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STUDY QUESTION: What is the association between menopausal hormone therapy (MHT) and cause-specific mortality?

SUMMARY ANSWER: Self-reported MHT use following early natural menopause, surgical menopause or premenopausal hysterectomy
is associated with a lower risk of breast cancer mortality and is not consistently associated with the risk of mortality from cardiovascular
disease or other causes.

WHAT IS KNOWN ALREADY: Evidence from the Women’s Health Initiative randomized controlled trials showed that the use of
estrogen alone is not associated with the risk of cardiovascular mortality and is associated with a lower risk of breast cancer mortality, but
evidence from the Million Women Study showed that use of estrogen alone is associated with a higher risk of breast cancer mortality.

STUDY DESIGN, SIZE, DURATION: Cohort study (the UK Biobank), 178 379 women, recruited in 2006-2010.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Postmenopausal women who had reported age at menopause (natural or
surgical) or hysterectomy, and information on MHT and cause-specific mortality. Age at natural menopause, age at surgical menopause,
age at hysterectomy and MHT were exposures of interest. Natural menopause was defined as spontaneous cessation of menstruation
for |2 months with no previous hysterectomy or oophorectomy. Surgical menopause was defined as the removal of both ovaries prior to
natural menopause. Hysterectomy was defined as removal of the uterus before natural menopause without bilateral oophorectomy. The
study outcome was cause-specific mortality.

MAIN RESULTS AND THE ROLE OF CHANCE: Among the 178 379 women included, 136 790 had natural menopause, 17 569 had
surgical menopause and 24 020 had hysterectomy alone. Compared with women with natural menopause at the age of 50-52 years,
women with natural menopause before 40years (hazard ratio (HR): 2.38, 95% Cl: 1.64, 3.45) or hysterectomy before 40years (HR: |.60,
95% Cl: 1.23, 2.07) had a higher risk of cardiovascular mortality but not cancer mortality. MHT use was associated with a lower risk of
breast cancer mortality following surgical menopause before 45years (HR: 0.17, 95% Cl: 0.08, 0.36), at 45—49 years (HR: 0.15, 95% ClI:
0.07, 0.35) or at >50years (HR: 0.28, 95% ClI: 0.13, 0.63), and the association between MHT use and the risk of breast cancer mortality
did not differ by MHT use duration (<6 or 6-20years). MHT use was also associated with a lower risk of breast cancer mortality following
natural menopause before 45 years (HR: 0.59, 95% CI: 0.36, 0.95) or hysterectomy before 45 years (HR: 0.49, 95% ClI: 0.32, 0.74).

LIMITATIONS, REASONS FOR CAUTION: Self-reported data on age at natural menopause, age at surgical menopause, age at
hysterectomy and MHT.

WIDER IMPLICATIONS OF THE FINDINGS: The current international guidelines recommend women with early menopause to use
MHT until the average age at menopause. Our findings support this recommendation.
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Introduction

Menopause, the cessation of menstruation, marks the end of women’s
reproductive life (Nelson, 2008). Age at menopause may be a harbin-
ger of long-term health problems and early menopause (before the age
of 45years) has been consistently associated with increased risks of
morbidity and mortality (Kingsberg et al., 2020). For women with early
menopause, the International Menopause Society guideline on women’s
midlife health and menopausal hormone therapy (MHT) recommends
MHT until the average age at menopause (approximately age 50)
(Baber et al., 2016). However, the health benefits of this are poorly de-
fined (Zhu et al., 2020). Specifically, it is unknown whether taking MHT
reduces the elevated mortality risk associated with early menopause.

Surgical menopause, defined as bilateral oophorectomy performed
prior to natural menopause, removes the risk of ovarian cancer but is
associated with higher risks of adverse long-term health outcomes
(e.g. cardiovascular disease (Zhu et al., 2020)), compared with natural
menopause. Changes in circulating sex steroids are more rapid follow-
ing surgical menopause compared to natural menopause. Hence, it is
essential to separately understand the effect of MHT use on mortality
following natural menopause compared with surgical menopause
(Kaunitz et al., 2021).

Hysterectomy is the removal of the uterus. Globally, hysterectomy
is one of the most common surgical procedures in women (Whiteman
et al., 2008; Wilson et al., 2017). Although normal ovaries are gener-
ally conserved at the time of hysterectomy in premenopausal women,
women who undergo this procedure are at an increased risk of ovar-
ian failure compared with women with intact uteri (Moorman et dl.,
2011). Hysterectomy may reduce the age at menopause by around
four years compared to women who retain their uterus (Farquhar
et al., 2005). Hence, we wished to examine the effect of MHT on
mortality in three groups of women: natural menopause, surgical men-
opause (bilateral oophorectomy) or premenopausal hysterectomy
(hysterectomy without bilateral oophorectomy).

