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ABSTRACT

OBJECTIVE

To assess the e�ect of contemporary menopausal 

hormone therapy on the risk of cardiovascular 

disease according to the route of administration and 

combination of hormones.

DESIGN

Nationwide register based emulated target trial.

SETTING

Swedish national registries.

PARTICIPANTS

919 614 women aged 50-58 between 2007 and 2020 

without hormone therapy use in the previous two 

years, identi�ed from the Swedish population.

INTERVENTIONS

138 nested trials were designed, starting each 

month from July 2007 until December 2018. Using 

the prescription registry data for that speci�c month, 

women who had not used hormone therapy in the 

previous two years were assigned to one of eight 

treatment groups: oral combined continuous, oral 

combined sequential, oral unopposed oestrogen, oral 

oestrogen with local progestin, tibolone, transdermal 

combined, transdermal unopposed oestrogen, or non-

initiators of menopausal hormone therapy.

MAIN OUTCOME MEASURES

Hazard ratios with 95% con�dence intervals were 

estimated for venous thromboembolism, as well as 

for ischaemic heart disease, cerebral infarction, and 

myocardial infarction separately and as a composite 

cardiovascular disease outcome. Treatment e�ects 

were estimated by contrasting initiators and non-

initiators in observational analogues to “intention-

to-treat” analyses and continuous users versus never 

users in “per protocol” analyses.

RESULTS

A total of 77 512 women were initiators of any 

menopausal hormone therapy and 842 102 women 

were non-initiators. 24 089 women had an event 

recorded during the follow-up: 10 360 (43.0%) had 

an ischaemic heart disease event, 4098 (17.0%) 

had a cerebral infarction event, 4312 (17.9%) had 

a myocardial infarction event, and 9196 (38.2%) 

had a venous thromboembolic event. In intention-

to-treat analyses, tibolone was associated with an 

increased risk of cardiovascular disease (hazard 

ratio 1.52, 95% con�dence interval 1.11 to 2.08) 

compared with non-initiators. Initiators of tibolone 

or oral oestrogen-progestin therapy had a higher 

risk of ischaemic heart disease (1.46 (1.00 to 2.14) 

and 1.21 (1.00 to 1.46), respectively). A higher risk 

of venous thromboembolism was observed for oral 

continuous oestrogen-progestin therapy (1.61, 1.35 

to 1.92), sequential therapy (2.00, 1.61 to 2.49), 

and oestrogen-only therapy (1.57, 1.02 to 2.44). 

Additional results in per protocol analyses showed 

that use of tibolone was associated with a higher 

risk of cerebral infarction (1.97, 1.02 to 3.78) and 

myocardial infarction (1.94, 1.01 to 3.73).

CONCLUSIONS

Use of oral oestrogen-progestin therapy was 

associated with an increased risk of heart disease 

and venous thromboembolism, whereas the use 

of tibolone was associated with an increased risk 

of ischaemic heart disease, cerebral infarction, 

and myocardial infarction but not venous 

thromboembolism. These �ndings highlight the 

diverse e�ects of di�erent hormone combinations and 

administration methods on the risk of cardiovascular 

disease.

Introduction

Cardiovascular disease is the leading cause of death 

globally, contributing to approximately 30% of all 

deaths.1 Women tend to develop cardiovascular 

disease several years later than men do, with a notable 

increase during midlife, a period coincident with the 

menopausal transition.2 This transition is characterised 

by a decline in oestrogen and an increase in follicle 

stimulating hormone concentrations. These hormonal 

changes can induce effects on the neuroendocrine 

system, resulting in hot flushes, night sweats, sleep 

WHAT IS ALREADY KNOWN ON THIS TOPIC

Starting conjugated equine oestrogen plus medroxyprogesterone acetate >10 

years a�er menopause or at age >60 might increase the risk of heart disease, 

stroke, and venous thromboembolism

Research on the risk of cardiovascular disease associated with the use of 

contemporary menopausal hormone therapy during the menopausal transition 

age is lacking

Rigorous results from large populations are needed to �ll this gap

WHAT THIS STUDY ADDS

This large prospective population based cohort study included healthy women 

around the age of menopause

An increased risk of ischaemic heart disease and venous thromboembolism was 

found with the use of oral continuously combined contemporary menopausal 

hormone therapy

Tibolone was associated with an increased risk of arterial thrombotic events 

but not venous thromboembolism, highlighting the varying e�ects of di�erent 

hormones on cardiovascular disease
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disorders, anxiety, and memory loss. As the world 

population ages, a significant demographic shift places 

a larger fraction of women in the postmenopausal 

phase. Managing this phase, marked by decreased 

oestrogen concentrations and various menopausal 

symptoms, largely relies on systemic menopausal 

hormone therapy. Systemic menopausal hormone 

therapy is based on administration of oestrogen with 

or without the addition of progestogens, effectively 

mitigates vasomotor symptoms,3 and reduces the 

incidence of vertebral and hip fractures.4  5 However, 

although menopausal hormone therapy alleviates 

menopausal symptoms, studies have suggested an 

association between its use and an increased risk of 

cardiovascular disease.6-10

Experimental studies have shown that oestrogen 

plays a protective role in cardiovascular health 

by promoting angiogenesis and vasodilation,11  12 

reducing cardiac fibrosis and oxidative stress and 

increasing high density lipoprotein cholesterol 

concentrations.13-15 More than two decades ago, 

observational studies conducted through the Nurses’ 

Health Study in the US and the General Practice 

Research Database in the UK supported a potential 

cardiovascular benefit for postmenopausal women 

using hormone therapy.16-18 However, subsequent 

randomised trials, including the Heart and Oestrogen/

Progestin Replacement Study (HERS) and the Women’s 

Health Initiative trial, showed the opposite.19-22 HERS 

showed no reduction in coronary heart disease rates 

and an increase in coronary events and myocardial 

infarctions in the treatment group. Similarly, the 

Women’s Health Initiative found increased risks 

of coronary heart disease, stroke, and pulmonary 

embolism, leading to the conclusion that the risks of 

hormone therapy outweighed the benefits, especially 

because of the increased risk of stroke. These trials 

challenged the initial positive outlook inspired by 

observational studies and altered our comprehension 

of the complexities and associated risks of menopausal 

hormone therapy, prompting a critical reassessment of 

its usage.

The discrepancy between previous observational 

studies and randomised controlled trials has 

been attributed to population differences and 

methodological biases.23  24 In most observational 

studies, hormone use started around menopause, 

whereas 67% of Women’s Health Initiative participants 

were aged over 60. Observational studies compared 

prevalent users with non-users, introducing a selection 

bias as tolerant women are included in the user group 

with depletion of women susceptible to cardiovascular 

disease.25 Moreover, observational estimates are 

heavily weighted by long term use and would have 

missed any increased risk seen at the beginning of 

treatment even if only new users had been analysed. 

Analysing observational data by using a design that 

emulates a target trial has been suggested to mitigate 

such pitfalls.26 Other than the randomisation, which 

is not possible in an observational study, emulating 

a target trial is advocated as being more accurate for 

causal inference than a traditional observational 

study.27 In a randomised trial, time zero aligns the start 

of follow-up, treatment assignment, and evaluation of 

eligibility simultaneously. Emulating this framework 

by using observational data helps to avoid common 

biases, including immortal time bias and selection 

bias, by ensuring that all critical processes are aligned 

at the same starting point (time zero). By applying 

this method, data from the Nurses’ Health Study were 

reanalysed to resemble the Women’s Health Initiative 

trial.16 17 Unlike the original analyses, the revised effect 

estimates aligned with the Women’s Health Initiative, 

probably owing to reduced selection bias.28

Two decades have passed since the publication of the 

HERS and the Women’s Health Initiative trials. Since 

then, new menopausal hormone therapy products with 

different formulations and routes of administration 

have been introduced to the market. Both the HERS 

and the Women’s Health Initiative investigated the 

risk of cardiovascular disease associated with only 

one type of menopausal hormone therapy, specifically 

oral conjugated equine oestrogen combined with 

medroxyprogesterone acetate. In addition, HERS and 

the Women’s Health Initiative included women with 

an average age of 67 and 63, respectively, which is not 

the typical timing for starting menopausal hormone 

therapy today. A critical need exists for further studies 

to investigate the effects of contemporary menopausal 

hormone therapy in a clinically relevant population.29

To tackle the gaps in the knowledge on use of 

contemporary menopausal hormone therapy and 

risk of cardiovascular disease, this paper reports the 

findings from a Swedish nationwide register based 

emulated target trial including 919 614 women aged 

50-58 years. This age range represents the typical 

span during which women undergo the menopausal 

transition—a period marked by significant hormonal 

changes and when most women start menopausal 

hormone therapy. We explored a variety of menopausal 

hormone therapy formulations, including oral and 

transdermal options, combined therapies with 

progestin, oestrogen-only treatments, and tibolone. 

These diverse options mirror the range of choices 

available in clinical practice, tailored to meet the 

needs and preferences of individual patients. Different 

hormone administration methods are thought to have 

distinct physiological effects. Oral oestrogens increase 

production of coagulation factor, suggested to have a 

less favourable cardiovascular risk profile,30 whereas 

transdermal administration bypasses the liver and 

is believed to be a better option.31 The addition of 

progestins in combined preparations may increase the 

oestrogenicity and, therefore, the risk of thrombosis.32

By clearly defining the target trial protocol and 

its observational emulation, we ensured eligibility 

and treatment alignment from the start, preventing 

selection bias by excluding prevalent users at 

baseline.33 We aimed to estimate the average treatment 

effect for ischaemic heart disease, cerebral infarction, 

myocardial infarction, and venous thromboembolism 
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with the use of different types of contemporary 

menopausal hormone therapy.

Methods

Study population

We identified the population on the basis of data 

provided by Statistics Sweden.34 A unique personal 

identification number that is given to all Swedish 

citizens at birth and to people who have immigrated 

to Sweden is used in all public registries, allowing 

reliable linkage of data among different registries. 

