alone 2811 (28.7) 14120 (28.8) 5591 (30.3) 27138 (29.4) 3218 (26.9) 17537 (29.3)
Comorbiditiest
Hypertension 590 (6.0) 2251 (4.6) 1565 (8.5) 4385 (4.8) 1011 (8.4) 2740 (4.6)
Atrial fibrillation 318 (3.2) 725 (1.5) 818 (4.4) 1438 (1.6) 477 (4.0) 939 (1.6)
Cardiomyopathy 54 (0.5) 106 (0.2) 106 (0.6) 184 (0.2) 124 (1.0) 100 (0.2)
Heart failure 258 (2.6) 267 (0.5) 376 (2.0) 556 (0.6) 447 (3.7) 294 (0.5)
Valvulopathy 131 (1.3) 368 (0.7) 353 (1.9) 685 (0.7) 301 (2.5) 453 (0.8)
Diabetes 797 (8.1) 2396 (4.9) 1963 (10.6) 4491 (4.9) 1510 (12.6) 2809 (4.7)
Thyroid disease 1410 (14.4) 5415 (11.0) 2505 (13.6) 10132 (11.0) 1651 (13.8) 6564 (11.0)
Kidney disease 193 (2.0) 163 (0.3) 302 (1.6) 349 (0.4) 243 (2.0) 204 (0.3)
COPD 817 (8.3) 1118 2.3) 1059 (5.7) 2143 (2.3) 992 (8.3) 1363 (2.3)
Migraine 1639 (16.7) 6434 (13.1) 3086 (16.7) 12157 (13.2) 1986 (16.4) 7909 (13.2)
Hysterectomy 958 (9.8) 3885 (7.9) 1761 (9.5) 7285 (7.9) 1174 (9.8) 4760 (8.0)
Statin use 2165 (22.1) 8576 (17.5) 5293 (28.7) 16348 (17.7) 3811 (31.8) 10343 (17.3)
Bisphosphonate use 695 (7.1) 2209 (4.5) 1217 (6.6) 4184 (4.5) 743 (6.2) 2637 (4.4)
Concomitant medication uset
Anticoagulants 341 (3.5) 375 (0.8) 400 (2.2) 763 (0.8) 244 (2.0) 488 (0.8)
Aspirin 905 (9.2) 2549 (5.2) 2480 (13.4) 4765 (5.2) 1650 (13.8) 3101 (5.2)
Antidepressants 1681 (17.1) 4406 (9.0) 3230(17.5) 8123 (8.8) 1774 (14.8) 5305 (8.9)
Antipsychotic drugs 647 (6.6) 1114 (2.3) 1073 (5.8) 2108 (2.3) 513 (4.3) 1368 (2.3)

IQR=interquartile range; COPD=chronic obstructive pulmonary disease.

Median (IQR) follow-up period for the study population was 6 years (3-10 years), and reflects the interval between entry into the cohort and the index date. The population characteristics were

defined at the case index date.

*Low, medium, and high income was defined according to the income distribution of each matched population with low as below first quartile, medium as between first and third quartile, and
high as above third quartile, respectively.

tComorbidities were defined as diagnoses received before to the index date.

$Concomitant medication was defined as prescription redemption within 180 days before the index date.

treatment initiation. Following the same approach as
previously, three matched case-control populations
of women aged 50-69 years between 1 January 2003
and 30 June 2021 were created within this new user
cohort. Similarly, we created a subcohort of new users
initiating treatment after 31 December 2002 to fully
capture potential changes in prescribing patterns and
user characteristics following the publication of the
Women’s Health Initiative trial findings in 2002.

Sensitivity analyses were conducted to assess the
robustness of the findings, including restriction to
current use defined as use within 60 days before the
index date (instead of 90 days), earlier use of systemic
menopausal hormone therapy (five years to 90 days
before the index date), restriction to women aged 50-
59 years, restriction to a healthy subgroup without
earlier diagnoses of hypertension, diabetes, chronic
kidney disease, atrial fibrillation, heart failure, thyroid
disease, or chronic obstructive pulmonary disease, and
restriction of the study period to 1997-2002 to account
for changes in prescribing patterns after the Women’s
Health Initiative trial.

We calculated number needed to harm for one year
of menopausal hormone therapy. The numbers were
calculated from the age specific adjusted hazard ratios
and the incidence rate of a first time diagnosis of venous
thromboembolism, ischaemic stroke, or myocardial
infarction in the unexposed Danish population.

All data management and analyses were carried out
using R statistical software (R Core Team, 2024).

Patient and public involvement

Patients or the public were not involved in any part of
this study, including design, analysis, or manuscript
preparation. Given the registry based study design and
limited resources available, such involvement was not
feasible. Findings will be disseminated to the public
and healthcare professionals through press releases,
conference presentations, and social media.

Results

Among 1060082 eligible women followed for a
median of 9 years (interquartile range (IQR)) 5-14
years), we identified 9807 incident cases of venous
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Table 2 | Treatment use characteristics of the study populations. Data are number (%) unless otherwise specified

