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Preface 
 

     The Agency for Healthcare Research and Quality (AHRQ) sponsors the development of 
Systematic Evidence Reviews (SERs) through its Evidence-based Practice Program. With 
guidance from the third U.S. Preventive Services Task Force∗ (USPSTF) and input from Federal 
partners and primary care specialty societies, two Evidence-based Practice Centers—one at the 
Oregon Health Sciences University and the other at Research Triangle Institute-University of 
North Carolina—systematically review the evidence of the effectiveness of a wide range of 
clinical preventive services, including screening, counseling, immunizations, and 
chemoprevention, in the primary care setting. The SERs—comprehensive reviews of the 
scientific evidence on the effectiveness of particular clinical preventive services—serve as the 
foundation for the recommendations of the third USPSTF, which provide age- and risk-factor-
specific recommendations for the delivery of these services in the primary care setting. Details of 
the process of identifying and evaluating relevant scientific evidence are described in the 
“Methods” section of each SER.  
     The SERs document the evidence regarding the benefits, limitations, and cost-effectiveness of a 
broad range of clinical preventive services and will help to further awareness, delivery, and coverage of 
preventive care as an integral part of quality primary health care. 
     AHRQ also disseminates the SERs on the AHRQ Web site (http://www.ahrq.gov/uspstfix.htm) and 
disseminates summaries of the evidence (summaries of the SERs) and recommendations of the third 
USPSTF in print and on the Web. These are available through the AHRQ Web site 
(http://www.ahrgq.gov/uspstfix.htm), through the National Guideline Clearinghouse 
(http://www.ncg.gov), and in print through the AHRQ Publications Clearinghouse (1-800-358-9295). 
     We welcome written comments on this SER. Comments may be sent to: Director, Center for 
Practice and Technology Assessment, Agency for Healthcare Research and Quality, 6010 Executive 
Blvd., Suite 300, Rockville, MD 20852. 
 
 

                                                           
∗ The USPSTF is an independent panel of experts in primary care and prevention first convened by the U.S. Public 
Health Service in 1984. The USPSTF systematically reviews the evidence on the effectiveness of providing clinical 
preventive services--including screening, counseling, immunization, and chemoprevention--in the primary care 
setting. AHRQ convened the third USPSTF in November 1998 to update existing Task Force recommendations and 
to address new topics. 

Carolyn M. Clancy, M.D. 
Acting Director 
Agency for Healthcare Research and Quality 
 
 
 
 
 
 
 
 
 
 

 
Robert Graham, M.D. 
Director, Center for Practice and 
    Technology Assessment 
Agency for Healthcare Research and Quality 
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The authors of this report are responsible for its content.  Statements in the report should not 
be construed as endorsement by the Agency for Healthcare Research and Quality or the U.S. 
Department of Health and Human Services of a particular drug, device, test, treatment, or 
other clinical service. 



 

Structured Abstract 

Objective:  Cardiovascular disease (CVD) is the leading cause of death among women in 

the United States (US), and hormone replacement therapy (HRT) is commonly used, 

often for the prevention of CVD.  The goal of this systematic evidence review and meta-

analysis is to evaluate the association between HRT and the primary prevention of CVD, 

including total CVD, coronary artery disease (CAD), and stroke, when they were 

evaluated as separate subsets. 

 

Data Sources:  The MEDLINE (1966-2000) and Cochrane databases were searched for 

all published studies reporting CVD, CAD, and stroke incidence and/or mortality in 

association with HRT among the general population of women; reference lists, letters, 

editorials, and reviews were also reviewed.   

 

Methods:   All studies were reviewed, abstracted and rated in quality; only studies of 

good or fair quality according to U.S. Preventive Services Task Force (USPSTF) criteria 

were included in the detailed review and meta-analysis.  Meta-analysis was conducted 

using a random effects model. 

 

Results:  The summary relative risk for CVD mortality with any HRT use was 0.75 (95% 

CI, 0.42-1.23) and for current users was 0.64 (95% CI, 0.44-0.93).   CAD mortality was 

associated with a relative risk of 0.74 (95% CI, 0.36-1.45) for any use and 0.62 (95% CI, 

0.40-0.91) for current use.  No significant association between HRT and risk of stroke 

death was identified.  In contrast to the mortality findings, the summary relative risk for 
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CVD incidence is 1.28 (95% CI, 0.86-2.00) for any use and 1.27 (95% CI, 0.80-2.00) for 

current use.   Stroke incidence was significantly increased among women using HRT, 

with a summary relative risk of 1.12 (95% CI 1.01-1.23), largely due to a significant 

increase in atherothrombotic stroke among women using HRT. 

 

In our meta-analysis, the pooled relative risk of CAD associated with any use of HRT 

was 0.87 (95% CI, 0.62-1.21) and for current use was 0.80 (95% CI, 0.68-0.95).  When 

studies adjust for socioeconomic status (SES) as well as other major CAD risk factors, 

the summary relative risk of CAD is 0.97 (95% CI, 0.82-1.16) among current users and 

1.04 (95% CI, 0.79-1.44) among ever users.  Similar results were found when the 

analysis stratified by studies adjusting for alcohol consumption and/or exercise, in 

addition to other major risk factors.   

 

Conclusion:  The association between HRT and CVD incidence and mortality, as well as 

CAD and stroke incidence and mortality, is uncertain, based on conflicting findings, and 

limited by lack of randomization and consequent selection biases among women using 

HRT in the observational studies.  Our meta-analysis differs from prior meta-analyses by 

evaluating potential explanatory variables of the HRT-CVD/CAD relationship, as well as 

different measures of HRT exposure. It shows a small decrease in CVD and CAD deaths 

only among current HRT users and no effect on stroke, and suggests that SES, alcohol 

use, and exercise are important confounders of the HRT/CVD/CAD relationship.  A valid 

answer to the potential role of HRT in the primary prevention of CVD will best come 

from randomized controlled trials.  
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Chapter 1.  Introduction 
 

Postmenopausal hormone replacement therapy (HRT) is one of the most 

commonly prescribed drug regimens in the United States. This use largely reflects the 

significant number of postmenopausal women in the United States, many of whom are 

choosing to take HRT to treat symptoms of menopause.  A recent survey showed that 

40% to 55% of postmenopausal women have used hormone replacement therapy at some 

time in their lives, with higher rates of use in women who have undergone hysterectomy.1  

Also contributing to the high prevalence of use has been significant publicity to 

physicians and women regarding HRT�s effect on bone density and its potential effect in 

decreasing cardiovascular disease (CVD) morbidity and mortality, as well as potentially 

reducing several other serious diseases, such as Alzheimer�s Disease and colon cancer. 