This study used individual participant data from the UK Biobank,
mainly aiming to examine if MHT is associated with the risk of cause-
specific mortality following natural menopause, surgical menopause or
premenopausal hysterectomy at different ages. This information will in-
form clinical practice including decision making about hysterectomy
and oophorectomy and recommendations about use of MHT for the
prevention of chronic disease.

Materials and methods

Exposures

The present study analyzed data from postmenopausal women in the
UK Biobank (Sudlow et al., 2015). Prior to examining the association

between MHT use and cause-specific mortality in women with meno-
pause or premenopausal hysterectomy at different ages, we first
assessed the associations of age at menopause and age at hysterec-
tomy with cause-specific mortality. Hence, the exposure variables
were natural menopause, surgical menopause, hysterectomy, age at
menopause, age at hysterectomy and MHT use. Natural menopause
was defined as spontaneous cessation of menstruation for |2 months
with no previous hysterectomy or oophorectomy. Surgical menopause
was defined as removal of both ovaries prior to natural menopause.
Hysterectomy was defined as removal of the uterus before natural
menopause without bilateral oophorectomy. In the UK Biobank,
women were asked ‘Have you had both ovaries removed? and ‘Have
you had a hysterectomy (womb removed)?. Participants were not
asked about unilateral oophorectomy. Hence, the ‘hysterectomy’
group included hysterectomy alone and hysterectomy plus unilateral
oophorectomy, as we could not distinguish between these groups.
Those with hysterectomy or bilateral oophorectomy after natural
menopause were included in the ‘natural menopause’ group.

For women with natural menopause, age at natural menopause was
used as their age at menopause. For women with surgical menopause,
age at bilateral oophorectomy (prior to natural menopause) was used
as their age at menopause. For women in the hysterectomy group,
age at hysterectomy was used. Age at menopause and age at hysterec-
tomy were categorized as <40, 40-44, 4549, 50-52 and >53 years.
MHT use was self-reported. There were two MHT-related variables
analyzed in our study: status of MHT use (yes or no) and duration of
MHT use. The duration of MHT use was calculated as age at last
MHT use minus age at first MHT use and categorized as <6 or 6—
20years.

Outcomes

Age at death (from specific causes) or end of the study period, 31
December 2019, was the outcome variable. In examining the associa-
tions of age at menopause and age at hysterectomy with cause-specific
mortality, we selected deaths from cardiovascular diseases (coronary
heart disease or stroke), selected cancers (breast, cervical, ovarian, en-
dometrial, lung and colorectal cancers) and all other causes using the
International Classification of Disease version 10 (ICD-10). The specific
codes used were: coronary heart disease (ICD 10: 120-125), stroke
(ICD-10: 160—-169), breast cancer (ICD-10: C50), cervical cancer (ICD-
10: C53), ovarian cancer (ICD-10: C56), endometrial cancer (ICD-10:
C541), lung cancer (ICD-10: C33, C34) and colorectal cancer (ICD-
10: CI8, C19, C20). Deaths from breast, cervical, ovarian, endome-
trial, lung or colorectal cancer are called as ‘cancer mortality’ unless
otherwise stated. As the association between MHT use and cancer
mortality may vary across different types of cancer (Zhang et dl,
2021), in assessing the association between MHT use and cause-
specific mortality, specific causes were considered separately (coronary
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heart disease or stroke, breast cancer, lung cancer and colorectal can-
cer and all other causes).

Covariates

The following factors were included in the models as covariates: base-
line information on race/ethnicity, year of birth, BMI, smoking status,
years of education, age at menarche, parity, family history of cardiovas-
cular disease, family history of breast cancer, family history of lung
cancer and family history of colorectal cancer (Zhu et al, 2020).
Race/ethnicity was categorized into four groups: Caucasian, Asian,
Black or others. Year of birth was categorized into <1940,
1940—1949, 1950-1959 and >1960. BMI was categorized into <18.5,
18.5-24.9, 25-29.9 and >30kg/m? according to the World Health
Organization criteria. Smoking status was categorized into three
groups: never smokers, former smokers and current smokers. Years
of education were categorized as <10, | [-12 and >2years. Age at
menarche was categorized as <I1, 12, I3, 14 and >I|5years. Parity
was categorized as 0, |, 2 and >3 live births.

