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ABSTRACT

Background: The transition through menopause is accompanied by a series of adverse metabolic changes which are associated
with an increased risk of cardiometabolic disease, a major cause of mortality in women after midlife. Whilst the indication for
menopausal hormone replacement therapy (HRT) is the control of menopausal symptoms, understanding and discussing the
cardiometabolic impacts of HRT are necessary to facilitate informed decision-making at treatment initiation and continuation,
and to select appropriate regimens.

Methodology: A narrative review.

Results: Existing evidence suggests that HRT is likely to impact the development of metabolic risk factors including visceral
fat accumulation, adverse changes in lipid profile, blood pressure and glycaemic control. Findings from randomised controlled
trials have refined our understanding of the impact of HRT on cardiometabolic outcomes including coronary heart disease and
stroke. Furthermore, recent research has highlighted the impact of the menopause on the development and severity of metabolic
dysfunction-associated steatotic liver disease (MASLD) that has been poorly studied in the context of HRT. The route of oes-
trogen administration, timing of initiation and type of progestogen are all likely to affect the impact of HRT on many of these
outcomes. There has recently been extensive media interest in HRT in some countries resulting in increased prescription rates.
Understanding the impact of HRT on cardiometabolic risk is therefore particularly important. In this narrative review, we dis-
cuss the existing evidence and clinical guidelines on the effect of HRT on cardiometabolic risk factors and the risk of coronary
heart disease, stroke and MASLD, highlighting areas of uncertainty and priorities for further research.

1 | Introduction midlife [3, 4]. The assessment of the impact of hormone replace-

ment therapy (HRT) treatment during the menopause on car-
The menopause is a turning point in life for the development diovascular outcomes has a controversial history, particularly
of cardiometabolic disease [1, 2] and despite overall reductions  following the initial publications of the two parallel Women's
in mortality rate from cardiovascular disease in recent de- Health Initiative (WHI) randomised controlled studies (RCTs)
cades, worsening trends in mortality are emerging for women at that studied the impact of either conjugated equine oestrogen
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(CEE)-only or CEE combined with medroxyprogesterone ace-
tate (MPA) compared to placebo, which led to a sharp decline
in HRT uptake, at least partly due to reporting of breast cancer
risks [5-8]. Despite further research of the cardiometabolic ef-
fects of HRT since the WHI RCTs, there remain significant areas
of disagreement between guideline-forming bodies, particularly
with respect to the timing of HRT on cardiovascular disease risk
[9-12]. Furthermore, recent evidence has implicated the meno-
pause, and potentially HRT, on the development of metabolic
dysfunction-associated steatotic liver disease (MASLD), previ-
ously termed non-alcoholic fatty liver disease (NAFLD) [13].

In recent years, potentially due to increased media interest
and celebrity endorsement of HRT, prescription rates have
risen dramatically in the United Kingdom [14, 15], though
there remain disparities in HRT uptake representing health
inequalities [16]. Understanding key messages from clinical
guidelines on the cardiometabolic effects of HRT and high-
lighting deficiencies in existing evidence is therefore particu-
larly important.

In this narrative review, the impact of HRT on components of
the metabolic syndrome (obesity, lipid profile, hypertension and
diabetes) is reviewed, as well as the effect of HRT (including
timing and route of administration) on coronary heart disease
(CHD), stroke and MASLD (summarised in Figure 1). The ev-
idence included is from studies predominantly undertaken on
people who were biologically female at birth and in this article
the term ‘women’ is used accordingly. However, trans men and
some non-binary individuals may also experience menopause
and are inadequately represented in existing research and his-
torical datasets. Whilst there has been a significant focus on
the metabolic impact of oestrogen replacement, progestogens
are likely to influence this effect, and are subclassified into syn-
thetic and body-identical forms (Table 1), which differ widely in
their potency and biological activities [17]. Although there are
questions about the long-term safety of testosterone as a com-
ponent of symptomatic menopause treatment [18], this review
will focus on systemic oestrogen and progestogens. Finally,
best practice points for management of cardiometabolic health
after menopause will be provided and areas for future research
highlighted.

2 | Impact of HRT on Cardiometabolic Risk
Factors

2.1 | Weight

Menopause is associated with a redistribution of adipose. Whilst
premenopausal women have a tendency to accumulate adipose
in gluteofemoral, ‘gynoid’ depots, after the menopause, adipose
redistributes to abdominal/visceral, ‘android’ depots [19, 20].
This has important implications as adipocytes in these two
regions are functionally distinct [21] and whilst subcutaneous
depot adipose accumulation is considered metabolically protec-
tive, visceral adiposity is associated with insulin resistance [22]
and increased cardiometabolic risk [23]. Whilst some studies
have demonstrated a reduction in visceral or abdominal fat with
HRT [24-27], others have not [28, 29], and these inconsistent
findings may be due to differences in study design.

