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ABSTRACT

Background: The net effect of menopausal hormone therapy on the risk of death is understudied,
and current evidence is conflicting. Our aim was to investigate the association between menopausal
hormones and risk of all-cause, cardiovascular, and cancer-specific mortality, based on the Swedish
Prescribed Drug Registry and National Patient Registry.

Methods: This Swedish population-based matched cohort study included all women, 40years or older,
who had received at least one prescription of systemic menopausal hormone therapy between
2005-2014 (n =290,186), group level matched 1:3 to non-users (n=870,165). Multivariable conditional
logistic regression models estimated the relative risk of all-cause and cause-specific mortality, adjusting
for several clinical factors and comorbidities.

Results: Ever-use of menopausal hormones was associated with a slightly lower overall odds of all-
cause (OR = 0.97, 95%Cl 0.95-0.98) and cardiovascular (OR = 0.97, 95%C| 0.95-0.99) mortality, whilst
30% lower overall odds of cancer-related mortality (OR = 0.70, 95%Cl 0.68-0.72) was shown. The odds
of all-cause and cancer-related mortality were consistently reduced among women who began meno-
pausal hormone therapy <60years, whereas the association with cardiovascular mortality was incon-
sistent. In contrast, oestrogen-only therapy was associated with elevated odds of all-cause (OR = 1.14,
95%Cl 1.11-1.16) and cardiovascular mortality (OR = 1.04, 95%Cl 1.01-1.06) among women who
began treatment at >70years. Among current users, oestrogen-only therapy was associated with
higher odds of all-cause (OR = 1.48, 95%Cl 1.44-1.52) and cardiovascular mortality (OR = 1.24, 95%Cl
1.20-1.28), whereas past use of oestrogen-only therapy suggested lower odds of mortality.
Conclusions: Our generalisable data suggest that early menopausal hormone treatment initiation
does not increase the odds of mortality. However, the role of oestrogens in particularly cardiovascular
mortality remains to be investigated.

Abbreviations: Cl: Confidence interval; E-MHT: Oestrogen-only treatment; EP-MHT: Oestrogen com-
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Introduction

Menopausal hormone therapy (MHT) encompasses various
treatments prescribed primarily to prevent vasomotor symp-
toms during menopause [1]. MHT was one of the most com-
monly prescribed drugs in the United States during the
1990s. The decline in MHT prescriptions over the past two
decades might have resulted in a whole generation of
women missing the beneficial effects of MHT. Menopausal
hormones are still to date the most effective licenced pre-
scription drugs to alleviate menopausal symptoms, experi-
enced by 50% up to 75% of women [2-4]. Cumulative
evidence indicates MHT use is associated with both favour-
able and deleterious outcomes, varying across different treat-
ment types, formulations and regimens, [5-9] also

depending on the individual risk profile. Whereas several
studies have focussed on the association between MHT use
and the risk of various cancer types and cardiovascular
events, [10-15] evidence for the net effect of MHT on the
risk of all-cause and cause-specific mortality remains incon-
clusive [16-21]. Notably, the age of women at enrolment has
varied in the previous studies, and direct comparisons are
challenging considering that the formulations and doses
have changed over time, and the prescription patterns.
Currently, the latest guidelines of the US Preventive
Services Task Force advise against MHT use for primary pre-
vention of chronic diseases associated with ageing, as cur-
rent evidence is insufficient to outweigh potential health
benefits from the potential risks clearly [22]. The updated

CONTACT Johanna Simin @ johanna.simin@ki.se @ Department of Microbiology, Tumour and Cell Biology, Centre for Translational Microbiome Research
(CTMR), Karolinska Institutet, Biomedicum, Quarter 8A. Solnavagen 9, Solna, SE-171 77, Sweden

@ Supplemental data for this article can be accessed here.

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.1080/0284186X.2022.2033316&domain=pdf&date_stamp=2022-04-30
http://orcid.org/0000-0003-1611-139X
http://orcid.org/0000-0003-0137-447X
https://doi.org/10.1080/0284186X.2022.2033316
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/0284186X.2022.2033316
http://www.tandfonline.com

Swedish guidelines advocate using MHT primarily to treat
vasomotor symptoms among women younger than 60 years
or within 10 years from menopausal onset (median 51 years).
A distinctive feature of Sweden is the availability of various
MHT treatment options [23,24]. Therefore, we conducted this
population-based matched cohort study including virtually
all Swedish MHT ever-users, investigating the net effect of
contemporary MHT use on the risk of all-cause and cause-
specific mortality.