Family histories of cardiovascular disease, breast cancer, lung cancer
and colorectal cancer were all binary variables (yes or no). Women
with a family history of breast cancer, lung cancer or colorectal cancer
were considered having a ‘family history of cancer’. In the analyses ex-
amining the associations of age at menopause and age at hysterectomy
with cancer mortality, the binary variable ‘family history of cancer’ was
included as a covariate. In the analyses assessing the association be-
tween MHT use and cause-specific mortality, family history of each
cancer was included as a covariate only in the model for mortality
from that cancer.

Exclusion criteria

Exclusion criteria included: women who had missing information on
hysterectomy status or bilateral oophorectomy status (n=4647);
women who had reported hysterectomy or oophorectomy before the
age of 30years (n= 1440); women who reported hysterectomy or
oophorectomy after the age of 55years but did not report age at
menopause (n=5429); and women with pre- or peri- or unknown
menopausal status (n =80 036). We also excluded women with coro-
nary heart disease, stroke, breast cancer, cervical cancer, ovarian can-
cer, endometrial cancer, lung cancer or colorectal cancer prior to
menopause or hysterectomy (n=2330). A total of 178 379 women
were included in the final analysis.

Ethical approval

The UK Biobank study was approved by the National Health Service’s
National Research Ethics Service. No ethics approval was acquired for
the analysis using publicly available data.

Statistical analysis

We used Cox proportional hazards models to examine the associa-
tions of age at menopause, age at hysterectomy and MHT use with
time, in years, from birth to death or the end of follow-up. The pro-
portional hazards assumption was evaluated by visual inspection of the
Schoenfeld residual plots, which did not suggest violation of the as-
sumption. We treated the time between birth and natural or surgical
menopause or hysterectomy as an unexposed period and natural or

surgical menopause or hysterectomy as a time-dependent variable to
avoid immortal time bias. There were two steps in the data analysis:
Step |, first examined the associations of age at menopause and age at
hysterectomy with cause-specific mortality; Step Il, then examined the
association between MHT use and cause-specific mortality in women
with natural menopause, surgical menopause or hysterectomy at differ-
ent ages.

Step I: to examine the associations of age at menopause and age at
hysterectomy with time to cause-specific mortality, we created a |5-
category variable: natural menopause, surgical menopause or hysterec-
tomy at <40, 4044, 4549, 50-52 or >53 years. Two models were
fitted with step-by-step adjustment of covariates: (i) Model | only in-
cluded age at menopause or hysterectomy (with natural menopause at
50-52years as the reference group) and (ii) Model Il included adjust-
ments for race/ethnicity, year of birth, BMI, smoking, years of educa-
tion, age at menarche, parity, family history of cardiovascular disease
(for the model for cardiovascular mortality) and family history of can-
cer (for the model for cancer mortality). Results from Model Il were
presented as the main results in this article. Further analyses were con-
ducted to assess if mortality risk decreased linearly with the increase
of age at menopause or hysterectomy (Cheng et al., 2018).

Step II: to investigate if MHT use was associated with the risk of
cause-specific mortality following natural menopause, surgical meno-
pause or hysterectomy, we fitted separate models for natural meno-
pause, surgical menopause and hysterectomy. With MHT non-users as
the reference group, we modeled the association between MHT use
and cause-specific mortality stratified by age at menopause or hyster-
ectomy. In the step Il analyses, we included the covariates: race/
ethnicity, year of birth, BMI, smoking, years of education, age at men-
arche, parity, family history of cardiovascular disease (for the model
for cardiovascular mortality), family history of breast cancer (for the
model for breast cancer mortality), family history of lung cancer (for
the model for lung cancer mortality) and family history of colorectal
cancer (for the model for colorectal cancer mortality). As the current
guidelines recommend that women with early menopause use MHT
until about age 50, we re-grouped age at menopause or hysterectomy
into three groups: <45, 45-49 and >50years. As Step Il analyses sug-
gested that MHT use was associated with a lower risk of breast cancer
mortality, we further examined if the association between MHT use
and the risk of breast cancer mortality differed by the duration of
MHT use.

Sensitivity analysis

Two sensitivity analyses were conducted. First, to assess if there was
bias from differential competing risks of death, we fitted Fine and Gray
competing risk models (Fine and Gray, 1999) to analyze the associa-
tions of age at menopause or hysterectomy with cause-specific mortal-
ity. Second, there were 8883 women with missing information on at
least one covariate. We performed multiple imputation (with |0 impu-
tations) for missing covariates to test if the associations of age at men-
opause or hysterectomy with cause-specific mortality were robust to
missing data.