Overall weight gain observed over the menopause transition (ap-
proximately 0.5kg per year [y]) appears to be due to age rather
than hormonal changes [30, 31]. Weight gain is a major concern
for people considering HRT, and perceptions of weight gain fol-
lowing treatment initiation contribute to poor compliance [32].
However, published data would support a neutral effect of HRT
on weight. A Cochrane systematic review concluded that there is
no evidence of an adverse effect of combined or oestrogen-only
HRT on body mass index (BMI) [33]. However, due to actions
on the renin-angiotensin system, both oestrogen and progesto-
gens can cause fluid retention [24, 34] manifesting as bloating
or oedema, which may lead to the perception of increased lean/
fat mass. If such problems arise, they can often be resolved or
mitigated with a dose reduction, a change in the delivery route
of oestrogen, or a change in progestogen [32, 35]. The mainstay
for managing weight at midlife should be exercise and calorie
restriction [11, 31] and whilst the effect of HRT on BMI appears
to be neutral, HRT may have a beneficial effect of attenuating
visceral fat.

2.2 | Lipid Profile

The menopause is associated with unfavourable changes in
plasma lipid profile, characterised by higher concentrations of
total cholesterol, low-density lipoprotein cholesterol (LDL-C),
apolipoprotein (apo)-B and lipoprotein(a) [36, 37]. Although
HRT generally leads to largely favourable changes in lipid profile
in postmenopausal women, the route of administration and the
progestogen component modify this effect [38]. A meta-analysis
reported that HRT significantly decreased levels of total choles-
terol and LDL-C [38]. Oral HRT increases serum triglyceride
(TG) levels [38] whereas transdermal HRT has a more neutral or
even lowering effect on TG [38-41].

This meta-analysis, which pooled together data from different
progestogens, indicated that combined regimens significantly
increased total cholesterol, LDL-C and high-density lipoprotein
cholesterol (HDL-C) when compared to oestrogen-only regi-
mens, suggesting that progestogens blunt the beneficial effect of
oestrogens on lipid profile [38]. The impact of specific progesto-
gens on lipid profile are comprehensively reviewed elsewhere
[42]. Some, but not all studies report that MPA worsens compo-
nents of lipid profile [43, 44]. Dydrogesterone and micronised
progesterone appear to have a more neutral effect on lipid pro-
file [42, 45, 46]. One study suggests that drospirenone may have
beneficial effects on total cholesterol, LDL-C and HDL-C lev-
els [47].

2.3 | Blood Pressure

Preclinical studies suggest that oestrogen exerts a beneficial
effect on endothelial function by promoting production of va-
soactive mediators such as nitric oxide which regulate vascu-
lar tone [48]. However, the impact of oestrogen-based therapies
on blood pressure appears to vary by route of administration.
Oral oestrogen appears to increase the risk of hypertension.
A secondary analysis of the WHI RCTs reported that the rate
of incident hypertension was 18% higher during the interven-
tion phase of the oral CEE-only and oral CEE+MPA arms
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FIGURE 1 | Overview of the cardiometabolic effects of menopausal hormone replacement therapy. Upper panel: Effects of oestrogens. Lower
panel: Effects of progestogens. Created in BioRender. Tomlinson, J. (2026) https://BioRender.com/0y9rki6. CEE, conjugated equine oestrogen; CHD,
coronary heart disease; HRT, hormone replacement therapy; LDL-C, low-density lipoprotein cholesterol; MASLD, metabolic dysfunction-associated
steatotic liver disease; MPA, medroxyprogesterone acetate; NICE, National Institute for Health and Care Excellence; T1DM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus; TG, triglyceride.
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TABLE1 | Classification of oestrogens and progestogens used in menopausal hormone replacement therapy.

Oestrogens
Route Form
Oral Conjugated equine oestrogens

Oestradiol (E2)
Transdermal Oestradiol (E2)
Progestogens

Synthetic
Structurally related

Body-identical Pregnane-derivate 19-Norpregnane derivative to testosterone
Micronised progesterone Medroxyprogesterone Nomegestrol acetate (PO) Levonorgestrel (TD/IUS)
(PO/PV) acetate (PO)

Cyproterone acetate (PO)
Dydrogesterone (PO)