Material and methods
Study design

This nationwide population-based matched cohort has been
used extensively to investigate the risk of breast, [25] gastro-
oesophageal, [26] colorectal, [27] biliary tracts, [28] pancre-
atic, [29] and ovarian cancer [30], and as a source cohort for
a study on colorectal cancer survival [31]. The study design
and the group-level matching procedure (1:3) have been
thoroughly described elsewhere [25]. In short, the Swedish
Prescribed Drug Registry was used to identify virtually all
Swedish MHT ever-users between 1 July 2005 and 31
December 2014. The unique Swedish personal identity num-
ber ensured a valid data linkage between other national
registries supervised by the National Board of Health and
Welfare [32,33]. The Regional Ethical Review Board in
Stockholm granted the ethical approval (2014/1291-31/4)
without a need for informed consent.

This population-based matched cohort study included all
Swedish women, 40years or older at first prescription, who
received at least one dispensed prescription of systemic MHT
between 1 July 2005 and 31 December 2013/2014, as ascer-
tained from the Swedish Prescribed Drug Registry. The index
date was the date of the first dispensed prescription of
menopausal hormones. The Swedish Causes of Death
Registry was used to ascertain the date and cause of death,
defined by the International Classification of Diseases (ICD)
10" edition. Information on the cause of death was available
until December 2013 and for all-cause mortality until
December 2014. Clinical data were ascertained from the
National Patient Registry (in- and outpatient care) [34].

Exclusion criteria

All women with a history of any malignancy (apart from
non-melanoma skin cancer, ICD-10 codes (C43.0-9) were
excluded before the matching. We also excluded MHT prepa-
rations with local effects (i.e., vaginal creams) because they
are unlikely to have systemic effects [35].

Exposure

The Swedish Prescribed Drug Registry, which is over 99%
complete for all outpatient care drugs, was used for expos-
ure ascertainment based on Anatomical and Therapeutic
Chemical (ATC) classification codes (Supplementary Table 1).
Notably, MHT is not sold over the counter in Sweden, and
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injectable MHT is not used [3,25]. Women who received one
or more dispensed progestin prescriptions during the study
period were classified as EP-MHT users. Oestradiol accounted
for over 99% of the oestrogenic component in EP-MHT pre-
scriptions. Furthermore, MHT users were classified as current
versus past users. Current users were defined as women who
had received at least one MHT prescription within six months
before their death or end of the study period. All other
women were classified as past users. Notably, one prescrip-
tion in Sweden covers three months, allowing for a potential
washout period.

Outcome

The primary outcome was the risk of all-cause mortality (ICD-
10 codes: A00-Z99) (Supplementary Table 2). The secondary
outcomes were the two most common causes of death in
Sweden, [36] cardiovascular mortality (ICD-10 codes: 100-99)
and cancer mortality (ICD-10 codes: C00-C97 and D00-D09).

Statistical analyses

Multivariable conditional logistic regression models were
used to estimate the relative risk of death due to all-cause
and cause-specific mortality (i.e., cardiovascular and cancer
mortality), providing adjusted odds ratios (ORs) with 95%
confidence intervals (Cls). These analyses were adjusted for
all the eight matching variables (i.e., year of birth, hysterec-
tomy, delivery, thrombotic events, smoking- and alcohol-
related diseases, obesity, diabetes), and osteoporosis (i.e.,
confounding by indication), comparing MHT ever-users with
women who did not receive MHT during the study period.
Because the group-level matching procedure counterbalan-
ces the effect of follow-up time between the groups, no sub-
stitute date was created for the non-exposed women to
evaluate the duration of follow-up [25,30]. The analyses were
stratified by women’s age at first prescription (categorised as
<60years, 60-69 years, and 70years and older, based on the
updated Swedish guidelines) [23,24], MHT types, and current
versus past use. Subgroup analyses investigated the different
oestrogen formulations and EP-MHT regimens separately.
Women who switched therapy types during the study period
were excluded from the subgroup analyses. Women were fol-
lowed up until death or the end of the study period
(December 2014), whichever occurred first. Interaction by
age was modelled on an additive scale, with the youngest
group constituting the comparison group. A p-value <0.05
was considered indicative of statistical significance. To assess
the robustness of our results, we conducted sensitivity analy-
ses excluding all women who died within the first year (i.e.,
between July 2005 and June 2006). All statistical analyses
were performed on STATA MP4 15.1.