Venous thromboembolism

Ischaemic stroke

Myocardial infarction

Cases Controls Cases Controls Cases Controls
Characteristics (n=9807) (n=49035) (n=18460) (n=92300) (n=11974) (n=59870)
User status
Current use* 714 (7.3) 2304 (4.7) 1147 (6.2) 4338 (4.7) 689 (5.8) 2846 (4.8)
No current use of any hormonal therapy 8099 (82.6) 42191 (86.0) 15791 (85.5) 79418 (86.0) 10299 (86.0) 51440 (85.9)
Use of other hormonal therapies
Hormonal contraceptiont 224 (2.3) 282 (0.6) 143 (0.8) 431 (0.5) 88 (0.7) 303 (0.5)
Progestogen only 19 (0.2) 92(0.2) 22 (0.1) 132(0.1) 11 (0.1) 78 (0.1)
Testosterones 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Vaginal oestrogen only 751 (7.6) 4166 (8.5) 1357 (7.4) 7981 (8.7) 887 (7.4) 5203 (8.7)
Users of menopausal hormone therapy
Method of use:
Oral 661 (92.6) 1997 (86.7) 1040 (90.7) 3770 (86.9) 625 (90.7) 2487 (87.4)
Transdermal 53 (7.4) 307 (13.3) 107 (9.3) 568 (13.1) 64 (9.3) 359 (12.6)
Regimen
Oestrogen only 191 (26.8) 633 (27.5) 351 (30.6) 1178 (27.2) 196 (28.4) 758 (26.6)
Combined, continuous 362 (50.7) 1205 (52.3) 570 (49.7) 2298 (53.0) 350 (50.8) 1531 (53.8)
Combined, cyclic 147 (20.6) 418 (18.1) 209 (18.2) 778 (17.9) 125(18.1) 503 (17.7)
Combined, unknown 14 (2.0) 48 (2.1) 17 (1.5) 84 (1.9) 18 (2.6) 54 (1.9)
Active ingredients:
E2 181 (25.4) 603 (26.2) 339 (29.6) 1123 (25.9) 191 (27.7) 720 (25.3)
E2 + NETA 411 (57.6) 1323 (57.4) 661 (57.6) 2514 (58.0) 398 (57.8) 1682 (59.1)
E2 + MPA 54 (7.6) 183 (7.9) 83 (7.2) 312 (7.2) 56 (8.1) 214 (7.5)
E2 + LNG 19 (2.7) 94 (4.1) 25(2.2) 176 (4.1) 22 (3.2) 92 (3.2)
Mixed/other 49 (6.9) 101 (4.4) 39 (3.4) 213 (4.9) 22(3.2) 138 (4.8)
Daily dose of oestradiol§:
Low dose 257 (36.5) 1014 (44.6) 366 (32.2) 1856 (43.4) 228 (33.3) 1232 (43.9)
High dose 448 (63.5) 1259 (55.4) 769 (67.8) 2425 (56.6) 456 (66.7) 1573 (56.1)
Age at treatment initiation (years){:
<50 124 (31.7) 378 (30.6) 233 (40.7) 716 (30.6) 136 (39.9) 460 (30.0)
50-54 197 (50.4) 617 (50.0) 274 (47.9) 1190 (50.9) 160 (46.9) 786 (51.2)
55-59 57 (14.6) 204 (16.5) 54 (9.4) 345 (14.7) 32 (9.4) 243 (15.8)
»59 13 (3.3) 36 (2.9) 11 (1.9) 88 (3.8) 13 (3.8) 45 (2.9)
Treatment duration (years){:
<1 135 (34.5) 373 (30.2) 132 (23.1) 646 (27.6) 80 (23.5) 482 (31.4)
1-5 145 (37.1) 504 (40.8) 218 (38.1) 958 (41.0) 130 (38.1) 589 (38.4)
>5 111 (28.4) 358 (29.0) 222 (38.8) 735 (31.4) 131 (38.4) 463 (30.2)

E2=oestradiol; NETA=norethisterone; MPA=medroxyprogesterone; LNG=levonorgestrel.
The characteristics of hormonal therapy use were defined at the case index date.
*Current use was defined as use of systemic menopausal hormone therapy within 90 days before the index date.

tHormonal contraception comprised co

ntraceptives classified under Anatomical Therapeutic Chemical code GO3A.

$No women were current users of testosterone
§Low daily dose was defined as <1 mg oral or <50 pg transdermal oestradiol, high daily dose was defined as >1 mg oral or >50 pg transdermal oestradiol.

flAge at treatment initiation and duration of use are reported only for women who did not redeem a prescription of menopausal hormone therapy within the first year of available use history to
ensure accurate information on treatment initiation.
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thromboembolism, 18 460 incident cases of ischaemic
stroke, and 11974 incident cases of myocardial
infarction and matched these with 49035, 92300,
and 59870 women without thrombotic disease,
respectively. The supplementary appendix shows the
flow diagram of the creation of the study population.
Table 1 provides the characteristics of the three case-
control populations at the index date. The median ages
at case index were 62 years (IQR 56-66 years), 62 (57-
66), and 62 (57-66) for the case-control populations
of venous thromboembolism, ischaemic stroke, and
myocardial infarction, respectively. The prevalence of
comorbidities was higher among cases than controls.
Table 2 provides information on menopausal
hormone therapy use at the index date. The proportion
of current users of systemic menopausal hormone
therapy was higher among cases than controls for
venous thromboembolism, ischaemic stroke, and
myocardial infarction (7.3%, 6.2%, and 5.8% v 4.7%,

| doi: 10.1136/bmj-2026-100688

4.7%, and 4.8%, respectively). Across current users
of systemic therapy in the three matched populations
(n=12038), menopausal hormone therapy was
predominantly oral (88% of all users), combined
oestrogen-progestin therapy (73% of all users) with
continuous progestin use (72% of combined therapy).
Oestradiol was the most common oestrogen used
(>96% of all users). Fewer than three current users
received conjugated equine oestrogen, which was only
available until 2004. Ethinyl oestradiol was not used
during the study period, while oestriol accounted for
about 1% of current users. Norethisterone was the most
common progestin used (80% of combined therapy).
Users of oral oestrogen and oral or intrauterine
levonorgestrel most commonly took levonorgestrel
in the form of intrauterine devices (90% of combined
oestrogen and levonorgestrel users in the venous
thromboembolism population and 62% of all
combined oestrogen and levonorgestrel users). Oral
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Outcome

Reference
No current use
Method
Oral
Transdermal
Regimen
Oral, oestrogen only
Oral, combined continuous
Oral, combined cyclic
Transdermal, oestrogen only