The descriptive analyses, the Cox survival analyses, the Fine and
Gray competing risk analyses and the multiple imputations were per-
formed using SAS (version 9.4, SAS Institute Inc, Cary, NC, USA). The
analyses to assess if mortality risk decreased linearly with the increase
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of age at menopause were conducted in R (version 3.5.3) and the fig-
ures were plotted using the ‘ggplot2’ and ‘ggthemes’ packages in R.

Results

Population characteristics

The mean age at baseline of the 178 379 women included was
60.0years, and the average follow-up time was 10.3years. Among
these women, 136 790 (76.69%) had natural menopause, |7 569
(9.85%) had surgical menopause and 24 020 (13.47%) had premeno-
pausal hysterectomy. There were |125 cardiovascular deaths (deaths
from coronary heart disease or stroke), 2915 deaths from cancer and
4573 deaths from all other causes. Specifically, there were 1085 deaths
from breast cancer, |185 deaths from lung cancer and 547 deaths
from colorectal cancer. Information on year of birth, race/ethnicity,
BMI, smoking status, years of education, age at menarche, parity, fam-
ily history of cardiovascular disease, family history of breast cancer,
family history of lung cancer and family history of colorectal cancer is
presented in Table |. The three groups of women (natural menopause,
surgical menopause, hysterectomy) differed in all baseline characteris-
tics except for family history of cardiovascular disease. For instance,
women with surgical menopause or hysterectomy were more likely to
be obese and have <IOyears of education, compared with women
with natural menopause. MHT users and MHT non-users also differed
in all baseline characteristics (Table Il). Compared with MHT non-
users, MHT users were more likely to be overweight or obese, be
past or present smokers, have <|0years of education, have menarche
at <Ilyears and have a family history of cardiovascular disease or
lung cancer or colorectal cancer. However, MHT users were less likely
to have a family history of breast cancer than MHT non-users.

Age at menopause, age at hysterectomy
and cause-specific mortality

Compared with natural menopause at age 50-52 years, natural meno-
pause or hysterectomy before the age of 40years was associated with
a greater risk of cardiovascular mortality (hazard ratio (HR): 2.38, 95%
Cl: 1.64, 3.45 for natural menopause; HR: 1.60, 95% Cl: 1.23, 2.07
for hysterectomy), but this was not statistically significant for cancer
mortality (HR: .21, 95% Cl: 0.90, 1.63 for natural menopause; HR:
I.11, 95% ClI: 0.93, 1.32 for hysterectomy). Natural menopause be-
fore the age of 40years was also associated with mortality from all
other causes (HR: 1.49, 95% CI: 1.20, 1.86 for natural menopause)
(Fig. 1). Older age at natural menopause was associated with de-
creased risks of cardiovascular mortality, cancer mortality and mortal-
ity from all other causes (Fig. |). The estimates for the associations of
age at menopause and age at hysterectomy with cause-specific mortal-
ity are presented in Supplementary Tables SI, SII and SIII.

MHT use and cause-specific mortality

Compared with MHT non-users, MHT users had a lower risk of
breast cancer mortality following natural menopause at <45years
(HR: 0.59, 95% Cl: 0.36, 0.95) and a lower risk of colorectal cancer
mortality following natural menopause at 45-49 years (HR: 0.47, 95%
Cl: 0.29, 0.76) (Fig. 2).

Compared with MHT non-users, MHT users had a lower risk of
breast cancer mortality following surgical menopause at <45years
(HR: 0.17, 95% ClI: 0.08, 0.36), 45—49years (HR: 0.15, 95% CI: 0.07,
0.35) or >50vyears (HR: 0.28, 95% CI: 0.13, 0.63) (Fig. 3). The associ-
ation between MHT use and the risk of breast cancer mortality follow-
ing surgical menopause did not differ between women using MHT for
<6years and those using MHT for 6-20years (Supplementary Fig. SI,
MHT non-users as the reference group).

Compared with MHT non-users, MHT users had a lower risk of
breast cancer mortality following hysterectomy at <45years (HR:
0.49, 95% CI: 0.32, 0.74) and MHT users had a lower risk of cardio-
vascular mortality following hysterectomy at >50years (HR: 0.09, 95%
Cl: 0.02, 0.51) (Fig. 4).

The estimates for the association between MHT use and cause-
specific mortality following natural menopause, surgical menopause or
hysterectomy are presented in Supplementary Tables SIV, SV and SVI.

