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Abstract

Objective: The Women’s Health Initiative (WHI), a
randomized controlled trial, found no overall health benefit
of menopausal hormone therapy. Our objective was to
evaluate the hypothesis that initiating hormonal therapy
prior to age 60 or within a few years after the last menstrual
period provides health benefits in menopausal women.
Design: A search was conducted in MEDLINE, Scopus,
and ClinicalTrials.gov from inception until August 26,
2025. Randomized controlled trials in which at least one
arm was a pharmaceutical oestrogen and one arm was a pla-
cebo were included. We required studies to present clinical
health outcomes.

Setting: Systematic review

Participants: Menopausal women age 60 or younger or
within a short time of the last menstrual period, as defined
by individual study authors.

Main outcome measures: Studies were categorized
based on primary endpoints, namely cardiovascular disease,
cancer, depression, and cognition. Risk of bias was assessed
using a standard tool. The reliability of conclusions was
assessed using the core GRADE method.

Results: Thirty-one papers, reporting on seventeen
randomized controlled trials, met eligibility criteria.
Menopausal hormone therapy in young menopausal
women was not shown to have beneficial effects on cardio-
vascular disease, cancer, depression, or cognition with the
exception of some cardiovascular endpoints in women on
oestrogen alone in the WHI, a finding not confirmed in
other randomized controlled trials and not confirmed in
women with vasomotor symptoms.

Conclusions: Menopausal hormone therapy in young
menopausal women has not been shown in randomized
controlled trials to have beneficial effects on cardiovascular
disease, cancer; depression, or cognition.
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Introduction

Proponents of hormone therapy argue that while the
therapy may be harmful for women distant from meno-
pause, hormones will have long-term health benefits in
younger women closer to the time of menopause. This
critical period or timing hypothesis'* posits that benefi-
cial health effects of menopausal hormone therapy
require the initiation of therapy soon after the last men-
strual period, for example, within 10 years.>* Our object-
ive was to identify published randomised controlled trials
(RCTs) that evaluated disease outcomes associated with
menopausal hormone therapy in younger women closer
to their last menstrual period.

Methods

The search strategy is described in Supplementary
Appendix S1. Study quality was evaluated using the
Cochrane Collaboration Risk of Bias system,” which
assigns high, low or unknown risk of bias to six aspects
of study design. Risk of Bias was assessed independently
by two authors (PAB, ARS), and agreement was reached
by consensus. No studies were excluded based on the
Risk of Bias assessment, but a separate evaluation was
conducted excluding papers with a high Risk of
Bias. Papers were evaluated independently by two
investigators.

After restricting papers to placebo-controlled RCTs
on estrogen that included clinical endpoints in spontan-
eously menopausal women under the age of 60, we
tabulated study interventions and results for four clin-
ical endpoints: cardiovascular disease, cancer, depres-
sion and cognition. These endpoints were selected by
the original study authors and were not selected by us
as a basis for inclusion in the review. All studies
excluded women with these disorders at baseline.
Surrogate endpoints, including blood pressure and
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lipid concentrations, were not included. Synthesis of
the results was based on consistency of findings
among studies and comparisons to the Women’s
Health Initiative (WHI), the largest of the trials ana-
lysed. For all WHI analyses, we analysed the subgroups
of women with a uterus randomised at age 50-59 and
given daily conjugated equine estrogen (CEE) 0.625 +
medroxyprogesterone acetate (MPA) 2.5mg or
placebo and hysterectomised women randomised at
age 50-59 years to CEE only or placebo. A separate
analysis included studies using 17p-estradiol. Data
were presented as in the original papers without
further manipulation or adjustment for missing data.
The reliability of conclusions was assessed using the
core GRADE method, which considers imprecision,
inconsistency, risk of bias and indirectness.®"'? Ethics
review and consent were not required for this study.

Results

Article searches retrieved 5388 items. Based on titles,
abstracts for 2013 citations were reviewed, which
yielded 621 papers for full-text review. The article
review resulted in 592 papers being excluded and 29
papers being retained. ClinicalTrials.gov yielded 241
items. After review, 11 items were retained, four of
which were duplicates and seven of which were retrieved
and read. Two papers were retained. The search and
review process is summarised in Figure 1. Papers
excluded after full-text review are listed in Table Sl1.
Risk of Bias for included studies is shown in Figure 2.

Cardiovascular disease

Women’s Health Initiative. Initiated in the early 1990s, the
trial of CEE + MPA was halted in 2002 due to increased
risks of breast cancer, heart disease, stroke and venous
thrombosis (Table 1)."*'* Two years later, the estrogen-
alone trial was stopped early due to an unfavourable risk-
benefit profile, primarily affected by stroke risk.'*

With up to 13 years of follow-up, there was no signifi-
cant effect of MPA + CEE on coronary heart disease or
cardiovascular death in either the general WHI study
population or younger women. Coronary heart disease
was diagnosed in 38 subjects who received CEE +
MPA, and 27 who received placebo (hazard ratio [HR]
1.34, 95% confidence interval [CI] 0.82 to 2.19)."® In sub-
jects randomised within 10 years of menopause, the HR
was 0.90, 95% CI 0.56 to 1.45."

CEE alone had a protective effect on some cardiovas-
cular outcomes, but increased stroke. Among the 1639
women taking CEE alone, a diagnosis of coronary heart
disease, hospitalised angina, or acute coronary syndrome
occurred in similar proportions among those given

Figure |. Results of the search and review of randomised

controlled trials.
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hormones or a placebo.'® However, a protective effect
was seen for CEE alone on coronary heart disease (HR
0.65, 95% C1 0.44 to 0.96), on coronary artery revascular-
isation (HR 0.55, 95% CI 0.35 to 0.86), and on the com-
posite outcome of myocardial infarction, coronary heart
disease, coronary revascularisation, and cardiovascular
death (HR 0.66, 95% CI 0.45 to 0.96).

In subjects in the CEE-only arm, after an average
follow-up of 7.1 years, there was no difference from
placebo in stroke in women aged 50-59 at enrolment.
However, stroke risk was increased in women rando-
mised within 10 years of menopause, HR 2.62, 95% CI
1.01 to 6.81."7 With up to 13 years of follow-up, there
was no significant effect of either CEE + MPA or CEE
alone on stroke.'> There was no difference by hormone
treatment in the occurrence of stroke among women
enrolled at ages 50-59 and in women enrolled within
five years of menopause.'”'®

Neither CEE + MPA nor CEE alone affected the inci-
dence of atrial ﬁbrillation,19 heart failure, or mortality
from cardiovascular disease in women randomised at
age 50-59.2°2' An evaluation of women with or
without vasomotor symptoms randomised at age 50-59
or within 10 years of menopause found no effect of
CEE + MPA or CEE alone on atherosclerotic cardiovas-
cular disease (a composite of nonfatal myocardial
infarction, hospitalisation for angina, coronary revascu-
larisation, ischaemic stroke, peripheral arterial disease,
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Figure 2. Risk of bias evaluations.
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Random sequence generation
Allocation concealment

Blinding of participants and personnel
Blinding of outcome data

Incomplete outcome data

Selective reporting

Trials on Cardiovascular Disease

Kantarci et al., 2024°° (KEEPS)
Veerus 2006

-
(=]

Trials on Cancer

Veerus et al., 2006 | L NI
Trials on Mood

Bech et al., 1998%' URIRUSIRORIEUE L | L
Gleason et al., 2015 (KEEPS) | el T N I 1 o I S
Gordon et al., 2018 UulL URIRUN L
Joffe et al., 20114 UNiEUE L e
Morgan et al., 2005%° ulu
Raz et al., 2016%¢ (KEEPS) UV [EUSIEYUS I RURIEY
Saletu et al., 1995%7 USIRUSIEUSIRUSIED
Schmidt et al., 2000%® USIRGSEERIEEE L | L
Soares et al., 2001%¢ EETE LT E L
Thomson & Oswald, 1977%° e B o B v |

Trials on Cognition
Davison et al., 2013%° LILEOH L[L]JL
Gleason et al., 2015%?(KEEPS) MEACCY ENENE?
Henderson et al., 2016%¢ LR ] E
Joffe et al., 2006%7 USISUSISURISEE L | L
LeBlanc et al., 2007°% L|U L|L
Maki et al., 2007°° URIRUSIECUSIEUS USR] L
Morgan et al., 2005%° ulu
Berent-Spillson®® URIECHIEORIEYS] L | L
Gleason et al., 2024°%' (KEEPS) | 1K1 L|L

Women's Health Initiative

Women's Health Initiative® [ L l L | L [ L [ L ] L




4 JRSM Open 17(6)

Table I. Randomized clinical trials evaluating cardiovascular disease

Duration

Agel/time since  Treatment (number at of
menopause baseline) treatment ~ Outcome measures Result

Women’s Health Initiative =~ 50-59 years Oral CEE 0.625 mg/day Upto 5.6  Coronary heart disease,  No difference in coronary

(Manson et al., 2013'5; old + MPA 2.5 mg/day years cardiovascular death, heart disease, atrial

Hsia et al., 2006'¢; (2837) or placebo hospitalized angina, fibrillation, stroke, or
Hendrix et al., 2006'7; (2683) coronary incident heart failure at up
Wassertheil-Smoller et interventions, to |3 years of follow-up.
al., 2003'%; Perez et al,, myocardial infarction, No difference in

2012'%; Liu et al,, stroke, atrial cardiovascular death.