Patient and public involvement

Due to the registry-based nature of the study, no patients or
the public were directly involved in the study.
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Table 1. Descriptive characteristics of the study included women between 2005 and 2014.

MHT ever-users (N =290,186)
Number of individuals (%)

MHT non-users (N =2870,165)
Number of individuals (%)

Characteristics
All-cause mortality
Cardiovascular mortality
Cancer mortality
Age at treatment initiation
<60 years
60-69 years
>70years
Type of MHT treatment
Oestrogen-only
Tibolone
Oestrogens combined progestins
Current or past use
Current users®
Past users®
Oestrogen-only formulations
Oestradiol
Oestriol
Conjugated oestrogens
Other, mixed®
Progestin types and regimens
Progesterone-derived continuous regimens
Testosterone-derived continuous regimens
Progesterone-derived sequential regimens
Testosterone-derived sequential regimens
Other, mixed®
Clinical factors and comorbidities
Ever parous (in-hospital delivery)d
Thrombotic events®
Hysterectomyd
Diabetes®
Obesity*
Alcohol-related diseases
Smoking-related diseases®
Osteoporosis

33,650 (11.6)
13,985 (4.8)
5608 (1.9)

104,740 (12.0)
43,328 (5.0)
23,956 (2.8)

108,631 (37.4)
93,490 (32.2)
88,065 (30.4)

325,747 (37.4)
267,323 (30.7)
277,095 (31.8)

117,996 (40.7) -
17,992 (6.2) -
154,198 (53.1) -

118,154 (40.7) -
172,032 (59.3) -

53,339 (45.2) -
55,653 (47.2) -
1161 (1.00) -
7843 (6.7) -

30,123 (19.5) -
53,360 (34.6) -

3341 (2.2) -
21,247 (13.8) -
46,127 (29.9) -

353,282 (40.6)

(
40,316 (14.0) 120,931 (14.0)
51,811 (17.9) 155, 138 (17.8)
15,936 (5.5) 48,422 (5.6)
5146 (1.8) 15,526 (1.8)
7293 (2.5) 21,455 (2.5)
13,601 (4.7) 40,994 (4.7)
8256 (2.9) 22,764 (2.6)

MHT: menopausal hormone therapy.

Women who received at least one dispensed prescription MHT during the last 6 months of follow-up were considered as current

users of MHT.
BAll other women were considered as past users of MHT.

Other, mixed includes women who received multiple different menopausal hormone therapy types during the study period.
9In addition to year of birth, these variables were used on the group-level matching.

Results

The results of this study are reported in line with the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [37]. A total of 1,160,351
women were included in this nationwide cohort, including
290,186 MHT ever-users and 870,165 group-level matched
MHT non-users. During the study period, 33,650 (11.7%) of
MHT ever-users died and 104,740 (12.0%) of non-users died
(Table 1). The median age at death was 87 years among MHT
ever-users and 86 years among MHT non-users.

Due to a successful matching procedure age, clinical fac-
tors and comorbidities were equally distributed between
the groups. Oestrogen combined progestin treatment was
more common (n=154,198, 53.1%) than E-MHT only
(h=117,996, 40.7%), and 6.2% (n=17,992) of the women
received tibolone. Of oestrogen formulations, oestradiol
(n=53,339, 45.2%) and oestriol (n=55,653, 47.2%) were
most prescribed, while 1.0% (n=1161) received conjugated
oestrogens, and 6.7% (n=7843) received both. Among EP-
MHT regimens, continuously administered testosterone-
derived regimens were the most common (n=>53,360,

34.6%), followed by continuous progesterone-derived regi-
mens (n=30,123, 19.5%).