Finally, because estrogen replacement therapy has been shown to favorably alter lipids, 

estrogen use is recommended as part of the National Cholesterol Education Program 

Guidelines for managing cholesterol, and this too has contributed to its frequent use.2 

Of all the potential benefits of HRT, the one with the greatest potential public 

health impact is its possible role in preventing CVD, the leading cause of death among 

women in the United States.  CVD includes coronary artery disease (CAD) and stroke.  

Unfortunately, despite many observational studies of HRT and CVD, a valid answer to 

the question of whether HRT is protective against CVD has not yet been provided in the 

medical literature, due to limitations of observational studies.  However, evidence from 3 

randomized controlled trials has recently been published and aids in evaluating this 

relationship.  This systematic evidence review will summarize all epidemiologic studies 

evaluating the role of HRT in the primary prevention of CVD.  Two important recent 

studies of the secondary prevention of CAD in postmenopausal women will also be 

reviewed because they are the only published randomized controlled trials of HRT in 

CVD and may provide insight to the primary prevention discussion. 

Background 
CVD, which includes CAD and stroke, is the leading cause of death in women in 

the United States. At every age, women have less CAD than men, even with adjustment 
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for risk factors.3  The one risk factor exception is diabetes, where women and men have equal 

rates of CAD.4  To explain this gender difference, it has been suggested that women have less 

CAD than men because of exposure to female hormones, specifically estrogen.  Animal studies 

showing that estrogen is protective against heart disease and vascular disease have suggested an 

important role for estrogen in atherosclerosis.5-7  The relationship between estrogen and CVD has 

also been considered because of epidemiologic studies showing low rates of CVD in 

premenopausal women, with significant increases in incidence occurring after menopause,4 

although other physiologic parameters, such as progesterone and pituitary hormones, also change 

with menopause. 

Adding to the hypothesis that estrogen mediates the reduced risk of CVD observed 

among women are multiple epidemiologic studies showing reduced rates of CVD, particularly 

CAD, among women using HRT.8  Evidence of a relationship between female reproductive 

hormones and CVD also comes from studies evaluating CVD in women who undergo premature 

menopause.  In the Nurses' Health Study (NHS), early menopause increased the risk of CVD 

when compared to later menopause, suggesting an important role of estrogen or other 

reproductive hormones.9  This change in risk of CVD was reversed or normalized with HRT,9, 10 

suggesting that estrogen with or without progesterone was important etiologically.  However, 

other explanations may also be important, such as confounding by factors associated with early 

menopause and CVD (e.g., smoking and body weight).  Other physiologic parameters that 

change with menopause may also be important etiologically. In addition, the fact that women in 

different countries have dramatically different rates of CVD suggests that genetic, environmental, 

and lifestyle characteristics are much more important than exposure to estrogens in determining 

CVD risk among women. 

Multiple observational epidemiologic studies evaluating the relationship between HRT 

(usually estrogen) and CVD have been conducted, and many suggest that HRT  is associated with 

lower risk of CVD.8  Some, however, have suggested increased risk11 or no difference in risk.12  

Critical in evaluating this relationship has been the issue of confounding, and the fact that women 

who use estrogen are systematically different from women who do not in ways that influence 

their risk of CAD.11  However, because of the many studies suggesting benefit, multiple studies 
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have been conducted in attempts to understand the potential mechanisms of benefit from HRT.  

These biological mechanisms will be briefly discussed. 

 

Cardiovascular Disease: Proposed Biological Actions of Estrogen and 
Progesterone 

This section briefly summarizes proposed mechanisms by which estrogen might influence 

CVD risk.  For excellent, in-depth reviews, see papers by Bush and Barrett-Connor6 and 

Mendelsohn.13  Because recent randomized controlled trials have evaluated HRT and lipids, and 

because estrogen has been proposed as a potential therapy for hyperlipidemia,2 the review of 

lipids is more detailed than other topics in this section.   

 

Lipids.  In general, observational studies14-17 and clinical trials of estrogen use18-20 have shown that 

estrogen alone decreases low-density lipoprotein (LDL) and apoprotein B, and increases high-

density lipoprotein (HDL) and triglycerides.21  These findings have been shown in diverse 

population groups, among healthy and non-healthy women, and among those with natural and 

surgical menopause.  Adding progesterone has been shown to diminish, though not reverse, the 

improvement in HDL that occurs among women taking estrogen, and the magnitude varies with 

the type of progestin used.  Because women who use HRT often have health characteristics 

associated with better lipid profiles, the most important data in this area come from randomized 

controlled trials of HRT and lipids.   

The best data may come from the Postmenopausal Estrogen/Progestin Inverventions 

(PEPI) trial,21 in which 875 healthy postmenopausal women were randomized to placebo, 

conjugated equine estrogen (CEE) alone, CEE plus cyclic medroxyprogesterone acetate (MPA), 

CEE plus continuous daily MPA, or CEE plus cyclic micronized progesterone (MP).  All active 

therapies decreased mean LDL-cholesterol and increased mean triglyceride levels when 

compared to placebo.  All estrogen therapies also increased HDL-cholesterol, with the greatest 

increase among women taking CEE alone (5.6 mg/dl) or CEE plus MP (4.1 mg/dl).  Combination 

therapy with CEE and cyclic MPA, or CEE with continuous MPA, was associated with increased 

HDL levels of 1.6 and 1.2 mg/dl, respectively.  Women taking placebo experienced a decrease in 

HDL of 1.2 mg/dl.  The effect of estrogen and progestins on HDL is an important one because 
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HDL has been shown to be an important predictor of major CAD among women.4, 22  Transdermal 

estrogen has less effect on lipids than oral administration of estrogen and no effect on HDL 

cholesterol.13 

Another important independent risk factor for atherosclerosis is lipoprotein(a).  

Randomized trials of CEE and 17 B estradiol have shown that estrogen also reduces lipoprotein 

(a).23-25  However, some studies have shown that this benefit may be modified26 or attenuated19 by 

adding progestins.   