2020%°; Manson et al., fibrillation, incident

2017%'; Rossouw et al,, heart failure
20257
Within 10 Oral CEE 0.625 mg/day Up to 5.6 No difference in coronary
years + MPA 2.5 mg/day years heart disease. Increase in
(2780) or placebo stroke in CEE-treated
2711) subjects within 5 but not 10

years of menopause.

Estonian Postmenopausal 50-59 years Oral CEE 0.625 + MPA Up to 5 Coronary heart disease No association of treatment
Hormone Therapy Trial old; 2.5 mg daily (284) or years with coronary heart
(Veerus et al., 2006>%) subgroup placebo (202) disease; however, results

within 3 included a blinded and

years of unblinded study and did not

menopause contribute meaningfully to
this review.
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carotid artery disease, and cardiovascular death).>> There
was no effect on total cardiovascular disease, all-cause
death, coronary heart disease, stroke, or venous
thromboembolism.

Other trials. The Kronos Early Estrogen Prevention Study
(KEEPS) specifically enrolled younger women to test the
effect of hormones on cardiovascular events, stroke and
surrogate markers of atherosclerosis. KEEPS randomised
menopausal women within three years of the last menses
to oral CEE 0.45 mg/day (n =230), transdermal estradiol
50 pg/day (n=222), or placebo patch and pill (n=275).
Subjects with a uterus were given oral micronised proges-
terone 200 mg/day or placebo for 12 days/month.
Treatment was continued for up to four years.

Ten years after the conclusion of the treatment period,
299 subjects, representing 41-43% of subjects assigned to
each treatment arm, participated in a follow-up study in
which they were asked about health events that had
occurred after the original study ended.”> This limited
follow-up, representing less than half of the original
cohort, identified no treatment-associated differences in
heart attack or angina, congestive heart failure, coronary
artery disease, or stroke. Although a sensitivity analysis
of the 243 subjects who had not used menopausal
hormone therapy after the end of the KEEPS study was
described as showing no associations, the supplemental
table showed only laboratory results and not diagnoses.
At follow-up, subjects appear to have known their treat-
ment assignment, giving rise to a high risk of bias.

The Estonian Postmenopausal Hormone Therapy trial
recruited women between 50 and 64 years of age,
although some results were given for women 65-70
years of age.”* Among 251 subjects recruited within
three years of menopause, there was no association
between therapy with CEE + MPA and coronary heart
disease. The analysis combined data from women
recruited to a blinded and an unblinded study of these hor-
mones. This trial had been entered in a clinical trials regis-
try (https:/www.isrctn.com/ISRCTN35338757), but raw
data had not been entered by 20 February 2026.
Although mentioned here for completeness, we excluded
this study from our analysis because we cannot separate
the data from the blinded and the unblinded portions of
the trial.

In summary, the WHI findings suggest a protective
effect of CEE alone, but not CEE + MPA, against coron-
ary artery disease in young menopausal women who had
undergone hysterectomy. Two smaller randomised clin-
ical trials and an analysis of the WHI CEE arm did not
confirm a protective effect of menopausal hormone
therapy on cardiovascular disease outcomes.

Excluding studies with a high risk of bias left only the
WHI. None of the studies used 17-estradiol. Our
GRADE conclusion is that CEE alone in young

menopausal women who have had a hysterectomy may
decrease heart disease and total death. Our confidence
in this conclusion is low due to inconsistency in the evalu-
ation of WHI data, lack of confirmation in other studies,
and the possibility that the apparent decrease in the first
WHI analysis was due to estrogen mitigation of adverse
cardiovascular effects of oophorectomy.

Cancer

Women'’s Health Initiative. In the WHI, there was no differ-
ence in invasive breast cancer among women ages 50-59
at two years, but there was a significant increase at
20-year follow-up (Table 2). At two years, invasive
breast cancer was diagnosed in 52 of 2837 women rand-
omised to CEE + MPA and 40 of 2683 women rando-
mised to placebo (HR 1.20, 95% CI 0.80 to 1.82). At
20 years, 203 women in the CEE + MPA group had inva-
sive breast cancer diagnoses, significantly higher than the
143 women in the placebo group (HR 1.36, 95% CI 1.09
to 1.69).% Invasive breast cancers associated with CEE +
MPA compared to placebo were more frequent, more
likely to be lymph-node positive, and more likely to be
advanced compared to cancers in women on placebo
across all age groups. However, these results were not
shown by age at randomisation.”® There was no differ-
ence in breast cancer mortality by treatment group.

Estrogen alone appeared to be protective against breast
cancer in initial reports, but this effect disappeared in
adjusted analyses. Women randomised at ages 50-59 to
estrogen alone (n=1629) had decreased invasive breast
cancer diagnoses compared to placebo (n=1674) in
unadjusted analysis with up to 18 years of follow-up.
However, the difference was no longer significant in the
fully adjusted analysis.>” The authors suggested that
women with a longer time between oophorectomy and
estrogen therapy had protection from invasive breast cancer.

Women with a uterus who are prescribed estrogen
receive a progestogen to mitigate the risk of estrogen-
induced endometrial cancer. There was no significant dif-
ference in endometrial cancer among women randomised
to hormones or placebo at age 50-54 after a median
cumulative follow-up of 13 years; seven women devel-
oped endometrial cancer in the CEE + MPA group com-
pared to 11 women in the placebo group (HR 0.57, 95%
CI 0.22 to 1.48).%8

After up to 18 years of follow-up, there was no differ-
ence in colorectal cancer risk among women taking CEE,
CEE + MPA, or placebo at age 50-59 in the fully adjusted
analysis.?’

Other trials. In the Estonian Postmenopausal Hormone
Therapy Trial, risk of cancer, not otherwise specified,
was similar among 251 women randomised to hormones
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Table 2. Randomized clinical trials evaluating cancer

Age/time since Treatment (number

Study menopause at baseline)
Women'’s Health Initiative 50-59 years old Oral CEE 0.625 mg/
(Chlebowski et al., day + MPA 2.5
20207, 2003, 2015%; mg/day (2837) or

Prentice et al., 2021%) placebo (2683)

Oral CEE 0.625 mg/
day (1639) or
placebo (1674)

Oral CEE 0.625 +
MPA 2.5 mg daily
(284) or placebo
(202)

Estonian Postmenopausal
Hormone Therapy Trial
(Veerus et al., 2006>%)

50-59 years old;
subgroup
within 3 years
of menopause

CEE conjugated equine estrogen, MPA medroxyprogesterone acetate

Reference numbers refer to the reference list in the main paper. Shading indicates high risk of bias.

or placebo within three years of menopause during the
blinded portion of the trial (HR 3.26, 95% CI 0.35 to
9.95).%* This study had a high Risk of Bias. There were
no trials of 17f-estradiol.

In summary, CEE + MPA, but not CEE alone, increased
breast cancer at 20-year follow-up. CEE-alone did not
increase or decrease breast cancer risk. We had moderate
certainty in the conclusion that CEE + MPA increases
breast cancer at 20-year follow-up due to a lack of confirm-
ation by another trial. In women under 60 years of age at
randomisation, CEE with or without MPA had no effect
on the risk of endometrial or colorectal cancer.