All-cause mortality

Compared with non-users, ever-use of MHT was associated
with 3% lower odds of all-cause mortality (OR = 0.97, 95%Cl
0.95-0.98) (Figure 1, Supplementary Table 3). However,
important differences were revealed by age at treatment ini-
tiation, MHT types, and current versus past use. Compared
with non-users, higher all-cause mortality was shown among
E-MHT users, particularly among women who began treat-
ment at >70years (OR = 1.14, 95%CI 1.11-1.16, p-interaction
<0.0001). In contrast, E-MHT user among younger women
was associated with lower odds of mortality, and this associ-
ation was strongest among women <60years (OR = 0.51,
95%Cl 0.45-0.57, p-interaction <0.0001). Among current E-
MHT users, the odds were 48% increased (OR = 1.48, 95%ClI
1.44-1.52), while past E-MHT use was associated with lower
odds of all-cause mortality (OR = 0.83, 95%CI 0.80-0.86)
(Table 2). Considering all women, tibolone was associated
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OR (95% Cl)

All-cause mortality
All MHT ever-users All women * 0.97 (0.95, 0.98)
Oestrogen+progestin users All women <~ 0.76 (0.74, 0.79)
Oestrogen-only users All women L 4 1.06 (1.04, 1.08)
Tibolone users All women —_— 0.60 (0.55, 0.66)
All MHT ever-users <60 years —— 0.59 (0.55, 0.63)
Oestrogen+progestin users <60 years —— 0.63 (0.59, 0.68)
Qestrogen-only users <60 years —_—— 0.51 (0.45, 0.57)
Tibolone users <60 years L g 0.50 (0.38, 0.67)
All MHT ever-users 60-69 years - 0.73 (0.70, 0.76)
Oestrogen+progestin users 60-69 years - 0.79 (0.75, 0.83)
QOestrogen-only users 60-69 years — 0.66 (0.62, 0.71)
Tibolone users 60-69 years —— 0.65 (0.57, 0.74)
All MHT ever-users 70 years and older * 1.08 (1.06, 1.10)
Oestrogen+progestin users 70 years and older - 0.84 (0.81, 0.89)
Oestrogen-only users 70 years and older L 4 1.14 (1.11, 1.16)
Tibolone users 70 years and older —_— 0.71 (0.61, 0.82)
Cardiovascular mortality
All MHT ever-users All women * 0.97 (0.95, 0.99)
Oestrogen+progestin users All women —— 0.72 (0.68, 0.77)
Oestrogen-only users All women G 1.03 (1.00, 1.06)
Tibolone users All women —_—— 0.48 (0.39, 0.60)
All MHT ever-users <60 years —_—— 0.73 (0.62, 0.86)
Oestrogen+progestin users <60 years —_— 0.66 (0.55, 0.81)
Oestrogen-only users <60 years ¢ 0.89 (0.68, 1.16)
Tibolone users <60 years ¢ 0.75 (0.39, 1.45)
All MHT ever-users 60-69 years — 0.77 (0.70, 0.85)
Oestrogen+progestin users 60-69 years —_—— 0.79 (0.70, 0.89)
Oestrogen-only users 60-69 years —_— 0.82 (0.69, 0.96)
Tibolone users 60-69 years ¢ 0.54 (0.38, 0.78)
All MHT ever-users 70 years or older - 0.99 (0.96, 1.01)
Oestrogen+progestin users 70 years or older —_—— 0.70 (0.65, 0.75)
Oestrogen-only users 70 years or older 1.04 (1.01, 1.06)
Tibolone users 70 years or older g 0.46 (0.34, 0.61)
Cancer mortality
All MHT ever-users All women - 0.70 (0.68, 0.72)
Oestrogen+ progestin users All women - 0.79 (0.76, 0.83)
Oestrogen-only users All women - 0.65 (0.63, 0.68)
Tibolone users All women —_—— 0.77 (0.68, 0.87)
All MHT ever-users <60 years — 0.46 (0.42, 0.51)
QOestrogen+ progestin users <60 years *— 0.54 (0.54, 0.60)
Oestrogen-only users <60 years ——————— 0.33 (0.27, 0.39)
Tibolone users <60 years r— 0.48 (0.48, 0.74)
All MHT ever-users 60-69 years > 0.68 (0.68, 0.72)
Oestrogen+ progestin users 60-69 years *~— 0.81 (0.81, 0.87)
QOestrogen-only users 60-69 years ~— 0.49 (0.49, 0.55)
Tibolone users 60-69 years r— 0.77 (0.77,0.87)
All MHT ever-users 70 years or older > 0.76 (0.76, 0.79)
Oestrogen+ progestin users 70 years or older >~ 0.87 (0.87, 0.93)
Oestrogen-only users 70 years or older > 0.74 (0.74, 0.77)
Tibolone users 70 years or older ~— 0.75 (0.75, 0.92)
I I