Desogestrel (PO)
Drospirenone (PO)
Norethisterone acetate (PO/TD)

compared to placebo, and this increased risk dissipated in the
post-intervention phase of the study [49]. In the CEE + MPA
study the absolute risk increase (ARI) of hypertension was
103 cases per 10000 person-years (py) and in the CEE-only
study the ARI was 75 cases per 10000 py [49]. A recently pub-
lished meta-analysis reported an increase in systolic BP with
the use of oral CEE+ progestogen (SMD =0.60mmHg, 95%
CI=0.19-1.01) [50]. The effect of oral oestrogen on BP seems
to vary between formulations, with a lower risk of worsening
BP from oral oestradiol (E2) compared to oral CEE. Use of
CEE was associated with an 8% higher risk of hypertension
compared to E2 (CEE versus E2 hazard ratio [HR] 1.08, 95%
CI 1.04-1.14) in a prospective population-based study [51].
Furthermore, a study in normotensive or hypertensive post-
menopausal women randomised to either 1 mg oral E2 or pla-
cebo reported no significant difference in BP after 2 years [52].
Adding to this evidence, a meta-analysis reported no signifi-
cant effect of oral E2 + progestogen or oral E2 alone on BP [50].

Studies on transdermal oestrogen report more neutral, or even
beneficial effects on BP [53-55]. An RCT showed that oral
CEE+MPA increased angiotensin II levels and had a neu-
tral effect on BP in normotensive women, whilst transdermal
E2+MPA decreased diastolic and mean BP [56]. Non-oral oes-
trogen used at the lowest dose and shortest duration of time ap-
pears to be associated with the lowest risk of hypertension [51].
A small study reported that HRT discontinuation may predis-
pose some women to hypertension but this potential risk needs
to be further studied [57].

A randomised, double-blinded, crossover study concluded that
6-weeks of micronised progesterone without oestrogen did not
affect BP, systemic arterial compliance or flow mediated dila-
tion [58]. In a randomised study, low dose oral E2 sequentially
combined with 10mg/day dydrogesterone led to a significant
decrease in daytime diastolic and night-time systolic/mean ar-
terial BP compared to the group receiving no therapy [59]. Given
the likely neutral effect of oral E2 on BP [52], the beneficial

effect on BP observed in this study may be from dydrogester-
one [59]. Drospirenone, a spironolactone derivate progestogen,
has also demonstrated beneficial effects on systolic BP [60]. In a
randomised double-blinded trial, significant reductions were re-
ported in 24-h systolic BP at 2 and 3 mg drospirenone combined
with E2 but not with E2-alone or 1 mg drospirenone combined
with E2 [60]. Further clinical studies are needed to validate dif-
ferences between progestogens.

2.4 | Glycaemic Control

The fall in circulating oestrogen levels after menopause is be-
lieved to contribute to pancreatic beta cell dysfunction [61] and
increased visceral fat [62], which increase the risk of type 2 di-
abetes mellitus (T2DM) [63]. Data from the WHI RCTs suggest
that women assigned HRT had lower rates of treated diabetes
than women assigned placebo during the intervention phase. In
the CEE + MPA study, the HR was 0.86 (95% CI 0.76-0.98), cor-
responding to an absolute risk reduction (ARR) of 16 cases per
10000 py [64]. In the CEE-only study, the HR was 0.81 (95% CI
0.70-0.94), corresponding to an ARR of 21 cases per 10000 py
[64]. A meta-analysis of 107 trials showed that HRT reduced the
risk of new-onset T2DM (RR 0.7, C1 0.6-0.9) [65]. Furthermore,
HRT significantly improved fasting glucose levels (-11.5%, CI
—18.0 to —5.1%) and HOMA-IR (-35.8%, CI —51.7 to —19.8%) for
those with pre-existing T2DM [65]. A more recent meta-analysis,
including RCTs involving participants with either type 1 or type
2 diabetes, reported a change in HbA1lc of —6.08 mmol/mol (95%
CI —8.80 to —3.36) and in fasting glucose of —1.15mmol/L (95%
CI —1.78 to —0.51) in their pooled analysis [66]. However, in both
of these meta-analyses, the magnitude of the improvement in
these parameters may be unreliable as not all included studies
controlled for changes in other glucose-lowering medication.

Compared to transdermal oestrogen, oral oestrogen appears to
have greater beneficial effects on glycaemic control [65, 67]. A
meta-analysis reported that oral oestrogen led to a significant

4
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reduction in HbAlc by —6.63 mmol/mol (95% CI —9.74 to —3.52),
whilst no significant difference was observed with transdermal
E2 (-3.66 mmol/mol, 95% CI —8.16 to 0.85) [66].

Though yet to be rigorously tested, some progestogens are be-
lieved to have an adverse effect on glycaemic control and insu-
lin resistance [67]. Mechanistic studies have shown that MPA
and levonorgestrel attenuate the beneficial effects of oestrogen
on insulin sensitivity [68], possibly due to their glucocorticoid
and androgenic properties [67, 69]. Micronised progesterone and
dydrogesterone appear to have more neutral effects on carbohy-
drate metabolism [67, 70-72].