Statistics Sweden also provided data on the highest 

achieved level of education, emigration, and ancestral 

origin. The Swedish National Board of Health and 

Welfare provided data from the Swedish prescribed 

drug register, the national patient register, the cancer 

register, and the cause of death register.35

We designed this observational analysis to emulate a 

target trial (that is, a hypothetical pragmatic trial that 

would have answered the causal question of interest) of 

the effect of menopausal hormone therapy compared 

with no menopausal hormone therapy on the risk 

of cardiovascular disease outcomes. Table 1 shows 

the protocol of the target trial and its observational 

emulation.

Eligibility criteria and washout period

We designed 138 nested trials, with one trial starting 

each month during the study period—that is, from 

July 2007 until December 2018. Here, the month of 

start of follow-up is termed the “trial month” and 

equals July 2007 for the first trial, August 2007 for 

the second trial, and so on. In each trial, we identified 

all women who, before the start of follow-up, were 

between 50 and 58 years of age and had not redeemed 

a prescription for any menopausal hormone therapy in 

the previous two years (that is, the washout period). 

We excluded women who, before the start of follow-

up, had a previous history of ischaemic heart disease, 

stroke, peripheral vascular disease, peripheral arterial 

disease, or cancer. We also excluded women who 

had undergone bilateral oophorectomy, unilateral 

oophorectomy twice, hysterectomy, or a sterilisation 

procedure. Our exclusion criteria included diagnoses 

recorded in the patient register from 1987, causes 

of death from 1952, and cancer diagnoses from 

1958, ensuring comprehensive coverage of almost 

all significant medical events throughout the lifetime 

of participants included in the study. The relevant 

diagnostic, surgical, and medication codes used for 

exclusion are listed in supplementary table S1. We 

excluded women who appeared for the first time or with 

a new personal identification number in the registers 

after 2005. This group represents either people who 

immigrated to Sweden or women who had received 

gender affirming care. This was due to missing pre-

immigration medical data and potential confounding 

factors from gender transition procedures.

Sequence of pragmatic trials

The small number of hormone therapy initiators 

(n=331) and cardiovascular disease events (n=8) in 

the first trial makes conducting a meaningful analysis 

from one single trial impossible. Instead, we emulated 

138 trials, one trial each month during the study 

period, with each trial having a one month enrolment 

period. This ensures that all eligible initiators and 

events are included in the analysis. This approach 

increases statistical power compared with selecting 

only one of those instances as time zero and accounts 

for the fact that individuals can meet eligibility criteria 

multiple times during the study period36; figure 1 

Table 1 | Protocol for emulation of target trial

Protocol components Target trial Emulation using observational data

Eligibility criteria Postmenopausal women aged 50-58 years Similar to target trial
No use of menopausal hormone therapy within previous 2 years Data lookback* 2 years
No previous history of cardiovascular disease Data lookback ≥20 years
No previous history of cancer Data lookback ≥49 years
No previous history of hysterectomy or bilateral oophorectomy surgery Data lookback ≥11 years

Treatment strategy Start menopausal hormone therapy at baseline and continue until end 
of follow-up. Refrain from starting menopausal hormone therapy during 
follow-up

Same as target trial

Assignment procedure Study participants will be randomly assigned to either strategy at baseline Participants are assigned on basis of their observed data at baseline. 
Randomisation is emulated by inverse probability weighting

Follow-up period Starts at randomisation and ends at diagnosis of cardiovascular disease, 
death, emigration, or 2 years a�er baseline, whichever occurs �rst

Same as target trial

Outcome First time diagnosis of composite cardiovascular disease and cause 
speci�c cardiovascular disease

Similar to target trial

Causal contrast of interest Intention-to-treat e�ect; per protocol e�ect Same as target trial
Analysis plan Intention-to-treat e�ect estimated via comparison of 2 year cardiovascular 

disease risk among women assigned to each treatment strategy. Per 
protocol e�ect estimated via comparison of 2 year cardiovascular disease 
risk among women assigned to and continuously following assigned 
treatment strategy. Per protocol e�ects adjusted for pre-baseline and 
post-baseline confounders associated with adherence to strategies of 
interest. All analyses adjusted for all known confounders

Intention-to-treat e�ect and per protocol e�ect. All analyses adjusted 
for measured baseline potential confounders by inverse probability 
weighting and for censoring due to loss to follow-up. Per protocol 
e�ect adjusted for pre-baseline and post-baseline measured 
confounders associated with adherence to strategies of interest by 
inverse probability weighting

Analysis Hazard ratios and Kaplan-Meier survival curves estimated from Cox 
proportional hazard models

Hazard ratios and adjusted survival curves estimated via Cox 
proportional hazard models

*Refers to period for which historical data are available from start of our study. For instance, �rst trial began in 2005; with 20 year lookback in patient register, data were accessed from 1985.
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illustrates the study design. The emulation of a series 

of trials, such that each individual may participate 

in multiple trials, has been successfully applied in 

previous studies when comparing treatment versus 

non-treatment.37-41 Supplementary table S2 shows the 

numbers of participants, initiators, events by “trial,” 

and people who did not meet eligibility criteria (see 

previous paragraph).

Study outcomes

We obtained the date of disease diagnoses from 

the national patient register and the cause of death 

register, which collects data on discharge diagnoses 

from public and private Swedish hospitals. The 

specific outcomes of this study (supplementary 

table S3) included ischaemic heart disease (ICD-10 

(international classification of diseases, 10th revision) 

codes: I20, I21, I22, I24, I25), myocardial infarction 

(ICD-10 codes: I21, I22), cerebral infarction (ICD-10 

code: I63), and venous thromboembolism (ICD-10 

codes: I26, I80, I81, I82). We analysed these diseases 

as separate outcomes and as a composite outcome 

defined as the first occurrence of any cardiovascular 

disease (ICD-10 codes: I20, I21, I22, I24, I25, I63).

Treatment groups and follow-up

We retrieved the redeemed prescriptions for the 

study period from the prescribed drug register, which 

categorises information according to Anatomical 

Therapeutical Chemical codes. The relevant 

Anatomical Therapeutical Chemical codes for systemic 

menopausal hormone therapy products are listed in 

supplementary table S4. Additional information on 

name, trade name, dose, number of packages, defined 

daily doses per package, tablets per package, route of 

administration, and date of redemption was available. 

We classified eligible women into one of eight treatment 

strategies according to their redeemed or non-redeemed 

prescriptions at baseline: initiators who started 

oral combined continuous therapy, oral combined 

sequential therapy, oral unopposed oestrogen, 

oral oestrogen combined with the levonorgestrel 

intrauterine system, tibolone, transdermal combined 

therapy, or transdermal unopposed oestrogen and non-

initiators who did not start any menopausal hormone 

therapy during the “trial month.” We considered 

contemporary redemption of unopposed oestrogen and 

progestogen (natural or synthetic) as one of two “self-

combined therapies,” depending on the ratio between 

the oestrogen and progestogen dose: continuous 

combined therapy if the ratio was <7 and sequential 

combined therapy if the ratio was >7. We further 

subdivided the categorisation of “self-combined” 

according to the route of administration (oral or 

dermal). If a woman combined transdermal oestrogen 

with an oral, transdermal, or local progestogen, we 

categorised this woman as transdermal combined. We 

assumed that women who inserted a levonorgestrel 

intrauterine system during the trial month had it for 

the entire follow-up.

The total follow-up period for each trial was set 

to two years. We followed individuals until the first 

occurrence of the study endpoint, death, emigration, 

or end of follow-up (that is, two years), whichever 

occurred first.

Covariates

We achieved adjustment for potential confounding, 

measured at the baseline of each trial, by using 

inverse probability of treatment weighting. We used 

the directed acyclic graph approach to identify 

potential confounders and unmeasured confounders 

(supplementary figure S1). We added age at baseline to 

account for differences in cardiovascular disease risk. 

We included trial month as a continuous term (1-138) 

to account for potential differences in offset between 

trials, thereby increasing precision in effect estimates. 

We included calendar year to adjust for trends in 

menopausal hormone therapy prescription patterns 

and changes in cardiovascular disease prevalence 

Prescribed drug register

Patient register

Cancer register

Cause of death register

Linkage of
nationwide Swedish

health registers

Linked data
on all women

residing in Sweden

Combined
all 138
trials

Emulated 138 monthly initiated
targets trial from Jul 2007 to Dec
2018, aer eligibility screening

Calulated hazard ratio for
cardiovascular disease
for treated v untreated

Trial 1: Jul 2007

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

Survival time (months)
0 24

Trial ...

Trial 138: Dec 2018

Untreated

Treated

Fig 1 | Schematic illustration of emulated target trial design. Nationwide Swedish registers, including prescribed drug register, patient register, 

cancer register, and cause of death register were linked. A�er eligibility screening, 138 monthly initiated target trials from 2007 to December 

2018 were emulated. All 138 trials were combined to calculate hazard ratios for cardiovascular disease and venous thromboembolism comparing 

women starting menopausal hormone therapy versus untreated women. Survival curve shown in �gure is for illustrative purposes only and does not 

represent actual study results
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during the study period. We used the level of education 

as a proxy for socioeconomic status. We adjusted for 

geographical regions to account for differences in 

prescription patterns between rural and urban regions. 

We included region of birth to account for potential 

differences in exposure and outcome. To account for 

differences in predisposing diseases and disorders 

between initiators and non-initiators, we adjusted for 

hypertension, heart disease, and diabetes (defined by 

the use or non-use of drugs for these conditions). For 

covariate adjustment, inverse probability of treatment 

weighting, relevant Anatomical Therapeutical 

Chemical codes, and data variables, see supplementary 

methods and table S5.

Causal contrasts of interest

We used observational analogues of intention-

to-treat and per protocol analyses to estimate the 

effect of menopausal hormone therapy on risk of 

cardiovascular disease and venous thromboembolism. 