1 1.5

Decreased mortality  Increased mortality

Figure 1. Association between menopausal hormone therapy use and risk of mortality. OR: odds ratio. Note: These odds ratios and other information is provided

in more detail in the Supplementary Table 3.

with lower odds of mortality (OR = 0.60, 95%CI 0.55-0.66),
although p-interaction is significant, suggesting a stronger
inverse association in younger age groups. Similarly, the use
of EP-MHT was associated with lower odds of all-cause

mortality (OR = 0.76, 95%Cl 0.74-0.79, p-interaction 0.069)
(Figure 1, Supplementary Table 3). Among all past MHT
users, tibolone showed the strongest inverse association (OR
= 0.62, 95%Cl 0.55-0.69).
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Table 2. The association of menopausal hormone therapy (MHT) use with all-cause and cause-specific mortality during the study period stratified by current ver-

sus past use of MHT.

MHT users
Number of women/Number of deaths

MHT non-users
Number of women/Number of deaths

Multivariable adjusted
OR (95% CI)*

Current use of MHT
All-cause mortality
All MHT users
Oestrogen-only users
Tibolone users
Oestrogen + progestin users
Cardiovascular mortality
All MHT
Oestrogen-only users
Tibolone users
Oestrogen + progestin users
Cancer mortality
All MHT users
Oestrogen-only

118,154-18,134
51,788/16,416
5671/124
60,695/1594

118,154/ 8380
51,788/7849
5671/39
60,695/492

118,154/1767
51,788/1243

Tibolone users 5671/46
Oestrogen + progestin users 60,695/478
Past use of MHT
All-cause mortality
All MHT users 172,032/15,516
Oestrogen-only users 66,208/11,494
Tibolone users 12,321 367
Oestrogen + progestin users 93,503/3655
Cardiovascular mortality
All MHT users 172,032/5605
Oestrogen-only users 66,208/4765
Tibolone-only users 12,321/51
Oestrogen + progestin users 93,503/789
Cancer mortality
All MHT users 172,032/3841
Oestrogen-only users 66,208/1973
Tibolone users 12,321/214
Oestrogen + progestin users 93,503/1654

870,165/104,740
1.27 (1.24-1.30)
1.48 (1.44-1.52)
0.57 (0.47-0.68)
0.76 (0.72-0.79)
870,165/43,328
1.20 (1.16-1.23)
1.24 (1.20-1.28)
0.83 (0.60-1.15)
0.92 (0.84-1.02)
870,165/23,956
0.52 (0.49-0.54)
0.53 (0.50-0.56)
0.49 (0.36-0.65)
0.51 (0.46-0.56)

0.78 (0.77-0.80)
0.83 (0.80-0.86)
0.62 (0.55-0.69)
0.77 (0.74-0.79)

0.77 (0.75-0.80)
0.86 (0.83-0.89)
0.36 (0.27-0.48)
0.64 (0.59-0.68)

0.84 (0.81-0.87)
0.76 (0.73-0.80)
0.93 (0.81-1.07)
0.95 (0.90-1.00)

OR: odds ratio; 95% Cl: 95% confidence interval.

Al analyses were adjusted for year of birth, hysterectomy, delivery, thrombotic events, smoking- and alcohol-related diseases, obesity, diabetes, and

osteoporosis.