Whilst recommendations from the North American Menopause
Society (NAMS) and The International Menopause Society
(IMS) highlight the beneficial effect of HRT on glycaemic con-
trol and reduction of new cases of T2DM [10, 11], the National
Institute for Health and Care Excellence (NICE) adopts a more
conservative stance [9]. Although oral oestrogen may be more
beneficial for glycaemic control, its impact on other cardiovas-
cular risk factors and risk of venous thromboembolism (partic-
ularly if BMI is raised) needs to be considered. There is a lack
of evidence on the impact of HRT in people with type 1 diabe-
tes [73].

3 | Coronary Heart Disease
3.1 | The Impact of Timing of Initiation of HRT

The timing hypothesis suggests that the benefits and risks of
HRT for cardiovascular outcomes (particularly CHD) vary by
time since menopause, and whilst there is some supportive
evidence, it is not universally accepted and diverging opinions
on its validity exist [9-11, 74-77]. Although early observational
studies showed that oestrogen-only and combined HRT re-
duced CHD risk and mortality [78-81], the first publications
of the WHI RCTs were at odds with these findings [5, 6], and
the reduction in prescribing and uptake of HRT following these
publications has been well documented [5-7]. A higher rate of
CHD was reported in the CEE + MPA arm compared to placebo
(HR 1.29, 95% CI 1.02-1.63, ARI 6 cases per 10000 py), and no-
tably the elevation in CHD risk was most apparent during the
first year after initiating treatment (HR 1.81, 95% CI 1.09-3.01)
[6, 82]. The CEE-only trial in women with a history of hysterec-
tomy reported a HR for CHD of 0.91 (95% CI 0.75-1.12, ARR 5
cases per 10000 py) compared to placebo after a mean follow-up
of 6.8years [5]. The timing hypothesis was able to explain the
discrepancy between results from RCT and observational stud-
ies as women enrolled into the WHI RCTs were older (mean age
63years, on average 12years from menopause) 7, 83], and more
likely to have established atherosclerosis initiation [7, 84-86].
Post hoc subgroup analyses of the WHI RCTs were subse-
quently released and outcomes stratified by timing in relation
to menopause. HRs vary based on whether data from extended
post-intervention follow-up was used and whether groups were
stratified by decade of age or time since menopause [64, 87, 88].
Manson et al., in figure 6 of their manuscript [64], showed that
during the cumulative follow-up period (including intervention
and postintervention follow-up phases) of the CEE + MPA RCT,
for women aged 50-59, 60-69 and 70-79years, the CHD HR was

1.27 (95% CI 0.93-1.74), 0.97 (95% CI 0.79-1.18) and 1.17 (95%
CI 0.95-1.44) respectively (P for trend 0.99) [64]. In the CEE-
only study, the CHD HR for women aged 50-59, 60-69 and
70-79years was 0.65 (95% CI 0.44-0.96), 1.00 (95% CI 0.82-1.23)
and 1.01 (95% CI 0.80-1.28) respectively (p for trend 0.12) [64].
Although the test statistic for a trend did not pass the thresh-
old for significance in the CEE-only study, the lower HR in the
50-59years subgroup of the CEE-only RCT is notable. A statis-
tically significant result was however found for the risk of total
myocardial infarction (MI) stratified by decade of age in the cu-
mulative follow-up period of the CEE-only RCT (50-59years HR
0.60 (95% CI 0.39-0.91), 60-69years HR 1.03 (95% CI 0.82-1.31),
70-79years HR 1.25 (95% CI 0.95-1.65); P for trend 0.007) (fig-
ure 6 from Manson et al. [64]). When interpreting data from post
hoc analyses of the WHI studies, it is important to appreciate
that MI was a secondary outcome and that there are limitations
of these subgroup analyses. p values and significance thresholds
were not adjusted for multiple comparisons and should there-
fore be interpreted with caution. In another post hoc analysis of
the WHI RCTs taking into consideration prior use of HRT be-
fore enrolment, little evidence supporting a favourable effect of
HRT for women initiating HRT soon after the menopause was
reported [88].

