
Menopausal Hormone Replacement Therapy and Reduction of 
All-Cause Mortality and Cardiovascular Disease: It’s About Time 
and Timing

Howard N. Hodis, MD,
Harry J. Bauer and Dorothy Bauer Rawlins Professor of Cardiology, Professor of Medicine 
and Preventive Medicine, Professor of Molecular Pharmacology and Toxicology, Director, 
Atherosclerosis Research Unit, Keck School of Medicine, University of Southern California, 2250 
Alcazar Street, CSC 132, Los Angeles, CA 90033

Wendy J Mack, PhD
Professor of Preventive Medicine, Keck School of Medicine, University of Southern California, 
2001 North Soto Street, SSB 202Y, Los Angeles, CA 90033

Abstract

Totality of evidence indicates menopausal hormone replacement therapy (HRT) effects are 

determined by timing of initiation according to age and/or time-since-menopause, underlying 

health of target tissue and duration of therapy. Initiated in women <60 years of age and/or at or 

near menopause, HRT significantly reduces all-cause mortality and cardiovascular disease (CVD) 

whereas other primary CVD prevention therapies such as lipid-lowering fail to do so. Magnitude 

and type of HRT-associated risks, including breast cancer, stroke and venous thromboembolism 

are rare (<10 events/10,000 women), not unique to HRT and comparable with other medications. 

HRT is a sex-specific and time dependent primary CVD prevention therapy that concomitantly 

reduces all-cause mortality as well as other aging-related diseases with an excellent risk profile. 

Keeping in mind that prevention strategies must be personalized, health-care providers and 

patients can use cumulated HRT data in making clinical decisions concerning chronic disease 

prevention including CVD and mortality reduction.
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Introduction

Causing 1 in 3.2 deaths in women each year in the U.S., cardiovascular disease (CVD) 

remains the number one killer of women, accounting for approximately one death every 

80 seconds (1). Differences exist between women and men in presentation, outcomes and 

pathophysiological mechanisms making CVD a more severe disease for women than men 
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(2). For example, 64% of women versus 50% of men who die suddenly of coronary heart 

disease (CHD) have no previous symptoms (3). In addition, more women than men die 

within one year (23% of women versus 18% of men) and within five years (47% of women 

versus 36% of men) after a first myocardial infarction (MI), and more women than men 

develop heart failure (22% of women versus 16% men) and suffer a stroke (7% of women 

versus 4% of men) within five years of a first MI (1,2). Further, more women than men have 

a recurrent MI or fatal CHD (21% of women versus 17% of men) within five years after a 

first MI (1).

Pathophysiologically, incidence of CHD in women lags behind men by 10 years and 

incidence of MI and sudden death in women lags behind men by 20 years (1). This 

delay in onset of CVD appears due to the cardioprotective effects of endogenous estrogen 

where women exhibit two patterns of cardiovascular risk during their life span. While 

premenopausal, women are protected from clinical manifestations of CVD relative to men, 

whereas, after menopause, CVD complications exceed those of men. Although there is an 

age-associated increase in CVD incidence for women as there is for men, age-specific CVD 

incidence is two- to six-fold greater for postmenopausal than premenopausal women across 

the age range <40–54 years (Fig. 1) (4).

Development of substantial CVD risk after menopause provides a window of opportunity 

for extension of cardioprotection from endogenous estrogen in postmenopausal women with 

hormone replacement therapy (HRT) as a sex-specific primary preventive therapy for CVD 

and reduction of all-cause mortality.

The Premise of the Timing Hypothesis

The “timing hypothesis” posits that the effects of menopausal HRT on atherosclerosis 

and clinical events are dependent upon when HRT is initiated in relation to age 

and/or menopause. The timing hypothesis has been supported by randomized controlled 

atherosclerosis imaging trials, animal studies as well as randomized controlled clinical event 

trials and observational studies taken together.

The timing hypothesis was built on the premise of the “healthy endothelium hypothesis” 

accounting for a duality of estrogen effects on the natural progression of atherosclerosis. 

According to the hypothesis, estrogen exerts early beneficial effects of HRT on healthy 

endothelium, but adverse effects on established plaques (Fig. 2) (5).

Sister randomized, double-blinded, placebo-controlled trials were designed to determine 

HRT effects on atherosclerosis progression in postmenopausal women without and with 

pre-existing clinical vascular disease, the Estrogen in the Prevention of Atherosclerosis Trial 

(EPAT) and the Women’s Estrogen-Progestin Lipid-Lowering Hormone Atherosclerosis 

Regression Trial (WELL-HART), respectively (Fig. 3) (5,6). Taken together, the different 

outcomes in the two trials of an estrogen-related reduction in atherosclerosis progression 

in EPAT (postmenopausal women without vascular disease) and no estrogen effect on 

atherosclerosis progression in WELL-HART (postmenopausal women with vascular disease) 

support the healthy endothelium hypothesis according to the stage of atherosclerosis as 
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reflected by the imaging methods used in these two trials (Fig. 4). Carotid artery wall 

thickness was used in EPAT to evaluate asymptomatic early subclinical atherosclerosis, 

while quantitative coronary angiography was used in WELL-HART to measure symptomatic 

late-stage atherosclerosis lesions (7). While confirming EPAT and WELL-HART results, 

other lines of evidence support the healthy endothelium hypothesis across multiple animal 

species including rabbits (8), rats (9), mice (10) and non-human primates (11–15); these 

animal studies clearly show that the antiatherosclerosis action of estrogen is dependent on 

a healthy intact endothelium. For example, in apolipoprotein E deficient mice, estrogen 

therapy prevented formation of new lesions when initiated at the time of atherogenesis but 

had no effect on established lesions (Fig. 5) (10).