Adding progestins to estrogen may reduce the decrease in LDL and increase in HDL27 

among women taking estrogen (as discussed above in the PEPI trial), although usually not to pre-

estrogen or placebo levels.  The PEPI trial was important in showing that the action of progestins 

on lipids varies between MPA and MP.21  Adding progestins to estrogen also may reduce the 

increase in triglycerides observed when estrogen is used alone.27  Also, the effects of progestins 

on cholesterol levels vary significantly by dose and type of progestin, particularly their 

androgenicity.19, 27, 28  

The Heart and Estrogen/Progestin Replacement (HERS) trial,29 a randomized controlled 

trial of combined hormone replacement therapy (CHRT) in the secondary prevention of CAD, 

contributed important findings to the evaluation of lipid changes associated with CHRT.  The 

study involved 2,763 postmenopausal women younger than age 80 with known CAD randomized 

to either placebo or CEE (0.625 mg per day) and MPA (2.5 mg per day) and followed for 4.1 

years for non-fatal myocardial infarction (MI) or coronary death.  During the first year of the 

study, LDL cholesterol decreased 14% in those randomized to CHRT and 3% in the placebo 

group. Among those women randomized to hormones, HDL cholesterol increased by 8% and 

triglycerides by 10%.  In the placebo group, HDL decreased by 2% and triglycerides increased by 

2%.29 

In another recently reported randomized controlled trial of secondary prevention30 

involving 309 women with coronary disease, women randomized to CEE (0.625 mg per day) had 

a decrease in LDL of 9.4%, an increase in HDL of 18.8%, and an increase in triglycerides of 

6.1%. Women randomized to CEE (0.625 mg per day) plus MPA (2.5 mg per day) had an LDL 

decrease of 16.5%, an HDL increase of 14.2%, and an increase in triglycerides of 10.1%. Among 
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the women randomized to placebo, LDL decreased by 1.3%, HDL increased by 6.8%, and 

triglycerides increased by 2.2%.30   

 

Endothelial wall function.  Studies of postmenopausal women with atherosclerosis have shown 

that sustained estrogen enhances endothelium-dependent vasodilation.31, 32  One study showed that 

estrogen restored coronary vasodilation in response to acetylcholine among women but not men 

with coronary disease, suggesting a gender-specific effect.33  Estrogen-associated vasodilation 

occurs within minutes after estrogen administration and is not dependent on changes in gene 

expression; in addition, estrogen inhibits the response of blood vessels to vascular injury, a 

response occurring over hours to days and dependent on changes in gene expression.13 

 

Carbohydrate metabolism.  The role of estrogens in carbohydrate metabolism is complex.  Some 

studies have suggested that estrogens may predispose women to impaired glucose tolerance; 

others have suggested favorable effects on glucose and insulin that may depend on the type of 

estrogen and progestin used.34  Another important finding from the PEPI trial was that mean 

changes in 2-hour insulin levels did not differ significantly among treatment groups.21  However, 

2-hour glucose levels increased significantly in women on active treatment compared to placebo.  

Fasting insulin levels slightly, though not significantly, decreased among women assigned to 

active treatment.  Also, fasting glucose levels decreased slightly in all treatment arms compared 

with placebo (p = 0.03).  The overall clinical significance of these changes is uncertain at this 

time.   

 

Hypertension.  The induction of hypertension among women taking estrogen has been a concern 

because estrogen regulates vascular tone, both through long-term and short-term effects.13  Long-

term administration of estrogen is associated with decreases in renin, angiotensin-converting 

enzyme inhibitor, and endothelin I, as well as other vascular changes, with a net vasodilatory 

effect.13  However, studies evaluating this relationship have been contradictory, with some 

showing elevations and some showing decreases in blood pressure among women using estrogen.  

These studies, though, have had methodologic weaknesses.21  The addition of progesterone to 
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estrogen and the effect on blood pressure has been less well studied.  In the PEPI trial, systolic 

and diastolic blood pressure did not differ significantly among treatment groups.21 

 

Coagulation factors.  The role of coagulation factors in atherosclerotic vascular disease is 

complex.  Estrogen has been shown to regulate the hepatic synthesis of several coagulation 

factors and fibrinolytic proteins,13 resulting in reduced levels of fibrinogen,21 antithrombin III,34 

and plasminogen-activator inhibitor type 1.35, 36  The effect of estrogen on coagulation varies with 

type and dose of estrogen, as well as with duration of use.13  Some studies have shown that 

estrogen alone increases plasminogen, protein C, and factor VII.16  Estrogen may also favor 

vasodilation and anti-aggregation by increasing prostacyclin production and thromboboxane A2 

platelet aggregation.37  The net effect of these changes on CVD incidence is uncertain, although 

the data on HRT from both observational and randomized controlled trials are consistent and 

strong in showing an increase in deep venous thrombosis and pulmonary emboli among women 

using HRT.38, 39  Given the known importance of plaque formation and rupture with associated 

thrombosis in myocardial infarction and stroke, the balance among these factors and their 

association with CVD is critically important. 

 

Weight.  Obesity and/or increased abdominal adiposity are associated with increased risk of 

CAD in women.40  The PEPI study showed that women in all treatment groups gained weight 

over the 3 years of the study, but weight gain was greater among women assigned to placebo (2.1 

kg) and least among women using CEE (0.7 kg) over 36 months.21  The mean waist-to-hip ratio 

increased slightly over time among all groups, unrelated to treatment. 

 

Inflammation.  C-reactive protein, a marker of inflammation, was recently shown to be an 

independent predictor of CVD in women.41  Two recent studies have shown that women taking 

estrogen, or estrogen with progesterone, had higher levels of C-reactive protein than women not 

taking HRT.42, 43 

 

Antioxidant Effects. The role of estrogen as an antioxidant or pro-oxidant has been suggested in 

some studies.44  Estrogen also has been found to inhibit LDL oxidation in vitro.45 



 7

 

In aggregate, the changes in intermediate biological outcomes have potentially favorable 

results, including lower LDL, lower lipoprotein (a), and increased HDL, and potentially 

unfavorable results, such as increased triglycerides, factor VII and c-reactive protein, and 

decreased plasminogen and antithrombin III.16, 21, 34  These physiologic changes may explain a 

biological relationship between HRT and CVD.  However, whether the favorable changes in 

these biological intermediates translate into improved CVD outcomes is uncertain.  Given the 

mix of intermediate biological outcomes and limitations of the observational data, it is 

imperative that the relationship be critically examined prior to speculation of benefit.  Several 

important questions regarding HRT and CVD among postmenopausal women have not yet been 

answered in the medical literature.  These questions primarily relate to the cardiovascular 

risks/benefits associated with short-term and long-term hormone use, as well as risks/benefits 

associated with combination therapy involving estrogen and progesterone.  These questions are 

outlined in detail below.   