Transdermal, combined continuous
Transdermal, combined cyclic

Active ingredients
Oral, oestradiol
Oral, oestradiol + NETA
Oral, oestradiol + MPA
Oral, oestradiol + LNG
Transdermal, oestradiol

Transdermal, oestradiol + NETA

Transdermal, oestradiol + LNG

Daily dose
Oral, low dose
Oral, high dose
Transdermal, low dose
Transdermal, high dose

Hazard ratio

Cases Controls Hazard ratio (95% CI) (95%Cl)

8099 (82.6) 42191 (86.0) * 1.0(1.0t0 1.0
661(6.7) 1997 (4.1) —-o— 1.6(1.5t01.8)
53 (0.5 307 (0.6) —_— 0.9(0.7t01.2)
159 (1.6) 481 (1.0) —_—r 14(1.2t01.7)
346 (3.5 1113 (2.3) —— 1.51.3t01.7)
143 (1.5) 385(0.8) — 1.9(1.6t02.4)
32(0.3) 152(0.3) & 1.00.7t0 1.5
16 (0.2) 92(0.2) L 4 0.9 (0.5t0 1.6)
4(0.0 33(0.1) L 4 0.7(0.2t0 1.9)
149 (1.5) 451(0.9) —_—— 14(1.2t01.7)
398 (4.1) 1235(2.5) —— 1.6(1.4t01.8)
54 (0.6) 154(0.3) —_— 1.9(1.4t02.6)
12 0.1 57(0.1) 2 1.0(0.5t01.9)
32(0.3) 152(0.3) N g 1.00.7t0 1.5
13(0.1) 88(0.2) L 2 0.8(0.4t01.4)
7.1 37(0.1) L 2 1.1(0.5t02.6)
228(2.3) 842 (1.7) —— 1.3(1.1t01.6)
423 (4.3 1124 (2.3) —— 1.8(1.6t0 2.0
29(0.3) 172(0.4) L 4 0.9 (0.6t01.3)
24(0.2) 135(0.3) —_— 0.9 (0.6t0 1.4)

| 1
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Figure 1 | Adjusted hazard ratio for venous thromboembolism with current use of systemic menopausal hormone therapy compared with no current
use of any hormone therapy according to treatment characteristics. Data are number (%). Regression models were adjusted for yearly income,
education, cohabitation, hypertension, atrial fibrillation, cardiomyopathy, heart failure, valvulopathy, diabetes, thyroid disease, kidney disease,
chronic obstructive pulmonary disease, migraine, hysterectomy, use of statins, bisphosphonates, anticoagulants, aspirin, antidepressants, and
antipsychotics. The reference group was women without current use of systemic or local oestrogen, progestogen, or testosterone. Current use of
these products was categorised as separate use categories in the statistical models and was therefore controlled for by design. Current use was
defined as use of systemic menopausal hormone therapy within 90 days before the index date. Low and high oral dosage was defined as <1 mg and
»1 mg oestradiol daily. Low and high transdermal dosage was defined as <50 pg and »50 pg oestradiol daily. The sample size in the figure is smaller
than reported in the text, as women with current use of hormonal contraception, progestogen only therapy, testosterone, or vaginal oestrogen are
not shown in the figure (see table 2 for the corresponding numbers). Data from women with use of mixed/unknown combined regimens or mixed/
other active ingredients are also not shown. Cl=confidence interval; E2=o0estradiol; NETA=norethisterone acetate; MPA=medroxyprogesterone

acetate; LNG=levonorgestrel

oestradiol users most frequently received high dose
therapy (60% of oral users used >1 mg daily), whereas
transdermal oestradiol users more often received low
dose therapy (56% of transdermal users used <50
ug daily). Treatment was usually initiated before 55
years of age (82% of new users), and the majority were
treated for fewer than five years (68% of new users).
The incidence rates of venous thromboembolism,
ischaemic stroke, and myocardial infarction per 10000
person years among unexposed women followed for a
median of 9 years (IQR 4-14 years) were 15.8, 20.3,
and 13.0, respectively.

Venous thromboembolism
Compared with no current use, current use of oral
menopausal hormone therapy was associated with an

increased rate of venous thromboembolism (hazard
ratio 1.6, 95% CI 1.5 to 1.8, fig 1), corresponding to
an absolute risk increase per year of 0.09% (0.08 to
0.13%), which calculates to a number needed to harm
for one year of 1055 (95% CI 791 to 1266, fig 5). The
increased hazard ratio persisted across age strata (1.7,
95% CI 1.5 to 2.0 for 50-59 years, 1.5, 1.3 to 1.7 for
60-69 years). Figure 5 shows the excess number of
venous thromboembolism events per 10000 women
per year and the number needed to harm, according
to age strata.

Oral high dose oestradiol use (>1 mg daily) was
associated with a higher venous thromboembolic rate
compared with oral low dose (<1 mg daily) oestradiol
use (high v low oral dose hazard ratio 1.3, 95% CI 1.1
to 1.6). Compared with no current hormone therapy
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Hazard ratio