The Danish Osteoporosis Prevention Study (DOPS), a trial often
cited to support the timing hypothesis, was an open label RCT
in postmenopausal women (mean age 50, average 7 months from
menopause) randomised to triphasic oral E2 and norethisterone
acetate (2 mg oestradiol for the first 12 days, 2 mg oestradiol and
1 mg norethisterone acetate for the next 10 days, 1mg oestra-
diol for the next 6 days), 2mg E2 for those who had undergone a
hysterectomy, or no treatment [89]. After 10 y, women receiving
HRT had a significantly reduced risk of a composite cardiovas-
cular outcome (mortality, heart failure, or myocardial infarc-
tion) compared to the control group (16 in HRT group vs. 33 in
control group, HR 0.48, 95% CI 0.26-0.87) [89]. However, this
study is limited by the small number of events and unblinded
nature of the intervention [89] and for these reasons, DOPS
is sometimes excluded from evidence summaries [74]. A 2015
Cochrane systematic review, which included data from DOPS,
conducted a subgroup analysis to assess the impact of time of
HRT initiation relative to the menopause, concluded that those
who started HRT within 10years of the menopause or were aged
less than 60years had a lower risk of a composite CHD outcome
(death from cardiovascular causes and non-fatal MI) (RR 0.52,
95% CI 0.29-0.96), whereas those who started HRT more than
10years after the menopause or were aged more than 60years
had no significant change in the same composite CHD outcome
(RR 1.07, 95% CI 0.96-1.20) [90]. Whilst some evidence demon-
strates a cardioprotective effect of HRT in younger women soon
after menopause, an awareness of the methodological limita-
tions of these studies is needed before applying these findings
to clinical practice.

The Early versus Late Intervention Trial with Estradiol (ELITE)
trial and the Kronos Early Oestrogen Prevention Study (KEEPS)
set out to test components of the timing hypothesis by measuring
the impact of HRT on surrogate cardiovascular disease markers by
recruiting postmenopausal women at predefined intervals follow-
ing menopause. The ELITE trial compared 1 mg/day oral E2, plus
progesterone vaginal gel administered sequentially in women who

BJOG: An International Journal of Obstetrics & Gynaecology, 2026



were < 6years since menopause and women who were > 10years
since menopause, on the rate of change in carotid-artery intima-
media thickness (CIMT) [91]. After Syears follow-up, HRT was
associated with less progression of CIMT thickness compared to
placebo in women <6years since the menopause, but no differ-
ence with placebo was found in women who were > 10years since
menopause [91]. However, the KEEPS study, which randomised
recently postmenopausal women (within 3months to 6years of
natural menopause) to placebo, oral CEE 0.45mg/day, or transder-
mal E2 50 ug/day with 200mg of oral progesterone for 12 days per
month, did not find a benefit of oral or transdermal HRT on CIMT
progression in their study population after 4years [92, 93].

Guideline-forming bodies differ in their recommendations on the
impact of timing of initiation of HRT on CHD risk. NAMS and the
IMS highlight potential benefits of HRT in women with no pre-
existing cardiovascular disease younger than 60years or within
10years of menopause onset [10, 11]. On the other hand, the US
Preventive Services Task Force (USPSTF) [74, 94| and NICE re-
frain from supporting a timing effect of HRT on risk of CHD,
underscoring limitations in existing evidence [9]. The evidence re-
view by NICE highlights that observational studies which support
the timing hypothesis may be limited by residual confounding
which was not consistently corrected for (e.g., sociodemographic
status, BMI, smoking and physical activity), many of which have
an impact on cardiovascular disease and are known to differ be-
tween HRT users and non-users [9, 95].

3.2 | Oral Versus Transdermal Oestrogen
and CHD Risk

There is some evidence that transdermal E2 leads to a lower risk of
CHD compared to oral E2 [96, 97, 98]. In the WHI Observational
Study, a lower but non-significant rate of major CHD events was
observed in people using transdermal E2 compared to those using
oral CEE after adjusting for age, sociodemographic factors, life-
style factors and vascular risk factors (HR 0.63, 95% CI 0.37-1.06),
although statistical power for comparison between route of admin-
istration of HRT in this study was limited [99]. A systematic review
which assessed the risk of vascular events in women who use oral
compared to transdermal oestrogen reported no significant dif-
ference in the risk of myocardial infarction [100]. However, the 4
studies which assessed the impact of route of administration on
CHD in this meta-analysis were observational [101-104]. A recent
Swedish study leveraged data in women aged 50-58years using
nationwide health registries and conducted an emulated target
trial designed to limit selection bias [105]. The study reported that
the use of oral continuous-combined HRT was associated with an
adjusted HR for CHD of 1.21 (95% CI 1.00-1.46) whereas transder-
mal combined and transdermal unopposed oestrogen were associ-
ated with adjusted CHD HRs of 0.62 (95% CI 0.41 to 0.96) and 0.98
(95% CI 0.62-1.61) respectively [105]. Oral E2 undergoes first pass
metabolism in the liver before entering the circulation, and leads
to changes in the profile of coagulation factors and higher levels
of C-reactive protein (CRP) compared with the transdermal route
[98, 106]. There are shared aetiological factors between arterial
and venous thrombosis [107], and it is plausible that some of the
processes underlying the increased risk of venous thrombosis with
oral E2 could also contribute to a higher risk of CHD.