Depression and mood

The WHI RCTs on hormone therapy did not measure
depression or mood (Table 3). Nine smaller RCTs with
a combined total of 1280 women between the ages of
40-60 evaluated mood wusing oral CEE, oral
17p-estradiol, or transdermal 17f-estradiol, with different
scales or inventories assessing depression and other mood
states.”*® Some women met criteria for major depres-
sive disorder at baseline, and some did not. Four of the
nine trials had a high Risk of Bias.>' -

Six RCTs showed an improvement in some aspect of
mood on hormone therapy,®*'2*3%37 while three
studies showed no effect of hormones on any mood
endpoint.**3>-*

Among studies that specifically evaluated depression,
hormone therapy improved depression scores compared

Duration of Outcome
treatment measures Result
Up to 5.6 Cancer of the No difference in invasive cancer after
years breast, 2 years, but invasive cancer was
endometrium, increased after 20 years of follow-
colon up (HR 1.36,95% CI 1.09 to 1.69).
No difference in endometrial or
colon cancers.
Up to 7.1 Decreased breast cancer after up to
years 18 years in unadjusted analysis,
but fully adjusted analysis
consistent with the null. No
difference in endometrial or colon
cancers.
Up to 5 Cancer, not No association of treatment with
years otherwise cancer; however, results included
specified a blinded and unblinded study and
did not contribute meaningfully to
this review.
29,30

to placebo in two studies, and three studies found
no difference in depression scores between hormone
and placebo groups (both groups improved).>?>>-3®

Mood may be affected by the presence of menopausal
symptoms and by sleep, which may be disrupted by vaso-
motor symptoms. Some studies were able to disentangle
improvements in mood from reduced hot flashes and
improved sleep, while other studies were unable to do
so. A study that randomised women with depression,
hot flushes and sleep disturbances to estrogen therapy,
zolpidem (a sedative-hypnotic), or placebo found
similar responses of depression in all groups.
Improvement in depressive symptoms was predicted by
improved sleep quality in peri- and postmenopausal
women.>? In an RCT that tested an estrogen patch
against a placebo, estrogen improved sleep only in
women with severe nocturnal hot flashes.*”

In two short-term studies (8—12 weeks) that tested
transdermal hormone therapy in perimenopausal women
(women who were menstruating and had blood
hormone concentrations suggestive of approaching meno-
pause), depressive symptoms improved to a greater extent
on estrogen compared to placebo.*®*” Another study of
euthymic women concluded that estrogen plus progesto-
gen prevented the onset of depression in early perimeno-
pausal women but not in late perimenopausal women or
early postmenopausal women.’' The depression
outcome was determined by a score of 16 or more on
the Center for Epidemiologic Studies Depression Scale
in any of seven follow-up periods. In a six-week study
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Table 3. Randomized clinical trials evaluating depression

Outcome

measures

Result

Duration of
Ageltime since menopause Treatment (n) treatment
Bech et al,, 6—24 months Continuous E2 2 mg + 12 months
1998% NETA | mg (50) versus

cyclic E2 2 mg + NETA |
mg (50) versus placebo

()]

KEEPS 47-58 years old (mean + 2 SD), Oral CEE 0.45 mg/day + 48 months
*Gleason et 0-2.8 months since last cyclic micronized P 200
al,, menses (mean * 2 SD) mg/day (220) versus
2015*Raz Transdermal E2 50 pg/day

etal, + cyclic micronized P 200

20163 (211) mg/day versus
placebo patch and pills
(262)

BDI-21
BDI-12
GHQ-10

POMS
BDI-21

Depression, and anxiety scores

improved with either
hormone regimen but not
with placebo. Neurasthenia
score worsened on placebo.
Effects not separable from
symptom improvement.

CEE vs. placebo: Depression and

anxiety improved, anger,
fatigue, vigor; confusion
unchanged.

Transdermal E2 vs. placebo:
No difference in any POMS
domain.

No effect of hormone
therapy on BDI.

Morgan et al,, 6 weeks

20053

41-52 (mean * 2 SD), not
menopausal but had
perimenopausal symptoms.

Oral CEE 0.625 mg (11)
Placebo (6)

HAMD

Woman with partial response of

depression on one of six
antidepressants were
recruited for 14-week
crossover trial. Trial stopped
after six weeks due to
disproportionate dropouts
on placebo. Improvement in
HAMD score greater in
subjects on estrogen and

(continued)
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Table 3. Continued.

Ageltime since menopause Treatment (n)

Outcome

Duration of

treatment measures

Schmidt et al.,  44-55 years old,
2000%¢ perimenopausal, major or
minor depression by
structured clinical interview

(16) versus
placebo (18)

Transdermal E2 50 pg/day

more women on estrogen
achieved remission.

3 weeks CESD Depression scales and most

HAMD items on the self-rating scale

Self-rating improved on estrogen and
not on placebo; most
depression symptoms did not
show a difference according
to whether hot flashes were
present at baseline.

Thomson & 49-55 years old with insomnia, Oral E2 |.5 mg twice daily 8 weeks self-rating Improved mood in both groups,
Oswald, depression, anxiety, and hot (17) versus HAMD no difference between groups
197738 flashes placebo (17) HAMA Hot flush counts decreased in

both groups, no difference
between groups

in perimenopausal women, estrogen augmented the effect

of antidepressant medications.>®

Transdermal estrogen had no clear advantage on
mood. The KEEPS study found that depression and
anxiety, in the Profile of Mood States Domain, improved
among women taking oral CEE but not transdermal
17p-estradiol when compared to placebo.**** Three of
four studies investigating the effects of transdermal
17p-estradiol therapy found no difference between
hormone and placebo groups.***?23 The one study of
transdermal estrogen that found an improvement in
mood included data from participants on placebo who
dropped out before completion of the trial.>®

In summary, inconsistent findings and measurements
of hormone therapy effects on mood from RCTs do not

support the hypothesis that hormones, independent of
effects on hot flashes and sleep disturbance, are beneficial
for depression. There was no clear advantage of
17p-estradiol over CEE. More detailed information on
hormones used and outcome measures can be found in
Table 3. Based on the GRADE evaluation, we have
very low certainty that menopausal hormones decrease
depression scores. Certainty was decreased by risk of
bias, inconsistency and possible publication bias.

Cognition

Nine RCTs evaluated cognition in 2452 women. Two
studies had a high Risk of Bias (Table 4).



Bencivenga et al.

Table 4. Randomized clinical trials evaluating cognition

Study

Women'’s Health
Initiative
Memory Study
of Younger
Women
(WHIMSY)
(Espeland et al.,
2013*")

Berent-Spillson et
al., 2015

Davison et al.,
2013

Gleason et al.,
2015%°
Gleason et al.,
2024* KEEPS *

Henderson et al.,
2016*

Joffe et al., 2006*

LeBlanc et al.,
2007%

Maki et al., 2007%

Ageltime since
menopause

50-55 years old

45-55 years old, 6-38
months from last
menses

49-55 years old; 1-5
years since
menopause

3-36 months since
menopause

within 6 years of
menopause

40-60 years old

3-36 months from
menopause

Women with at least
one cognitive

Treatment (number
randomized)

Oral CEE 0.625 mg/day
+ MPA 2.5 mg/day or
placebo (609 on one
of the two CEE
regimens, 559 on
one of the two
placebo regimens)

Oral CEE 0.625 mg/day
or placebo (609 on
one of the two CEE
regimens, 559 on
one of the two
placebo regimens)

Cross-over design, daily
oral E2 + cyclic P for
10 days (16)

Oral E2 | mg +
drospirenone 2 mg
daily (12)

Placebo (1)

Transdermal E2 50 pg/
day (211)
Oral CEE 0.45 mg/
day (220)
Placebo (262)
* cyclic micronized
P (200 mg/day, 12
days/month)

Oral E2 | mg/day (137)
Placebo (134)
* cyclic vaginal
micronized P, 4% gel

Transdermal E2 0.05

mg/day (26)
Placebo (26)

Oral E2 2 mg/day (14)
Placebo (18)

Oral CEE 0.625 mg/day
+ MPA 2.5 mg/day

Duration of
treatment

Up to 5.6 years,
recontacted
~7 years
after WHI
concluded

Up to 7.1 years,
recontacted
~7 years
after WHI
concluded

12 weeks in
each
condition

26 weeks

4 years

10-year follow-
up

up to 5 years
(assessed at
baseline, 2.5,
and 5 years)

12 weeks

8 weeks,
assessed at
baseline, 4,
and 8 weeks

4 months

Outcome measures

East Boston Memory
Test, oral trail-
making, verbal
fluency—animals,
digit-span subtest
of the Wechsler
Adult Intelligence
Scale—Revised

Hopkins Verbal
Learning Test—
Revised, Brief
Visuospatial
Memory Test—
revised

CogState

Modified MMS, PMA,
subscales®

Modified MMS, PMA,
subscales®

battery®

CVLT
WMS-R
R-O

Verbal memory,
paragraph recall,
paired associates,
emotional
memory,
nonverbal
memory, verbal
fluency

CVLT
MFQ

Result

No treatment-related
differences

Decrease in verbal fluency
with CEE, no other
differences by treatment

No difference in scores by
treatment

No differences between
groups except improved
psychomotor function/
processing speed in
subjects taking placebo.