Outcome Cases Controls Hazard ratio (95% CI) (95%CI)
Reference
No current use 15791 (85.5) 79 418 (86.0) * 1.0(1.0to 1.0)
Method
Oral 1040 (5.6) 3770 (4.1) -~ 1.3(1.2t0 1.4)
Transdermal 107 (0.6) 568 (0.6) —_— 1.0(0.8t0 1.2)
Regimen
Oral, oestrogen only 286 (1.5) 874 (0.9) —— 1.4(1.2t01.6)
Oral, combined continuous 551 3.0 2136 (2.3) - 1.2(01.1t0 1.4)
Oral, combined cyclic 195 (1.1 721(0.8) —— 1.3(1.1t01.6)
Transdermal, oestrogen only 65(0.4) 304 (0.3) — 1.0(0.8t0 1.4
Transdermal, combined continuous 19 (0.1) 162 (0.2) L 2 0.7(0.4t01.1)
Transdermal, combined cyclic 14 0.1 570.1) * 1.3(0.7t02.4)
Active ingredients
Oral, oestradiol 274(1.5) 819 (0.9) —— 1.501.3t01.7)
Oral, oestradiol + NETA 635 (3.4) 2364 (2.6) -o- 1.3(1.2t0 1.4)
Oral, oestradiol + MPA 74 (0.4) 270(0.3) — 1.3(1.0to 1.7)
Oral, oestradiol + LNG 18 (0.1) 107 (0.1) L 2 0.8(0.5t0 1.4)
Transdermal, oestradiol 65 (0.4) 304(0.3) —_— 1.0(0.8t0 1.4)
Transdermal, oestradiol + NETA 26 (0.1) 150(0.2) L 2 0.9(0.6t01.4)
Transdermal, oestradiol + MPA 9(0.0) 42 (0.0 4 1.1(0.5t02.3)
Transdermal, oestradiol + LNG 7(0.0) 69 (0.1) 4 0.6 (0.3t01.3)
Daily dose
Oral, low dose 31501.7) 1543 (1.7) —— 1.00.91to0 1.1)
Oral, high dose 7133.9) 2170 (2.4) -o- 1.501.4t0 1.6)
Transdermal, low dose 51(0.3) 313(0.3) —_— 0.8(0.6t01.1)
Transdermal, high dose 56 (0.3) 255(0.3) —_—— 1.1(0.8t0 1.5
O.‘5 1 é 4

Figure 2 | Adjusted hazard ratio for ischaemic stroke with current use of systemic menopausal hormone therapy compared with no current use

of any hormone therapy according to treatment characteristics. Data are number (%). Regression models were adjusted for yearly income,
education, cohabitation, hypertension, atrial fibrillation, cardiomyopathy, heart failure, valvulopathy, diabetes, thyroid disease, kidney disease,
chronic obstructive pulmonary disease, migraine, hysterectomy, use of statins, bisphosphonates, anticoagulants, aspirin, antidepressants, and
antipsychotics. The reference group was women without current use of systemic or local oestrogen, progestogen, or testosterone. Current use of
these products was categorised as separate use categories in the statistical models and was therefore controlled for by design. Current use was
defined as use of systemic menopausal hormone therapy within 90 days before the index date. Low and high oral dosage was defined as <1 mg and
»1 mg oestradiol daily. Low and high transdermal dosage was defined as <50 pg and »50 pg oestradiol daily. The sample size in the figure is smaller
than reported in the text, as women with current use of hormonal contraception, progestogen only therapy, testosterone, or vaginal oestrogen are
not shown in the figure (see table 2 for the corresponding numbers). Data from women with use of mixed/unknown combined regimens or mixed/
other active ingredients are also not shown. Cl=confidence interval; E2=0estradiol; NETA=norethisterone acetate; MPA=medroxyprogesterone

acetate; LNG=levonorgestrel

thelbmj | BMJ2026;394:€100688

use, venous thromboembolism rates were increased
for all oral regimens (oestrogen only; combined
continuous; combined cyclic) and across progestins,
except for oral oestradiol with levonorgestrel, which
was not associated with an increased rate, although
CIs were wide (hazard ratio 1.0, 95% CI 0.5 to 1.9,
fig 1). Transdermal therapy was not associated with
increased venous thromboembolic rate compared with
no current use of any hormone therapy (hazard ratio
0.9, 95% CI 0.7 to 1.2) regardless of regimen, progestin
type, and daily oestradiol dose (fig 1). Our findings
persisted when exclusively including confirmed
venous thromboembolic diagnoses (supplementary
appendix).

| doi: 10.1136/bmj-2026-100688

Ischaemic stroke
The rate of ischaemic stroke was higher with current
use of oral menopausal hormone therapy compared
with no current use (hazard ratio 1.3, 95% CI 1.2 to
1.4, fig 2), corresponding to an absolute risk increase
per year of 0.06% (95% CI 0.04 to 0.08%), which
calculates to a number needed to harm for one year
of 1642 (95% CI 1232 to 2463, fig 5). The increased
hazard ratio persisted across age strata (1.3, 95% CI
1.2 to 1.5 for 50-59 years, 1.3, 1.2 to 1.4 for 60-69
years). Figure 5 shows the excess number of ischaemic
stroke events per 10000 women per year and the
number needed to harm, according to age strata.

Only oral high dose oestradiol use (>1 mg daily)
was associated with a higher ischaemic stroke rate
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Outcome

Reference

No current use

Method

Oral

Transdermal

Regimen

Oral, oestrogen only

Oral, combined continuous
Oral, combined cyclic
Transdermal, oestrogen only

Transdermal, combined continuous
Transdermal, combined cyclic

Active ingredients
Oral, oestradiol
Oral, oestradiol + NETA
Oral, oestradiol + MPA
Oral, oestradiol + LNG

Transdermal, oestradiol

Transdermal, oestradiol + NETA
Transdermal, oestradiol + MPA
Transdermal, oestradiol + LNG

Daily dose

Oral, low dose

Oral, high dose
Transdermal, low dose
Transdermal, high dose

Hazard ratio

Cases Controls Hazard ratio (95% CI) (95%CI)