Cardiovascular mortality

Of MHT ever-users 4.8% (n=13,985) died due to cardiovas-
cular events and respectively 5.0% (n=43,328) of MHT non--
users died due to cardiovascular cause (Table 1). Compared
with non-users, ever-use of MHT was associated with 3%
lower odds of cardiovascular mortality (OR = 0.97, 95%ClI
0.95-0.99) (Figure 1, Supplementary Table 3). However, differ-
ences were seen between age at treatment initiation and
MHT types. Oestrogen-only therapy was associated with a
slightly higher odds of cardiovascular mortality, particularly
among women who began MHT treatment at >70years (OR
= 1.04, 95%Cl 1.01-1.06, p-interaction <0.0001), whereas the
odds of cardiovascular mortality were shown lower among E-
MHT users who were 60-69years at treatment initiation (OR
= 0.82, 95%Cl 0.69-0.96, p-interaction <0.0001). Overall, tibo-
lone use (OR = 0.48, 95%Cl 0.39-0.60) showed a more pro-
nounced inverse association with the odds of cardiovascular
mortality than EP-MHT use (OR = 0.72, 95%Cl 0.68-0.77).
When stratified by current and past users of MHT, current
use of E-MHT was associated with higher odds of cardiovas-
cular mortality (OR = 1.24, 95%Cl 1.20-1.28), whereas no
apparent association was found for tibolone or EP-MHT
(Table 2). In contrast, past MHT use was inversely associated

with cardiovascular mortality, and the association was stron-
ger among tibolone (OR = 0.36, 95%C| 0.27-0.48) and EP-
MHT users (OR = 0.64, 95%Cl| 0.59-0.68) than E-MHT users
(OR = 0.86, 95%Cl 0.83-0.89).

Cancer-related mortality

Of MHT ever-users 1.9% (n=5608) died due to cancer and
respectively 2.8% (n=23,956) of MHT non-users died (Table
1). Compared with non-users of MHT, ever-use was associ-
ated with 30% lower odds of cancer-related mortality (OR =
0.70, 95%Cl 0.68-0.72) (Figure 1, Supplementary Table 3).
The association was strongest among women who began
MHT treatment <60years (OR = 0.46, 95%Cl| 0.42-0.51, p-
interaction <0.0001). Compared with non-users, the inverse
association was overall more pronounced for current than
past users, particularly for current E-MHT users (OR = 0.53,
95%Cl 0.50-0.56) in comparison to the odds among past E-
MHT users (OR = 0.76, 95%CI| 0.73-0.80) (Table 2). Whereas
the odds of cancer-related mortality were reduced among all
current MHT users (OR = 0.52, 95%Cl 0.49-0.54), a marginal
association was shown for past EP-MHT use (OR = 0.95,
95%Cl 0.90-1.00).


https://doi.org/10.1080/0284186X.2022.2033316
https://doi.org/10.1080/0284186X.2022.2033316

ACTA ONCOLOGICA 637
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Item no Recommendation Page no
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and 5-6
what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 7-8
Objectives 3 State specific objectives, including any prespecified hypotheses 7-8
Methods
Study design 4 Present key elements of study design early in the paper 8
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, 8-9
exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. 8-9
Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and unexposed 8,11
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 8-11
Give diagnostic criteria, if applicable
Data sources/measurement 8 For each variable of interest, give sources of data and details of methods of assessment 8-11
(measurement). Describe comparability of assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential sources of bias 8-11
Study size 10 Explain how the study size was arrived at 8
Quantitative variables 1 Explain how quantitative variables were handled in the analyses. If applicable, describe which 10-11
groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 10-11
(b) Describe any methods used to examine subgroups and interactions 10-11
(c) Explain how missing data were addressed 10-11
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses 10-11
Results -
Participants 132 (a) Report numbers of individuals at each stage of study—e.g. numbers potentially eligible, 11-15
examined for eligibility, confirmed eligible, included in the study, completing follow-up,
and analysed
(b) Give reasons for non-participation at each stage 11-15
(c) Consider use of a flow diagram
Descriptive data 14° (a) Give characteristics of study participants (e.g., demographic, clinical, social) and 11-15
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 10
(c) Summarise follow-up time (e.g., average and total amount) 10
Outcome data 15° Report numbers of outcome events or summary measures over time 11-15
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 11-15
precision (e.g., 95% confidence interval). Make clear which confounders were adjusted for
and why they were included
(b) Report category boundaries when continuous variables were categorised 11-15
(c) If relevant, consider translating estimates of relative risk into absolute risk for a 11-15
meaningful time period
Other analyses 17 Report other analyses done—e.g., analyses of subgroups and interactions, and 15
sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 15-16
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 16-18
Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity 18-19
of analyses, results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 16
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 1,8

applicable, for the original study on which the present article is based

Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent report-
ing. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/,
Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at

http://www.strobe-statement.org.