Sensitivity analysis results

Sensitivity analysis showed that the associations of age at menopause
and age at hysterectomy with cause-specific mortality remained robust
in the models incorporating death as a competing risk (Supplementary
Table SVII). The inclusion of imputed covariates also did not change
the conclusions (Supplementary Table SVIII).

Discussion

This study has yielded several novel and clinically significant findings:
(i) self-reported MHT use following early natural menopause, surgical
menopause or premenopausal hysterectomy was associated with a
lower risk of breast cancer mortality but not consistently associated
with the risk of mortality from cardiovascular disease or other causes.
Also, the association between self-reported MHT use and the risk of
breast cancer mortality following surgical menopause did not differ by
the duration of MHT use; (i) older age at natural menopause was as-
sociated with lower risks of cardiovascular mortality, cancer mortality
and mortality from all other causes; and (iii) natural menopause or
hysterectomy before age 40years was associated with a higher risk
of cardiovascular mortality, compared with natural menopause at
50-52years.

Following early surgical or natural menopause, international guide-
lines advise the use of MHT until around age 50years for indications
including the prevention of cardiovascular disease (Baber et al., 2016).
However, the evidence to support this advice is inconsistent (Duan
et al., 2012; Li et al., 2013). In women without coronary heart disease,
stroke and selected cancers prior to menopause or hysterectomy, we
did not find a consistent association between MHT use and the risk of
cardiovascular mortality, which generally accords with recent findings
from a long-term follow-up study of the Women’s Health Initiative
(WHI) randomized controlled trials (Manson et al., 2017). It was docu-
mented that observational studies assessing the association between
MHT use and risk of cardiovascular events could be subject to ‘healthy
user bias’ (van der Schouw and Grobbee, 2005) because in some
studies MHT users were more healthy than MHT non-users
(Matthews et al., 1996; Wharton et al., 2009). However, we found in
the present study that, compared with MHT non-users, MHT users
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Table I Baseline characteristics of women with natural or surgical menopause or hysterectomy.

Natural menopause

(n=136 790)

Surgical menopause

(n=17569)

Hysterectomy

(n =24 020)

Chi-squared value®

Year of birth
<1940

1940-1949
1950-1959

>1960
Race/ethnicity
Caucasian

Asian

Black

Others

BMI (kg/m?)
Underweight, <18.5
Normal, 18.5-24.9
Overweight, 25.0-29.9
Obese, >30
Smoking status
Never

Past

Present

Years of education
<I|0years
I1-12years
>|2years

Age at menarche
<l

12

13

14

>15

Parity

0

|

2

>3

Family history of CVD*

Yes
No

Family history of breast cancer

Yes
No

Family history of lung cancer

Yes
No

Family history of colorectal cancer

Yes
No

5677 (4.2%)

76 524 (55.9%)

50 661 (37.0%)
3928 (2.9%)

131 423 (96.1%)
2632 (1.9%)
1758 (1.3%)
977 (0.7%)

1084 (0.8%)

53 174 (39.0%)
51 605 (37.9%)
30 349 (22.3%)

79 577 (58.4%)
45 675 (33.5%)
11076 (8.1%)

69 460 (51.0%)
16 103 (11.8%)
50 724 (37.2%)

26 349 (19.7%)
25491 (19.1%)
32809 (24.5%)
26 895 (20.1%)
22276 (16.7%)

23 534 (17.2%)
17 522 (12.8%)
61912 (45.3%)
33733 (24.7%)

82297 (61.2%)
52201 (38.8%)

10 428 (7.8%)
122 851 (92.2%)

162 555 (1.3%)
117 943 (87.7%)

13 433 (10.0%)
121 065 (90.0%)

646 (3.7%)
9424 (53.6%)
6136 (34.9%)

1363 (7.8%)

16 768 (95.4%)
307 (1.8%)
350 (2.0%)
144 (0.8%)

76 (0.4%)
5394 (30.8%)
6782 (38.8%)
5239 (30.0%)

10 042 (57.4%)
5841 (33.4%)
1616 (9.2%)

10 182 (58.2%)
1968 (11.3%)
5343 (30.5%)

4151 (24.2%)
3285 (19.1%)
3830 (22.3%)
3101 (18.1%)
2801 (16.3%)

3159 (18.0%)
2333 (13.3%)
7799 (44.4%)
4266 (24.3%)

10 663 (61.9%)
6560 (38.1%)

1487 (8.7%)
15 546 (91.3%)

2332 (13.5%)
14891 (86.5%)