Taken together, randomized controlled atherosclerosis imaging trials and animal studies 

strongly support the healthy endothelium hypothesis showing that HRT is more effective in 

maintaining vascular health rather than treating established vascular disease manifested as 

atherosclerosis lesions.

The Timing Hypothesis - Cardioprotection and Reduction in All-Cause 

Mortality According to Timing of Initiation of Menopausal HRT

Soon after publication of the initial Women’s Health Initiative (WHI) trial results (16), 

discordance between the HRT association with CHD outcome in randomized controlled 

trials (RCTs) contrasted to observational studies was recognized to likely be due to the 

considerably different populations of women studied across the two study designs (Table 

1) (17). More than 40 observational studies show a consistent 30%–50% reduction in 

CHD in HRT users versus nonusers (18,19). On the other hand, RCTs have shown a null 

effect of HRT on CHD in analyses of women over all ages, typically 45–90 years old 

when randomized to HRT versus placebo. Considering the background of arterial imaging 

trials and animal studies supporting the healthy endothelium hypothesis, comparison of the 

characteristics of the cohorts studied in the two study designs, RCTs and observational 

studies, provides further support for timing of HRT initiation in relation to age and/or 

time-since-menopause.

Examination of Table 1 shows that women selected for RCTs were considerably different 

from women enrolled in observational studies. Observational studies represent the typical 

woman who initiates HRT. As shown in Table 1, the typical woman initiating HRT is 

relatively young (30–55 years of age), close in proximity to menopause (predominantly 

initiating HRT within 2 years of menopause), relatively lean (body mass index (BMI) 

of 25.1 kg/m2) and symptomatic with flushing and other menopausal symptoms as these 

are the primary reasons for seeking HRT. Many of the women in observational studies 

who chose to use HRT did so for decades (10–40 years). On the other hand, relative to 

women in observational studies, women randomized to clinical trials were considerably 

older (average age >63 years) with more than 90% >55 years old and on average >10 

years-since-menopause (range 13–23 years). Women with menopausal symptoms, mainly 

flushing were excluded from RCTs because of the concern of unblinding. Mean <7 years 

duration of HRT (range 1–6.8 years) was also considerably less in RCTs than duration 
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of HRT use in observational studies. Additionally, women in RCTs were, on average, 

overweight to obese (average BMI 28.5 kg/m2) with some RCTs including large numbers 

of obese women. For example, 34% of the women in the WHI-conjugated equine estrogen 

+ medroxyprogesterone acetate (CEE+MPA) trial (16) and 45% of the women in the WHI-

CEE trial (20) were obese with BMI >30 kg/m2. BMI may be an important determinant of 

the effectiveness of HRT on CVD (21).

Clearly, comparison of characteristics of women from cumulated RCTs and observational 

studies shows that women selected for RCTs were markedly different than women studied 

from the general population in observational studies. The latter women represent the typical 

woman initiating HRT when younger and close in proximity to menopause. In this regard, 

the Danish Osteoporosis Prevention Study (DOPS) is the only randomized clinical event 

trial specifically designed to study HRT in a cohort of recently postmenopausal women with 

similar characteristics to women in observational studies from which the cardioprotective 

hypothesis was developed (22). Similarly, the Early versus Late Intervention Trial with 

Estradiol (ELITE) is the only RCT specifically designed to formally test the HRT timing 

hypothesis in women who were randomized to HRT when <6 years and >10 years-since-

menopause (23).

Although the effect of HRT on CHD over all ages is null in RCTs, these trials also show that 

there are beneficial effects of HRT on CHD according to timing of initiation of HRT relative 

to age and/or menopause. Over the last 20 years, there has been a substantial cumulation of 

RCT data that strongly support the timing hypothesis (23). In two meta-analyses, Salpeter, 

et al. showed that relative to placebo, HRT significantly reduced all-cause mortality by 

39% (95% confidence interval (CI), 5%–61%) across 30 RCTs and reduced CHD by 32% 

(95% CI, 4%–52%) across 23 RCTs when initiated in women <60 years of age and/or 

<10 years-since-menopause (Fig. 6) (24,25). On the other hand, the effect of HRT on 

all-cause mortality and CHD was null when initiated in women >60 years old and/or >10 

years-since-menopause. Importantly, these cumulated data showed that when the effect 

of HRT on all-cause mortality and CHD were analyzed across all women regardless of 

time-since-menopause with all ages combined, the outcomes were null, obfuscating the 

beneficial effect of HRT on all-cause mortality and CHD in women who initiated HRT at 

a younger age close in proximity to menopause. The estimates of HRT-associated reduction 

in all-cause mortality and CHD reported in the Salpeter, et al. meta-analyses are congruent 

with estimates from observational studies completed in populations of younger women who 

initiated HRT at or near the time of menopause (18,19).

The Salpeter, et al. meta-analyses were validated and confirmed by the Cochrane group, 

who also showed similar reductions in all-cause mortality (30%; 95% CI, 5% – 48%) and 

CHD (48%; 95% CI, 4% – 71%) in women initiating HRT <60 years old and/or <10 

years-since-menopause (Fig. 7) (26).

DOPS is the only randomized clinical event trial to closely replicate the populations of 

women in observational studies (22). Women in DOPS were on average 50 years of age and 

7 months past menopause with an average BMI of 25.2 kg/m2 when randomized to HRT or 

no HRT. In addition, DOPS provides the longest duration of randomized HRT than any other 
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RCT to date. CVD was reduced by 52% (hazard ratio (HR), 0.48; 95% CI, 0.27–0.89) after 

10 years of randomized HRT compared with no HRT and reduced by 39% (HR, 0.61; 95% 

CI, 0.39–0.94) after 16 years of total follow-up (10 years of randomized treatment and 6 

years of postintervention follow-up) (Fig. 8). All-cause mortality was reduced by 43% (HR, 

0.57; 95% CI, 0.30–1.08) after 10 years of randomized HRT and by 34% (HR, 0.66; 95% 

CI, 0.41–1.08) after 16 years of total follow-up (22).