10299 (86.0) 51440 (85.9) 3 1.0(1.0t0 1.0)
625(5.2) 2487 (4.2) -~ 1.2(1.1t01.3)
64 (0.5) 359 (0.6) —_—— 1.000.7t01.3)
164 (1.4) 573(1.0) ——— 1.1(0.9t01.4)
338(2.8) 1424 (2.4) —e- 1.2(1.0t01.3)
113(0.9) 469 (0.8) —— 1.2(1.0t01.5)
32(0.3) 185(0.3) —_— 0.9(0.6t0 1.3)
12(0.1) 107 (0.2) L 2 0.7(0.4t01.2)
12(0.1) 34(0.1) L 2 > 21(1.1to4.1)
159 (1.3) 535(0.9) —— 1.2(1.0to 1.4)
378(3.2) 1580 (2.6) —o— 1.2(1.0t01.3)
48 (0.4) 181(0.3) —_—— 14(1.0t01.9)
18(0.2) 53(0.1) L 2 19(1.1t03.4)
32(0.3) 185(0.3) —_— 0.9(0.6t0 1.3)
20(0.2) 102(0.2) L 4 1.2(0.7t01.9)
8(0.1) 33(0.1) L 2 1.2(0.5t02.7)
4(0.0) 39 (0.1 L 4 0.6(0.2t0 1.8)
189 (1.6) 1034 (1.7) —o— 0.9(0.8t0 1.1)
431 (3.6) 1412 (2.4) -o— 1.4(1.2t01.6)
39(0.3) 198(0.3) —_— 1.000.7t01.5)
25(0.2) 161(0.3) —_— 0.9(0.6t0 1.3)
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Figure 3 | Adjusted hazard ratio for myocardial infarction with current use of systemic menopausal hormone therapy compared with no current

use of any hormone therapy according to treatment characteristics. Data are number (%). Regression models were adjusted for yearly income,
education, cohabitation, hypertension, atrial fibrillation, cardiomyopathy, heart failure, valvulopathy, diabetes, thyroid disease, kidney disease,
chronic obstructive pulmonary disease, migraine, hysterectomy, use of statins, bisphosphonates, anticoagulants, aspirin, antidepressants, and
antipsychotics. The reference group was women without current use of systemic or local oestrogen, progestogen, or testosterone. Current use of
these products was categorised as separate use categories in the statistical models and was therefore controlled for by design. Current use was
defined as use of systemic menopausal hormone therapy within 90 days before the index date. Low and high oral dosage was defined as <1 mg and
»1 mg oestradiol daily. Low and high transdermal dosage was defined as <50 pg and »50 pg oestradiol daily. The sample size in the figure is smaller
than reported in the text, as women with current use of hormonal contraception, progestogen only therapy, testosterone, or vaginal oestrogen are
not shown in the figure (see table 2 for the corresponding numbers). Data from women with use of mixed/unknown combined regimens or mixed/
other active ingredients are also not shown. Cl=confidence interval; E2=o0estradiol; NETA=norethisterone acetate; MPA=medroxyprogesterone

acetate; LNG=levonorgestrel

(hazard ratio 1.5, 95% CI 1.4 to 1.6) compared with
no current use, whereas oral low dose oestradiol
use was not (hazard ratio 1.0, 95% CI 0.9 to 1.1, fig
2). In a direct comparison between the two groups,
we observed a significant in risk with oral high dose
therapy compared with oral low dose therapy (hazard
ratio 1.5, 95% CI 1.3 to 1.7, P<0.001).

Compared with no current use of any hormone
therapy, ischaemic stroke rates were increased for all
oral regimens (oestrogen only, combined continuous,
combined cyclic) and across progestins, except for
oral oestradiol with levonorgestrel, which was not
associated with an increased rate, although CIs were
wide (hazard ratio 0.8, 95% CI 0.5 to 1.4, fig 2).
Transdermal hormone therapy use was not associated

with ischaemic stroke rate compared with no current
use of any hormone therapy (hazard ratio 1.0, 95% CI
0.8 to 1.2) regardless of regimen, progestin type, and
daily oestradiol dose (fig 2).

Myocardial infarction

Compared with no current use of any hormone therapy,
current use of oral menopausal hormone therapy
was associated with an increased rate of myocardial
infarction (hazard ratio 1.2, 95% CI 1.1 to 1.3, fig 3),
corresponding to an absolute risk increase per year of
0.03% (95% CI 0.01 to 0.04%), which calculates to
a number needed to harm for one year of 3846 (95%
CI 2564 to 7692, fig 5). The increased hazard ratio
persisted across age strata (1.2, 95% CI 1.0 to 1.4, for
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Outcome

Venous thromboembolism
Oral, <1 year, low dose
Oral, 1-5 years, low dose
Oral, >5 years, low dose
Oral, <1 year, high dose
Oral, 1-5 years, high dose
Oral, >5 years, high dose
Transdermal, <1 year, low dose
Transdermal, 1-5 years, low dose
Transdermal, >5 years, low dose
Transdermal, <1 year, high dose
Transdermal, 1-5 years, high dose
Transdermal, >5 years, high dose
Ischaemic stroke
Oral, <1 year, low dose
Oral, 1-5 years, low dose
Oral, >5 years, low dose
Oral, <1 year, high dose
Oral, 1-5 years, high dose
Oral, >5 years, high dose
Transdermal, <1 year, low dose
Transdermal, 1-5 years, low dose
Transdermal, >5 years, low dose
Transdermal, <1 year, high dose
Transdermal, 1-5 years, high dose
Transdermal, >5 years, high dose
Myocardial infarction
Oral, <1 year, low dose
Oral, 1-5 years, low dose
Oral, >5 years, low dose
Oral, <1 year, high dose
Oral, 1-5 years, high dose
Oral, >5 years, high dose
Transdermal, <1 year, low dose
Transdermal, 1-5 years, low dose
Transdermal, >5 years, low dose
Transdermal, <1 year, high dose
Transdermal, 1-5 years, high dose
Transdermal, >5 years, high dose

Cases

43(0.5)
58(0.7)
340.4)
71(0.8)
68(0.8)
68(0.8)
3(0.0)
10(0.1)
3(0.0)
10(0.1)
5.1
4(0.0)