3.3 | HRT In Women With Pre-Existing
Cardiovascular Disease

Secondary prevention studies of HRT in individuals with pre-
existing CHD have reported some evidence of harm. Similarly
to the CEE+MPA WHI RCT, the Heart and Oestrogen/pro-
gestin Replacement Study (HERS), which recruited postmeno-
pausal women with pre-existing CHD (mean age 66.7years),
reported a particularly high risk of CHD in women randomised
to CEE + MPA in the first year of treatment [108]. The Women's
Angiographic Vitamin and Oestrogen (WAVE) RCT reported
that HRT had a potential for harm in women with angiograph-
ically confirmed CHD [109]. The British Menopause Society
recommends using non-hormonal therapy for first-line man-
agement of menopausal symptoms in women with pre-existing
cardiovascular disease, and if non-hormonal therapies are inef-
fective to consider non-oral oestrogen using a shared-decision
making approach [110].

The mechanism behind the potential harmful effects of HRT in
older women or women with pre-existing CHD might be due to
the stimulatory effects of oestrogen on matrix metalloproteinases
(MMPs), which may subsequently degrade the outer matrix of
the atherosclerotic plaque (believed to be more abundant in older
people), increasing plaque instability and risk of rupture [7, 111].
Younger women are likely to have a lower burden of atheroscle-
rotic plaques for MMPs to act upon and are therefore protected
from these adverse events, whilst retaining the beneficial effects of
oestrogen on endothelial function and lipid profile [112]. Whilst
this presumptive mechanism is largely based on findings from
preclinical studies, it offers an explanation for the age-dependent
effects of HRT put forward by the timing hypothesis.

3.4 | The Impact of Progestogens on Risk of CHD

Historically, MPA is one of the most widely studied progesto-
gens in the context of CHD risk [113]. Early mechanistic stud-
ies on primates support an adverse effect of MPA on surrogate
markers of cardiovascular function such as coronary artery
hyperreactivity [114] and vasospasm [115] compared to pro-
gesterone. Major doubt was raised on the safety of MPA after
a higher HR for CHD was observed in the CEE-MPA RCT (HR
1.29, 95% CI 1.02-1.63) compared to CEE-only RCT (HR 0.91,
95% C10.75-1.12) [5, 6, 116]. However, the Women's Oestrogen—
Progestin Lipid-Lowering Hormone Atherosclerosis Regression
Trial (WELL-HART), which randomised postmenopausal
women to oral E2, oral E2 combined with sequentially admin-
istered MPA, or placebo, reported no significant difference in
the mean change in % coronary artery stenosis between the
three groups after 3.3years mean follow-up [117]. Similarly, the
Oestrogen Replacement and Atherosclerosis (ERA) study re-
ported no significant difference in the minimal coronary artery
diameters at follow-up between the CEE-only group (mean 1.87,
standard error [SE] 0.02mm), CEE + MPA group (mean 1.84, SE
0.02mm) and placebo group (mean 1.87, SE 0.02mm) after ad-
justment for baseline measurements [118].

Whilst micronised progesterone is perceived to have a more
favourable effect on cardiovascular risk than synthetic
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progestogens [17], a crossover study comparing CEE + MPA to
CEE combined with micronised progesterone reported similar
effects of both treatments on endothelium-dependent vasodila-
tor responsiveness and markers of inflammation and haemosta-
sis [119]. Other studies have highlighted potentially beneficial
effects of specific progestogens on surrogate markers of vascu-
lar disease. CEE and nomogestrel decreased serum hs-CRP, a
marker of inflammation implicated in atherosclerosis, by 25%
(p=0.01), whereas CEE-only and CEE + MPA both significantly
increased serum hs-CRP levels [120]. Overall, there is a lack of
high quality, adequately powered RCTs designed to assess the
impact of different progestogens on CHD.

4 | Stroke

Whilst there is a lack of RCTs directly comparing different
routes of administration of HRT on stroke risk, observational
studies have typically shown that HRT regimes containing oral
oestrogen lead to a higher risk of ischaemic stroke than those
containing transdermal oestrogen [121, 122]. Indeed, the WHI
RCTs reported a stroke HR of 1.37 (95% CI 1.07-1.76, ARI 9
cases per 10000 py) for oral CEE+ MPA and a HR of 1.35 (95%
CI 1.07-1.70, ARI 11 cases per 10000 py) for oral CEE-only
in the intervention phase of the study [64]. A Cochrane meta-
analysis showed that HRT regimes encompassing oral oestrogen
conferred an absolute risk of stroke of 6 per 1000 women (mean
length of follow-up 4.21years). Furthermore, this meta-analysis
reported that in those that started HRT <10years after meno-
pause where the baseline risk of stroke is low, there was no sig-
nificant increased risk of stroke [90]. On the other hand, those
who started HRT >10years after the menopause had an in-
creased risk of stroke (RR 1.21, 95% CI 1.06-1.38) [90]. Notably,
the relationship between oestrogen and stroke risk appears to
be dose-dependent. A nested case—control study compared the
risk of stroke associated with different transdermal doses of
oestrogen, and concluded that the risk of stroke was increased
with high dose (> 50 ug) but not low dose (< 50 pg) transdermal
oestrogen [122].