In the intention-to-treat model, we compared the 

incidence rate of cardiovascular disease in the initiator 

groups versus the non-initiator group. In the intention-

to-treat analyses, we did not consider whether women 

who started treatment at baseline did not redeem 

any new prescriptions or altered their prescriptions 

or whether non-initiators started any menopausal 

hormone therapy during the follow-up. In the per 

protocol analyses, we censored initiators when they 

deviated from the protocol; that is, if they discontinued 

treatment or changed preparation. Similarly, we 

censored non-initiators when they deviated from the 

protocol; that is, if they started any treatment during 

the follow-up. Thus, in the per protocol analyses, all 

initiators were continuous users and all non-initiators 

were never users.

Statistical analysis

We used cause specific Cox proportional hazard 

modelling to estimate the hazard ratio of the composite 

cardiovascular disease outcome, with “time since the 

start of follow-up” as the timescale and a time fixed 

binary variable for menopausal hormone therapy 

initiation (based on information from the prescribed 

drug register). We also estimated the effect of initiation 

of menopausal hormone therapy on the hazard rate 

of the specific outcomes: ischaemic heart disease, 

cerebral infarction, myocardial infarction, and venous 

thromboembolism. The cause specific hazard model 

allows us to investigate the rate of occurrence of specific 

events, such as myocardial infarction, while treating 

other potential outcomes as competing risks. In this 

framework, events such as other forms of ischaemic 

heart disease (excluding myocardial infarction), 

cerebral infarction, and venous thromboembolism are 

considered competing risks. When these events occur, 

participants are censored at that time, meaning that 

they are removed from the analysis for the primary 

event of interest, myocardial infarction. However, when 

analysing ischaemic heart disease and myocardial 

infarction separately, we deliberately do not censor 

the events coded as myocardial infarction under ICD-

10 codes I21 and I22.42 Estimated hazard ratios in the 

main results are average contrasts over the follow-up 

of two years.

Additionally, we calculated the adjusted incidence 

rates for different follow-up periods, as shown in 

supplementary table S6. We did sensitivity analyses 

using Fine and Gray subdistribution models to account 

for competing risks between specific cardiovascular 

diseases, death, and emigration.43 We achieved this 

by including in the risk set individuals who died 

or experienced another competing event, without 

censoring them. We note that a cause specific hazard 

ratio may be interpreted as a direct effect of the 

treatment on the outcome, whereas a subdistribution 

hazard ratio denotes the total effect of the treatment.44 

We fitted Cox regression models by using the coxph 

function and Fine and Gray models by using the 

finegray function, both available in the survival 

package (v3.5-7) in R. We used the common α level of 

0.05 as a threshold for significance.

We used stabilised weights to adjust for confounding 

in the intention-to-treat and per protocol analyses. As 

a result, marginal effects are estimated corresponding 

to the average treatment effect. We included only 

baseline covariates in the intention-to-treat analyses, 

whereas we also included time varying covariates in 

the per protocol analyses. In the per protocol analyses, 

we estimated inverse probability weights to adjust 

for potential selection bias introduced by artificial 

censoring.45 See supplementary methods for details.

We plotted adjusted cumulative incidence curves 

for the intention-to-treat analysis by using inverse 

probability of treatment weighting for covariate 

adjustment. We used the adjustedCurves R package to 

visualise the probability of the event of interest over 

the two year follow-up period.38 To quantify the effect 

of different treatments on the event of interest, we 

calculated the absolute risk difference after one year of 

follow-up.38 This analysis was limited to menopausal 

hormone therapies that showed a significant difference 

compared with the non-initiator group.

In the intention-to-treat analyses, we compared the 

incidence rate of cardiovascular disease in the initiator 

groups versus the non-initiator group. In the per 

protocol analyses, we extended all prescription periods 

to twice that of the previous redeemed package, as has 

been suggested in previous studies.46 For example, if a 

package included 42 tablets with one tablet taken each 

day according to the defined daily doses, the exposure 

time was extended by 84 days from the last day of the 

preceding prescription. We calculated the month of 

last menopausal hormone therapy use by using the 

“compute.treatment.episode” function in the AdhereR 

package (v0.8.1) in R.47

Because the sequence of 138 trials started every 

month, many women participated in more than one 

trial. To adjust for their events being recorded more 

than once, we used the robust variance estimator to 

estimate the conservative 95% confidence intervals 

(CIs) by adding a cluster(id) term to the models.48 
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Women who had inserted a levonorgestrel intrauterine 

system before 2005 would have been categorised 

as non-initiators or, if they were using menopausal 

hormone therapy, as initiators of “unopposed 

oestrogen” (transdermal or oral). Consequently, we did 

a sensitivity analysis with a six year washout period to 

prevent potential exposure misclassification. We used 

R (version 4.2.2) for all analyses.

Patient and public involvement

Our study considers an important public health 

question. As the study is register based, no direct 

contact with the patients or participants included in the 

research occurred at any stage. However, interactions 

with patients and via public media indicate that the lack 

of knowledge about the risks associated with different 

types of menopausal hormone therapies leaves women 

of perimenopausal and postmenopausal age feeling 

very uncertain about their medication choices. This 

lack of awareness served as the primary motivation for 

conducting the study. Additionally, our team includes 

a gynaecologist who actively works with patients, 

providing firsthand insights into the clinical aspects 

of menopause treatment. Several of the co-authors 

have either personal or close family experiences with 

menopause, enhancing our study’s depth and relevance 

through lived experiences. Unfortunately, the lack of 

funding specifically allocated for patient and public 

involvement prevented us from engaging patients or 

the public in setting the research questions, designing 

the study, or interpreting and writing up the results. To 

increase awareness of these results to the public, the 

results will be presented as a press release and shared 

across social media. Results will also be presented to 

students and incorporated into the national clinical 

guidelines for menopausal hormone therapy use.

Results

The eligibility criteria for at least one of the 138 trials 

were met by 919 614 women, of whom 24 089 had 

an event recorded during the follow up (two years 

from baseline). For the disease specific events, 10 360 

(43.0%) women had an ischaemic heart disease 

event, 4098 (17.0%) had a cerebral infarction event, 

4312 (17.9%) had a myocardial infarction event, and 

9196 (38.2%) had a venous thromboembolic event. 

Between 2007 and 2020, a significant reduction of 

more than 50% in the incidence of cardiovascular 

disease occurred among women aged 50-58 years. 

The most substantial decline was for ischaemic heart 

disease, which dropped from 22.2 per 10 000 women 

in 2007 to 11.8 in 2020. The incidence of venous 

thromboembolism remained stable during the study 

period, with an incidence of 14.5 per 10 000 women in 

2007 and 13.9 in 2020 (fig 2).

A total of 77 512 women were initiators of any 

menopausal hormone therapy and 842 102 women 

were non-initiators. The most frequently initiated form 

of menopausal hormone therapy was oral combined 

continuous therapy, making up more than a third of all 

initiated treatments. Transdermal therapies were the 

next most common, accounting for more than a fifth 

of all initiated treatments. During the study period, 

we saw a 50% increase in the use of transdermal 

menopausal hormone therapy products and more 

than a 50% decrease in unopposed oral oestrogen and 

tibolone (fig 3).

Compared with non-initiators, women who 

initiated menopausal hormone therapy were slightly 

younger (mean age 53.0 v 53.9), had a higher level of 

education, resided more frequently in urban regions 

(39.8% v 32.3%), and redeemed more prescriptions 

for heart disease medications (13.5% v 10.7%) and 

hypertension medications (29.7% v 27.0%), but a 

smaller proportion had prescriptions for diabetic 

medication (5.8% v 7.8%). Among those who started 

menopausal hormone therapy, initiators of oral 

oestrogen plus levonorgestrel intrauterine system 

had the lowest mean age (51.8), whereas those using 

tibolone were the oldest (mean age 53.7). Women who 

initiated unopposed oral oestrogen tended to have 

lower education and were more likely to reside in rural 
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Fig 2 | Trends in incidence of cardiovascular disease in Sweden among women aged 50-58 years. Incidence of 

ischaemic heart disease, cerebral infarction, myocardial infarction, venous thromboembolism, and all outcomes 

together. Data from cause of death register and patient register
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regions (table 2). We adjusted for these differences in 

our analyses.

Intention-to-treat estimates of e�ect of menopausal 
hormone therapy on cardiovascular disease

When we pooled the participants across all “trials,” 

we had 50 732 837 person trials and a total of 385 952 

events were recorded during the follow-up. During 

154 433 person years, we observed 664 events among 

initiators of menopausal hormone therapy, with an 

adjusted incidence rate of 4.37per 1000 person years. 

The corresponding incidence rate in 101 million 

person years contributed by non-initiators, during 

which 385 288 women had a cardiovascular event, 

was 3.56 per 1000 person years. The higher number of 

person years in non-initiators is mainly owing to many 

of them meeting eligibility criteria multiple times and 

being included in multiple trials. By contrast, initiators 

will be ineligible from at least the subsequent 25 

trials because they had a redeemed prescription for 

menopausal hormone therapy during the two year 

washout period.

The estimated hazard ratio of cardiovascular disease 

among initiators of oral combined therapy, unopposed 

oral oestrogen, or oral oestrogen plus levonorgestrel 

intrauterine system did not differ significantly 

compared with non-initiators, with estimates ranging 

from 0.93 to 1.13. We observed no increased risk in 

women using transdermal combined or transdermal 

unopposed oestrogen menopausal hormone therapy. 

Initiating tibolone was associated with an increased 

risk of the composite cardiovascular disease outcome 

(hazard ratio 1.52, 95% CI 1.11 to 2.08) (fig 4; 

supplementary table S7). The calculated cumulative 

risk difference between tibolone initiators and non-

initiators over one year was 0.001 (supplementary 

figure S2A). This means that for every 1000 women 

who start taking tibolone during a year, one will 

develop a cardiovascular disease such as ischaemic 

heart disease, myocardial infarction, or cerebral 

infarction.