51(0.3)
70(0.4)
59 (0.4)
53(0.3)
121(0.7)
135(0.8)
13(0.1)
7(0.0)
14 (0.1
9(0.1)
150.1)
14(0.1)

32(0.3)
48(0.4)
40(0.4)
32(0.3)
65(0.6)
750.7)
8(0.1
8(0.1
110.1
6(0.1)
4(0.0)
5(0.0)

Controls

160 (0.4)
194 (0.4)
133(0.3)
119(0.3)
225(0.5)
163(0.4)
48(0.1)
36 (0.1
21(0.0)
340.M
36 (0.1
370.M

307 (0.4)
354(0.4)
286 (0.3)
197(0.2)
410(0.5)
338(0.4)
61(0.M
82(0.M
470.1)
64 (0.1
720.1)
430.1)

221(0.4)
238(0.4)
190(0.4)
158(0.3)
244(0.5)
195(0.4)
52(0.M
510.M
410.1)
350.M
38(0.M
310D

Hazard ratio (95% CI)
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0.2 0.5 1 2 3 4

Hazard ratio
(95% CI)

1.4(1.0t0 2.0)
1.5(1.1t02.0)
1.2(0.8t01.8)
3.2(23t04.3)
14(1.1t01.9)
1.9(1.4t02.5)
0.3(0.1t0 1.1)
1.8(0.9t03.8)
0.5(0.1t0 1.9)
1.4(0.7t0 2.8)
0.7(0.3t0 1.9)
0.5(0.2t0 1.4)

0.8(0.6t0 1.1)
0.9(0.7t01.2)
1.0(00.7t01.3)
1.2(09t01.7)
14(1.1t01.7)
1.8(1.4t02.2)
1.1(0.6 t0 2.0)
0.4(0.2t00.9)
1.6(0.9t02.9)
0.7(0.3t0 1.4)
0.9(0.5t0 1.7)
1.7(09t03.2)

0.7(0.5t0 1.1)
1.0(00.7t01.3)
1.0(0.7t0 1.5)
1.000.6t0 1.4)
1.2(0.9t0 1.6)
1.8(1.4t02.4)
0.9 (0.4 to 2.0)
0.7(0.3t0 1.5)
1.3(0.7 t0 2.6)
0.8(0.3t01.8)
0.7(0.2t0 1.9)
0.7 (0.3 t0 2.0)

Figure 4 | Adjusted hazard ratio for venous thromboembolism, ischaemic stroke, and acute myocardial infarction with current use of systemic
menopausal hormone therapy compared with no current use of any hormone therapy according to treatment duration and daily oestradiol dose.
Data are number (%). Regression models were adjusted for yearly income, education, cohabitation, hypertension, atrial fibrillation, cardiomyopathy,
heart failure, valvulopathy, diabetes, thyroid disease, kidney disease, chronic obstructive pulmonary disease, migraine, hysterectomy, use of
statins, bisphosphonates, anticoagulants, aspirin, antidepressants, and antipsychotics. The reference group was women without current use

of systemic or local oestrogen, progestogen, or testosterone. Current use of these products was categorised as separate use categories in the
statistical models and was therefore controlled for by design. Current use was defined as use of systemic menopausal hormone therapy within

90 days before the index date. Low and high oral dosage was defined as <1 mg and »1 mg oestradiol daily. Low and high transdermal dosage was
defined as <50 pg and »50 pg oestradiol daily. Users of other oestrogens than oestradiol were excluded from this analysis. New users were defined
as women who initiated treatment after 1 January 1996, to ensure at least one year of drug use history and correct identification of treatment
initiation. Data from women with use of mixed/unknown combined regimens or mixed/other active ingredients are not shown. Cl=confidence
interval; E2=o0estradiol; NETA=norethisterone acetate; MPA=medroxyprogesterone acetate; LNG=levonorgestrel
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Figure 5 | Absolute risk differences and numbers needed to harm for one year with current use of oral menopausal
hormone therapy compared to no current use of any hormone therapy for venous thromboembolism, ischaemic
stroke, and myocardial infarction. Absolute risks were derived from age specific incidence rates of first time venous
thromboembolism, ischaemic stroke, and myocardial infarction among unexposed Danish women (2003-21),
combined with age-specific hazard ratios and 95% confidence intervals for oral menopausal hormone therapy from
conditional regression models. The models were adjusted for yearly income, education, cohabitation, hypertension,
atrial fibrillation, cardiomyopathy, heart failure, valvulopathy, diabetes, thyroid disease, kidney disease, chronic
obstructive pulmonary disease, migraine, hysterectomy, use of statins, bisphosphonates, anticoagulants, aspirin,
antidepressants, and antipsychotics. The reference group was women without current use of systemic or local
oestrogen, progestogen, or testosterone. Each female symbol represents about 100 women. NNH=number needed to

harm; Cl=confidence interval

participants aged 50-59 years, 1.2, 1.0 to 1.3 for 60-69
years).

Only oral high dose oestradiol use (>1 mg daily)
was associated with increased myocardial infarction
rate (hazard ratio 1.4, 95% CI 1.2 to 1.6) compared
with no current use, while oral low dose treatment
was not (hazard ratio 0.9, 95% CI 0.8 to 1.1, fig 3).
In a direct comparison between the two groups, we
found a significant increase in risk with oral high
dose treatment compared with oral low dose therapy
(hazard ratio 1.5, 95% CI 1.2 to 1.8, P<0.001).

Increased hazard ratios for oral therapy were
observed across regimens and progestin types;
however, subgroup stratification resulted in small
strata, and most comparisons were not statistically
significant (fig 3).