Evidence of differential impacts across different progestogens
on stroke risk appears to be limited. Observational data suggests
that adding a progesterone to transdermal oestrogen may not
increase stroke risk [122]. A French cohort study assessing the
impact of the type of progesterone on stroke risk found that nor-
pregnanes were associated with an increased risk of ischaemic
stroke (OR 2.25; 95% CI 1.05-4.81), whilst neither progesterone
(OR 0.78; 95% CI 0.49-1.26) norpregnanes (OR 1.00; 95% CI
0.60-1.67) had a significant effect on stroke risk [123]. Current
recommendations from NICE and NAMS highlight the greater
risk of stroke when starting HRT > 60years [9, 10]. NICE recom-
mends that oral HRT and regimens containing higher oestrogen
doses are associated with higher stroke risk [9].

Importantly, there appear to be ethnic disparities in the
risk of stroke and possibly in the impact of HRT on stroke
risk. The incident rate of stroke was higher in non-Hispanic
African American women (306 per 100000 py) compared to
non-Hispanic white (279 per 100000 py), and Hispanic white
or African American women (147 per 100000 py) in the WHI
Observational Study [124]. Subgroup analysis of stroke by

ethnicity in the CEE-only WHI RCT is limited by low event
rates in certain groups. Stroke event counts by ethnicity were:
white (CEE 106 vs. placebo 70), black (28 vs. 19), Hispanic (6 vs.
3), American Indian (1 vs. 1), Asian/Pacific Islander (0 vs. 2) in
the CEE-only and placebo groups, respectively [125]. Although
stroke HRs for black and Hispanic people were initially simi-
lar to white people, after adjustment for treatment adherence
the HRs appeared more distinct (black 3.48,95% CI 1.12-10.80;
Hispanic 4.03, 95% CI 0.45-36.11; white 1.67, 95% CI 1.12-2.50)
(126). Whilst this could suggest that the risks of HRT vary in
people from different ethnic backgrounds, these data should
be interpreted with considerable caution due to substantial un-
certainty and sparse data. Although identifying ethnic differ-
ences in the benefits and risks of HRT has been established as
a research priority [9, 126], existing evidence on the influence
of ethnicity on health outcomes is limited and further research
is needed.

5 | MASLD

MASLD affects 1-in-4 women worldwide [13, 127], and is the
leading indication for liver transplantation in women [128].
MASLD is associated with increased mortality not only from
liver-related causes, but also from cardiovascular disease [129],
and mortality rates are rising faster in women than in men [130].
The prevalence of MASLD increases after the menopause [2] and
a longer period of time since cessation of menstruation increases
the risk of MASLD fibrosis [131] which is a reliable predictor of
adverse health outcomes [132, 133]. Oestrogen-deficient murine
models have recapitulated the multisystem metabolic dysfunc-
tion characteristic of MASLD, which oestrogen replacement has
alleviated [134-137].

Existing clinical studies on the effect of HRT on MASLD devel-
opment are scarce with significant methodological limitations
and have produced conflicting results. A post hoc analysis of a
randomised double-blinded, placebo-controlled study reported
that oral 1mg E2 and 0.5mg norethisterone acetate led to an
improvement in liver enzymes after 6 months (ALT —-14U/L,
p=0.002; AST —9.2U/L, p<0.001; ALP —60.8 U/L, p <0.001;
GGT, p=0.035) [138]. A cross-sectional study in the USA
which defined MASLD as >1 elevated liver enzyme level in
the absence of any other explanation reported a lower preva-
lence of MASLD in HRT users (OR, 0.69; 95% CI, 0.48-0.99;
p<0.05) [139]. An observational study which defined MASLD
by steatosis on ultrasound (in the absence of an alternative ex-
planation) also reported a lower MASLD prevalence in users
of HRT (26.4% in HRT users vs. 39.9% in non-users) [140]. Not
all studies report a beneficial effect of HRT on MASLD. A ret-
rospective cohort study which defined MASLD by steatosis
on ultrasound reported a rise in prevalence of MASLD after
12months of oral oestrogen replacement (25.3%-29.4%) [141].
However, transdermal oestrogen replacement led to a fall in
MASLD prevalence after 12 months (24%-17.3%) [141]. A cross-
sectional study which combined liver biopsy data from 3 sep-
arate clinical trials reported that HRT was associated with
more severe hepatic lobular inflammation in postmenopausal
women (p<0.05). Further analysis suggested that progester-
one, not oestrogen, was responsible for the increased histo-
logical severity of disease [142]. The observational or post hoc
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nature of these studies, many of which use unreliable parame-
ters to ‘diagnose’ or track progression of disease [143, 144], lim-
its the validity of findings, and there is insufficient evidence
to provide clinical recommendations on the effect of HRT on
MASLD [10].