Observational studies, RCT meta-analyses of women initiating HRT <60 years and/or <10 

years-since-menopause, and DOPS with the closest cohort to the population of women in 

observational studies, show similar statistical reductions of CHD (Fig. 9).

Designed to specifically test the HRT timing hypothesis, ELITE showed that HRT 

initiated in women close in proximity to menopause reduced progression of subclinical 

atherosclerosis relative to placebo. In contrast, when initiated more distant from menopause, 

HRT had no effect on atherosclerosis progression relative to placebo (Fig. 10) (27). 

ELITE was a randomized, double-blinded, placebo-controlled noninvasive serial arterial 

imaging trial. Healthy postmenopausal women without clinical evidence of CVD were 

randomized to HRT or placebo in two strata according to time-since-menopause, <6 

years (early postmenopausal stratum) or >10 years (late postmenopausal stratum) (23). 

In the early postmenopausal stratum, the median time-since-menopause was 3.5 years, 

and the mean participant age was 55.4 years. In the late postmenopausal stratum, the 

median time-since-menopause was 14.3 years, and the mean participant age was 65.4 

years. The difference in atherosclerosis progression between treatment groups (HRT vs. 

placebo) in both postmenopausal strata (early vs. late) was highly statistically different 

(p-value for interaction=0.007) (27). In addition to confirming the timing hypothesis, ELITE 

provides a pathophysiological mechanism by which HRT reduces CVD through reduction of 

atherosclerosis progression, the primary underlying pathogenesis of CVD (7).

Reduction of Mortalities with HRT

An important contribution of the WHI was publication of mortality data showing statistically 

significant reductions in all-cause and other mortalities in women who were <60 years of 

age when randomized to HRT; CVD and cancer mortalities were non-significantly reduced 

(Fig. 11) (28). Magnitude of mortality reductions was similar across both WHI trials of CEE 

alone and continuous combined CEE+MPA.

Reduction of all-cause mortality in women who initiate HRT <60 years old and/or <10 

years-since-menopause is consistent across RCTs and observational studies (Table 2). This 

observation is confirmed in a Bayesian meta-analysis that shows all-cause mortality in 

postmenopausal women initiating HRT with an average age of 54.5 years in RCTs is very 

similar to all-cause mortality in observational studies (Fig. 12) (29).

Meta-analyses of the cumulated RCT data show that HRT significantly reduces all-cause 

mortality and CVD when initiated in women <60 years of age and/or <10 years-since-

menopause. Specifically designed to test the HRT timing hypothesis, ELITE confirms the 

Hodis and Mack Page 5

Cancer J. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hypothesis as well as RCT event data and provides a pathophysiological mechanism through 

atherosclerosis by which HRT reduces CVD events.

Stroke

The Women’s Estrogen for Stroke Trial (WEST), the only RCT designed with stroke as the 

primary trial outcome showed that HRT had a null effect on secondary stroke prevention 

after 3-years of randomized treatment in high-risk women with non-disabling stroke or 

transient ischemic attack 90 days before randomization; women were on average 71 years 

old and 20 years past menopause (30). Although no RCTs of primary CVD prevention 

have been conducted with stroke as the primary trial outcome, several RCTs have analyzed 

stroke as a secondary or other outcome. Importantly, as shown by WHI, stroke is statistically 

nonsignificant and rare (<10 additional events/10,000 women) relative to placebo when 

initiated in women <60 years of age (Fig. 13) (31). The Cochran meta-analysis of RCTs 

shows that HRT has a null effect on stroke when initiated in women <60 years of age 

and/or <10 years-since-menopause (HR, 1.37; 95% CI, 0.8–2.34) (26). This is consistent 

with majority of observational data that show that menopausal HRT either reduces or has 

no association with stroke (21). As the only randomized cohort similar to populations 

from observational studies, DOPS showed that HRT did not significantly affect stroke risk 

after 10 years (HR, 0.77; 95% CI, 0.35–1.70) of randomized treatment and after 16 years 

(HR, 0.89; 95% CI, 0.48–1.65) of follow-up in women with average age 50 years and 7 

months postmenopausal when randomized; 6 fewer strokes/10,000 women/year of HRT at 

10 years and 2 fewer strokes/10,000 women/year of HRT at 16 years (22). The association 

of menopausal HRT with stroke is predominantly reported with initiation of HRT in older 

women distant from menopause, >60 years of age and/or >10 years-since-menopause (HR, 

1.21; 95% CI, 1.06–1.38) (26).

Primary CVD Prevention with HRT in Clinical Perspective

Comparison of medications is a common approach to understanding clinical utility as well 

as benefits and risks among therapies (32). Accordingly, comparison of benefits/risks on 

an absolute rather than a relative scale, permits understanding of true magnitude of benefits/

risks as well as provides the ability to compare magnitude of benefits/risks across different 

medications using a common standard metric. Placing HRT into clinical perspective requires 

comparison with other medications used in primary CVD prevention. As the mainstay for 

primary CVD prevention in women, lipid-lowering medications, predominantly HMG-CoA 

reductase inhibitors (statins), are an appropriate comparator to HRT for understanding the 

role of HRT in primary CVD prevention.

In the first large meta-analysis of RCTs of lipid-lowering therapy including statin therapy 

in which primary and secondary CVD prevention trials were analyzed separately in women, 

cumulated data show that lipid-lowering therapy does not statistically significantly reduce 

CHD (RR, 0.89; 95% CI, 0.69–1.09), nonfatal MI (RR, 0.61; 95% CI, 0.22–1.68) or CHD 

mortality (RR, 1.07; 95% CI, 0.47–2.40) when used for primary prevention in women (Fig. 