For the individual diseases, initiating oral combined 

continuous therapy or tibolone was associated with 

higher risk of ischaemic heart disease, with hazard 

ratios of 1.21 (95% CI 1.00 to 1.46) and 1.46 (1.00 

to 2.14), respectively. The cumulative risk difference 

compared with non-initiators was 0.0099 and 

0.0012, respectively (supplementary figure S2B). This 

translates to approximately 11 new cases of ischaemic 

heart disease per 1000 women who start treatment 

with oral combined continuous therapy or tibolone 

over one year. Furthermore, we observed an increased 

risk of venous thromboembolism with several hormone 

therapies: oral combined continuous (hazard ratio 

1.61, 95% CI 1.35 to 1.92), oral combined sequential 

(2.00, 1.61 to 2.49), unopposed oral oestrogen (1.57, 

1.02 to 2.44), and transdermal combined (1.46, 

1.09 to 1.95). The cumulative risk differences were 

0.0017 for oral combined continuous, 0.0025 for 

oral combined sequential, 0.0018 for unopposed 

oral oestrogen, and 0.001 for transdermal combined 

therapy (supplementary figure S2E). If 1000 women 

started each of these treatments and were observed 

for a year, we would expect to see seven new cases of 

venous thromboembolism across all groups.

Our estimates remained similar when we used 

the Fine and Gray subdistribution hazard model 

(supplementary table S8). In our sensitivity analysis, 

which included a six year washout period, our estimates 

remained largely unchanged (see supplementary 

table S9). However, because this approach excluded 

a significant portion of data, it resulted in wider 

confidence intervals. Additionally, for some outcomes, 

the number of events was too low—or in some cases, 

non-existent—to allow for a meaningful analysis.

Per protocol estimates of e�ect of menopausal 
hormone therapy on cardiovascular disease

The estimated intention-to-treat effect is influenced by 

the participant’s adherence to the treatment strategy 

allocated at the start of the trial. Thus, intention-to-

treat comparisons might underestimate the effect 
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Fig 3 | Trends in menopausal hormone therapy use in Sweden among women aged 50-58 years. De�ned daily dosages 

(DDD) of di�erent types of menopausal hormone therapies from 2007 to 2020. LNG IUS=levonorgestrel intrauterine 

system

the bmj | BMJ 2024;387:e078784 | doi: 10.1136/bmj-2023-078784� 7

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 19 M

arch
 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 N

o
vem

b
er 2024. 

10.1136/b
m

j-2023-078784 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.bmj.com/


RESEARCHRESEARCH

that would have been observed if all participants had 

fully adhered to their assigned treatments.49 In our 

study, 46.4% of initiators discontinued their assigned 

treatment within one year and 63.7% discontinued 

within two years, and 3.1% of non-initiators started 

taking some systemic menopausal hormone therapy 

within two years. For this reason, we also did per 

protocol analyses. We saw 378 478 incident events 

in never users and 444 in users during 99.5 million 

person years of observation.

Cardiovascular disease

Combined continuous

Combined sequential

Oral oestrogen

Oral oestrogen + LNG IUS

Tibolone

Transdermal combined

Transdermal oestrogen

Ischaemic heart disease

Combined continuous

Combined sequential

Oral oestrogen

Oral oestrogen + LNG IUS

Tibolone

Transdermal combined

Transdermal oestrogen

Cerebral infarction

Combined continuous

Combined sequential

Oral oestrogen

Oral oestrogen + LNG IUS

Tibolone

Transdermal combined

Transdermal oestrogen

Myocardial infarction

Combined continuous

Combined sequential

Oral oestrogen

Oral oestrogen + LNG IUS

Tibolone

Transdermal combined

Transdermal oestrogen

Venous thromboembolism

Combined continuous

Combined sequential

Oral oestrogen

Oral oestrogen + LNG IUS

Tibolone

Transdermal combined

Transdermal oestrogen

0.03 0.10 0.30 3.00 10.001.00

Adjusted hazard
ratio (95% CI)

Analysis

Intention-to-treat

Per protocol

Fig 4 | Forest plot for hazard ratios of cardiovascular disease in two causal contrasts; intention-to-treat (blue) and per protocol (orange) analysis. 

Intention-to-treat analyses were adjusted for baseline covariates (age, calendar year, trial month, education level, residence of living, region of birth, 

and medication use for heart disease, diabetes, and hypertension) by stabilised inverse probability for treatment weights. Per protocol analyses 

were adjusted for same baseline confounders as intention-to-treat analyses and for time varying confounding by stabilised inverse probability of 

treatment weights and inverse probability of censoring weights to adjust for arti�cial censoring of individuals when they deviated from protocol. 

Estimated hazard ratios are average contrasts over follow-up of two years. CI=con�dence interval; LNG IUS=levonorgestrel intrauterine system
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We observed an increase in the risk associated with 

oral combined continuous therapy (hazard ratio 1.22, 

95% CI 1.00 to 1.50). Consistent with our intention-

to-treat analysis, women using tibolone had a higher 

hazard rate of cardiovascular disease (1.81, 1.25 to 

2.61).

In the disease specific analysis, the use of oral 

combined continuous menopausal hormone therapy or 

tibolone was associated with a higher risk of ischaemic 

heart disease (hazard ratio 1.27 (95% CI 1.01 to 1.60) 

and 1.76 (1.14 to 2.70), respectively). In addition, 

we observed an increased risk of cerebral infarction 

in association with the use of tibolone; compared 

with never users; the hazard ratio was 1.97 (1.02 to 

3.78). No other menopausal hormone therapy product 

was significantly associated with an increased risk of 

ischaemic heart disease or cerebral infarction. Women 

using tibolone had an increased risk of myocardial 

infarction (hazard ratio 1.94, 95% CI 1.01 to 3.73). None 

of the other analysed menopausal hormone therapy 

products showed a significant association with risk 

of myocardial infarction. As in our intention-to-treat 

analysis, women using oral oestrogen combined with 

progestogen, in either continuous or sequential forms, 

had an increased risk of venous thromboembolism, 

with hazard ratios of 1.84 (95% CI 1.50 to 2.25) for 

continuous use and 2.45 (1.89 to 3.17) for sequential 

use. Additionally, we observed an increased risk of 

venous thromboembolism with the use of transdermal 

combined menopausal hormone therapy, with a hazard 

ratio of 1.67 (1.16 to 2.41) (fig 4; supplementary table 

S10). Notably, although associated with cardiovascular 

disease, tibolone was not linked to an increased risk 

of venous thromboembolism (hazard ratio 0.76, 95% 

CI 0.38 to 1.53). This indicates a strong heterogeneity 

between the different menopausal hormone therapies 

with regards to the diseases investigated (fig 5).

Discussion

In this Swedish nationwide emulated target trial of 

menopausal hormone therapy use in women around 

menopause, we found that starting oral combined 

continuous therapy or tibolone was associated with 

an increased risk of cardiovascular disease within 

the first two years of initiation. In disease specific 

analyses, the oral combined continuous regimen was 

associated with increased risks of ischaemic heart 

disease and venous thromboembolism, and tibolone 

was linked to an increased risk of ischaemic heart 

disease, cerebral infarction, and myocardial infarction 

but not venous thromboembolism (fig 5). We found no 

effect of transdermal regimens on the risk of all causes 

of cardiovascular disease (myocardial infarction, 

cerebral infarction, or ischaemic heart disease). 

Combined continuous menopausal hormone therapy 

was the most common regimen, accounting for 37% 

Table 2 | Baseline characteristics of initiators and non-initiators and of di�erent menopausal hormone therapy groups. Values are numbers 

(percentages) unless stated otherwise

Characteristics Initiators Non-initiators
Oral combined 
continuous

Oral combined 
sequential

Unopposed 
oral oestrogen

Oral oestrogen+ 
LNG IUS Tibolone

Transdermal 
combined*

Transdermal 
unopposed 
oestrogen

Mean (SD) age, years 53.0 (2.3) 53.9 (2.6) 53.4 (2.3) 52.2 (1.9) 53.4 (2.5) 51.8 (1.8) 53.7 (2.4) 52.9 (2.3) 52.9 (2.4)
Highest educational level

Elementary school 7178 (9.26) 107 789 (12.8) 2998 (10.5) 1489 (9.46) 573 (12.8) 228 (5.30) 535 (8.85) 921 (7.54) 434 (7.04)
High school 35 332 (45.6) 399 073 (47.4) 13 757 (48.1) 7115 (45.2) 2160 (48.3) 1886 (43.9) 2582 (42.7) 5214 (42.7) 2618 (42.4)
High school and  
higher education

33 840 (43.7) 322 525 (38.3) 11 47 1(40.1) 6889 (43.8) 1654 (37.0) 2125 (49.4) 2824 (46.7) 5856 (48.0) 3021 (49.0)

Research education 983 (1.27) 8926 (1.06) 287 (1.00) 208 (1.32) 53 (1.19) 60 (1.40) 87 (1.44) 200 (1.64) 88 (1.43)
Unknown 179 (0.23) 3789 (0.45) 65 (0.23) 38 (0.24) 31 (0.69) <5 (0.02) 16 (0.26) 20 (0.16) 8 (0.13)
Region of birth

Nordics 68 396 (88.2) 731 281 (86.8) 25 341(88.7) 13517 (85.9) 3928 (87.9) 3978 (92.5) 5250 (86.9) 10789(88.4) 5593 (90.7)
Africa 427 (0.55) 7663 (0.91) 147 (0.51) 103 (0.65) 26 (0.58) 13 (0.30) 34 (0.56) 67 (0.55) 37 (0.60)
Asia 2797 (3.61) 37 305 (4.43) 972 (3.40) 813 (5.17) 169 (3.78) 80 (1.86) 235 (3.89) 390 (3.19) 138 (2.24)
Europe without Nordics 4643 (5.99) 55 326 (6.57) 1699 (5.95) 1025 (6.51) 256 (5.73) 189 (4.40) 388 (6.42) 782 (6.40) 304 (4.93)
North America 321 (0.41) 2863 (0.34) 93 (0.33) 72 (0.46) 33 (0.74) 14 (0.33) 23 (0.38) 60 (0.49) 26 (0.42)
Oceania 27 (0.03) 252 (0.03) 12 (0.04) 5 (0.03) <5 (0.04) <5 (0.02) <5 (0.05) <5 (0.02) <5 (0.03)
South America 901 (1.16) 7410 (0.88) 314 (1.10) 204 (1.30) 57 (1.27) 25 (0.58) 111 (1.84) 121 (0.99) 69 (1.12)
Medications