This report reviews the epidemiologic literature evaluating these benefits and risks in 

association with CVD.  In some studies, CVD was explicitly described as a global outcome 

involving any cardiovascular event, such as stroke, transient ischemic attack, sudden cardiac 

death attributed to ischemic heart disease, myocardial infarction, peripheral vascular disease, 

coronary artery surgery (CABG), percutaneous transluminal coronary angioplasty (PTCA), or 

congestive heart failure (CHF).  In other studies, the components of cardiovascular disease were 

not described but presumably comprised CAD and stroke.  In an effort to include the breadth of 

available information, for the purposes of this review, CVD is considered as a global outcome 

when described, or as a measure of CAD and stroke when not described.  CAD includes MI, 

PTCA, CABG, sudden cardiac death attributed to CAD, CHF, and occasionally, angina.  Stroke 

includes different types of stroke, such as subarachnoid hemorrhage (SAH), intracerebral 

hemorrhage (ICH), thromboembolic infarction, and transient ischemic attack. 
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Analytic Framework and Key Questions 
The analytic frameworks in Figures 1 and 2 show the target populations, interventions, 

and health outcome measures we examined for the overall question of the benefits and risks of 

postmenopausal HRT.   

The key questions to consider when evaluating the research describing the role of 

exogenous estrogen or estrogen/progesterone in CVD incidence and mortality include: 

1. What is the role of postmenopausal HRT in the primary prevention of CVD death? 

2. What is the role of postmenopausal HRT in the primary prevention of CAD death? 

3. Does postmenopausal HRT alter the risk of stroke death? 

4. What is the role of postmenopausal HRT in the primary prevention of CVD? 

5. What is the role of postmenopausal HRT in the primary prevention of CAD? 

6. Does postmenopausal HRT alter the risk of stroke as well as subtypes of stroke? 

7. Does postmenopausal HRT reduce cardiovascular events or progression of disease in 

women with known CAD? 

Because we were concerned with HRT as chemoprophylaxis against chronic conditions, 

not as treatment of menopausal symptoms, we focused on the use of either estrogen alone or 

estrogen combined with progesterone in healthy, postmenopausal women.  However, because 

there are important recent data from secondary prevention studies of HRT in women with known 

CVD and these are the only clinical trials with published information to date, we have also 

included information on 2 randomized controlled trials of secondary prevention of CVD with 

HRT, since they may provide insight to the issue of primary prevention.  This evaluation will be 

part of an overall chapter reviewing the risks and potential benefits of HRT.  Shared decision 

making and patient preferences will also be discussed in that chapter. 

 
 

 

 



 9

Chapter 2. Methods 
Literature Search  

We sought to review all published English-language literature with quantitative data 

evaluating the relationship between HRT use and CVD, CAD, and stroke in postmenopausal 

women.  We conducted 2 MEDLINE searches.  First, the topic of HRT and CVD was searched in 

the MEDLINE database from 1966 to December 2000.  Second, the search was narrowed to 

specifically look for stroke and cerebrovascular disorders.  Full search strings are listed in 

Appendix 1.  The Cochrane Library was also reviewed.  Two investigators reviewed all abstracts 

to identify papers for full-text review and also evaluated editorials, letters, and reviews to ensure 

that no key papers were missed in the MEDLINE and Cochrane searches.  We searched the 

bibliographies of all review papers, meta-analyses, and original research studies to ensure that all 

papers evaluating the epidemiologic relationship between HRT use and CVD outcomes were 

retrieved from the medical literature, reviewed, and abstracted, including those predating the 

search dates.  

Criteria for inclusion in the systematic review were that the study included  

postmenopausal women and that it was in the English language or in a key non-English journal.  

We included meta-analyses, randomized controlled trials, and observational cohort and case-

control studies if they reported CVD (as defined above), stroke, or CAD incidence or mortality.  

We did not review articles dealing with the use of estrogen in men, or in association with 

pregnancy or lactation.      

Appendix 2 summarizes the results of the literature searches.  A total of 1,926 abstracts 

were identified and reviewed: 1,668 in the CVD search and 258 in the stroke search.  Sixty-five 

studies about HRT and CVD met criteria for full text review.  This includes 34 cohort studies, 24 

case-control studies, 4 angiography studies of secondary prevention of CAD, 2 randomized 

controlled trials of secondary prevention of CAD with HRT, and preliminary findings from the 

Women�s Health Initiative.  Of these 65 studies, 24 cohort and 8 case-control studies describing 

stroke and HRT met criteria for full text review.  Fourteen of the cohort studies and 3 of the case-

control studies overlapped and were used in evidence tables for both the CVD/CAD and stroke 

sections.   
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Literature Synthesis and Preparation of Systematic Evidence 
Review 

We abstracted study data onto data-collection forms prepared at the beginning of the 

review, and then created and organized evidence tables by study type.   One difficulty in 

summarizing and interpreting this literature is that analyses and results are reported differently 

among studies.  The methods used to assess HRT use and to define categories of use in case-

control and cohort studies are shown in Tables 1 and 2, respectively.  Most studies report point 

estimates comparing �ever� to �never� or non-use of HRT.  Notably, �ever� use can be of any 

duration, and may reflect as little use as 1 to 2 months or just filling a prescription for HRT, or 

can be many years of use.  However, some studies report their findings only as �current� or 

�recent� use, or after a specific duration of use.  Current or recent use may reflect a broad range 

of durations of use, which often are not characterized within the studies, and may reflect weeks to 

years of therapy.  These are important differences to note, since some studies have identified 

reduced risks only in association with current or ever use, and not past use.  When possible, we 

differentiate these findings on the evidence tables and in the text of this report.  Since many of 

the studies only evaluate HRT use on one occasion, there is substantial room for 

misclassification in many of the studies.     

Hormone use was classified in each study as unopposed estrogen (ERT) or combined 

estrogen and progesterone (CHRT) when it was specified, which was infrequent.  When the type 

of estrogen or progesterone therapy was not specified, or the data were analyzed and/or reported 

together, the exposure was categorized as HRT.   

In general, well-conducted randomized controlled trials provide more valid results than 

observational studies evaluating causal relationships. However, with the exception of preliminary 

data from the Women�s Health Initiative, there are no randomized controlled trials of primary 

prevention of CVD with HRT.  Therefore, our review involves predominantly observational 

studies, which are limited by lack of randomization and the potential for substantial selection 

biases.  

In reviewing the quality of the evidence evaluating the relationship between HRT and 

CVD, cohort studies are methodologically stronger since they assess exposure prior to the onset 

of disease and are not as dependent on the recall of HRT use as case-control studies.  In addition, 
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case-control studies are limited by the refusals of some patients with disease to participate, as 

well as by a frequent inability to evaluate patients with severe disease or those who have died.  