Formulations and regimens

Among E-MHT users, the different oestrogen formulations
were associated with varying odds of mortality
(Supplementary Table 4). Compared with MHT non-users,
oestradiol was associated with lower odds of mortality, and
the association was strongest for cancer mortality (OR =

0.53, 95%Cl 0.49-0.56). Oestriol use was associated with
higher odds of all-cause (OR = 1.22, 95%Cl 1.19-1.25) and
cardiovascular mortality (OR = 1.08, 1.05-1.11), while lower
odds of cancer-related mortality was noted (OR = 0.74,
95%Cl 0.71-0.78). Among EP-MHT users, continuous regi-
mens, both progesterone- and testosterone-derived, were
associated with 26-31% lower odds of mortality overall. In
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contrast, sequential testosterone-derived regimens were
associated with an increased odds of all-cause mortality (OR
= 1.24, 95%Cl 1.11-1.38) and higher odds of cardiovascular
mortality (OR = 1.56, 95%CI 1.01-2.41).

Sensitivity analyses

The association remained similar in the sensitivity analyses,
excluding women who died within the first year from the
beginning of the study (Supplementary Table 5).

Discussion

In this nationwide and population-based study, we observed
a minimally reduced overall odds of all-cause and cardiovas-
cular mortality among MHT ever-users compared with MHT
non-users. In contrast, we found a 30% likelihood of overall
cancer-related mortality among MHT users. Furthermore, the
overall all-cause and cancer-specific mortality risks were con-
sistently lower among women who began treatment
<70years. However, no association with cardiovascular mor-
tality was found among women who initiated oestrogen-only
or tibolone treatment <60years. The observed increased
mortality appeared to be driven by oestrogen-only therapy
and particularly by oestriol but not oestradiol which
accounted for over 99% of the oestrogenic component in all
EP-MHT treatments. Moreover, an increased odds of all-cause
and cardiovascular mortality was shown among older women
on E-MHT (>70years). Among current users of E-MHT, but
not past users, 48% increased odds of all-cause mortality and
a 24% higher cardiovascular mortality was shown. For tibo-
lone and EP-MHT use, no overall association was found.
Notably, continuous EP-MHT regimens were associated with
lower odds of mortality, whereas sequential administration of
testosterone-derivatives increased the odds of all-cause mor-
tality by 24%.

This study has several strengths, including population-
based and nationwide design, enhancing statistical power to
detect differences, counteracting selection bias, and facilitat-
ing the generalisability of our results. The unique Swedish
personal identity number ensured valid data linkage
between the high-quality Swedish health data registries, with
high coverage and completeness of follow-up [33,38].
Information on the exposure was ascertained from the virtu-
ally complete Swedish Prescribed Drug Registry, and sys-
temic MHT is not available over the counter in Sweden,
minimising the risk of misclassification of exposure. The out-
come was ascertained from the Swedish Causes of Death
Registry, which is 100% complete.

Our study has some limitations as well. Whereas the
population-based methodology counteracts potential selec-
tion bias, we cannot eliminate the possibility of healthy user
bias. A link between MHT use, socioeconomic status and
potentially better survival and higher adherence to treatment
has been described [3,39]. To alleviate these concerns, we
stratified the analyses by the different MHT types and current
versus past use. Nevertheless, clinicians may be more prone
to prescribe  MHT to healthier women. The use of

menopausal hormones is contraindicated among women at
high risk of breast cancer, with current or a history of cardio-
vascular disease or among women with severe liver disease
[23,24]. A closer follow-up is favoured among women using
MHT, which could potentially lead to earlier detection of dis-
eases selectively among MHT users. A sensitivity analysis
excluding women who died within the first year showed
similar results.

Another concern is potential left censoring, as the
Swedish Prescribed Drug Registry was established in July
2005, and we lacked information on potential MHT use
before the index date. A large proportion of the cohort
(59.8%) was already on MHT from the start of the study; [25]
however, any exposure misclassification should be at random
between the groups. Whereas duration of treatment should
be considered, it was more informative to compare current
versus past users of menopausal hormones, given the con-
cern of left censoring.