Diabetes 4518 (5.83) 65 599 (7.79) 1654 (5.79) 906 (5.76) 400 (8.95) 190 (4.44) 338 (5.6) 683 (5.6) 333 (5.4)
Heart disease 10 464 (13.5) 90 104 (10.7) 3858 (13.5) 2140 (13.6) 563 (12.6) 516 (12.0) 864 (14.3) 1709 (14.0) 838 (13.6)
Hypertension 23 021 (29.7) 227 367 (27.0) 8430 (29.5) 4658 (29.6) 1560 (34.9) 1272 (29.6) 1861 (30.8) 3528 (28.9) 1733 (28.1)
None 39 509 (50.9) 460 542 (54.6) 14 636 (51.2) 8035 (51.1) 1948 (43.6) 2322 (54.0) 2981 (49.4) 6291 (51.4) 3265 (53.0)
Geographical region

Urban 30 849 (39.8) 271 998 (32.3) 9859 (34.5) 6106 (38.8) 1372 (30.7) 1646 (38.3) 3185 (52.7) 6081 (49.8) 3022 (49.0)
Semi-urban 6433 (8.3) 88 420 (10.5) 2943 (10.3) 1333 (8.47) 464 (10.4) 285 (6.65) 244 (4.05) 660 (5.41) 463 (7.52)
Semi-rural 29 764 (38.4) 348 630 (41.4) 11 316 (39.6) 6028 (38.3) 1850 (41.4) 1681 (39.1) 2242 (37.1) 4090 (33.5) 2122 (34.4)

Rural 10 541 (13.6) 133 894 (15.9) 4460 (15.6) 2272 (14.4) 785 (17.4) 688 (15.9) 373 (5.51) 1380 (11.2) 562 (9.09)

Exact numbers have not been reported for categories with fewer than �ve individuals. These counts are represented as <5 to maintain data con�dentiality.
LNG=levonorgestrel; IUS=intrauterine system.
*Includes women who combined transdermal oestrogen with an oral, transdermal, or local progestogen.
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of overall initiations. However, we observed a clear 

trend towards increased use of transdermal products 

and oral oestrogen combined with the levonorgestrel 

intrauterine system between 2007 and 2020. Also, the 

use of tibolone, which has not been approved for use 

in, for example, the US, decreased in Sweden between 

the same years. This drop is encouraging; however, in 

2018, approximately 1000 women initiated tibolone, 

which is estimated to have caused one stroke or 

ischaemic heart disease event.

Trends in menopausal hormone therapy use and 
cardiovascular disease

During the study period, we observed a decrease in 

the use of menopausal hormone therapy, followed by 

an increase starting from around 2016. In Sweden, 

use dropped after key studies were published in 

2002-03,19 20 50 but it stabilised from 2010 to 2016, a 

trend also seen in Spain,51 Australia,52 Korea,53 and 

New Zealand.54 Usage rose again after 2017. Updated 

Swedish guidelines in 2019, further revised in 2021, 

recommend starting within 10 years of menopause 

and not after age 60, reflecting new insights into the 

benefits and risks of menopausal hormone therapy.55 

This shift, widely discussed among gynaecologists and 

general practitioners before its official adoption, likely 

influenced prescribing habits early on. Additionally, 

we noted a significant decrease of more than 50% in 

the incidence of cardiovascular disease, particularly 

ischaemic heart disease. This pattern is noted in other 

Nordic countries but contrasts with recent reports 

from the US, where rates of cardiovascular disease 

are increasing.56 Disparities between the two settings, 

such as access to high quality healthcare among people 

with low socioeconomic status, severe mental illness 

or immigrant background, most likely contribute to 

these differing trends. The longstanding Nordic system 

of promoting equitable and universal healthcare of 

high quality likely underpins the declining trend in 

cardiovascular disease observed in these countries.57

Comparison with other studies

We used an emulated target trial design, which mimics 

a clinical trial, to estimate the effect of contemporary 

menopausal hormone therapy on the risk of 

cardiovascular diseases. In contrast to the Women’s 

Health Initiative trial, the largest randomised, placebo 

controlled trial of combined oral menopausal hormone 

therapy performed to date, we included women who 

were within the age of menopausal transition (50-

58 years), the age when most women start using 

menopausal hormone therapy. However, similar 

results were seen in our study and the Women’s Health 

Initiative trials. The principal Women’s Health Initiative 

results identified an increased risk of stroke (hazard 

ratio 1.41, with 212 events), myocardial infarction 

(1.32, with 229 events), and venous thromboembolic 

disease (2.11, with 218 events).20 Furthermore, in an 

age stratified follow-up investigation, an increased risk 

of coronary heart disease was observed in the 50-59 

years age group (hazard ratio 1.27, with 37 events).21 

In our per protocol analyses, we observed an increased 

risk of ischaemic heart disease (hazard ratio 1.27) 

and venous thromboembolism (1.84) with the use of 

combined continuous menopausal hormone therapy. 

On the contrary, we did not observe any excess risk of 

stroke among users of oral oestrogen plus progestin. 

Important differences exist between the Women’s 

Health Initiative and our study that can potentially 

explain this difference. The Women’s Health Initiative 

investigated only one type of menopausal hormone 

therapy, specifically conjugated equine oestrogens 

plus medroxyprogesterone acetate, which has not 

been in use in Sweden since 2005. Conjugated equine 

oestrogens, compared with oestradiol (the most 

commonly used oestrogen in menopausal hormone 

therapy in Sweden), has been associated with an 

increased risk of stroke.58 The higher risk of stroke 

associated with menopausal hormone therapy use was 

also seen in an observational study performed in the 

UK Biobank cohort, in which most women had started 

their use before 2005.6 Our findings indicate that 

contemporary combined oral menopausal hormone 

therapy carries a lower risk of stroke than do products 

used previously and those that have been investigated 

in most previous studies.

With regards to cerebral infarction, a more recent 

Danish observational study reported an association 

between the use of oral menopausal hormone therapy 

and increased risk of ischaemic stroke,7 with estimates 

Oral
oestrogenTibolone

Transdermal
oestrogen

Fig 5 | Illustration synthesising results of study. 

Tibolone was associated with increased risk of arterial 

thrombotic events, including ischaemic heart disease, 

myocardial infarction, and cerebral infarction, but not 

venous thromboembolism. Increased risk of venous 

thromboembolism and a small increased risk of 

ischaemic heart disease were found with use of oral 

continuously combined contemporary menopausal 

hormone therapy. No strong evidence was found that 

transdermal oestrogen increases risk for any diseases 

studied. Red=strong/intermediate e�ect; pink=small 

e�ect; grey=no e�ect detected
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more similar to our per protocol analysis. Like our 

study, the Danish study also stratified by regimen 

and observed an increased risk of ischaemic stroke 

for oral preparations including combined continuous 

therapy, unopposed oral oestrogen, and tibolone, with 

the highest estimates found for continuous combined 

menopausal hormone therapy (relative rate 1.36). 

We observed an increased risk only in association 

with the use of tibolone, with a somewhat higher 

estimate (hazard ratio 1.97). The differences are 

possibly attributable to the analysis of prevalent users, 

a longer follow-up time (average 7.9 years), and the 

inclusion of cerebral apoplexy (ICD10 code: I64) in the 

Danish study, which included approximately 15-20% 

haemorrhagic strokes.59

The increased risk of venous thromboembolism 

with the use of menopausal hormone therapy has 

been reported in several previous studies.6  60-63 Most 

of the studies did not distinguish between different 

types of menopausal hormone therapy and assessed 

the overall risks associated with all formulations. Two 

case-control studies distinguished between different 

types of menopausal hormone therapy and reported an 

increased risk with the use oral combined menopausal 

hormone therapy (odds ratio 1.55 for continuous and 

1.88 for sequential), lower risk with the use of oral 

oestrogen only (odds ratio 1.40), and no risk with 

tibolone or transdermal only products.60 Similarly, 

the LIFT trial observed no increased risk of venous 

thromboembolism with the use of tibolone, but an 

increased risk of stroke was found (hazard ratio 2.19).64 

The LIBERATE trial assessed the safety and efficacy of 

tibolone in patients with breast cancer, focusing on 

cardiovascular outcomes as a secondary endpoint.65 

It found no significant difference in cardiovascular 

risk between the tibolone group (14 cases) and the 

placebo group (10 cases). However, the trial’s limited 

sample size (n=3100) precluded detailed analyses of 

venous thromboembolism, cerebrovascular disease, 

and coronary heart disease. Considering our findings 

and previous research, tibolone seems to affect these 

conditions differently, suggesting that the study 

may have overlooked potential risks associated with 

cerebrovascular and coronary events.

Biological mechanisms

The increased risk of cardiovascular disease and venous 

thromboembolism associated with oral oestrogen, in 

contrast to transdermal oestrogen, can be attributed to 

the route specific effects. When taken orally, oestrogen 

undergoes first pass metabolism in the liver, where 

many coagulation factors are produced. Therefore, oral 

administration of oestrogen is thought to influence 

the production of coagulation factors, leading to a 

net increase in procoagulant factors.66 Transdermal 

oestrogen minimises these effects by largely bypassing 

hepatic metabolism, resulting in less pronounced 

alterations in coagulation factors.67 Tibolone, 

unlike oral oestrogen, does not seem to increase the 

risk of venous thromboembolism. This difference 

may be due to tibolone’s unique pharmacological 

profile, combining oestrogenic, progestogenic, and 

androgenic effects, whereby its androgenic properties 

potentially increase fibrinolytic activity, reducing 

clot risk. However, the mechanism by which tibolone 

increases the risk of arterial thrombosis, including 

cerebral and myocardial infarction, remains unclear. 