No difference in cognitive
performance by treatment

group

No difference in cognitive
performance by treatment
group after long-term
follow up

No difference in cognitive
performance by treatment
group when adjusted for
multiple testing

Estrogen reduced
perseveration errors
during verbal recall at P =
0.03 among 14
comparisons.

No difference in cognitive
performance by treatment
group unrelated to relief of
symptoms

No difference in cognitive

(continued)
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Table 4. Continued.

Age/time since
menopause

Treatment (number
randomized)

Duration of
treatment

Outcome measures Result

Morgan et al., 41-52 (mean =2 SD),  Oral CEE0.625mg (I1) 6 weeks BSRT Woman with partial response
2005°3 not menopausal but Placebo (6) of depression on one of six
had perimenopausal antidepressants were
symptoms. recruited for 14-week

crossover trial. Trial
stopped after six weeks
due to disproportionate
dropouts on placebo. No
significant improvement in
the BSRT, a test of memory.

Women’s Health Initiative. The Women’s Health Initiative

Memory Study (WHIMS) reported that global and
domain-specific cognitive function were impaired in
women randomised to receive hormone therapy at age
65 or older.***" The Women’s Health Initiative Study
of Younger Women (WHIMSY), a sub-study of the
WHI, included women starting treatment at age 50-55.
Telephone assessments of cognition in these subjects
7.2 years after the WHI ended included the East Boston
Memory Test, the Oral Trail Making Test, Verbal
Fluency—Animals, and the Digit Span subtest of the
Wechsler Adult Intelligence Scale—Revised. Except for
a decrease in verbal fluency among women who received
CEE only, there were no differences among placebo,
CEE-treated, or CEE + MPA-treated women in global
or domain-specific cognitive function.*?

Other trials. Eight other RCTs are summarised in
Table 4.2%33%3% With one exception, no trial showed
an improvement in any cognitive measure in menopausal

women randomised to hormone therapy. The exception,
the paper by Joffe et al., reporting a 12-week trial sup-
ported by industry,*® was one of two in the cognitive
group with a high risk of bias. Among 14 comparisons in
this study, not necessarily independent, only one compari-
son favoured 17f-estradiol therapy; perseveration errors
on verbal recall in the California Verbal Learning Test
decreased by a mean of 2.2, 95% CI —4.0 to —0.3. None
of the other studies confirmed memory errors, and the asso-
ciation may have arisen by chance. The KEEPS study did
not find a difference in cognitive performance during the
four-year trial,>° neither was there any difference between
treatment group and placebo in the 10-year follow-up.*’

In summary, no benefit of hormones on cognition was
shown in eight RCTs; the ninth showed a benefit in only
one of 14 comparisons and is not reliable. There was no
apparent advantage of 17B-estradiol, used in six of the
studies, over CEE, used in three of the studies. Our con-
clusion, using GRADE criteria, is that available RCTs do
not show a cognitive benefit of menopausal hormone
therapy.
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Discussion
Main findings

Although critics have stated that women in the WHI were
too old to provide informative data about hormone therapy
in women close to menopause, the WHI remains the largest
RCT of menopausal hormone therapy in young meno-
pausal women. In the CEE + MPA trial, the WHI rando-
mised 5522 women who were 50-59 years old, 4092 of
whom were fewer than 10 years from the onset of meno-
pause.”® The CEE-only trial included 3310 women 50—
59 years old, 1237 of whom were within 10 years of meno-
pause onset. Some results given for women 50-55 years of
age or within five years of menopause did not show bene-
fits. Whether these women might have benefited from start-
ing menopausal hormones at a younger age or sooner after
menopause is unknown.

In this systematic review, we examined randomised
clinical trials of women aged 50—60 years or women who
were within a short period of time after their last menses,
as defined by the individual study authors. Despite
casting a wide net (we did not restrict pharmaceutical estro-
gen, dose or route of exposure except vaginal administra-
tion), we found no preparation or route of administration
that offered superior health benefits to those found in the
WHI. Oral CEE was used in five trials, oral 17f-estradiol
therapy was used in six trials, and transdermal
17B-estradiol therapy was used in six trials. Our findings
are consistent with a Cochrane meta-analysis of rando-
mised, placebo-controlled trials that lasted more than a
year.>* The analysis did not identify a beneficial effect of
hormone therapy on the prevention of chronic disease.

Our results differ from three previous analyses. A sys-
tematic review and meta-analysis included open-label
studies and surrogate endpoints, deficiencies that might
account for its claim of a benefit of hormone therapy on
cardiovascular mortality.”’ Another meta-analysis of
menopausal hormone therapy and coronary heart
disease reported a reduction in disease in women enrolled
before age 60, but the four-page report was too brief and
lacked detail about its methods.>> A meta-analysis from
the same group, reported in greater detail, noted a
decrease in overall mortality in women starting
hormone therapy before age 60, but found no advantage
for hormones in cardiovascular or cancer mortality.>
Some trials in that meta-analysis did not have a placebo
arm or used calcium pills as a placebo. The authors of a
Cochrane systematic review criticised the Salpeter et al.
meta-analysis for including trials without a placebo arm
and studies of less than one year duration, inappropriate
for drawing conclusions about chronic diseases.>

Among women in the WHI randomised to CEE at age
50-59, 1129 women had bilateral salpingo-oophorec-
tomy, and 2008 women had hysterectomy with retention

of at least part of one ovary.’’ There was a decrease in all-
cause mortality in oophorectomised women randomised
to CEE (HR 0.68, 95% CI 0.48 to 0.96), but no effect
of CEE treatment on coronary heart disease or invasive
breast cancer. This possible protective effect on mortality
was seen primarily in women randomised to estrogen
within 10 years of surgery; it was not seen in women ran-
domised 20 or more years after surgery. It is possible that
oophorectomy increased the risk that was mitigated by
estrogen treatment. No other randomised trial evaluated
this possibility. Because the use of CEE alone in the
WHI was a proxy for hysterectomy, which often included
oophorectomy, we could not determine whether the pro-
tective effect in the CEE-alone group was due to attenu-
ation of oophorectomy-associated risk or to hormone
treatment independent of oophorectomy.

Mood and cognition may be influenced by vasomotor
symptoms that interfere with sleep. Neither the WHI nor
the other RCTs definitively addressed this possibility,
with the exception of one study that showed similar ben-
efits on depression of a sleep aid, hormone therapy, and
placebo.

Strengths and limitations

This systematic review included all RCTs of menopausal
hormone therapy in women under 60 or within a short
period of time after the last menses. A strength is our
acceptance of authors’ definitions of a short period of
time after the last menses and our consideration of all
pharmaceutical estrogens by any route except exclusively
vaginal administration.

It could be considered a weakness that our review did
not consider surrogate endpoints, including mechanistic
endpoints, blood pressure, lipid concentrations, or other
cardiovascular disease risk factors. Surrogate endpoints
do not represent disease and may be misleading. For
example, serum lipid concentrations in the WHI were
favourably altered by menopausal hormone therapy, but
cardiovascular disease was increased.”® In the GRADE
system, use of surrogate endpoints results in downgrading
of certainty due to lack of direct evidence for the clinical
outcome. To the extent that surrogate endpoints predict
clinical disease, our review has not considered these
endpoints.

Our findings offer little support for the timing hypoth-
esis, although there is a reduction in some measures of
cardiovascular disease and all-cause mortality in women
treated with estrogen within 10 years after oophorectomy,
particularly oophorectomy prior to age 45 This protect-
ive effect was not confirmed in other studies or in a sub-
sequent analysis of the WHI data. One study cited by
proponents of the timing hypothesis is Schierbeck
et al.,”” which was not included in our analysis because
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of the lack of a placebo arm. In the Schierbeck et al. study,
1006 women aged 45-58 years and 3-24 months since
their last episode of bleeding were randomised to meno-
pausal hormone therapy (a cyclic estrogen- progestogen
regimen in women with a uterus, estrogen-only in
women who had a hysterectomy), or no therapy. After
10.1 years, when the findings of the WHI came out, sub-
jects were advised to stop hormones, but continued to be
followed up via national registries for an additional 5.7
years. At the end of the 10.1-year study period, a compos-
ite endpoint of death, myocardial infarction, and heart
failure was reduced in the women taking hormones. At
the end of the full 15.8 years of follow-up, the composite
endpoint was described as reduced in women who were
randomised to hormones. However, the result was not sig-
nificant, because the 95% CI included the null value of
1.0. None of the secondary endpoints, including stroke,
venous thromboembolism, pulmonary embolism, breast
cancer, any cancer, or the individual components of the
composite endpoint (death, myocardial infarction, heart
failure) showed any difference between groups. This
trial does not provide convincing evidence in favour of
the timing hypothesis.