14) (33). On the other hand, lipid-lowering therapy is effective in reducing CHD, nonfatal 

MI and CHD mortality by 20–30% when used for secondary CVD prevention in women. 
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Cumulated data across RCTs show that when lipid-lowering therapy is used in women, 

all-cause mortality is neither reduced in primary CVD prevention (RR, 0.95; 95% CI, 0.62–

1.46) nor secondary CVD prevention (RR, 1.00; 95% CI, 0.77–1.29) (33).

The null effect of statin therapy on primary CVD prevention in women contrasts with that of 

men. With careful separation of women from men and primary from secondary prevention 

trials, the first sex-specific meta-analysis to analyze primary CVD prevention trials showed 

that statin therapy reduced CHD in men but not in women (Fig. 15, top panel) (34). 

All-cause mortality was neither reduced in men nor women in primary CVD prevention 

RCTs. This latter meta-analysis included the Management of Elevated Cholesterol in the 

Primary Prevention Group of Adult Japanese (MEGA) trial in which 5,356 women were 

treated for more than 5 years (35).

A second sex-specific meta-analysis that also provides careful separation of women from 

men and primary from secondary prevention trials confirms the first sex-specific meta-

analysis showing that statin therapy significantly reduces CHD in men but does not 

statistically significantly reduce CHD in women in primary CVD prevention RCTs; all-

cause mortality was unchanged in men and women (Fig. 15, bottom panel) (36). This meta-

analysis included RCTs conducted in individuals with diabetes mellitus without a history 

of CVD, MEGA and the Justification for the Use of Statins in Prevention: An Intervention 

Trial Evaluating Rosuvastatin (JUPITER), a primary CVD prevention RCT of statin therapy 

that included 6,801 women (37). Although this meta-analysis included a larger number of 

women at greater CVD risk than the first sex-specific meta-analysis, lack of statistically 

significant reductions of all-cause mortality and CHD with statin therapy in primary CVD 

prevention was the same as the first meta-analysis.

The most recent primary CVD prevention RCT with statin therapy conducted in a large 

cohort of 5,874 women, the Heart Outcomes Prevention Evaluation-3 (HOPE-3 trial), is 

consistent with the sex-specific meta-analyses showing that statin therapy significantly 

reduces CHD in men but does not statistically significantly reduce CHD in women in 

primary CVD prevention and has no effect on all-cause mortality in either sex (Fig. 16) (38).

The consistency across individual primary CVD prevention RCTs and sex-specific meta-

analyses shows that statin therapy does not statistically significantly reduce all-cause 

mortality or CHD in women when administered for primary CVD prevention. Sex-specific 

benefits of CVD predominantly restricted to men under primary prevention conditions 

is noteworthy for other interventions such as aspirin (39–46) and angiotensin-converting 

enzyme (ACE) inhibitor therapy where women show no statistically significant benefits on 

heart failure or on CVD or all-cause mortality whereas men show significant reductions 

(47,48).

Comparison of HRT initiated in women <60 years of age and/or <10 years-since-menopause 

with other primary CVD prevention therapies used in women reveals a stark difference 

between cumulated data. Whereas HRT significantly reduces all-cause mortality and CHD 

30%–50%, lipid-lowering therapy, aspirin and ACE inhibitor therapy have null effects on 
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CHD with all-cause mortality hovering around unity with HRs ranging from 0.91 to 1.09 

(Table 3).

HRT Risks in Clinical Perspective

Importantly, HRT risks, especially when initiated in women <60 years of age and/or 

<10 years-since-menopause are rare in magnitude and no greater than other commonly 

used therapies (32). Across both WHI trials of CEE alone and CEE+MPA, the primary 

statistically significant risk in women <60 years of age when started on HRT was deep vein 

thrombosis with continuous combined CEE+MPA with benefits of HRT relative to placebo 

ranging from 1–26 fewer events per 10,000 women per year of HRT (Fig. 13). As shown 

in WHI, risks of HRT on an absolute scale are small and rare (<10 additional events/10,000 

women) (Table 4) (49).

Compared with other primary CVD prevention therapies, the risk profile of HRT is 

excellent, especially when HRT is initiated in typical women, before age 60 years and 

close in proximity to menopause. Cumulated data show for example, similar magnitudes of 

breast cancer risk for statin therapy and continuous combined CEE+MPA initiated in women 

<60 years of age as reported from WHI (Fig. 17) (31,32,50–58). In three independent 

meta-analyses of statin RCTs, incidence of breast cancer was 9%–33% greater with statin 

therapy than with placebo accounting for 2–7 additional breast cancers per 10,000 women 

per year of statin therapy (59–61). Other non-hormonal medications are also associated with 

breast cancer risk such as calcium channel blockers, which are associated with more than 

two-fold increased risk for ductal breast cancer (relative risk (RR), 2.4; 95% CI, 1.2–4.5) 

and lobular breast cancer (RR, 2.6; 95% CI, 1.3–5.3) (62).

In April 2012, the United States Food and Drug Administration (FDA) mandated safety 

label changes to statin drugs to carry warnings for increased diabetes mellitus and cognitive 

impairment based on post-marketing data (63). Data reported from individual statin studies, 

meta-analyses of statin RCTs and observational studies show that risk of new onset diabetes 

mellitus with statin therapy exceeds the rare level of risk (Fig. 18) (37,64–67). Women 

appear to be particularly susceptible to statin-induced diabetes mellitus. In JUPITER, 

incident diabetes mellitus was significantly increased in women randomized to statin therapy 

relative to placebo (HR, 1.49; 95% CI, 1.11–2.01) whereas in men, diabetes mellitus was 

non-significantly elevated (HR, 1.14; 95% CI, 0.91–1.43) (37). Although studies show a 

greater risk of statin-induced diabetes mellitus in women than men, the FDA safety label 

warning applies to both sexes.