A possible factor is an increase in C reactive protein 

concentrations, which could promote atherosclerotic 

plaque instability, making the plaque more likely to 

rupture and lead to thrombotic events such as heart 

attacks or strokes.68

Strengths and limitations of study

Our study’s strengths include use of national registers 

to obtain recent health data on a large population. 

Use of registry data enabled us to obtain extensive 

health information on all women living in Sweden 

without the risk of recall bias. Leveraging advances 

in causal inference methods applied to high quality, 

linkable national registries enabled us to avoid this 

bias often seen in observational studies. The extensive 

information in the drug register also allowed us 

to distinguish between different types of hormone 

therapies, including differences in administration, 

regimens, and combinations of hormones.

This study does, however, have some limitations. The 

absence of specific data on menopausal status means 

that our study included only women aged 50 and above. 

This decision aligns with existing research indicating 

that early menopause is associated with a heightened 

risk of cardiovascular disease, whereas women 

entering menopause after 50 have a comparatively 

lower risk.69 By setting this age threshold, our aim was 

to ensure that the cohort predominantly consisted of 

postmenopausal women, thereby minimising any bias 

stemming from the varied timing of menopause. As a 

result, the calculated risk estimates for menopausal 

hormone therapy in our analysis should reflect a 

more precise correlation with cardiovascular disease 

risk, unaffected by the potential overestimation that 

could arise from including younger premenopausal 

or early menopausal women.69 Secondly, we did not 

have information on other potentially important 

confounders, such as smoking and body mass index. 

However, we adjusted for education and geographical 

region. Having a lower level of education and residing 

in a rural area have been associated with a threefold 

and twofold increase in the risk of obesity, respectively, 

compared with people with higher education residing 

in an urban area.70 Thirdly, we cannot confirm whether 

women used or merely collected the medication 

they redeemed. This could lead to misclassification 

of exposure, and any potential hazardous effects of 

menopausal hormone therapy on cardiovascular 

risk would be attenuated towards the null. However, 

to mitigate the impact of this limitation, our study 

used two analytical approaches: an intention-to-treat 

analysis and a per protocol analysis. The intention-

to-treat analysis considered all women who collected 

menopausal hormone therapy as users from their 

first collection, ensuring inclusion based on the 
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intended treatment. The per protocol analysis refined 

assessment of menopausal hormone therapy use by 

censoring women at discontinuation—defined as 

not redeeming further prescriptions—and thus more 

accurately representing consistent users of menopausal 

hormone therapy and mitigating misclassification 

bias. Fourthly, the prescription of unopposed oral 

oestrogen to women with an intact uterus is not 

standard clinical practice in Sweden. This occurrence 

in our study might reflect misclassifications due to 

hysterectomies performed internationally or outside 

our data collection period or the undocumented use 

of intrauterine devices or bioidentical progestogens. 

However, it could also indicate that some clinicians are 

prescribing unopposed oral oestrogen to women with 

an intact uterus. Fifthly, a crucial point in all registry 

based studies is the validity of the diagnostic codes. 

The diagnoses in the inpatient register are valid in 

85-95% of most diagnoses. For myocardial infarction 

and stroke, the diagnoses were valid in more than 90% 

of patients; the figure for venous thromboembolism 

was 75%.71 Any diagnostic misclassification may 

have led to an underestimation of the risk among 

menopausal hormone therapy users. Sixthly, we 

could not use a pooled logistic regression model 

owing to computational limitations. As a result, the 

hazard ratios presented in our analysis may have a 

built-in selection bias. We also presented cumulative 

incidence curves and rates for the intention-to-treat 

analysis to mitigate this limitation. Lastly, our study 

focused on static treatment strategies. Although 

this approach provides valuable insights, it could be 

extended to meet patients’ characteristics more closely 

by considering dynamic strategies, which would allow 

treatment adjustments based on the development of 

contraindications over time.

Meaning of study

A need has existed to re-evaluate the risk of 

cardiovascular disease associated with contemporary 

menopausal hormone therapy in women around the 

age of menopausal transition when menopausal 

hormone therapy is usually initiated. The feasibility 

of randomised trials to support decision making is 

particularly limited if the goal is to estimate effects 

in subgroups of women, such as those using different 

types of treatment. This study was specifically 

designed to avoid selection bias commonly seen in 

observational studies by emulating a target trial and 

to overcome the limitations of randomised trials by 

examining various types of menopausal hormone 

therapy products.

Unanswered questions and future research

The study did not extend to the effects of specific 

progestins within these therapy formulations. 

Bioidentical progesterone, compared with synthetic 

progesterone (progestin), has been suggested to 

confer different risk profiles regarding cardiovascular 

disease.72 Hence, future research should investigate the 

potential various effects on the risk of cardiovascular 

disease based on different progestogens used in 

menopausal hormone therapy.

The computations were enabled by resources in project 2018/8-
372 and sens2021564 provided by the National Infrastructure 
for Supercomputing in Sweden (NAISS) at UPPMAX, funded by the 
Swedish Research Council through grant agreement No 2022-06725.

Contributors: TJ was involved in data curation, conceptualisation, 
so�ware, visualisation, and formal analyses and wrote the �rst dra� 
of the manuscript. TK was involved in study supervision. DS was 
involved in so�ware. AS and JRC were involved in conceptualisation. 
ÅJ was involved in funding acquisition, study supervision, resources, 
and conceptualisation. All authors critically reviewed and edited the 
manuscript, approved the �nal version for submission, and agreed 
to be accountable for all aspects of this work. TJ is the guarantor. The 
corresponding author attests that all listed authors meet authorship 
criteria and that no others meeting the criteria have been omitted.

Funding: This study was primarily funded by the Swedish Brain 
Foundation and the FGS Fang Foundation (administrated by the 
Swedish Brain Foundation) (FO2022-0353, FO2021-0323, FO2023-
0139). Other funders include the Swedish Heart Lung Foundation 
(20230589), the Swedish Research Council (2023-02983), and 
the Uppsala University centre for women’s mental health during 
the reproductive lifespan (WOMHER). ÅJ is funded by the Swedish 
Brain Foundation, the FGS Fang Foundation the Swedish Heart 
Lung Foundation, the Swedish Research Council and the Uppsala 
University centre for women’s mental health during the reproductive 
lifespan (WOMHER). The funding sources had no role in the design 
of this study and did not have any role during its execution, analysis, 
interpretation of the data, or the decision to submit the results for 
publication.

Competing interests: All authors have completed the ICMJE uniform 
disclosure form at www.icmje.org/disclosure-of-interest/ and declare: 
funding for the study as detailed above; no �nancial relationships with 
any organisations that might have an interest in the submitted work in 
the previous three years; no other relationships or activities that could 
have influenced the submitted work.

Ethical approval: The study was approved by the Swedish Ethical 
Review Authority (Dnr 2020-05348 and 2021-05649-02).

Data sharing: The analyses were based on data from di�erent 
registries (Statistics Sweden and the National Board of Health and 
Welfare), and the data can be made available on reasonable request 
to each of the registry managers a�er an ethical approval from the 
Swedish Ethical Review Authority. The underlying code will be freely 
available at https://github.com/theresejohansson/CVD_MHT.

Transparency: The lead author (the manuscript’s guarantor) a�rms 
that the manuscript is an honest, accurate, and transparent account of 
the study being reported, that no important aspects of the study have 
been omitted, and that any discrepancies from the study as planned 
(and, if relevant, registered) have been explained.

Dissemination to participants and related patient and public 
communities: Findings from this study will be included and 
considered in clinical recommendations of menopausal hormone 
therapy use in Sweden. To reach the public, results from this study will 
be shared with the public via a press release alongside the publication 
of this manuscript. Social media (eg, X and LinkedIn) will be used to 
draw attention to the work and stimulate debate about its �ndings.

Provenance and peer review: Not commissioned; externally peer-
reviewed.

This is an Open Access article distributed in accordance with the 
terms of the Creative Commons Attribution (CC BY 4.0) license, which 
permits others to distribute, remix, adapt and build upon this work, 
for commercial use, provided the original work is properly cited. See: 
http://creativecommons.org/licenses/by/4.0/.

1 	 Joseph P, Leong D, McKee M, et al, Reducing the Global Burden of 
Cardiovascular Disease, Part 1: The Epidemiology and Risk Factors. 
Circ Res 2017;121:677-94. doi:10.1161/CIRCRESAHA.117.308903 

2 	 Kannel WB, Hjortland MC, McNamara PM, Gordon T. Menopause and 
risk of cardiovascular disease: the Framingham study. Ann Intern 
Med 1976;85:447-52. doi:10.7326/0003-4819-85-4-447 

3 	 Freedman RR, Blacker CM. Estrogen raises the sweating threshold in 
postmenopausal women with hot flashes. Fertil Steril 2002;77:487-
90. doi:10.1016/S0015-0282(01)03009-6 

4 	 Bouxsein ML, Eastell R, Lui L-Y, et al, FNIH Bone Quality Project. 
Change in Bone Density and Reduction in Fracture Risk: A Meta-
Regression of Published Trials. J Bone Miner Res 2019;34:632-42. 
doi:10.1002/jbmr.3641 

12� doi: 10.1136/bmj-2023-078784 | BMJ 2024;387:e078784 | the bmj

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 19 M

arch
 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 N

o
vem

b
er 2024. 