The Cochrane meta-analysis®* found substantial het-
erogeneity among trials in hormone preparations and dur-
ation of treatment, and only meta-analysed subgroups of
studies with the same active hormone treatment and
similar lengths of treatment. As those authors found, the
WHI was a prominent driver of findings due to its
larger size compared to the other trials. We separately
evaluated studies without a high Risk of Bias and
studies of 17f-estradiol therapy and did not find evidence
to support the timing hypothesis.

We did not consider the beneficial effects of hormones
on vasomotor symptoms or bone health, which have been
amply demonstrated. We do not suggest that it is inappro-
priate to prescribe menopausal hormones. However, in
the risk-benefit calculus, the prevention of chronic
disease should not be identified as a benefit unless and
until randomised clinical trials demonstrate a benefit.

Conclusion

We did not identify consistent evidence to support the
timing hypothesis for menopausal hormone therapy in
the prevention of chronic disease. The WHI found no
health benefits for early menopausal women using meno-
pausal hormone therapy on cardiovascular disease, cancer
or cognition, except a possible decrease in cardiovascular
disease or all-cause mortality in women given estrogen
within 10 years of oophorectomy, which may have been
due to protection from oophorectomy-associated risks.
The null findings of the WHI with respect to prevention
of chronic disease have not been contradicted by other
RCTs, including trials that tested different preparations

and routes. We did not identify data supporting the
concept that women starting hormone therapy in their
50s and stopping therapy after a given number of years
have a rebalancing of risks and benefits. This systematic
review supports the recommendations of professional
groups not to use menopausal hormone therapy for the
prevention of chronic disease.”® !
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Supplemental material
1. Supplemental methods

Literature searches were performed in MEDLINE and Scopus using the term “menopausal hormone therapy [All Fields]”;
searches were restricted to randomized controlled trials in MEDLINE. ClinicalTrials.gov was searched for possibly relevant published
studies. We did not limit searches by date or by language.

We included papers describing randomized clinical trials in which at least one arm included a pharmaceutical oestrogen, and at
least one arm included a placebo. Outcomes were assessed for spontaneously menopausal women who were 60 years of age or
younger at randomization and/or who were within a short period of time since the last menstrual period. For “short period of time,” we
accepted any interval chosen by the study authors. When the subject age range was not given, it was inferred as the mean of each
group =+ 2 standard deviations to estimate a 97.5% confidence interval or by mean + 2 standard errors of the mean to estimate a 95%
confidence interval.

Searches initially were performed on 4 February 2024 and were repeated on 5 August 2024 and 26 August 2025.
ClinicalTrials.gov was searched on 31 October 2024 using the key words Menopause and Estrogen and restricting subject age to 40—
60 and study characteristic to completed publications. Three authors (PAB, NF, ARS) conducted the screening, and health outcomes
were entered into a spreadsheet. Each paper was reviewed by at least two of the authors.

We did not include studies looking at the benefits of hormone therapy on vasomotor symptoms, vaginal dryness, or fractures,

because these benefits have been previously well-documented. Excluded studies are indicated in Table S1.



We accepted author definitions of statistical significance. We did not correct for multiple comparisons and did not
reject studies based on lack of a description of randomization. We evaluated any menopausal hormone regimen as long as a
pharmaceutical oestrogen was included and any route of administration except vaginal.
The systematic review followed PRISMA guidelines (Table S2). All pharmaceutical oestrogens were considered except those
restricted to vaginal administration.

Table S1. Studies excluded after full-text review

First author year Reason for exclusion

Affinito 2001 Measured blood pressure

Agnusdei 1995 No clinical outcome, just bone mineral density measurements
Aguilar-Salinas 2001 No clinical outcome, LDL particle distribution

Akman 2013 No placebo

Al-Khalili 1998 measured blood pressure, age range 52-72

Al-Rousan 2018 65 years or older

Albertsson 1995 too old

Aldrighi 2004 surrogate measures

Aldrighi 2005 too old

Alecrin 2004 Same study as Aldrighi 2004

Alexandersen 1995 surrogate markers - forearm bone density

Alexandersen 2000 Surrogate endpoints - Bone mineral density and cholesterol
Alfie 1997 Measured blood pressure

Aloia 1991 surrogate markers, everyone including placebo had vitamin D
Aloia 1994 Surrogate endpoints - Bone mineral density

Aloia 1995 Measured body fat mass, also all women took vitamin D (including placebo group)
Anderer 2003 overall wellbeing, N1 latency, P2 P300

Anderer 2004 LORETA - N1, p300, P2 amplitudes



First author
Anderson
Anwaar
Archer
Archer
Arrenbrecht
Asthana
Asthana
Bacchi-Modena
Bachman
Bagger
Bain

Balci
Barnabei
Barnabei
Bcerrug
Bellantoni
Berg
Bergemann
Bhattoa
Bittner
Bjarna
Bolscher
Boos
Borgfeldt

Brown
Brussaard

year
2001
2000
2003
2012
2002
1999
2001
1997
2009
2004
2004
2005
1999
2002
1998
1991
2002
2005
2004
2004
2000
1999
1993
2004

1999
1997

Reason for exclusion

non-HDL-C levels and apoloproteins-B/apolipoprotein-Al

surrogate endpoints

measured hot flashes

measured hot flashes

bone density

Too old

Too old

measured hot flashes

vaginal maturation index, vaginal atrophy, vaginal pH measured

bone mineral density (spinal) and bone mineral content measured
Cerebral vasomotor reactivity pulsatility index, flow velocity measured
All women had undergone hysterectomy and TC, TG, LDL, HDLs measured
surrogate markers - homocysteine levels

hot flashes and other symptoms measured, no other health outcomes
hot flashes, vaginal dryness and other symptoms measured

surrogate markers & women were 45-72.

measured cytokine production in response to estrgoen patch
Measured LH and FSH

measured bone mineral density, serum osteocalcin

surrogate endpoints

measured bone mineral density

measured fractional strontium absorption

quality of life measures

measured plasma levels of factor VII, fibrinogen, antithrombin and plasminogen

activator inhibitor-1
used questionaries about incontinence and measured BMI, height,

measured glycated haemoglobin, insulin sensitivity, suppressibility of hepatic glucose

production, lipoproteins, LH and FSH



First author
Byrjalsen
Byrjalsen
Byrjalsen
Caan
Cagnacci
Caine
Campos
Cardoso
Carmignani

Carr

Cauley
Chabbert-Buffet
Chabbert-Buffet
Chang
Cherukuri
Chestnut
Chlebowshi
Chlebowski
Chlebowski
Chlebowski
Chlebowski
Chlebowski
Chlebowski
Choudhury
Cicinelli

Cintron

Collins

year
1992
1999
2000
2015
2006
1992
1993
2014
2015

2006
2001
2003
2003
2002
2022
1997
2008
2009a
2009b
2010c
2013
2015b
2017
2011
1999
2017
2006

Reason for exclusion

measured serum placental protein 14, uterine bleeding, secretions

measured placental protein 14, and other serums

measured endometrial thickness, bleeding (self-reported), PP14, serum oestradiol
measured symptoms: VMS and quality of life

measured surrogate endpoints and no placebo

measured antithrombin I, protein C, and total protein S,

measured lipoprotein subclasses

measured VO2, surgical menopause

measured urogenital symptoms: vaginal dryness, endometrial thickness (w/o biopsy),
sexual complaints

placebo group given vit E, used surrogate markers

based on age

surrogate markers - cutaneous microcirculatory blood flow

measured microcirculation

measured albumin, uric acid plasma MDA, TAC and other surrogate markers
measured CAC and bone mineral density

measured BMD and calcium for placebo

measured mammography results

measured lung cancer and death (WHI), does not give results by age group
results not given by age group

measured diagnoses; surgical menopause

based on symptoms, and results not given by age group

results not given by age group

surgical menopause

serum hormone-blinding globulin and sex hormones

surgical menopause

measured symptoms- Pittsburgh Sleep Quality Index and vasomotor symptoms
measured lipids and coagulation



First author
Conard
Conner

Constantine
Cortellaro
Cowan
Crandall
Crisafulli
Cucinelli
Cushman

Cushman
D'Anna
da Silva
Darj
Davidson
Davidson
Davis

de Kleijn
de Valk-de Roo
de Vrijer
Decensi
Decensi
Delmas
Delmas
Demetrio
Demirol
Denke

year
1997
2004

2019
1996
2021
2006
2004
2002
1999

2004
2005
2016
1999
1997
2000
2008
2001
1999
1999
1998
2007
1991
2000
2011
2000
1995