Transdermal therapy was not associated with
myocardial infarction risk compared with no current
use (hazard ratio 1.0, 95% CI 0.7 to 1.3, fig 3) across
progestin types and oestradiol dose. However, when
stratified according to regimen, we found an increased
myocardial infarction rate among current users of
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combined transdermal cyclic therapy compared to no
current use, although the estimate is based on sparse

data (fig 3).

The results were consistent with the proportional
hazards assumption, as we observed no evidence
that the associations varied across follow-up periods
(<2 years, 2-5 years, and >5 years) for venous
thromboembolism, ischaemic stroke, or myocardial
infarction (likelihood ratio test for interaction P=0.39,
P=0.37, and P=0.23, respectively).

Treatment duration and age at treatment initiation

In the subcohort applying a new user design to
allow identification of treatment duration and age
at initiation of hormone therapy, risk estimates for
venous thromboembolism were highest during the
first year of oral high dose therapy (>1 mg oestradiol
daily), when compared with no current use (hazard
ratio 3.2, 95% CI 2.3 to 4.3, fig 4). We observed
no association between transdermal therapy and
venous thromboembolism risk across doses and

durations.

Compared with no current use of any hormone
therapy, risk estimates for ischaemic stroke and
myocardial infarction among new users were only
increased with current use of oral high dose therapy
(>1 mg oestradiol daily) for more than one and five
years, respectively, and highest when used for more
than five years (hazard ratio for ischaemic stroke for
>5 years 1.8, 95% CI 1.4 to 2.2, myocardial infarction
1.8, 95% CI 1.4 to 2.4, fig 4). Among current users
of oral high dose therapy (>1 mg oestradiol daily),
treatment duration >5 years (compared with <1 year
as the reference) was associated with increased risk
of myocardial infarction (hazard ratio 1.9, 95% CI
1.2 to 3.0) and ischaemic stroke (1.4, 1.0 to 2.1), but
a reduced risk of venous thromboembolism (0.6, 0.4
to 0.9). Oral low dose and any transdermal therapy
was not associated with increased ischaemic stroke
or myocardial infarction risk regardless of treatment

duration.

When restricting to participants who initiated
hormone therapy after 2002—to account for potential
changes in prescription patterns following the safety
concerns raised by the Women’s Health Initiative
trial in 2002—risk estimates of thrombosis according
to treatment duration and oestradiol dose remained
materially unchanged (supplementary appendix).

The elevated venous thromboembolism risk with
oral therapy compared with no current use of any
hormone therapy persisted and was similar across all
ages of treatment initiation (supplementary appendix).
Compared with no current use of any hormone therapy,
current use of oral therapy was associated with the
greatest risk estimates for ischaemic stroke and
myocardial infarction when treatment began before
50 years of age (hazard ratio for ischaemic stroke 1.5,
95% CI 1.3 to 1.8, myocardial infarction 1.5, 1.2 to
1.8) These findings remained unchanged after further
stratification by daily oestradiol dose and treatment

duration.
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Estimates for women initiating hormone therapy
after 59 years of age were based on small numbers
and should be interpreted with caution owing to
imprecision.

Additional sensitivity analyses

Compared with no current use, past use of oral
or transdermal menopausal hormone therapy
between five years and 90 days before the index date
was not associated with increased risk of venous
thromboembolism (hazard ratio for oral therapy
0.9, 95% CI 0.8 to 1.0, P=0.01), ischaemic stroke
(oral therapy 1.0, 0.9 to 1.1, P=0.89), or myocardial
infarction (oral therapy 1.0, 0.9 to 1.1, P=0.88)
(supplementary appendix).

Findings regarding method of use, regimen, active
ingredients, dose, duration, and age at initiation
of current use did not materially change when
restricting the analyses to women aged 50-59 years
(supplementary appendix). Results were similar when
restricting current use to use within 60 days before the
index date, when restricting to a population of healthy
women only, and when analysing the study period
1997-2002 before the Women’s Health Initiative
publication (supplementary appendix).

Discussion

Principal findings

In this Danish nationwide study, current use of oral
menopausal hormone therapy containing oestradiol
was associated with an increased risk of venous
thromboembolism across regimens, daily doses,
durations, and treatment initiation ages. Ischaemic
stroke and myocardial infarction risk was only
increased with oral high dose therapy for more than
one year. Transdermal therapy was not associated
with venous thromboembolism, ischaemic stroke,
or myocardial infarction. Because use of conjugated
equine oestrogens was negligible in our cohorts, these
findings specifically apply to oestradiol formulations.

Strengths and limitations

Thisnationwide study on menopausal hormone therapy
and thrombosis investigates the effect of multiple
characteristics including method of use, regimen,
active ingredients, dosage, treatment duration, and
participant age at initiation. Key strengths included the
large, population based design, detailed menopausal
hormone therapy prescription data reflecting real
world use, validated outcome definitions, nearly two
decades of follow-up, and statistical adjustment for
multiple important confounders.

Given the observational nature of the study, residual
and unmeasured confounding may, however, remain.
Information on body mass index and smoking
status were unavailable, which may have caused
an underestimation of the associations between
menopausal hormone therapy use and thrombosis
risk, since clinicians may be more reluctant to
prescribe menopausal hormone therapy to women
with increased cardiovascular risk factors. However, we
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believe that this potential bias is small; we considered
socioeconomic and educational status in the study,
which is highly correlated with body mass index and
smoking status in Denmark.?°

Although residual confounding by lifestyle factors
cannot be fully excluded, several aspects of our
findings contradict this as the main explanation.
After the Women’s Health Initiative, prescribing
menopausal hormone therapy has become more
restrictive and individualised. If selection bias were
driving the results, the effect would most plausibly
reflect healthier women being more likely to use
hormone therapy overall, whereas transdermal
therapy is often preferentially prescribed to women
with higher baseline cardiovascular risk profiles.
Despite this, we observed an increased risk among
users of oral hormone therapy and no increased risk
with transdermal therapy. Moreover, unmeasured
confounding by factors such as body mass index and
smoking is unlikely to fully explain the findings, as
these are generally stable characteristics that would
be expected to influence both current and past users;
however, we observed no increased risk among past
users. To further consider potential temporal changes
in prescribing and selection, we conducted analyses
restricted to the period before the publication of the
Women’s Health Initiative trial and subsequently
observed similar results. Finally, our findings of
increased thrombotic risk with current oral therapy are
consistent with randomised controlled trial evidence,
wherein confounding by lifestyle factors is minimised,
supporting a pharmacological explanation rather than
one purely based on selection.