10.1136/b
m

j-2023-078784 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

http://www.icmje.org/disclosure-of-interest/
https://github.com/theresejohansson/CVD_MHT
http://creativecommons.org/licenses/by/4.0/
https://www.bmj.com/


RESEARCHRESEARCH

5 	 Prentice RL, Aragaki AK, Chlebowski RT, et al, Randomized Trial 
Evaluation of the Bene�ts and Risks of Menopausal Hormone Therapy 
Among Women 50-59 Years of Age. Am J Epidemiol 2021;190:365-
75. doi:10.1093/aje/kwaa210 

6 	 Johansson T, Fowler P, Ek WE, Skalkidou A, Karlsson T, Johansson Å. 
Oral Contraceptives, Hormone Replacement Therapy, and Stroke Risk. 
Stroke 2022;53:3107-15. doi:10.1161/STROKEAHA.121.038659 

7 	 Løkkegaard E, Nielsen LH, Keiding N. Risk of Stroke With Various 
Types of Menopausal Hormone Therapies: A National Cohort Study. 
Stroke 2017;48:2266-9. doi:10.1161/STROKEAHA.117.017132 

8 	 Løkkegaard E, Andreasen AH, Jacobsen RK, Nielsen LH, Agger C, 
Lidegaard Ø. Hormone therapy and risk of myocardial infarction: a 
national register study. Eur Heart J 2008;29:2660-8. doi:10.1093/
eurheartj/ehn408 

9 	 Løkkegaard E, Pedersen AT, Heitmann BL, et al, Relation between 
hormone replacement therapy and ischaemic heart disease in 
women: prospective observational study. BMJ 2003;326:426. 
doi:10.1136/bmj.326.7386.426 

10 	 Rossouw JE, Anderson GL, Prentice RL, et al, Writing Group for 
the Women’s Health Initiative Investigators. Risks and bene�ts of 
estrogen plus progestin in healthy postmenopausal women: principal 
results From the Women’s Health Initiative randomized controlled 
trial. JAMA 2002;288:321-33. doi:10.1001/jama.288.3.321

11 	 Iwakura A, Shastry S, Luedemann C, et al, Estradiol enhances 
recovery a�er myocardial infarction by augmenting 
incorporation of bone marrow-derived endothelial progenitor 
cells into sites of ischemia-induced neovascularization via 
endothelial nitric oxide synthase-mediated activation of matrix 
metalloproteinase-9. Circulation 2006;113:1605-14. doi:10.1161/
CIRCULATIONAHA.105.553925

12 	 Fredette NC, Meyer MR, Prossnitz ER. Role of GPER in estrogen-
dependent nitric oxide formation and vasodilation. J Steroid Biochem 
Mol Biol 2018;176:65-72. doi:10.1016/j.jsbmb.2017.05.006

13 	 Pedram A, Razandi M, Narayanan R, Levin ER. Estrogen 
receptor beta signals to inhibition of cardiac �brosis. Mol Cell 
Endocrinol 2016;434:57-68. doi:10.1016/j.mce.2016.06.018 

14 	 Stirone C, Duckles SP, Krause DN, Procaccio V. Estrogen increases 
mitochondrial e�ciency and reduces oxidative stress in cerebral 
blood vessels. Mol Pharmacol 2005;68:959-65. doi:10.1124/
mol.105.014662 

15 	 Miller VT, LaRosa J, Barnabei V, et al, The Writing Group for the PEPI 
Trial. E�ects of estrogen or estrogen/progestin regimens on heart 
disease risk factors in postmenopausal women. The Postmenopausal 
Estrogen/Progestin Interventions (PEPI) Trial. JAMA 1995;273:199-
208. doi:10.1001/jama.1995.03520270033028 

16 	 Grodstein F, Stampfer MJ, Manson JE, et al, Postmenopausal estrogen 
and progestin use and the risk of cardiovascular disease. N Engl J 
Med 1996;335:453-61. doi:10.1056/NEJM199608153350701 

17 	 Grodstein F, Manson JE, Colditz GA, Willett WC, Speizer FE, Stampfer 
MJ. A prospective, observational study of postmenopausal hormone 
therapy and primary prevention of cardiovascular disease. Ann 
Intern Med 2000;133:933-41. doi:10.7326/0003-4819-133-12-
200012190-00008 

18 	 Varas-Lorenzo C, García-Rodríguez LA, Perez-Gutthann S, 
Duque-Oliart A. Hormone replacement therapy and incidence of 
acute myocardial infarction. A population-based nested case-
control study. Circulation 2000;101:2572-8. doi:10.1161/01.
CIR.101.22.2572 

19 	 Hulley S, Grady D, Bush T, et al, Randomized trial of estrogen plus 
progestin for secondary prevention of coronary heart disease in 
postmenopausal women. Heart and Estrogen/progestin Replacement 
Study (HERS) Research Group. JAMA 1998;280:605-13. 
doi:10.1001/jama.280.7.605 

20 	 Rossouw JE, Anderson GL, Prentice RL, et al, Writing Group for 
the Women’s Health Initiative Investigators. Risks and bene�ts of 
estrogen plus progestin in healthy postmenopausal women: principal 
results From the Women’s Health Initiative randomized controlled 
trial. JAMA 2002;288:321-33. doi:10.1001/jama.288.3.321 

21 	 Manson JE, Hsia J, Johnson KC, et al, Women’s Health Initiative 
Investigators. Estrogen plus progestin and the risk of coronary 
heart disease. N Engl J Med 2003;349:523-34. doi:10.1056/
NEJMoa030808 

22 	 Anderson GL, Limacher M, Assaf AR, et al, Women’s Health Initiative 
Steering Committee. E�ects of conjugated equine estrogen in 
postmenopausal women with hysterectomy: the Women’s Health 
Initiative randomized controlled trial. JAMA 2004;291:1701-12. 
doi:10.1001/jama.291.14.1701 

23 	 Vandenbroucke JP. The HRT controversy: observational studies and 
RCTs fall in line. Lancet 2009;373:1233-5. doi:10.1016/S0140-
6736(09)60708-X 

24 	 Prentice RL, Langer R, Stefanick ML, et al, Women’s Health Initiative 
Investigators. Combined postmenopausal hormone therapy and 
cardiovascular disease: toward resolving the discrepancy between 
observational studies and the Women’s Health Initiative clinical trial. 
Am J Epidemiol 2005;162:404-14. doi:10.1093/aje/kwi223 

25 	 Renoux C, Dell’Aniello S, Brenner B, Suissa S. Bias from depletion 
of susceptibles: the example of hormone replacement therapy and 
the risk of venous thromboembolism. Pharmacoepidemiol Drug 
Saf 2017;26:554-60. doi:10.1002/pds.4197 

26 	 Hernán MA, Wang W, Leaf DE. Target Trial Emulation: A Framework for 
Causal Inference From Observational Data. JAMA 2022;328:2446-7. 
doi:10.1001/jama.2022.21383 

27 	 Wang SV, Schneeweiss S, Franklin JM, et al, RCT-DUPLICATE 
Initiative. Emulation of Randomized Clinical Trials With 
Nonrandomized Database Analyses: Results of 32 Clinical Trials. 
JAMA 2023;329:1376-85. doi:10.1001/jama.2023.4221 

28 	 Hernán MA, Alonso A, Logan R, et al, Observational studies analyzed like 
randomized experiments: an application to postmenopausal hormone 
therapy and coronary heart disease. Epidemiology 2008;19:766-79. 
doi:10.1097/EDE.0b013e3181875e61 

29 	 Gersh FL, O’Keefe JH, Lavie CJ. Postmenopausal hormone therapy for 
cardiovascular health: the evolving data. Heart 2021;107:1115-22. 
doi:10.1136/heartjnl-2019-316323 

30 	 Scarabin PY, Plu-Bureau G, Zitoun D, Bara L, Guize L, Samama MM. 
Changes in haemostatic variables induced by oral contraceptives 
containing 50 micrograms or 30 micrograms oestrogen: 
absence of dose-dependent e�ect on PAI-1 activity. Thromb 
Haemost 1995;74:928-32. doi:10.1055/s-0038-1649849 

31 	 Scarabin P-Y, Oger E, Plu-Bureau G, EStrogen and THromboEmbolism 
Risk Study Group. Di�erential association of oral and transdermal 
oestrogen-replacement therapy with venous thromboembolism risk. 
Lancet 2003;362:428-32. doi:10.1016/S0140-6736(03)14066-4 

32 	 García-Sáenz M, Ibarra-Salce R, Pozos-Varela FJ, et al, Understanding 
Progestins: From Basics to Clinical Applicability. J Clin 
Med 2023;12:3388. doi:10.3390/jcm12103388 

33 	 Hernán MA, Sauer BC, Hernández-Díaz S, Platt R, Shrier I. Specifying 
a target trial prevents immortal time bias and other self-inflicted 
injuries in observational analyses. J Clin Epidemiol 2016;79:70-5. 
doi:10.1016/j.jclinepi.2016.04.014 

34 	 Statistics Sweden (SCB). Population statistics. 2023. https://www.
scb.se/en/�nding-statistics/statistics-by-subject-area/population/
population-composition/population-statistics/

35 	 Socialstyrelsen. Registers. 2023. https://www.socialstyrelsen.se/en/
statistics-and-data/registers/

36 	 Danaei G, Rodríguez LAG, Cantero OF, Logan R, Hernán MA. 
Observational data for comparative e�ectiveness research: an 
emulation of randomised trials of statins and primary prevention 
of coronary heart disease. Stat Methods Med Res 2013;22:70-96. 
doi:10.1177/0962280211403603 

37 	 Dickerman BA, García-Albéniz X, Logan RW, Denaxas S, Hernán MA. 
Avoidable flaws in observational analyses: an application to statins 
and cancer. Nat Med 2019;25:1601-6. doi:10.1038/s41591-019-
0597-x 

38 	 García-Albéniz X, Hsu J, Bretthauer M, Hernán MA. E�ectiveness of 
Screening Colonoscopy to Prevent Colorectal Cancer Among Medicare 
Bene�ciaries Aged 70 to 79 Years: A Prospective Observational 
Study. Ann Intern Med 2017;166:18-26. doi:10.7326/M16-0758 