This can be an especially important problem in CVD epidemiology because a significant number 

of incident CVD events result in death.  Women who have died of CVD may have had different 

HRT exposures from those of the women who did not, which might bias the results of these types 

of studies.  In addition, case-control studies are prone toward recall bias, where cases remember 

or report exposures differently than controls.  Finally, HRT use may be different among those 

who choose to participate and those who do not, which could bias the findings of the study.  

These issues will be discussed below.  In this review, therefore, we assign more importance to 

the results from cohort studies. We did not review cross-sectional studies, since they are limited 

by prevalence/incidence/survivor bias and are often not helpful in evaluating potentially etiologic 

relationships.  In ranking the quality of both cohort and case-control studies, we gave significant 

weight to adequate control of potential CVD risk factors because of known differences in risk 

profiles among women who use HRT and those who do not.11, 46  Criteria for evaluating study 

quality were created by the third US Preventive Services Task Force and are described in 

Appendix 3.  Table 3 shows each study�s rating by quality; reasons for study quality ranking are 

described in the evidence tables.  

After reviewing and rating all of the epidemiological studies displayed in the evidence 

tables, we limited our formal review and meta-analyses to studies meeting two criteria: 1) the 

study is a population-based, case-control study evaluating the risk of incident CVD, CAD, or 

stroke, or death from CVD, CAD, or stroke, with adequate control of major CVD risk factors, or 

a cohort study with internal controls evaluating CVD, CAD, and/or stroke incidence or mortality 

with adequate control for major CVD risk factors and at least 3 years of followup, and 2) the 

study was rated as fair or good quality based on the criteria described in Appendix 3.47  

Only studies of fair or good quality are described in detail in our report and included in 

the meta-analyses, although all are summarized in the evidence tables.  Some studies might be of 

fair or good quality in one type of analysis and of poor quality in another analysis.  For example, 

some studies age-adjusted certain findings and used multivariate analyses for others.  When this 

occurred, only the information of fair or good quality from the study was included in the results, 

discussion, and meta-analyses sections of our report. Unless stated, all relative risk estimates 
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discussed are adjusted for some important covariables.  In studies with multiple publications 

from the same cohort or population, only data from the most recent publication were included in 

the discussion and meta-analyses, with reference in the text to older publications if they 

presented unique findings. 

 Three other studies discussed include the HERS trial, the Estrogen Replacement and 

Atherosclerosis (ERA) study, and preliminary information from the Women�s Health Initiative 

(WHI) study. In the last 2 years, data have been published from the HERS and ERA studies, both 

randomized controlled trials of HRT in women with known CAD.  Although these data may not 

be generalizable to women without CAD, it is important to include these data in this review, 

since the findings are concerning and provide the only data on secondary prevention among 

women randomized to HRT or placebo.  In addition, preliminary data from the Women�s Health 

Initiative were released in the spring of 2000 in the lay press, and although these data have not 

yet been published, the preliminary findings are included in this systematic review.48 

 

Meta-analyses 
 We performed meta-analyses using a random-effects model to determine whether HRT 

has any impact on the risk of total CVD, CAD, and stroke mortality and incidence (see Appendix 

4).  All studies reported relative risk estimates.  The logarithm of the relative risk (logRR) was 

assumed to have a normal distribution.  If confidence intervals or p-values were reported, then 

standard errors for the logRR were calculated.  The adjusted logRR and the corresponding 

standard errors were the data points for the meta-analyses. 

 The model used allows for stratification by three categories of HRT therapy (HRT 

unspecified, ERT alone, and combined ERT+HRT).  Mean relative risks and confidence intervals 

are estimated for each HRT type.  Separate models were fit on each outcome.  When the data 

were sufficient, summary risks were determined by exposure type (past, current, ever) if the 

summary relative risks differed by exposure type.  Finally, a global measure of use-- �any use�-- 

was determined based on mutually exclusive data points in the above 3 categories.  In the stroke 

meta-analysis, the estimated relative risks of stroke associated with current, ever, past, or any use 

of HRT were similar, and therefore only one summary estimate was determined for each stroke 

outcome.  A model was only fit if there were 3 or more data points available. 
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The Bayesian data analytic framework was used to fit the model.  Inference on the 

parameters was done via posterior probability distributions.  WinBUGS was used to analyze the 

data; this software uses a method of Markov Chain Monte Carlo called Gibbs Sampling to 

simulate posterior probability distributions.  Noninformative prior probability distributions were 

used.  Inference was made on 10,000 simulated draws (2,000 draws from 5 chains) from the 

posterior distribution after adequate convergence. 
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Chapter 3. Results 
Cardiovascular Disease, Coronary Artery Disease and Stroke 
Mortality  

The literature evaluating total CVD mortality and/or the subsets of CVD, CAD, and 

stroke mortality includes 8 studies reporting total CVD mortality, 5 reporting CAD mortality, and 

8 reporting stroke mortality.  In an effort to report all CVD, we first report data from studies 

evaluating the global outcome of CVD mortality when it was reported either alone or in addition 

to the subsets of CAD or stroke mortality. All of the studies providing information to this 

discussion and the meta-analyses are summarized in detail in Evidence Tables 1 through 5.   

 

1. What is the Role of Postmenopausal HRT in the Primary Prevention 
of Cardiovascular Disease Death? 

Definitions of CVD were taken directly from studies evaluating this outcome.  In general, 

these outcomes included stroke, CAD, sudden cardiac death, congestive heart failure, peripheral 

vascular disease, CABG, or PTCA.  In some studies, however, CVD is not clearly defined and 

likely represents death from a variety of etiologies coded as CVD.  Alternatively, CVD may 

really represent only or primarily CAD events, but was used in a less specific manner by the 

authors.  For these reasons we evaluated CVD rates in addition to its components of CAD and 

stroke when these were reported.   

Among the observational studies reviewed, 8 studies of good or fair quality provided 

information to this analysis11, 22, 49-54 (Table 4, Evidence Tables 1 and 2).  Six of the 8 studies22, 49-53 

reported lower CVD mortality among women using HRT, but only 4 reported statistically 

significant findings.50-53   

Among the studies suggesting benefit is the Lipid Research Clinic (LRC) study, in which 

2,270 women ages 40 to 69 identified in the Lipid Clinics Prevalence Study were followed for an 

average of 8.5 years.22  Women participated in a clinical exam, laboratory evaluation, and 

cardiologic evaluation, as well as an interview.  Subjects were classified as current users if they 

were using HRT at the second visit.  After age adjustment, the relative risk of CVD death among 

women using HRT was 0.34 (95% CI 0.12-0.81).  However, with the addition of HDL levels to 

the multivariate model, the protection associated with HRT use was reduced from a relative risk 
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of 0.44 to a relative risk of 0.63, which was not statistically significant (p=0.29).  This finding is 

very important because it suggests that HDL is an important risk factor for CVD mortality in 

women.  It also suggests that HDL levels among HRT users may be a mechanism of the benefit 

of HRT and/or that women who use HRT have higher HDL levels independent of HRT, and that 

HDL is an important confounder of the HRT-CVD mortality relationship.  As will be discussed, 

women taking HRT tend to exercise more, drink more alcohol, and be leaner, characteristics that 

are associated with increased HDL levels.  The LRC Study highlights the importance of adding 

HDL levels to multivariate models evaluating the HRT-CVD relationship.   