It is important to highlight that some guidelines cite liver dis-
ease as a caution [145] or even a contraindication [10] for sys-
temic HRT. Individuals with cirrhosis are at risk of thrombosis
[9, 146] and oestrogen may increase the risk of cholestasis [147],
which promotes MASLD development [148]. However, these
wide-ranging statements may not be applicable to postmeno-
pausal women with early-stage MASLD, who, as evidenced by
real-world data, are widely using HRT [149]. Such recommen-
dations may lead to unnecessary hesitation in prescribing/using
HRT for those who take a precautionary approach. Transdermal
HRT avoids the supraphysiological hepatic exposure to oestro-
gen from the oral route, carries a lower risk of cholestasis [150]
and venous thromboembolism (VTE) [9], and may be a more
suitable agent for MASLD prevention/limitation. This might
partially explain why lower prevalences of MASLD were ob-
served in people using transdermal compared to oral HRT in an
observational study [141].

Whilst we are far from understanding whether HRT is a po-
tential therapeutic strategy in managing postmenopausal
MASLD, understanding this relationship is important to sup-
port informed decision-making when considering HRT for
menopausal symptoms. Well-designed randomised clinical
studies with biopsy outcomes or gold-standard non-invasive
techniques are required to elucidate the effect of HRT on
MASLD. The cardiometabolic impacts and uncertainties of
HRT are summarised in Figure 1.

6 | Key Clinical Points

« The transition to menopause is associated with an increase
in central adiposity, atherogenic dyslipidaemia and an in-
creased risk of type 2 diabetes mellitus.

« Whilst HRT is not licensed for primary or secondary
prevention of cardiometabolic disease, discussing car-
diometabolic effects of treatment when prescribing HRT
for control of menopausal symptoms supports informed
decision-making.

« A consultation regarding HRT is an opportunity to address
cardiovascular risk factors, regardless of whether HRT is
initiated or not. Lifestyle modification is the mainstay of
maintenance of metabolic health after the menopause.

+ The existence of a ‘timing effect’ of the initiation of HRT
on the risk of coronary heart disease is not universally
accepted.

7 | Future Research
« Further research on potential factors that affect the risks

and benefits of HRT will help stratify and individualise risk,
informing shared-decision making. Data from prospective

clinical trials and real world data will offer a clearer under-
standing of these factors.

o Further studies are required to establish the effects of HRT
on cardiometabolic outcomes in under-represented groups
(e.g., ethnic minorities, trans men and non-binary people
registered female at birth)

« Although some evidence suggests some progestogens (e.g.,
micronised progesterone and dydrogesterone) may have
certain more favourable metabolic properties than others,
more research is required to establish whether specific
progestogens lead to more favourable cardiometabolic out-
comes than others

« The impact of HRT on the development and progression of
MASLD requires further exploration

8 | Conclusions and Future Directions

Although HRT is not licensed for primary or secondary preven-
tion of cardiometabolic disease, understanding its cardiomet-
abolic effects is crucial to promote informed decision making.
Whilst better non-hormonal treatments for menopausal symp-
toms are on the horizon [151], HRT remains the most effective
treatment for menopausal symptoms and it is crucial for pre-
scribers to be aware of the latest guidelines and areas of uncer-
tainty in the evidence base (Figure 1).

Despite significant advancements in past decades, the impact of
HRT on cardiometabolic disease remains a topic of debate. Recent
erosion of support for the timing hypothesis [9] further exacer-
bates an already complicated topic for healthcare practitioners
and patients. Additionally, the impact of HRT on MASLD is very
poorly studied and research associating progesterone with lobular
inflammation raises significant safety concerns [142], and clarify-
ing or refuting this risk is imperative.

Historically, the studies of HRT have included a majority of white
women from higher socioeconomic classes [35], and the results of
these studies are arguably not generalisable to other populations,
and significant areas of uncertainty exist around health outcomes
in under-represented groups. Resolving uncertainties on the car-
diometabolic effects of HRT is critical for supporting the auton-
omy and health of postmenopausal women.
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