39 	 Danaei G, García Rodríguez LA, Cantero OF, Logan RW, Hernán MA. 
Electronic medical records can be used to emulate target trials of 
sustained treatment strategies. J Clin Epidemiol 2018;96:12-22. 
doi:10.1016/j.jclinepi.2017.11.021 

40 	 Schmidt M, Sørensen HT, Pedersen L. Diclofenac use and 
cardiovascular risks: series of nationwide cohort studies. 
BMJ 2018;362:k3426. doi:10.1136/bmj.k3426 

41 	 Al-Samkari H, Gupta S, Leaf RK, et al, STOP-COVID Investigators. 
Thrombosis, Bleeding, and the Observational E�ect of Early Therapeutic 
Anticoagulation on Survival in Critically Ill Patients With COVID-19. Ann 
Intern Med 2021;174:622-32. doi:10.7326/M20-6739 

42 	 Lau B, Cole SR, Gange SJ. Competing risk regression models 
for epidemiologic data. Am J Epidemiol 2009;170:244-56. 
doi:10.1093/aje/kwp107 

43 	 Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution 
of a Competing Risk. J Am Stat Assoc 1999;94:496-509. doi:10.108
0/01621459.1999.10474144

44 	 Young JG, Stensrud MJ, Tchetgen Tchetgen EJ, Hernán MA. A causal 
framework for classical statistical estimands in failure-time settings 
with competing events. Stat Med 2020;39:1199-236. doi:10.1002/
sim.8471 

45 	 Hernán MA, Lanoy E, Costagliola D, Robins JM. Comparison 
of dynamic treatment regimes via inverse probability 
weighting. Basic Clin Pharmacol Toxicol 2006;98:237-42. 
doi:10.1111/j.1742-7843.2006.pto_329.x 

46 	 Nielsen LH, Løkkegaard E, Andreasen AH, Keiding N. Using 
prescription registries to de�ne continuous drug use: how to �ll gaps 
between prescriptions. Pharmacoepidemiol Drug Saf 2008;17:384-
8. doi:10.1002/pds.1549 

47 	 Dima AL, Dediu D. Computation of adherence to medication and 
visualization of medication histories in R with AdhereR: Towards 
transparent and reproducible use of electronic healthcare data. PLoS 
One 2017;12:e0174426. doi:10.1371/journal.pone.0174426 

the bmj | BMJ 2024;387:e078784 | doi: 10.1136/bmj-2023-078784� 13

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 19 M

arch
 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 N

o
vem

b
er 2024. 

10.1136/b
m

j-2023-078784 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/
https://www.scb.se/en/finding-statistics/statistics-by-subject-area/population/population-composition/population-statistics/
https://www.socialstyrelsen.se/en/statistics-and-data/registers/
https://www.socialstyrelsen.se/en/statistics-and-data/registers/
https://www.bmj.com/


RESEARCHRESEARCH

48 	 Williams RL. A note on robust variance estimation for cluster-
correlated data. Biometrics 2000;56:645-6. doi:10.1111/j.0006-
341X.2000.00645.x 

49 	 Hernán MA, Hernández-Díaz S. Beyond the intention-to-treat in 
comparative e�ectiveness research. Clin Trials 2012;9:48-55. 
doi:10.1177/1740774511420743 

50 	 Beral V, Million Women Study Collaborators. Breast cancer and 
hormone-replacement therapy in the Million Women Study. 
Lancet 2003;362:419-27. doi:10.1016/S0140-6736(03) 
14596-5 

51 	 Baladé Martínez L, Montero Corominas D, Macías Saint-Gerons D. 
[Utilization of hormone replacement therapy in Spain: Trends in the 
period 2000-2014]. Med Clin (Barc) 2016;147:287-92.

52 	 Natari RB, McGuire TM, Baker PJ, Clavarino AM, Dingle 
KD, Hollingworth SA. Longitudinal impact of the Women’s 
Health Initiative study on hormone therapy use in Australia. 
Climacteric 2019;22:489-97. doi:10.1080/13697137.2019.1593
357 

53 	 Park CY, Lim J-Y, Kim W-H, Kim SY, Park HY. Evaluation of menopausal 
hormone therapy use in Korea (2002-2013): A nationwide 
cohort study. Maturitas 2021;146:57-62. doi:10.1016/j.
maturitas.2021.02.003 

54 	 Farmer R, Fenton A. Time trends in breast cancer and menopause 
hormone therapy use in New Zealand. Climacteric 2016;19:42-8. doi
:10.3109/13697137.2015.1098610 

55 	 Swedish Society of Obstetrics and Gynecology. SFOG-Råd för 
menopausal hormonbehandling 2019, updated version 2021. 
2021. https://www.sfog.se/media/337273/mht-sfog-raad-210121.
pdf

56 	 Tsao CW, Aday AW, Almarzooq ZI, et al, American Heart Association 
Council on Epidemiology and Prevention Statistics Committee 
and Stroke Statistics Subcommittee. Heart Disease and Stroke 
Statistics-2023 Update: A Report From the American Heart 
Association. Circulation 2023;147:e93-621. doi:10.1161/
CIR.0000000000001123 

57 	 Højstrup S, Thomsen JH, Prescott E. Disparities in cardiovascular 
disease and treatment in the Nordic countries. Lancet Reg 
Health Eur 2023;33:100699. doi:10.1016/j.lanepe.2023. 
100699 

58 	 Chang W-C, Wang J-H, Ding D-C. Conjugated equine estrogen used 
in postmenopausal women associated with a higher risk of stroke 
than estradiol. Sci Rep 2021;11:10801. doi:10.1038/s41598-021-
90357-6 

59 	 Robins M, Baum HM. The National Survey of Stroke. Incidence. 
Stroke 1981;12(Suppl 1):I45-57.

60 	 Vinogradova Y, Coupland C, Hippisley-Cox J. Use of hormone 
replacement therapy and risk of venous thromboembolism:  
nested case-control studies using the QResearch and CPRD 
databases. BMJ 2019;364:k4810. doi:10.1136/bmj.k4810 

61 	 Sweetland S, Beral V, Balkwill A, et al, Million Women Study 
Collaborators. Venous thromboembolism risk in relation to use 
of di�erent types of postmenopausal hormone therapy in a 
large prospective study. J Thromb Haemost 2012;10:2277-86. 
doi:10.1111/j.1538-7836.2012.04919.x 

62 	 Sare GM, Gray LJ, Bath PMW. Association between hormone 
replacement therapy and subsequent arterial and venous 
vascular events: a meta-analysis. Eur Heart J 2008;29:2031-41. 
doi:10.1093/eurheartj/ehn299 

63 	 Renoux C, Dell’Aniello S, Suissa S. Hormone replacement therapy 
and the risk of venous thromboembolism: a population-based 
study. J Thromb Haemost 2010;8:979-86. doi:10.1111/j.1538-
7836.2010.03839.x 

64 	 Cummings SR, Ettinger B, Delmas PD, et al, LIFT Trial Investigators. 
The e�ects of tibolone in older postmenopausal women. N Engl J 
Med 2008;359:697-708. doi:10.1056/NEJMoa0800743 

65 	 Kenemans P, Bundred NJ, Foidart J-M, et al, LIBERATE Study Group. 
Safety and e�cacy of tibolone in breast-cancer patients with 
vasomotor symptoms: a double-blind, randomised, non-inferiority 
trial. Lancet Oncol 2009;10:135-46. doi:10.1016/S1470-
2045(08)70341-3 

66 	 Deguchi H, Bouma BN, Middeldorp S, Lee YM, Gri�n JH. Decreased 
plasma sensitivity to activated protein C by oral contraceptives is 
associated with decreases in plasma glucosylceramide. J Thromb 
Haemost 2005;3:935-8. doi:10.1111/j.1538-7836.2005.01335.x 

67 	 Strandberg TE, Ylikorkala O, Tikkanen MJ. Di�ering e�ects 
of oral and transdermal hormone replacement therapy on 
cardiovascular risk factors in healthy postmenopausal women. Am J 
Cardiol 2003;92:212-4. doi:10.1016/S0002-9149(03)00542-3 

68 	 Campisi R, Marengo FD. Cardiovascular e�ects of tibolone: a 
selective tissue estrogenic activity regulator. Cardiovasc Drug 
Rev 2007;25:132-45. doi:10.1111/j.1527-3466.2007.00007.x 

69 	 Zhu D, Chung H-F, Dobson AJ, et al, Age at natural menopause and 
risk of incident cardiovascular disease: a pooled analysis of individual 
patient data. Lancet Public Health 2019;4:e553-64. doi:10.1016/
S2468-2667(19)30155-0 

70 	 Hemmingsson E, Ekblom Ö, Kallings LV, et al, Prevalence and time 
trends of overweight, obesity and severe obesity in 447,925 Swedish 
adults, 1995-2017. Scand J Public Health 2021;49:377-83. 
doi:10.1177/1403494820914802 

71 	 Ludvigsson JF, Andersson E, Ekbom A, et al, External review and 
validation of the Swedish national inpatient register. BMC Public 
Health 2011;11:450. doi:10.1186/1471-2458-11-450 

72 	 Stanczyk FZ, Hapgood JP, Winer S, Mishell DRJr. Progestogens 
used in postmenopausal hormone therapy: di�erences in their 
pharmacological properties, intracellular actions, and clinical e�ects. 
Endocr Rev 2013;34:171-208. doi:10.1210/er.2012-1008 

Web appendix: Supplementary materials

14� doi: 10.1136/bmj-2023-078784 | BMJ 2024;387:e078784 | the bmj

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies. 
.

b
y g

u
est

 
o

n
 19 M

arch
 2025

 
h

ttp
s://w

w
w

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 N

o
vem

b
er 2024. 

10.1136/b
m

j-2023-078784 o
n

 
B

M
J: first p

u
b

lish
ed

 as 

https://www.sfog.se/media/337273/mht-sfog-raad-210121.pdf
https://www.sfog.se/media/337273/mht-sfog-raad-210121.pdf
https://www.bmj.com/