On the other hand, HRT is well-known to reduce new onset diabetes mellitus by 20%–30% 

(Fig. 18). The anti-diabetogenic effect of HRT has been shown across many independent 

RCTs and meta-analyses including an analysis of 107 RCTs (68–71). Medications including 

statins that increase risk of new onset diabetes mellitus must be carefully considered prior to 

initiation for primary CVD prevention especially for women since the risk to benefit ratio is 

not known.
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Diabetes Mellitus, Women and HRT

Diabetes has immense health implications, both morbidity and mortality, especially for 

women as menopause serves a marker of increased risk for insulin resistance and glucose 

intolerance as well as new onset diabetes mellitus (72). Lifetime residual risk of diabetes 

mellitus for women aged 50 years is 3,000 cases per 10,000 women (30%) and for Hispanic 

and Black women, 4,000 cases per 10,000 women (40%) (73). Approximately 70% of 

individuals with diabetes mellitus die from CVD and morbidity associated with diabetes is 

greater for women than for men. For example, men with diabetes mellitus have a 2.4-fold 

greater risk of CHD than men without diabetes, whereas women with diabetes have a 

5.1-fold greater risk of CHD than women without diabetes (74).

Since aging and menopause are inextricably linked, it remains unclear whether menopause 

is an independent cause of diabetes mellitus (72). What is clear is that when women 

transition to menopause, many metabolic and biochemical as well as phenotypic changes 

occur that increase diabetes mellitus risk. Hormonal changes during the transition to 

menopause contribute to insulin resistance, decreased glucose tolerance and increased 

incidence of diabetes mellitus (75). Further, HRT improves insulin resistance, increases 

glucose tolerance, and reduces new onset diabetes mellitus by 20%–30% (68–71,76). 

Whether statin-induced diabetes mellitus contributes to the null effect of statin therapy on 

all-cause mortality and CVD reduction in women or whether HRT reduction of new onset 

diabetes mellitus contributes to reduction in all-cause mortality and CVD in women when 

initiated <60 years of age and/or <10 years-since-menopause need to be determined.

Discussion

As the number one cause of death of women who also suffer greater morbidity than 

men, primary CVD prevention is fundamentally a high priority for women that requires 

substantial improvement. Similar with lipid-lowering therapy and aspirin, cumulated data 

show that over all ages, menopausal HRT has a null effect on the incidence of all-cause 

mortality and CVD in women. However, analyses using age stratification and randomized 

trials specifically conducted in young women close in proximity to menopause along with 

meta-analyses, show that menopausal HRT is unique in that it reduces all-cause mortality 

and CVD when initiated in women <60 years of age and/or <10 years-since-menopause. 

These cumulated findings from RCTs are consistent with the large body of observational 

studies that consistently show a reduction of all-cause mortality and CVD in young women 

who initiate HRT at the time of menopause. When initiated in women in their 50s and 

continued for 5–30 years, HRT reduces all-cause mortality and cost-effectively increases 

quality adjusted life-years (QALYs) (77). As such, menopausal HRT has been calculated to 

substantially lower the economic burden from menopausal symptoms and chronic diseases 

(77–80).

Menopausal HRT must be considered differently than other medications since no other 

single primary CVD preventive therapy offers diverse systemic-wide benefits. Timing of 

initiation of HRT has significant biological and clinical consequences for women since 

clinical consequences of most aging-related diseases manifest in women on average 10 
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years after menopause (1,81). Timing of initiation of HRT before tissue damage appears 

and clinical consequences manifest, appears to be the key for successful prevention and 

amelioration of further tissue and organ deterioration due to aging (81). Thus, an important 

window of opportunity is afforded by intervening with prevention strategies at onset of 

menopause creating a new paradigm for primary CVD prevention in women. Reduction 

of all-cause mortality and CVD in younger women with menopausal HRT and lack of 

effectiveness of other primary prevention strategies for reduction of all-cause mortality 

and CVD in women provide compelling arguments for primary CVD prevention with 

HRT. Additional benefits beyond reduction of all-cause mortality including reduction in 

menopausal symptoms (82), potential reductions in CVD, cancer and other mortalities 

(28), prevention of new onset diabetes mellitus (68–71), osteoporosis and bone fracture 

prevention (83), improved quality of life (77) as well as demonstration of cost-effectiveness 

and reduced economic burden (77–80) provide further compelling arguments for primary 

CVD prevention with initiation of HRT at onset of menopause (81). Prevention of new onset 

diabetes mellitus with menopausal HRT is a particularly important primary CVD preventive 

strategy since metabolic syndrome and insulin and glucose dyscrasias as well as new onset 

diabetes mellitus are common manifestations following menopause and represent major 

causes of CVD and morbidity in women (73,74).

Evidence-based data from RCTs are reassuring in that compared with placebo, risks 

associated with menopausal HRT are rare (<10 cases/10,000 women) when initiated in 

the typical women requiring HRT (<60 years of age and/or <10 years-since-menopause). 

Magnitude and types of HRT risks, including breast cancer, stroke and venous 

thromboembolism are rare and not unique to menopausal HRT as well as comparable with 

or less than other commonly used medications in women, including those used for primary 

CVD prevention such as statins, aspirin and calcium channel blockers (32).

In conclusion, a large body of randomized trial data converge with results from 

observational studies, animal studies and basic science supporting that HRT health outcomes 

vary by time-since-menopause. ELITE provided direct evidence for the timing hypothesis. 