Reason for exclusion
surgical menopause
measured percentage of breast cell proliferation (obtained via biopsy) - Ki-67/MIB-1
monoclonal antibody

measured vasomotor symptoms from questionnaires

measured protein C, fibrinogen, factor VII, factor VIII:C, antithrombin 11l and others
measured gluteal tendinopathy with a questionnaire

measured breast density and breast discomfort

Symptoms

measured surrogate endpoints

measured C-reactive protein, soluble E-selectin, von Willebrand factor antigen and
coagulation factor Vllic

Exclude based on age measured deep vein thrombosis and pulmonary embolus
measured plasma homocysteine and CRP

measured surrogate endpoints

measured blood flow

measured serum lipid parameters

measured LDL cholesterol concentration

measured IGF, IGK binding proteins and glucose an insulin,

measured diameter of the lumen

surgical menopause

measured symptoms

measured LDLs, HDLs, TC, WBC count

measured IGF, and other surrogate endpoints

surgical menopause and measured BMD

measured BMD

surgical menopause

measured coagulation factors

measured LDL, HDLs, TG and TC



First author
Depypere
Derman

Di Carlo
Dias

Diem
Ditkoff
Duka
Dumas
Duvernoy
Edwards
Eiken

El Khoudary
El Khoudary
Elbers
Endrikat

Ensrud
Eriksen
Espeland
Espeland
Espeland
Fantl
Faria
Farr
Faubion
Fernandes
Fonesca

year
2020
1995

2007
2005
2015
1991
2000
2010
2007
2008
1997
2019
2020
1999
2007

2022
1991
1998b
1997
2015
1996
2011
2013
2020
2008
2007

Reason for exclusion

measured glucose, insulin, fructosamine, and C-peptide levels

age is ok, used a pharmaceutical estrogen, but measured hot flashes, quality of life
and depression on a scale

measured BMD and leptin and No placebo!

measured surrogate endpoints

measured symptoms

surgical menopause

age

measured frontal lobe activity

measured cardio markers (not including BP)

surrogate markers

surrogate endpoint

surrogate markers - measured heart fat

although it's the KEEPS trial, we'd Exclude based on heart fat surrogate marker
surrogate markers - serum leptin levels

included hysterectomized women; used estradiol valerate and dienogest measured
symptoms

Measured estradiol levels and symptoms

measured vaginal atrophy, used vaginal estrogen

PEPI trial measuring Lp(a) concentrations

PEPI trial not measuring clinical outcomes

age too old (65-80)

subjects too old

pulsatility index

measured BMD

Measured serum of senescence markers

measured lipid and lipoprotein profiles

Kupperman's Menopause index and Golomboy-Rust inventory of sexual satisfaction



First author

Forsblad d'Elia
Forsblad d'Elia
Forsblad d'Elia

Freedman
Friso

Gambacciani
Gambacciani
Gambacciani
Gambacciani
Gambacciani
Gambacciani
Gebara
Gelfand
Gerhard
Giltay
Ginsburg
Girdler
Girdler

Gol
Gonnelli
Gordon
Gordon
Gorenstein
Gottsater

Grady
Grady

year
2003
2004
2008
2002
2007

1995
1997
2001
2003
2008
2011
1998
2003
1998
2004
1998
2000
2004

2006
1997
2020
1995
2011
2001

2000
2001

Reason for exclusion

BMD

no placebo (HRT, calcium, vitamin D, and both)

no placebo

measured core body temp, mean skin temp, hot flash count

measured plasma homocysteine, vitamin B6, serum folate, and genomic DNA
methylation

no placebo

no placebo

no placebo

no placebo

no placebo

no placebo

age and surrogate endpoints

no clinical health endpoints - Kupperman Index for quality of life

measured BP, but age 48-75

raloxifene

measured surrogate endpoints

measured BP, but added hysterectomized subjects

measured BP, but age range included 39-72 and includes both hysterectomized and
natural menopause

measured surrogate endpoints

no placebo (calcium), BMD

measured surrogate endpoints- FMD of brachial artery ...

measured symptoms with diary entries and included surgical menopause
surgical menopause

measured surrogate endpoints- von Willebrand factor, factor VII, factor VIII,
prothrombin fragments...

HERS, mean age 67,

age



First author
Grady
Grady
Greendale
Greenwald
Gutiu

Guzic-Salobir

Haarbo
Haarbo
Haas
Hachul
Hahn
Haines
Haines
Haines
Haines
Hak

Hall

Hall

Hall
Harden
Haring
Harman
Harvey
Hassager
Hassager
Hautamaki
Hautamaki

year
2002a
2002b
1991

2005
2000-2001
2001

1991
1992
2018
2008
1999
1996
2001
2003a
2003b
2001
1994
1995
1998
2006
2019
2014
2000
1988
1989
2012
2013

Reason for exclusion

age

age

surrogate endpoint

measured BMD

measured surrogate endpoints

measured surrogate endpoints- FMD of brachial artery and expression of soluble
endothelial cell adhesion molecules (CAM)

measured surrogate endpoints- body fat compostion

measured surrogate endpoints- serum lipids, lipoproteins

measured CSF-1 (surrogate)

age (50-65)

surrogate endpoints and age (45-65)

surgical menopause and surrogate endpoints

included women with hysterectomy and measured surrogate endpoints
all women had surgical menopause,

all women had surgical emenopause, measured BMD

measured homocysteine levels

age range (48-65) and measured surrogate endpoints

no placebo control (calcium) and age range (45-65)

age range (44-75), measured symptoms of angina pectoris

age range (45-62)

age range (50-79

measured change in carotid artery intima-media thickness

measured BP, no placebo (all groups received medroxyprogesterone acetate)
age (55-75)

measured surrogate endpoints - fat composition

measured surrogate endpoints

measured HRV



First author year Reason for exclusion

Hays 2003 age range (50-79)- WHI

Heikkinen 1997a measured BMD,

Heikkinen 1997b measured surrogate endpoints

Heikkinen 1998 measured surrogate endpoints and no placebo

Heikkinen 1999 measured surrogate endpoints

Hemelaar 2003 measured surrogate outcomes

Hemelaar 2005 all women had surgical menopause, measured surrogate endpoints

Herrington 2000 excluded for age range, but measured death, CHD events...

Herrington 2001 exclude for age range, and measured surrogate endpoints

Herrington 2002 exclude for age range, measured CHD events, fatal CHD, stroke, cancer deaths

Hilser 2022 measured CpG

Hlatky 2002 exclude based on age, measured depressive symptoms

Hodis 2001 exclude based on age and measured surrogate endpoints

Hodis 2003 age range,

Hodis 2015 surrogate endpoints

Hodis 2016 surrogate endpoints

Hodis 2014 review article

Hofling 2005 measured surrogate outcomes and age range 50-70

Hoibraaten 2000 age included women >70; measured deep venous thrombosis or pulmonary
embolism

Hgibraaten 2001a age range and measured surrogate outcomes

Hgibraaten 2001b age range and measured surrogate outcomes

Hgibraaten 2005 age range is under 70

Hgibraaten 2000 Exclude for age range

Holmberg 2004 age range (40-75)

Honisett 2004 age range 49-69, measured BP

Honisett 2016 surrogate endpoints

Howard 2004 age range, measured BP



First author
Hsia

Huang
Huang
Hughes
Hulley
Hulley
Hurtado
Hwang
Jackson
Jackson
Jayachandran
Jensen
Jensen

Jensen
Jensen
Jhund
Jhund
Jiang

Judd
Judd
Judd
Kagan
Kagan
Kalleinen
Kanaya
Kantarci

year
2004
2009
2009
2004
1998
2002
2016
2005
1998
1999
2020
1985
1986

1987
1989
2001
2004
2019

1987
1996
1987
2018a
2018b
2008
2003
2016

Reason for exclusion

age range 50-79

age range

measured surrogate outcomes: Pl and uterine arteries

age range 45-65, measured surrogate outcomes

age range (80 and younger)

age range

measured FMD dilation of brachial artery

surrogate endpoints

age range (49-73), measured PI

age range, measured urinary incontinence

measured blood thrombogenicity

measured blood serum estrogen and bone mineral content

age range, measured body composition changes, changes in daily creatinine
excretion

measured surrogat endpoints

measured surrogate endpoints

age range above 60

measured surrogate endpoints

measured coronary heart disease; subjects were separated into age groups (50-59),
placebo was calcium-vitamin D

surrogate markers - cholesterol and hepatic markers

age range is 45-64

Symptoms only in the placebo-controlled part of the study.