The NHS evaluated CVD mortality using nested case-control methodology.53  In this 

study, 3,637 women dying of CVD were divided  into groups at high and low risk for CVD and 

matched to 10 controls.  Among high-risk women, the relative risk of CVD death with current 

HRT use was 0.51 (95% CI 0.45-0.57); among low-risk women it was 0.89 (95% CI 0.62-1.28).   

In the Study of Osteoporotic Fractures (SOF), 9,704 women above the age of 60 were 

followed for CVD death.  The risk of CVD death was reduced only among current HRT users 

(RR 0.46; 95% CI 0.29-0.73).  For past HRT use the relative risk of CVD death was 0.86 (0.65-

1.15).50   

A study by Wolf and colleagues52 involved a national sample of 1,944 white, 

postmenopausal women age 55 or older from the epidemiologic followup study of National 

Health and Nutrition Examination Survey I (NHANES I).  All women underwent a baseline 

interview, physical, and laboratory exam, with HRT use evaluated as �ever� or �never,� and were 

followed for an average of 16 years.  There were 631 deaths among the cohort, and the relative 

risk of CVD death was 0.66 (95% CI 0.48-0.90).  The findings were similar for women with 

natural and surgical menopause.   

A cohort of 6,093 postmenopausal women identified between 1968 and 1972 in Walnut 

Creek, California was followed until 1983 for mortality.49  In this cohort, the adjusted all-cause 

mortality was 0.80 (95% CI 0.6-1.0) among HRT users.  The relative risk of death from CVD 

was 0.60 (95% CI 0.3-1.1) among estrogen users.  

 A Southern California cohort study involving 1,868 white, upper-middle class women, 

aged 50 to 79, residing in a planned community in Southern California, was followed from 1972 
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to 1984 for CVD.  No difference in CVD mortality was shown among ever users of HRT (RR 

0.96; 95% CI 0.65-1.43).54 

An important exception to the above studies, however, is the Framingham Heart Study 

(FHS),11 which showed increased mortality among ever HRT users.  This is a prospective cohort 

study involving 1,234 women from Framingham, Massachusetts who were above age 50 and 

postmenopausal, and who participated in the 12th biennial survey.  During the study, women were 

evaluated biennially and HRT use was considered positive if reported in the 8 years prior to the 

baseline of the 12th biennial exam.  These 1,234 women were followed for an average of 8 years, 

but HRT use was not re-evaluated during that time period.  The overall rate of HRT use in this 

study was 24%, with fewer than 5% of women using progestins.  Cardiovascular disease death 

was defined broadly and included death from coronary heart disease, sudden cardiac death, 

congestive heart failure, and stroke.  After 8 years of followup, the relative risk of death was 1.94 

and not statistically significant.    

A cohort of 7,944 Finnish women, ages 57 to 64, participating in a mammography study, 

was followed an average of 7 years for CVD death.51  Among women currently using HRT, the 

risk of CVD death was reduced (RR 0.21; 95% CI 0.08-0.59).  Former use was associated with a 

relative risk of 0.75 (95% CI 0.41-1.37). 

Two cohort studies evaluated risk of CVD death by duration of HRT use (see Table 5).  

Criqui54 found elevated relative risk among women using HRT for fewer than 8 years (RR 1.2-

1.55) and lower relative risk among women using HRT for more than 8 years (RR 0.40).  

However, none of the findings were statistically significant.  Cauley50 identified reduced risk 

among women using HRT for 10 or more years (RR 0.36; 95% CI 0.16-0.57). 

The reasons for different results among the studies is unclear.  As shown in Table 4, each 

study adjusted for different sets of confounders, but review of the table does not help in 

understanding the different results.  In addition, the differences do not seem to be explained by 

differences in the studies� quality or methods by which HRT use was assessed.  The findings 

from the FHS differ from many of the other good quality studies and will be discussed below. 

Many studies of HRT show a number of biases that may influence mortality estimates among 

women using HRT; this will also be discussed below. 
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Our meta-analysis (Table 6, Figure 3) estimated summary relative risks for CVD death in 

association with HRT using several measures of use.  Current HRT use was associated with a 

summary relative risk of 0.64 (95% CI 0.44-0.93), ever use with a summary relative risk of 0.81 

(95% CI 0.58-1.13), and past use with a summary relative risk of 0.79 (95% CI 0.52-1.09).  Any 

use was associated with a summary relative risk of 0.75 (95% CI 0.42-1.23).   

 

Summary 

• Seven cohort studies and one nested case-control study evaluating the risk of CVD death 

associated with HRT use were of good or fair quality. 

• Six of these studies suggest decreased risk of CVD death, with relative risks ranging from 

0.21 to 0.80 among current or ever users.  However, only 4 had statistically significant 

findings. 

• One cohort study showed no association between HRT and CVD death  (RR 0.96; 95% 

CI 0.65-1.43). 

• The FHS showed an almost 2-fold (RR 1.94) increased risk of CVD death, which was not 

statistically significant. 

• A nested case-control study conducted among the NHS cohort showed decreased risk 

among women at high risk of CVD (RR 0.51; 95% CI 0.45-0.57) with current HRT use.  

For women at low risk of CVD, the relative risk associated with current use was 0.89 

(95% CI 0.62-1.28). 

• Past HRT use was evaluated in 2 studies with relative risks of 0.75-0.86 that were not 

statistically significant. 

• Two studies evaluated risk by duration of use; one study showed significantly reduced 

risk with use for 10 or more years (RR 0.36; 95% CI 0.16-0.57).  The other showed non-

statistically significant increased risk in the first 8 years of use, with reduced risk after 8 

years.   

• When evaluated with meta-analysis, only current HRT use is associated with reduced risk 

of CVD death (RR 0.64; 95% CI 0.44-0.93).  Past, ever, and any use showed no benefit in 

our meta-analysis. 
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2.  What is the Role of Postmenopausal HRT in the Primary 
Prevention of Coronary Artery Disease Death? 