Although we could adjust for several potential confound-
ing factors, we lacked data on oral contraceptive use.
However, this group of women would be very young con-
cerning the outcomes considering most Swedish oral contra-
ceptive users are young adults [40]. Furthermore, whereas
we lacked data on BMI, our analyses were adjusted for obes-
ity. However, it should be acknowledged that whereas the
function of ovaries ceases at menopause, heavier women
with more adipose tissues might have different circulating
hormone levels, which could influence the cumulative expos-
ure to endo- and exogenous oestrogens [41]. Our analyses
were not adjusted for unilateral/bilateral oophorectomies
without concomitant hysterectomy because hysterectomy
has a significant influence on deciding the type of meno-
pausal hormones women will receive - which is not the case
for oophorectomies. Whereas unilateral/bilateral oophorecto-
mies without a concomitant hysterectomy were rarely
recorded during the study period, [42] it is also less likely
that ovaries are left in among women who are already
menopausal. Additionally, several indications for oophorecto-
mies are single-sided, yet the Swedish codes for laterality are
inconsistent and inadequate to determine with certainty
whether both ovaries were removed [43].

The results of this nationwide and population-based
cohort study are in line with the previous two meta-analyses,
including 31 randomised controlled trials, [17] and another
meta-analysis pooling together 30 studies [19]. Both of these
systematic reviews and meta-analyses revealed a 28% lower
mortality risk (n=16 studies) [17], respectively, 39% lower
risk of mortality (n=13 studies) [19] among women younger
than 60years, while no association was found among older
women (the mean age at treatment initiation was 66.9 years,
[17] respectively >60years) [19]. Our results suggest that
oestrogen-only therapy among women >70years or older
could be associated with higher odds of all-cause and cardio-
vascular mortality. In the extended analysis of the Women'’s
Health Initiative trial, no impact of either combination ther-
apy (HR = 1.02, 95%Cl 0.96-1.08) nor unopposed oestrogens
(HR = 0.94, 95%Cl 0.88-1.01) were observed compared to
placebo on the risk of all-cause mortality. The results were
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similar for cardiovascular and cancer mortality during a
cumulative 18years of follow-up [44]. In contrast, in a popu-
lation-based study including 14,361 women (aged >45 years
and enrolled between 2003—2007), MHT ever-use initiated at
an early menopausal age was associated with a higher risk
of all-cause mortality (HR = 1.31, 95%Cl 1.10-1.56), whereas
no association was shown among MHT never-users (HR =
1.01, 95%Cl 0.85-1.20), without consideration of the smoking
status of ethnicity in the analyses.?’

In a prospective Danish study including fewer than 30,000
women (aged 50-64 years), the effect of lower cardiovascular
mortality was evident only after five years of follow-up [21].
In our data, current oestrogen-only use, but not past use,
was associated with a higher risk of all-cause and cardiovas-
cular mortality. Timing of treatment initiation could explain
the observed increased odds among current users, as an
increase in cardiovascular mortality has been described
shortly following MHT treatment initiation, only to flatten
out after a few years of MHT use [45]. This could partly
explain the lower cardiovascular mortality found among past
users, who may have passed the time window of increased
risk, and therefore, our results should be interpreted cau-
tiously. Another possibility is that oestrogens may reduce the
risk of coronary disease, [46] and past users may have
received MHT for a longer duration. Currently, the primary
indication of MHT is the alleviation of the vasomotor symp-
toms of menopause [22]. Yet, it is plausible that women pre-
scribed MHT are experiencing more severe symptoms. These
women may have different circulating hormone levels or
changes in levels over the menopausal transition, influencing
the cumulative exposure to endo- and exogenous oestrogens
[47]. Whereas this study cannot determine the underlying
pathophysiological mechanisms, our findings highlight the
need for more mechanistic studies, particularly on the role of
oestrogens in cardiovascular mortality.

Conclusions

In conclusion, our results indicate that MHT use initiated
before 60 years is not associated with higher odds of mortal-
ity. Notably, current use of oestrogen therapy, but not past
use, and oestrogen-only therapy initiation at an older age
were associated with higher odds of all-cause and cardiovas-
cular mortality.
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