1894 (11.0%)
15 329 (89.0%)

1214 (5.1%)

13413 (55.8%)
7259 (30.2%)
2134 (8.9%)

22918 (95.4%)
351 (1.5%)
570 (2.4%)
181 (0.8%)

118 (0.5%)

7206 (30.1%)
9540 (40.0%)
7057 (29.5%)

13 822 (57.8%)
7894 (33.0%)
2193 (9.2%)

14 543 (60.8%)
2692 (11.3%)
6686 (28.0%)

5705 (24.3%)
4402 (18.7%)
4248 (22.4%)
4270 (18.2%)
3859 (16.4%)

2652 (11.1%)
2625 (10.9%)
11323 (47.2%)
7407 (30.9%)

14512 (61.7%)
9017 (38.3%)

1889 (8.1%)
21378 (91.9%)

3207 (13.6%)
20322 (86.4%)

2457 (10.4%)
21 072 (89.6%)

y*=27177,df=6

yr=221.1,df=6

y>=14352, df=6

x> =486, df=4

x> =1098.8, df=4

x>=437.8,df=8

x*=901.2,df=6

y2=48,df=2

x*=18.0,df=2

2 =468,df=2

x2=19.6,df=2

TAll P-values were <0.001 except for family history of CVD.

#Cardiovascular diseases, including coronary heart disease and stroke.
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Table Il Baseline characteristics of women in menopausal hormone therapy (MHT) users and MHT non-users.

MHT users
(n =86 980)

MHT non-users
(n=91024)

Chi-squared value®

Year of birth
<1940

1940-1949
1950-1959

>1960
Race/ethnicity
Caucasian

Asian

Black

Others

BMI (kg/m?)
Underweight, <18.5
Normal, 18.5-24.9
Overweight, 25.0-29.9
Obese, >30
Smoking status
Never

Past

Present

Years of education
<IQyears

[ 1-12years
>12years

Age at menarche
<II

12

I3

14

>15

Parity

0

|

2

>3

Family history of CVD*

Yes
No

Family history of breast cancer

Yes
No

Family history of lung cancer

Yes
No

Family history of colorectal cancer

Yes
No

3845 (4.4%)

56 788 (65.3%)

23 820 (27.4%)
2527 (2.9%)

84715 (97.4%)
987 (1.1%)
751 (0.9%)
527 (0.6%)

495 (0.6%)

30 942 (35.7%)
34 346 (39.6%)
20 853 (24.1%)

46 620 (53.8%)
32176 (37.1%)
7838 (9.1%)

48 603 (56.1%)
9475 (10.9%)
28 573 (33.0%)

18 492 (21.7%)
15982 (18.7%)
19 876 (23.3%)
16 662 (19.5%)
14280 (16.7%)

13102 (15.1%)
11100 (12.8%)
40 324 (46.4%)
22 405 (25.8%)

53 802 (63.0%)
31 569 (37.0%)

6050 (7.2%)
78 498 (92.8%)

11287 (13.2%)
74 084 (86.8%)

9002 (10.5%)
76 369 (89.5%)

3669 (4.0%)

42 389 (46.6%)

40 099 (44.1%)
4867 (5.4%)

86 095 (94.6%)
2263 (2.5%)
1900 (2.1%)
766 (0.8%)

781 (0.9%)

34718 (38.3%)
33 456 (36.9%)
21 663 (23.9%)

56 583 (62.4%)
27 131 (29.9%)
7015 (7.7%)

45 368 (50.0%)
11252 (12.4%)
34 062 (37.6%)

17 640 (19.9%
17127 (19.3%
21 948 24.7%
17537 (19.7%
14 585 (16.4%)

)
)
)
)

16 187 (17.8%)
11333 (12.5%)
40 565 (44.6%)
22 877 (25.2%)

53 454 (59.7%)
36 065 (40.3%)

7731 (8.7%)
80 953 (91.3%)

10 762 (12.0%)
78 757 (88.0%)

8757 (9.8%)
80 762 (90.2%)

x> =6892.8, df=3

2 =962.9,df=3

2=219.0, df=3

x> =1342.7, df=2

> =653.5,df=2

x>=1158,df=4

> =2418, df=3

y2=201.7,df= |

x>=1442,df= |

y2=57.0, df=|

y2=278, df=|

TAll P-values were <0.001.

#Cardiovascular diseases, including coronary heart disease and stroke.
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Figure I. The associations of age at menopause and age at hysterectomy with cause-specific mortality. CVD mortality, cardiovascu-

lar mortality.