A limitation of this study is the lack of information
on age at onset of menopause. Although the new
user study design ensured accurate identification of
menopausal hormone therapy initiation and duration,
we could not account for differences in menopausal
timing or underlying endogenous hormonal exposure
between users and non-users. This information gap
is particularly relevant for the higher observed risk
among women starting menopausal hormone therapy
before the age of 50 and those with long term, high
dose use, which may partly reflect confounding by
indication and differences in baseline risk related to
menopausal history.

Finally, external generalisability of our findings may
be limited: the study was conducted in a predominantly
ethnically = homogeneous Danish  population.
Differences in genetic background, baseline risk of
thrombosis, and clinicians’ prescribing patterns may
influence the observed associations. In addition, our
analyses focused on specific formulations of oestradiol
and synthetic progestins, reflecting the regimens most
commonly used in Denmark during the study period,
and therefore did not capture the effects of other
treatments, including bioidentical progesterone, use
of which is increasing in Denmark. Notably, oestradiol
is generally considered to have a more favourable risk
profile compared with conjugated equine oestrogens
and ethinyl oestradiol.?! Nonetheless, the underlying
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biological mechanisms linking exogenous sex
hormones to thrombotic risk are unlikely to differ
substantially across populations, and the nationwide
design with complete follow-up supports high internal
validity.

Comparison with other studies

The increased venous thromboembolism risk with
current oral, but not transdermal, therapy is consistent
with randomised trial evidence. A National Institute
for Health and Care Excellence (NICE) synthesis of
seven randomised trials (n=34379) reported a risk
ratio of 1.8 (95% CI 1.5 to 2.1) for oral menopausal
hormone therapy compared with placebo, comparable
to our estimate of 1.6 (1.5 to 1.8).2* However, these
comparisons should be interpreted with caution, as
most randomised trials were based on conjugated
equine oestrogens rather than oestradiol formulations.
The similarity in effect estimates may reflect that a
substantial proportion of women in our study used
high dose oral oestradiol, which may also explain
why our estimate is somewhat higher than in other
observational studies with lower use of high dose
therapy.”” Our study focused on contemporary
oestradiol and extends the evidence by demonstrating
a dose-response relationship, with higher risk at
increasing daily doses. In line with trial findings, the
relative risk was highest during the first year of high
dose treatment and did not vary substantially by age
at initiation.

Oral menopausal hormone therapy has been
associated with an increased risk of stroke in early
and later analyses of the Women’s Health Initiative
trial,® 2%’ consistent with our findings. Other trials
have reported no association,’®>> however, high
dose oestrogen therapy was not evaluated. Most
trials evaluated conjugated equine oestrogens as the
oestrogen component,® >°* and did not compare
routes, active ingredients, or dosages. Observational
studies similarly reported an association with oral
therapy,>**® but not transdermal,’®*® aligning
with our results. In contrast with these studies, a
recent emulated trial found no association between
menopausal hormone therapy and stroke regardless of
route and regimen, > but did not differ between dosages
or treatment duration. Importantly, we observed that
oral low dose therapy was not associated with stroke,
regardless of duration of use.

For myocardial infarctions, the Women’s Health
Initiative trial initially reported an increased risk with
menopausal hormone therapy,® but retrospective
analysis attenuated the association,” aligning with
other randomised trials.>! 3 However, follow-up
was often less than five years in length,>* ** %> and
the oestrogen component was conjugated equine
oestrogen in most trials.>' “° “> 3 One observational
study reported an association with oral menopausal
hormone therapy and myocardial infarctions,**
whereas others did not.*” “® No study assessed the
influence of active ingredients, dosage, treatment
duration, and age at initiation. Thus, no studies are
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directly comparable to our finding of an increased risk
of myocardial infarction with oral high dose therapy
for more than five years of therapy use.

Exogeneous oestrogen is known to cause
hypercoagulability by increasing multiple coagulation
factors involved in the development of venous
thromboembolism. “” The effects on the arterial
system are less well understood, although post trial
analyses have indicated that oral combined oestrogen-
progestin therapy may promote atherogenesis,*®
which could potentially explain the increased arterial
thrombotic risk observed with oral high dose and long
term treatment observed in this study. Transdermal
use bypasses the hepatic first pass metabolism
which is thought to increase the hepatic synthesis
of prothrombotic factors,” providing a plausible
explanation for the different risk profiles between oral
and transdermal formulations.

The findings from this study, together with earlier
evidence, indicate that the thrombotic risk associated
with contemporary systemic menopausal hormone
therapy is influenced by the method of use, the daily
oestrogen dose, and treatment duration. These insights
may inform clinical practice, guiding clinicians and
patientsin making evidence based decisions tominimise
thrombotic risk of hormone therapy. Future research
should further explore the long term cardiovascular
risks associated with different treatment regimens and
the influence of individual cardiovascular risk profiles
including age at menopause onset.

Conclusion

Current use of any oral menopausal hormone
therapy was associated with an increased venous
thromboembolism risk, whereas ischaemic stroke
and myocardial infarction risk was only increased
with oral high dose therapy used for more than one
year. Transdermal therapy was not associated with
increased thrombotic rates regardless of regimen,
active ingredients, dosage, and duration of use.
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