Among the observational studies evaluating the relationship between HRT and CVD, 5 

studies of good or fair quality specifically evaluated the risk of CAD death (Table 7).50, 51, 53-55  

Four of these reported total CVD mortality in addition to the subset of CAD mortality, and one, 

the Iowa Women�s Health Study (IWHS),55 reported only CAD (not CVD) mortality.  For the 

purposes of this review, the definition of CAD death was taken directly from the studies 

reviewed and most often included fatal MI and/or sudden cardiac death attributed to CAD. 

 The two largest studies are the Nurse�s Health Study and the IWHS, both from the United 

States.  The IWHS55 involved 41,070 Iowa women aged 55 to 69, who were evaluated at baseline 

using a mailed questionnaire and followed for coronary mortality for 6 years.  Hormone use was 

characterized as �ever,� �never,� or �former,� and duration was evaluated.  Overall coronary 

mortality was decreased significantly in former users, and decreased but not statistically 

significant among current users, with relative risks of 0.57 (95% CI 0.38-0.85) and 0.82 (95% CI 

0.47-1.43), respectively.  Women using HRT for 5 or fewer years also had reduced CAD 

mortality (RR 0.57), although this was not statistically significant.  Use over 5 years was 

associated with a relative risk of 0.90 (95% CI 0.47-1.72).   

The NHS published data in 1997 evaluating CAD mortality using nested case-control 

methodology.53  The study evaluated 3,637 deaths among women in the cohort between 1976 and 

1994.  Each case was matched to 10 controls and after adjustment for most coronary disease risk 

factors, mortality was reduced among current users (RR 0.47; 95% CI 0.32-0.69) but not among 

past users (RR 0.99; 95% CI 0.75-1.30).   

Coronary disease mortality was evaluated in 9,704 women above age 65 in the SOF 

study.50  Among women in the cohort with current HRT use, the relative risk of CAD death was 

0.49 (95% CI 0.26-0.93). Women using HRT from 1 to 9 years had no reduction in CAD 

mortality (RR 0.97), but women using HRT for 10 or more years had a significantly decreased 

rate of CAD death (RR 0.25; 95% CI 0.09-0.68).  Notably, women currently using HRT had 

reduced all-cause mortality (RR 0.69; 95% CI 0.54-0.87), as did past HRT users (RR 0.79; 95% 

CI 0.66-0.95).  

A cohort of 7,944 women ages 57 to 64 from Finland participating in a mammography 

study was followed for an average of 7 years for CAD death.51  Among current HRT users, the 
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relative risk of CAD mortality was 0.19 (95% CI 0.05-0.77). One difference between this study 

and others is that the mean dose of estrogen was 1.46 mg, higher than the usual doses found in 

other studies.  

A cohort of 1,868 white, upper-middle-class women, ages 50 to 79, residing in a planned 

community in Southern California was followed for 12 years from 1972 on for CAD.54  Among 

women using HRT, the CAD mortality was unchanged after multivariate adjustment for most 

CAD risk factors (RR 0.99; 95% CI 0.59-1.67).   

Among the 3 studies evaluating CAD mortality by duration of HRT,50, 54, 55 the findings are 

inconsistent (Table 8). The Criqui study54 observed decreased risk of CAD among those using 

HRT for more than 8 years, with a relative risk of CAD mortality of 0.36 (95% CI 0.04-3.02).  

However, among women using HRT for fewer than 8 years, CAD mortality was increased, with 

relative risks ranging from 1.24 to 2.62, depending on the order of HRT use in the 8 years of 

follow-up (off then on, or on then off).  Neither finding was statistically significant.  Another 

study shows decreased risk for use of fewer than 5 years (RR 0.57),55 and one shows no 

difference in risk (RR 0.97).50  None of these findings was statistically significant.  Two studies 

suggest decreased risk for very long-term use.  In the SOF study, more than 10 years of HRT use 

was associated with a relative risk of 0.25 (95% CI 0.09-0.68).50  Use for 8 or more years was 

also associated with decreased risk of CAD mortality in the Southern California cohort (RR 

0.36), but was not statistically significant.  The relative risk of CAD death was 0.90 and not 

significant in the IWHS among women using HRT longer than 5 years.55   

Many of these studies differentiated past HRT use from current use (as opposed to �ever� 

use), as shown in Table 7.  Among them, the SOF, Finnish, and NHS cohorts showed statistically 

reduced risk of CAD mortality with current HRT use (RR 0.19-0.49).  The IWHS had a non-

statistically significant relative risk of 0.82 for current use.  For past use, the IWHS had a 

statistically significant relative risk of 0.57 (95% CI 0.38-0.85); the other 3 studies had relative 

risks ranging from 0.64 to 0.99, and were not statistically significant.50, 51, 54  None of the fair or 

good quality studies evaluated CAD mortality by type of HRT used. 

In our meta-analysis of HRT and CAD mortality (Table 6, Figure 4), current HRT use 

was associated with a summary relative risk of 0.62 (95% CI 0.40-0.91), ever use was associated 

with a summary relative risk of 0.81 (95% CI 0.37-1.60) and past use with a summary relative 
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risk of 0.76 (95% CI 0.53-1.02).  �Any use,� the global measure of use, had a summary relative 

risk of 0.74 (95% CI 0.36-1.45). 

 

Summary 

• Five studies of good or fair quality evaluated CAD death among women using HRT.  No 

studies evaluated CAD mortality by type or dose of HRT. 

• Four of the 5 showed reduced risk of CAD death associated with current use of HRT, 

with relative risks ranging from 0.19 to 0.82, although only 3 were statistically 

significant. 

• Past use was associated with relative risks ranging from 0.57 to 0.99, with only one result 

statistically significant. 

• The 3 studies evaluating risk of CAD death by duration of use had inconsistent findings, 

with relative risks ranging from 0.57 to 2.62 for fewer than 5-10 years of use, and 0.25 to 

0.90 for more than 5 to 10 years of use. 

• Only current HRT use was associated with reduced CAD mortality in our meta-analysis; 

no association was shown with past, ever, or any use. 