MHT users versus MHT non-users (ref) in women with natural menopause

¢ CVD mortality ¢ Breast cancer mortality + Lung cancer mortality + Colorectal cancer mortality ¢ Mortality from all other causes

Hazard ratio (95% confidence interval)

1
<45

1
45-49

Age at menopause

Figure 2. Menopausal hormone therapy (MHT) use and cause-specific mortality in women with natural menopause at different

ages. CVD mortality, cardiovascular mortality; Ref, reference group.

were more likely to be overweight or obese, be past or present smok-
ers, have <|Oyears of education and have a family history of cardio-
vascular disease. Previous studies in France (the French E3N cohort)
(Morois et al., 2012) and the USA (the California Teachers Study co-
hort) (Clague et al.,, 2014) also observed that MHT users were more
likely to be past or present smokers than MHT non-users and another
study in Denmark (the Diet, Cancer and Health cohort) (Holm et al.,
2018) found that women who used MHT before the baseline survey
were more likely to be overweight, be past or present smokers and

have <7years of education, than MHT non-users. Findings from these
studies and our study suggest that MHT users may not always possess
fewer pre-existing cardiovascular risk factors than do MHT non-users.
Although we did not observe an association between MHT use and
risk of cardiovascular mortality following natural or surgical meno-
pause, we did notice that MHT use following hysterectomy at
>50years was associated with a lower risk of cardiovascular mortality
(HR=0.09, 95% ClI: 0.02, 0.51). The Australian Longitudinal Study on
Women'’s Health also found that MHT use following hysterectomy or
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MHT users versus MHT non-users (ref) in women with surgical menopause

¢ CVD mortality ¢ Breast cancer mortality + Lung cancer mortality + Colorectal cancer mortality ¢ Mortality from all other causes
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Figure 3. Menopausal hormone therapy (MHT) use and cause-specific mortality in women with surgical menopause at different

ages. CVD mortality, cardiovascular mortality; Ref, reference group.

MHT users versus MHT non-users (ref) in women with hysterectomy

¢ CVD mortality ¢ Breast cancer mortality + Lung cancer mortality + Colorectal cancer mortality ¢ Mortality from all other causes
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Figure 4. Menopausal hormone therapy (MHT) use and cause-specific mortality in women with hysterectomy at different ages.

CVD mortality, cardiovascular mortality; Ref, reference group.

oophorectomy was associated with a lower risk of cardiovascular mor-
tality (HR=0.14, 95% Cl: 0.02, 0.98) (Chen et dl., 2017). Although
this finding might be explained by the cardioprotective effect of estro-
gen (Zhu et al., 2019), it needs to be interpreted with caution because
we did not find an association between MHT use and risk of

cardiovascular mortality in women with hysterectomy before the age
of 50years.

In this study, we observed that self-reported MHT use was associ-
ated with a lower risk of breast cancer mortality following early natural
menopause, surgical menopause at any age or hysterectomy before
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45 years of age. This finding is clinically important. Whilst clinical guide-
lines commonly advise use of MHT in women with early menopause,
uptake is suboptimal and concerns about breast cancer are a major
barrier to MHT use (Kingsberg et al., 2020). The existing evidence on
the association between MHT use and breast cancer mortality from
randomized controlled trials or observational studies is scarce (Zhang
et al, 2021). The Milion Women Study found that use of estrogen
only or combined MHT was associated with an increased risk of
breast cancer mortality in 907 162 women free from breast cancer at
the recruitment (Beral et al, 2019). A long-term follow-up study of
the WHI randomized controlled trials found that use of estrogen alone
(conjugated equine estrogen, CEE) following hysterectomy was associ-
ated with a lower risk of breast cancer mortality but that combined
MHT (CEE plus medroxyprogesterone acetate) was not associated
with the risk of breast cancer mortality (Chlebowski et al., 2020).
Whilst we were unable to determine exactly what type of MHT was
used by women in our study, it is likely that following hysterectomy
alone or bilateral oophorectomy (concurrent with hysterectomy for al-
most all women in our study) that estrogen-only MHT would have
been used. Hence, our findings are consistent with those from WHI
that estrogen-only MHT was associated with a lower risk of breast
cancer mortality.

We also observed that MHT use following early natural menopause
(likely to be estrogen combined with progestin) was associated with a
lower risk of breast cancer, which is inconsistent with the previous
findings in the Million Women Study or the WHI randomized con-
trolled trials (Beral et al., 2019). The existing evidence on the associa-
tion between combined MHT use and breast cancer mortality is
controversial and warrants further investigation (Zhang et al., 2021).