DOPS provided direct randomized trial evidence in women (average age 50 years and 

7 months postmenopausal) similar with populations from observational studies for the 

beneficial effects of HRT on CVD with low risk when initiated at or near menopause 

and continued long-term. Accordingly, HRT is a sex-specific and time-dependent primary 

CVD preventive therapy that concomitantly reduces all-cause mortality as well as a diversity 

of other aging-related diseases with an excellent risk profile. Health-care providers and 

patients can use the cumulated data in making clinical decisions concerning chronic disease 

prevention including CVD and downstream reduction in mortality keeping in mind that any 

prevention strategy must be personalized. Data not only provide strong consistent evidence 

for beneficial effects of menopausal HRT when initiated close in proximity to menopause 

but also reassurance of long-term safety. It is time to recognize that HRT reduces all-cause 

mortality and CVD, and that it is all about timing.
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Figure 1. 
Incidence of cardiovascular disease in women is both age-associated and age-specific as 

reported from the Framingham Study (4). In addition to an increase in cardiovascular 

disease incidence by age in women, postmenopausal women have a two- to six-fold greater 

incidence of cardiovascular disease than premenopausal women across the age range <40–54 

years.
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Figure 2. 
The “healthy endothelium hypothesis” accounts for the duality of estrogen on the natural 

progression of atherosclerosis by taking in account the early beneficial effects of HRT on 

healthy endothelium at younger ages and the adverse effects on established plaques typically 

at older ages. MMP = matrix metalloproteinase; LDL = low-density lipoprotein; CAMs = 

cell adhesion molecules; SMC = smooth muscle cell; ERα = estrogen receptor alpha; PQ = 

plaque
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Figure 3. 
The Estrogen in the Prevention of Atherosclerosis Trial (EPAT) showed a reduction 

in the progression of early subclinical atherosclerosis measured by carotid artery wall 

intima-media thickness (CIMT) in healthy asymptomatic postmenopausal women treated 

with estradiol replacement therapy relative to placebo (5). In contrast, the Women’s 

Estrogen-Progestin Lipid-Lowering Hormone Atherosclerosis Regression Trial (WELL-

HART) showed no effect of hormone replacement therapy on serial quantitative coronary 

angiography used to measure late-stage atherosclerosis lesions in symptomatic women with 

preexisting coronary artery disease (6). MPA = medroxyprogesterone acetate
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Figure 4. 
Results of the Estrogen in the Prevention of Atherosclerosis Trial (EPAT) (5) and the 

Women’s Estrogen-Progestin Lipid-Lowering Hormone Atherosclerosis Regression Trial 

(WELL-HART) (6) in relation to the pathogenic sequence of vascular aging substantiating 

the “healthy endothelium hypothesis.” Initiation of hormone replacement therapy (HRT) 

early and continued while endothelium is intact, maintains vascular health, and reduces 

vascular aging and progression of atherosclerosis (5). On the other hand, HRT initiated 

during late-stage atherosclerosis has no effect on established vascular disease (6). MMP = 

matrix metalloproteinase
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Figure 5. 
As an example of animal studies supporting the “healthy endothelium hypothesis,” 

apolipoprotein E deficient mice show that estrogen therapy prevents formation of new 

atherosclerosis lesions when initiated at the time of atherogenesis but has no effect on 

established lesions (10).
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Figure 6. 
Salpeter, et al., meta-analyses show that initiation of hormone replacement therapy in 

women less than 60 years (y) of age and/or less than 10 years-since-menopause (ysm), 

statistically significantly reduces both all-cause mortality (24) and coronary heart disease 

(25) relative to placebo. The all-cause mortality meta-analysis included 30 randomized 

controlled trials of 119,188 women-years and the coronary heart disease meta-analysis 

included 23 randomized controlled trials of 191,340 women-years. CI = confidence interval
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Figure 7. 
Cochrane meta-analysis validates the Salpeter et al., meta-analyses (Fig. 6) showing similar 

reductions in all-cause mortality and coronary heart disease in women initiating HRT <60 

years old and/or <10 years-since-menopause relative to placebo (26). Nineteen randomized 

controlled trials of 40,410 women comparing hormone replacement therapy of estrogen with 

or without progestogen with placebo. CI = confidence interval
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Figure 8. 
Survival curve from the Danish Osteoporosis Study showing a statistically significant 

reduction of cardiovascular disease by 52% (HR, 0.48; 95% CI, 0.27–0.89) after 10 years 

of randomized hormone replacement therapy (HRT) (estrogen with or without progestogen) 

relative to no HRT and reduction by 39% (HR, 0.61; 95% CI, 0.39–0.94) after 16 years of 

total follow-up (10 years of randomized treatment and 6 years of postintervention follow-up) 

(22).
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Figure 9. 
Comparison of meta-analyses of randomized trials (25,26) and the Danish Osteoporosis 

Study (DOPS) (22) with observational studies (18,19) show that when hormone replacement 

therapy is initiated in women <60 years (y) and/or <10 years-since-menopause there is a 

consistent reduction of cardiovascular disease across randomized trials and observational 

studies in similar populations of women. DOPS included the closest cohort to the 

population of women in observational studies with an average age of 50 years and time-

since-menopause of 7 months and average body mass index of 25.2 kg/m2. Mo = months
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Figure 10. 
The Early versus Late Intervention Trial with Estradiol (ELITE) was specifically designed 

to test the hormone replacement therapy timing hypothesis comparing oral estradiol with or 

without vaginal progesterone with placebo in two strata of women who were at the time 

of randomization <6 years-since-menopause (<6 ysm) or ≥10 years-since-menopause (≥10 

ysm) (23). After median 5-year intervention, women in the early postmenopause stratum (<6 

ysm) showed a statistically significant reduction in progression of subclinical atherosclerosis 

measured by carotid artery intima-media thickness with hormone replacement therapy 

relative to placebo; 0.0044 versus 0.0078 mm per year (p=0.008), respectively (27). 