age range 40-65, measured bleeding/spotting

age range 40-65, measured sleep improvement with MOS-sleep scale
age range 58-70, measured cortisol, prolactin and GH

age range above 60

measured brain structure



First author
Kantarci
Kantarci
Karim
Karim

Karin
Karjalainen
Karjalainen
Karlberg
Kato
Kelemen
Kenny
Kernohan
Kesim

Khoo

Kim
Kimmerle
Kling
Kocoska-Maras
Komulainen
Komulainen
Kotecha
kouby
Kurtay
LaCroix
Lacut

Lacut

Lacut and Oger
Lakosk

year
2018
2024
2008
2022
2005
1997
2001
1995
2016
2005
2005
2007
2005
1998b
1994
1999
2015
2013
1999
2000
2020
2015
2007
2011
2004
2003
2003
2008

Reason for exclusion

measured brain structure and global cognitive function
age range above 60

surrogate endpoints and age range

doesn’t specify the age range, but measures IM-GSM
measured surrogate endpoints

all subjects had surgical menopause

all subjects had surgical menopause

age range 45-65

age range (WHI data)

surrogate endpoints and age range

age range 65 and older

age range

measured NO

measured psychological function with various scales
age range 38-68

measured insulin sensitivity and age range 50-65
measured endothelial function with hyperemia index (RHI)
age range 50-65

measured BMD

measured BMD

measured surrogate endpoints and age range 50-70
too old

age range 44-65, and measured homocysteine

all subjects had hysterectomy

age range- women under 70

age range- women under 70

surrogate markers - activated protein C (APC)

age range



First author
Lakryc
Lamon-Fava
Lamon-Fava
Lamon-Fava
Lantto
Lantto
Lavasani
Lees

Lewis-Barned

Li

Liao
Lieberman
Light

Limpaphayom

Lindsay
Lindsay
Linzmyer
Liu

Lobo
Lobo
Lorentzon
Lundstrom
Lundstrom
Lundstrom
Luyer
MacDonald
Machado
Machado

year
2015
2003
2009
2010
2012
2017
2015
2001
1999
2003
2003
1994
2001
2000
2002
2005
2001
2020
2001
2018
2022
2002
2007
2011
2001
1994
2007
2008

Reason for exclusion

measured homocysteine and C-reactive protein

age range 45-67, measured surrogate endpoints
age range, measured surrogate

age range mean 65+/- 7

measured heart rate variability

measured cardiac repolarization (QT intervals, rate-dependent of QT-end
all subjects had surgical menopause

measured BMD

measured surrogate endpoints

age range 45-65

age range and measured BMD

age range 44-69

age range 40-69

age range 45-65

measured BMD

measured BMD and calcium was the placebo

age range 46-67

age range 40-65

age range 40-65 and measured surrogate endpoints
age range 40-65

age range 50-79

measured breast density and age range 50-70

age range 44-65

measured breast density

measured surrogate endpoints (age range 55-80)
measured BMD and age range included women over 60
measured homocysteine

measured surrogate endpoints



First author
Mack
Manassiev
Manhem
Manhem
Manning
Manning
Manwaring
Marchesoni
Marcus
Marinho
Marslew
Marslew
Matthews
Mattiasson
McKenzie
Melis
Mercuro
Mills

Mirkin
Mizunuma
Modena
Modena
Morabito
Moradi
Moreau
Mueck
Mulnard

Munk-Jensen

year
2003
2013
1998
2010
2001
2002
2000
2006
1999
2008
1991a
1991b
2005
2002
2003
1992
1998
2003
2019
2011
1999a
1999b
2002
2019
2013
2004
2000
1994

Reason for exclusion

primary outcome was intima-media thickness

age 50-70; measured glucose and insulin metabolism
age was 56-70

age range was 51-65; measured left ventricular hypertrophy and other lab measures
too old 60-69; also measured cholesterol levels and other surrogate endpoints
age was 62+/- 8

measured surrogate outcomes

measured surrogate endpoints - (mammogram density)
measured BMD

age range 48-65

measured climatric symptoms and breat tenderness
measured BMD, cholesterol, lipids

age range 48-65

surrogate endpoint

age range- anyone younger than 70

placebo group had calcium

age range 47-68

age range 45-65

age range 40-65

measured hot flashes

age range

measured surrogate endpoints also age range

calcium and BMD

placebo had calcium

age range 45-65

Review article

all subjects had a surgical menopause

measured lipoproteins



First author
Nachtigall
Naessen
Naessen
Nair

Nenseter
Netelenbos

Ng
Nielsen
Nordin

Notelovitz
Notelovitz

Notelovitz
Notelovitz
Nowinski

Nozaki
O'Donnell

O'Hare
Obel

Ober
Oneda

year
1992
2007a
2007b
2005

1996
1991

1993
2004
1980

2000
2000

1999
2002
2002

1999

2009

2004
1993

2019
2008

Reason for exclusion

mean age was 43-68 and 42-70...

measured postural balance & women were aged 60 or older

age 45-60; measured sway velocity and perceived dizziness (surrogate for fracture)
measured pulse pressure and blood pressure but age range included women in their
60s and 70s.

looked at low-density lipoprotein... not a clinical health outcome

while age was ok (49-57), this study measured biochemical variables of bone and
calcium - not a clinical health outcome.

measured BMD

measured BMD

no clinical health outcomes -- measured symptom score from a scale with 18
different symptoms...

no clinical health outcomes -- measured vasomotor symptomes;

Included women with oophorectomy as young as 25 (with or without hysterectomy)
& it measured hot flashes & vaginal dryness -- no clinical health outcomes.

age was 40-70; measured hot flashes (not clinical health outcomes)

measured lumbar BMD; age was younger than 70.

Included women up to 75, measured noninvasive depolarization and repolarization
measurement

Included oophorectomized and hysterectomized women; measured lab tests of
factor VIl activity, protein C activity, fibrinogen level among others (No blood
pressure)

measured surrogate endpoints

age range more than 60

Excluding because no BP results... the age range was not give, but the study included
women born between the ages of 1930 and 1933 and the article was published in
1993 so the women would be in their 40s and 50s

age range 65.4-79.4

surgical menopause (all subjects)



First author
Oneda
Ongphiphadhankul
Oral
Orr-Walker
Ossewaarde
Ossewaarde
Owen

Palomba

Panay
Panyakhamlerd
Panyakhamlerd

Parkinson Study group

Peincw
Pereira
Perera
Perrone
Peterson
Peverill

Philliips
Piccinini
Pickar

Pickar
Pinkerton
Pinkerton
Pinkerton
Pinkerton
Piwkumsribon

year
2014
2000
2003
2000
2001
2003
2016
2001
2007
1996
1996
2011
1991
2015
2001
2009
2001
2001

2008
2000
2001
2003
2014
2016
2017a
2017b
2010

Reason for exclusion

surgical menopause (all subjects)

calcium placebo

measured surrogate endpoints, also age range greater than 40 with no cap
measured BMD

measured lipids

age range 45-65, measured lipid profile

measured skin wrinkles and skin rigidity

measured leiomyoma size and bleeding pattern

Assessed symptoms

measured symptoms... not health outcomes

Measured symptoms

age range greater than 60

measured BMD

glucose disposal rate is a surrogate measure

measured surrogate endpoints and age range unclear but greater than 60
measured surrogate outcomes

measured myocardial perfusion and age range was above 60

surrogate markers - factor VIl coagulation activity (Vlic), activated factor VII (Vlla),
and TFPI

measured skin wrinkles

measured surrogate endpoints also age range 48-64

age range 40-65

age range 45-65

age range 40-65

age range 40-75, 40-65

age range 40-65

age range 40-75

Exclude due to age, subjects went up to 70 -- HT for treating dry eye syndrome



First author
Polisseni
Polo-Kantola
Polo-Kantola
Polo-Kantola
Polo-Kantola
Post

Post

Post

Post

Post
Prentice
Prentice
Prentice
Prestwood
Pripp
Proudley
Puntawangkoon
Ran

Reboussin
Ren
Ribom
Rohan
Rohan
Rosano
Rosenson
Rossouw

year
2013
1998a
1998b
2001
2003
2002a
2002b
2003a
2003b
2003c
2008
2009a
2009b
2000
2004
2003
2010
2017