The association between age at menopause with mortality has been
widely reported (Gong et al., 2016; Muka et al., 2016), but previous
studies either focused on age at natural menopause (Mondul et dl.,
2005; Li et al., 2013; Wu et al., 2014; Gong et al., 2016; Roman Lay
et al., 2018) or were unable to conduct separate analysis for natural
menopause and surgical menopause (Malek et al., 2019; Zhang et al.,
2019; Shen et al., 2020), so whether the association varied by type of
menopause (i.e., natural or surgical) remained largely unknown
(Ossewaarde et al., 2005; Amagai et al., 2006). Our observation that
older age at natural menopause is associated with lower risks of car-
diovascular and cancer mortality is consistent with the large Prostate,
Lung, Colorectal, and Ovarian cohort study (Zhang et al., 2019), but
inconsistent with other studies from Brazil (Roman Lay et al., 2018)
and Japan (Amagai et al, 2006; Cui et al., 2006). A study conducted
among African American women reported that all-cause mortality risk
increased with the decrease of age at menopause, but this pattern was
not observed for cardiovascular mortality (Li et al., 2013). Following
surgical menopause, we did not observe a consistent decreasing risk of
cardiovascular mortality or cancer mortality with the increase of age at
menopause, which is different from the pattern observed for natural
menopause.

Several previous studies have reported that premature menopause
(before age 40 years) is associated with an increased risk of cardiovas-
cular disease (Honigberg et al., 2019; Zhu et al, 2019). However,
these have been limited by small numbers of women with premature
menopause (Amagai et al., 2006; Li et al., 2013). To our knowledge,
this is the largest prospective study examining the association between
premature menopause and cause-specific mortality. Our findings

confirm that premature natural menopause is associated with an in-
creased risk of cardiovascular mortality compared with women with
natural menopause at 50-52 years. We observed a weak association
between cardiovascular mortality and surgical menopause before the
age of 40 (HR: 1.40, 95% Cl: 0.86, 2.26), compared with natural men-
opause at 50-52years. A prior study in Japan also found similar results
on all-cause mortality and surgical menopause before the age of 40
(HR: 1.58, 95% CI: 0.46, 5.39), although the sample size was small
(seven deaths among women with premature surgical menopause)
(Amagai et al., 2006).

A major strength of our study is the large sample size which allowed
us to quantify the associations of age at menopause, age at hys-
terectomy and MHT with the risk of cause-specific mortality. Several
limitations of our study need to be acknowledged. First, our study
used self-reported information on age at menopause, age at hysterec-
tomy, hysterectomy, oophorectomy and MHT use. However, previous
studies have reported good validity and reproducibility of self-reported
age at menopause (den Tonkelaar, 1997) and moderate concordance
between self-reported oophorectomy and oophorectomy identified
from surgical records (Phipps and Buist, 2009). Second, we only exam-
ined the effects of self-reported MHT use status and duration on mor-
tality in our study. We acknowledged that the type, route and dose of
MHT use may impact differently on mortality (Lobo, 2017), but we
were unable to take these factors into account due to data unavailabil-
ity. Third, although we included family history of breast cancer and
other factors such as BMI, we could not rule out the possibility that
women at a higher risk of breast cancer were less likely to take MHT,
and this may partially explain the association between MHT use and a
lower risk of breast cancer mortality that we observed. Fourth, we
also could not rule out the possibility that MHT users may be more
likely to use breast cancer screening than MHT non-users (Cook
et al., 2009), which could reduce their risk of breast cancer mortality
(IUPoBC Screening, 2012). Fifth, there was no information on the indi-
cations for hysterectomy or oophorectomy. As the indications for
these surgeries in young women (e.g. <40years) and older women
(e.g. >53years) are likely to differ and may have changed over time
(e.g. before and after WHI announced that the study of estrogen-
progestin therapy was being halted prematurely in July 2002), this lim-
ited our ability to demonstrate whether the associations of surgical
menopause and hysterectomy with mortality varied according to the
indication for surgery. However, we excluded women with cervical
cancer, ovarian cancer or endometrial cancer prior to menopause or
hysterectomy as cancers were one of the main reasons for hysterec-
tomy/oophorectomy.

Conclusions

Self-reported MHT use following early natural menopause, surgical
menopause or premenopausal hysterectomy is associated with a lower
risk of breast cancer mortality and is not consistently associated with
the risk of mortality from cardiovascular disease or other causes.

Supplementary data

Supplementary data are available at Human Reproduction online.
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