Among women in the late postmenopause stratum (≥10 ysm), rates of atherosclerosis 

progression were similar in the hormone replacement therapy and placebo groups; 0.0088 

versus 0.0100 mm per year (p=0.29), respectively. The effect of hormone replacement 

therapy on subclinical atherosclerosis progression significantly differed between the early 

postmenopause stratum and the late postmenopause stratum (P=0.007 for interaction) (27).

Hodis and Mack Page 25

Cancer J. Author manuscript; available in PMC 2023 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 11. 
Mortality outcomes during the Women’s Health Initiative trials of hormone replacement 

therapy for women aged 50–59 years (y) at the time of randomization (28). Magnitude 

of mortality reductions was similar across both Women’s Health Intervention trials of 

continuous combined conjugated equine estrogen plus medroxyprogesterone acetate (CEE 

plus MPA) and conjugated equine estrogen alone (CEE). For the CEE plus MPA trial, 

median intervention was 5.6 years [interquartile range, 4.9–6.5 years]. For the CEE alone 

trial, median intervention was 7.2 years [interquartile range, 6.5–8.2 years]. For the pooled 

trials (CEE plus MPA and CEE alone) median intervention was 6.3 years [interquartile 

range, 5.3–7.3 years]. HR = hazard ratio; No. = number; CI = confidence interval
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Figure 12. 
Bayesian meta-analysis of 19 randomized controlled trials and 8 prospective observational 

studies showing the consistency of reduction of all-cause mortality between both study types 

in women who initiate hormone replacement therapy before age 60 years (29). Randomized 

controlled trials comprised of 16,283 women with mean age of 54.5 years at time of 

initiation of hormone replacement therapy; mean trial intervention was 5.1 years (1–6.8 

years) with 83,043 women-years follow-up. Prospective observational studies comprised of 

212,717 women with age range of 30–55 years at time of initiation of hormone replacement 

therapy; mean observation was 13.8 years (6–22 years) with 2,935,495 women-years of 

follow-up. CI = confidence interval
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Figure 13. 
Absolute benefits and risks of hormone replacement therapy in women 50–59 years 

of age when randomized in the Women’s Health Initiative trials of conjugated equine 

estrogen alone (CEE) and continuous combined conjugated equine estrogen plus 

medroxyprogesterone acetate (CEE+MPA) (31). Absolute benefits and risks expressed as 

difference between number of events in hormone replacement therapy group and number of 

events in placebo group per 10,000 women per year. Absolute risk of 10/10,000 is delineated 

to show relation of number of additional events with the category of rare frequency of events 

(Table 4). *Deep vein thrombosis is the only statistically significant adverse event.
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Figure 14. 
Meta-analysis of randomized controlled trials of lipid-lowering therapy in which secondary 

(8 trials of 8,272 women) and primary (6 trials of 11,435 women) cardiovascular 

disease prevention trials were analyzed separately in women (33). Although lipid-lowering 

therapy statistically significantly reduces cardiovascular events in secondary prevention in 

women, lipid-lowering does not statistically significantly reduce such events in primary 

cardiovascular disease prevention. All-cause mortality is unaffected by lipid-lowering 

therapy in women in secondary and primary cardiovascular disease prevention. CHD = 

coronary heart disease; MI = myocardial infarction; CI = confidence interval
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Figure 15. 
Sex-specific meta-analyses with careful separation of women from men and primary from 

secondary prevention trials to analyze primary cardiovascular disease prevention trials show 

that statin therapy does not statistically significantly reduce coronary heart disease (CHD) 

in women as it does in men. In both women and men in primary cardiovascular disease 

prevention, statin therapy does not reduce all-cause mortality. Upper panel from Petretta M, 

et al. (34). Lower Panel from Brugts JJ, et al. (36). CI = confidence interval
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Figure 16. 
The Heart Outcomes Prevention Evaluation-3 trial was a randomized, double-blinded, 

placebo-controlled primary cardiovascular disease prevention trial of statin therapy versus 

placebo conducted in 5,874 women and 6,831 men. After median 5.6 years of randomized 

treatment, cardiovascular disease was significantly reduced in men but not statistically 

significantly reduced in women. All-cause mortality was unaffected by statin therapy in both 

women and men (n=12,705) (38). CI = confidence interval
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Figure 17. 
Comparison of breast cancer incidence from hormone replacement therapy in women <60 

years of age when randomized and statin therapy randomized trials. On relative and absolute 

risk scales, breast cancer incidence from hormone replacement therapy trials (14 fewer 
to 6 additional breast cancer cases/10,000 women/year of hormone replacement therapy) 

is similar or less than statin therapy trials (10 fewer to 77 additional breast cancer cases/

10,000 women/year of statin therapy). Whereas incidence of breast cancer from hormone 

replacement therapy is rare, breast cancer incidence from statin therapy exceeds the rare 

threshold in certain statin therapy trials. Absolute risk of 10 cases/10,000 women is 

delineated to show relation of breast cancer incidence to the category of rare frequency of 

events (Table 4). CARE = Cholesterol and Recurrent Events [Pravastatin] (52); PROSPER = 

Prospective Study of Pravastatin in the Elderly at Risk [Pravastatin] (53); 4S = Scandinavian 

Simvastatin Survival Study [Simvastatin] (54); AFCAPS/TEXCAPS = Air Force/Texas 

Coronary Atherosclerosis Prevention Study [Lovastatin] (55); WHI-CEE+MPA = Women’s 

Health Initiative Conjugated Equine Estrogen plus Medroxyprogesterone Acetate trial (31); 