1998
2022
2002
2008a
2008b
1996
1998
2007

Reason for exclusion

measured QoF

age range 47-65 and all subjects had surgical menopause

age range 47-65

surgical menopause

surgical menopause

measured surrogate endpoints

measured surrogate outcomes

measured surrogate outcomes

surgical menopause (all subjects)

surgical menopause (all subjects)

no age stratified results

no age stratified results

age range not specified, but high according to the tables presented
age range over the age of 65

measured surrogate endpoints and age range

surgical menopause (all subjects)

age range 50-65

BMD changes in lumbar spine and femoral neck, 3 cases of breast cancer, 3 cases of
cardiovascular disease... but placebo is an issue "all participants received twice-daily
calcium and vitamin D supplements"

age range 45-64

measured hot flashes

age range 60-78

all subjects had a surgical menopause

age range 50-79

age range 40-65

measured surrogate endpoints

surgical menopause (all subjects)



First author
Rousseau
Rovati
Rozenberg
Rubinacci
Rudolph
Sacks
Saitta
Saletu
Saletu
Saletu-Zyhlarz
Salobir
Samsioe
Sanchez-Guerrero
Sanderson
Santoro
Sauerbronn
Saure
Sawada
Sbarouni
Sbarouni
Schnatz
Schubert
Schubert
Schwitter
Scott
Shaywitz
Shlipak
Shlipak

year
2010
2000
1997
2003
2004
1994
2001
2002
2003
2023
2002
2002
2007
2001
2017
2000
2000
2007
1997
2005
2017
1977
1977
2007
2004
2003
2000
2001

Reason for exclusion

measured surrogate endpoints

measured blood pressure increase/decrease
age range 50-65, measured surrogate endpoints
measured BMD and women 70 and younger
age range 48-65

surrogate marker

surrogate marker; too old

wrong age. No health endpoint

too old

too old

too old, surrogate markers

too old, surrogate markers

too old

too old

symptoms only

age not given, endpoint = skin bx

No placebo

too old, bone density

too old

too old, surrogate markers

surrogate markers, results not stratified by age group
Used cyclofenil, which is not a pharmaceutical estrogen (it’s not an estrogen at all)

did not use a pharmaceutical estrogen
too old
too old
too old
too old
too old



First author
Shlipak
Shulman
Simon
Simon
Simon
Simon
Simon
Simon
Sites
Sitges
Skarsgard
Slater
Slater
Slater
Smolders
Snabes
Soranna
Sorensen
Sorensen
Sorensen
Speroff
Speroff
Speroff
Speroff
Sriprasert
Sriprasert
Sriprasert
Stanosz

year
2003
2002
2001a
2001b
2005
2012
2019
2019
2005
2001
2000
2001
2001a
2001b
2005
1997
2002
2001a
2001b
2004
1996
2000
2003
2006
2020a
2020b
2021
2009

Reason for exclusion

too old

too old, symptoms only

too old

too old

too old

results not stratified by age

too old

too old

surrogate endpoints

too old

psychological well-being

surrogate markers - hormone levels
too old

too old, no health endpoints

too old

too old

insulin sensitivity

surrogate endpoints

surrogate endpoints

surrogate endpoints

surrogate endpoints

symptoms

too old, many surgically menopausal
too old, many surgically menopausal
lipids

surrogate endpoints

no health endpoints

surrogate endpoints



First author
Stefanick
Stefanick
Steiner
Stevenson
Stevenson
Stevenson
Su

Symons
Tagney
Tang

Tanko
Teede
Teede
Teede
Teede
Teede
Teerlink

The Writing Group for PEPI
The Writing Group for PEPI
Thijs
Thomsen
Thorneycroft
Thunell
Toffol
Tonstad
Tseng
Tuomikoski
Tuomikoski

year
1995
2006
2007
2004
2010
2023
1998
2000
2001
2011
2002
2001
2000
2001
2002
2008
2003
1996
1995
2002
2004
2007
2006
2014
1995
2006
2003
2006

Reason for exclusion
not an RCT

results not stratified by age
too old

too old, surrogate endpoints
too old, symptoms

too old, surrogate endpoint
too old, surrogate endpoint
Symptoms, especially bleeding
too old, surrogate endpoints
results not stratified by age
surrogate endpoints

platelet aggregation

too old, surrogate endpoints
too old, surrogate endpoints
too old

too old

surrogate endpoints

BMD changes but also fractures
blood pressure and other surrogate markers
surrogate endpoints

surrogate endpoints

too old, surrogate endpoints
too old, surrogate endpoints
surrogate endpoints

surrogate endpoints

too old, surrogate endpoints
No placebo for estrogen
surrogate endpoints



First author
Utian

Utian

Utian
Vajaranant
van Baal
van Baal

van den Brink

Van Pelt
Veerus
Vehkavaara
Verhoeven
Vickers
Vickers
Vigen
Vihma
Villa

Villa
Virtanen
Virtanen
Virtanen
Vogelvang
Von Holst
Walitt
Walsh
Walsh
Wang
Warming
Warming

year
1999
2004a
2004b
2018
1999
2000
1992
2014
2012
2001
2006
2007a
2007b
2007
2003
2008
2011
2000
2003
2008
2002
2002
2008
1994
2000
2000
2004a
2004b

Reason for exclusion
symptoms + lipids

No health endpoints for younger group
Age, symptoms

age

surrogate endpoints

surrogate endpoints

age

too old, surrogate endpoints

too old, did not compare HT to placebo
surrogate endpoints

age

age

age

age, surrogate endpoints

age, surrogate endpoints

surrogate endpoints

surrogate endpoints

age, surrogate endpoints

age, surrogate endpoints

age, surrogate endpoints

surrogate endpoints

age

WHI but did not stratify results by age
age

age, surrogate endpoints

age

age

age
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Yang

Yang
Yeboah
Yoon
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2013
2014
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2005
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2013
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2006
2012
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2000
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2008
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2008
2010

Reason for exclusion

age

age

Bone measures

not an RCT; presents Kronos rationale
presents baseline characteristics in Kronos
age

age

BMD and other surrogate measures, also not placebo controlled

No placebo for estrogen; not randomized
age

Calcium for placebo, bone measures
Age, Calcium for placebo, bone measures
surrogate endpoints

Sx, surrogate endpoints

age

age

surrogate endpoints and symptoms
abstract

symptoms

age

age

age, surrogate endpoints

symptoms

symptoms, plus results not stratified by age
symptoms



Table S2. PRISMA checklist

Item

i

Checklist item

Location where

item is reported

1 | Identify the report as a systematic review. Title page
ACT
t 2 | See the PRISMA 2020 for Abstracts checklist. Abstract
JUCTION
le 3 | Describe the rationale for the review in the context of existing knowledge. 1. Introduction
/es Provide an explicit statement of the objective(s) or question(s) the review addresses. 1. Introduction
DS
y criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 2. Methods
tion Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. 2. Methods,
' Specify the date when each source was last searched or consulted.
strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. 2. Methods,
supplementary
materials
N process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened 2. Methods
each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the
process.
llection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they 2. Methods
: worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation
tools used in the process.
ms 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in 2. Methods
each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | 3. Study selection 3. Results
sk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers 2. Methods
nent assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process.
1easures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. 2. Methods
is 13a | 3. Study selection 3. Results, Fig 1
S 13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data | 2. Methods
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. 2. Methods
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 2. Methods

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.




Checklist item

Location where

item is reported

13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). Methods
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. None
g bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). 2. Methods
nent
y 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 2. Methods
nent
TS
election 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies 3. Results, Fig 1
included in the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 4. Table S1
17 | Cite each included study and present its characteristics. Tables 1-4
eristics
bias in 18 | Present assessments of risk of bias for each included study. Figure 2
of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its Tables 1-4
al studies precision (e.g. confidence/credible interval), ideally using structured tables or plots.
of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. Figure 2
es 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision | None. Fig S1
(e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results. Results, Fig S1
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. None
g biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. Figure 2
y of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 3. Results
e
5SION
ion 23a | Provide a general interpretation of the results in the context of other evidence. 4. Discussion
23b | Discuss any limitations of the evidence included in the review. 4. Discussion
23c | Discuss any limitations of the review processes used. 4. Discussion
23d | Discuss implications of the results for practice, policy, and future research. 4. Discussion
' INFORMATION
ation and 24a | Provide registration information for the review, including register name and registration number, or state that the review was not none
I registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. Not prepared




Location where

Checklist item

item is reported

24c | Describe and explain any amendments to information provided at registration or in the protocol. None
25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. No funding
ing 26 | Declare any competing interests of review authors. Provided
S
lity of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from None
de and included studies; data used for all analyses; analytic code; any other materials used in the review.

aterials
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