LIPID = Long-Term Intervention with Pravastatin in Ischemic Disease [Pravastatin] (56); 

ALLHAT = Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial 

[Pravastatin] (57); HPS = Heart Protection Study [Simvastatin] (58); MEGA = Management 

of Elevated Cholesterol in the Primary Prevention Group of Adult Japanese [Pravastatin] 

(35); WHI-CEE = Women’s Health Initiative Conjugated Equine Estrogen trial (31); DOPS 

= Danish Osteoporosis Study (22); CI = confidence interval
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Figure 18. 
Comparison of incidence of new onset diabetes mellitus from hormone replacement 

therapy and statin therapy. Data reported from individual statin randomized controlled 

trials and meta-analyses of statin randomized controlled trials show increased risk of new 

onset diabetes mellitus that exceeds rare level of risk with statin therapy. In contrast, 

individual hormone replacement randomized controlled trials and meta-analyses of hormone 

replacement randomized controlled trials show decreased risk of new onset diabetes mellitus 

with hormone replacement therapy. Absolute risk of 10 cases/10,000 women is delineated 

to show relation of new onset diabetes mellitus to the category of rare frequency of 

events (Table 4). RCT = randomized controlled trial; meta = meta-analysis; JUPITER 

= Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating 

Rosuvastatin; WHI = Women’s Health Initiative; WHI-CEE = Women’s Health Initiative-

conjugated equine estrogen; WHI-CEE+MPA = Women’s Health Initiative-conjugated 

equine estrogen plus medroxyprogesterone acetate; HERS = Heart and Estrogen/progestin 

Replacement Study; HRT = hormone replacement therapy
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Table 1.

Characteristics of Women in Observational Studies and Randomized Trials

Observational Studies Randomized Trials

Mean age or age range at enrollment (years) 30–55 >63

Time-since-menopause at HRT initiation (years) <2 >10

Menopausal symptoms (flushing) predominant excluded

Duration of therapy (years) >10–40 <7

Body mass index (mean, kg/m2) 25.1 28.5

HRT = hormone replacement therapy
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Table 2.

Consistent Reduction in All-Cause Mortality in Women Initiating Hormone Replacement Therapy Before 

Age 60 years and/or Within 10 Years of Menopause Across Cumulated Data From Randomized Trials and 

Observational Studies

Studies Age; Time-Since-
Menopause Therapy % Reduction (Risk Ratio; 95% Confidence 

Interval)

WHI-CEE (28) <60 y CEE alone ↓ 29% (0.71; 0.46–1.09)

WHI-CEE+MPA (28) <60 y CEE+MPA ↓ 33% (0.67; 0.43–1.04)

WHI-CEE/CEE+MPA Pooled Trials 
(28)

<60 y CEE and 
CEE+MPA

↓ 31% (0.69; 0.51–0.94)

DOPS – 10-year follow-up (22) 50 y E2/E2+NE ↓ 43% (0.57; 0.30–1.08)

DOPS – 16-year follow-up (22) 50 y E2/E2+NE ↓ 34% (0.66; 0.41–1.08)

Salpeter meta-analysis, 2004 (24) 54 y HRT ↓ 39% (0.61; 0.39–0.95)

Salpeter meta-analysis, 2009 (29) 55 y HRT ↓ 27% (0.73; 0.52–0.96)

Cochrane meta-analysis (26) <60 y; <10 ysm HRT ↓ 30% (0.70; 0.52–0.95)

Observational studies (18,19) 30–55 y; <5 ysm HRT        ↓ 20–60%

CEE = conjugated equine estrogen alone; CEE+MPA = continuous combined conjugated equine estrogen plus medroxyprogesterone acetate; 
E2/E2+NE = estradiol with or without norethisterone acetate; HRT = hormone replacement therapy; y = years; ysm = years-sincemenopause
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Table 3.

Comparison of Primary Cardiovascular Disease Prevention Therapies in Women
1

Outcome HRT
2 Lipid-Lowering Aspirin ACE-I

CHD 0.68 (0.48–0.96) (25) 0.89 (0.69–1.09) (33) 1.01 (0.84–1.21) (39)

0.52 (0.29–0.96) (26) 0.95 (0.78–1.16) (34) 0.99 (0.83–1.19) (40)

0.79 (0.56–1.13) (36) 0.91 (0.80–1.03) (40)

0.83 (0.64–1.09) (38) 0.88 (0.53–1.44) (41)

0.85 (0.60–1.20) (42)

0.92 (0.78–1.09) (43)

All-cause morality 0.61 (0.39–0.95) (24) 0.95 (0.62–1.46) (33) 0.94 (0.74–1.19) (39) 1.00 (0.83–1.21) (47)

0.73 (0.52–0.96) (29) 0.96 (0.81–1.13) (34) 1.09 (0.91–1.30) (44–46)
0.92 (0.81–1.04) (48)

3

0.70 (0.52–0.95) (26) 0.91 (0.76–1.08) (36)

0.93 (0.80–1.08) (38)

1
Risk ratio (95% confidence interval)

2
Women <60 years old and/or <10 years-since-menopause at time of randomization

3
Mortality from heart failure

HRT = hormone replacement therapy; ACE-I = angiotensin converting enzyme inhibitor; CHD = coronary heart disease
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Table 4.

World Health Organization (WHO) Council for International Organizations of Medical Sciences (CIOMS) 

Classification of Frequency of Drug Reactions

Very common >1/10 (>10%)

Common (frequent) >1/100 and <1/10 (>1% and <10%)

Uncommon (infrequent) >1/1,000 and <1/100 (>0.1% and <1%)

Rare >1/10,000 and <1/1,000 (0.01% and <0.1%)

Very rare <1/10,000 (<0.01%)
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