 

3. Does Postmenopausal HRT Alter the Risk of Stroke Death? 
Eight cohort studies22, 49-51, 55-58 of good or fair quality addressed the issue of HRT and 

stroke death (Table 9, see also Evidence Tables 3 and 4).  Most of these studies found reduced 

relative risk point estimates, though none was statistically significant.  The Rancho Bernardo 

study found no significant association between stroke death among current HRT users (RR 0.92; 

95% CI 0.34-2.49).57  The Finnish cohort51 also found no significant risk of stroke death in former 

users (RR 1.05; 95% CI 0.41-2.68) or current users (RR 0.16; 95% CI 0.02-1.18).  The SOF 

study50 identified no significant risk of stroke death in current users (RR 0.47; 95% CI 0.20-1.08) 

or past users of HRT (RR 0.85; 95% CI 0.48-1.49).  The IWHS55 also found no significant 

association between HRT use and stroke death; the relative risk was 0.95 for current use (95% CI 

0.37-2.43) and 0.88 for past use (95% CI 0.48-1.61).  The NHANES I cohort study56 identified a 

significant decreased risk of stroke death (RR 0.86; 95% CI 0.14-0.92) when proxy responses 

were included; when proxy responses were eliminated, however, there was no reduction in stroke 
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death (RR 0.86; 95% CI 0.28-2.66).  The NHS cohort identified no association between current 

HRT use and stroke mortality (RR 0.81; 95% CI 0.54-1.22).58  Finally, the Lipid Research Clinics 

study22, a well-designed cohort study, found no significant association between HRT and stroke 

death (RR 0.40; 95% CI 0.01-3.07) after adjustment for many CVD risk factors. Although none 

of these studies adjusted for lipids or socioeconomic status (SES), variable adjustment for 

confounders does not seem to explain different findings among the studies (see Table 9). 

Two good-quality cohort studies evaluated long-term use of estrogen and risk of stroke 

death (Table 10).  The SOF study50 identified no significant risk of stroke death for use for 10 or 

more years (RR 0.38; 95% CI 0.13-1.10), or for use from 1 to 9 years (RR 0.66; 95% CI 0.20-

2.20).  Similarly, after 6 years of followup, the IWHS,55 identified no significant change in stroke 

death with HRT use of more than 5 years (RR 1.05; 95% CI 0.41-2.64) or 5 or fewer years (RR 

2.08; 95% CI 0.74-5.82).  

We performed a meta-analysis of data from the 8 cohort studies that reported data on 

HRT and stroke mortality (Table 6, Figure 5).   The summary relative risk for stroke death was 

0.79 (95% CI 0.60-1.01).  No differences were found for ever, past, or current use, and, therefore, 

only one summary relative risk is reported. 

 

Summary 
• No significant association between HRT and risk of stroke death was identified in the 

observational studies of good to fair quality, although most point estimates showed 

reduced risk. 

• Two good-quality cohort studies evaluated long-term use of estrogen and did not 

show any significant association between long-term HRT use and stroke death.   

• Meta-analysis of 8 studies showed no significant association between HRT and stroke 

mortality. 
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Cardiovascular Disease, Coronary Artery Disease and Stroke 
Incidence  

4.  What is the Role of Postmenopausal HRT in the Primary 
Prevention of Cardiovascular Disease? 

Three observational studies of fair or good quality have evaluated the overall risk of 

CVD11, 51, 59 (Table 11).  The FHS11 defined CVD broadly and included coronary heart disease 

(angina, MI, coronary death, sudden cardiac death), cerebrovascular disease (stroke and transient 

ischemic attack [TIA]), claudication, and congestive heart failure.  After 8 years of followup, the 

total CVD rate was increased among HRT users by 76% (RR 1.76; p<0.01).  CVD events in this 

study were ascertained by physician review of clinic notes, hospital and physician records, and 

death certificates on a biennial basis.  This process is unique to this study and involved 

evaluating unrecognized MI with electrocardiograms and including angina and TIAs, each more 

difficult endpoints to define.  In addition, the multivariate model used in this study included the 

cholesterol:HDL ratio, which also may have influenced the findings, since adding the HDL level 

to multivariable models has been shown to significantly change results towards less benefit from 

HRT.22  The FHS also differs in its assessment of HRT use.  In this study, nearly two-thirds of the 

cohort reported use of HRT at 2 or more of the biennial examinations, suggesting that the 

findings are most relevant to longer-term use of HRT.  Interestingly, the authors reanalyzed their 

data, categorizing women as users or nonusers at the 11th biennial exam, and repeated similar 

analyses.  When estrogen use was characterized in this manner (at a single point in time), the 

findings suggested an inverse relation between HRT and CVD mortality in women ages 50-59.  

Also, when total CVD was evaluated in this way, there was no association between HRT and 

CVD in the youngest women, but a strong positive relation (increase in risk) among women over 

age 60.  These findings indicate that how HRT use is measured or characterized can significantly 

affect the findings of a study. 

A case-control study conducted in the United Kingdom evaluated CVD incidence and 

involved 603 women ages 45 to 69 with MI or stroke.59  Two controls per case were matched by 

age, race, and general practitioner, and all were evaluated with a questionnaire completed by a 

nurse, as well as a review of all medical records.  After adjustment for several important 

confounding variables (though not including lipids), the relative risk of CVD events was 1.29 



 23

(95% CI 0.82-2.00) for any HRT use, 1.09 (95% CI 0.65-1.82) for ERT use, and 1.16 (95% CI 

0.43-3.12) for CHRT use.59 

In the Finnish cohort51 described above, the relative risk of CVD events was 1.07 (95% CI 

0.86-1.32) among current HRT users and 1.11 (95% CI 0.89-1.39) among past users. 

A 1997 meta-analysis combined data from 22 randomized controlled trials of short-term 

HRT use for several outcomes other than CVD, such as bone density or lipids.60  In these studies, 

cardiovascular events were reported as complications or side effects of therapy, not as primary 

outcomes of interest.  Of approximately 1,700 women randomized to placebo or HRT (of varying 

composition), there were 12 cardiovascular events in the HRT group and 5 in the control 

subjects, with a relative risk of 1.39 (95% CI 0.48-3.95).  The authors also calculated 

probabilities for finding this result if 0.7 or 0.5 was the true odds ratio, and these probabilities 

were 0.10 and 0.03, respectively.  This suggests that it is highly unlikely that a short-term benefit 

of HRT was missed by chance alone in this study. 

The WHI is a randomized controlled trial of hormone replacement therapy in the primary 

prevention of CVD involving 27,348 postmenopausal US women.  The study began several years 

ago and was to report findings initially in the year 2005.  However, in the spring of 2000, the data 

and safety monitoring board identified an increased rate of MI, stroke, and �blood clots� among 

the women randomized to hormone therapy (HRT or CHRT) occurring in the first 2 years of the 

study.  To date, no information on the number of events is available, although the April 3, 2000 

press release from the National Heart, Lung and Blood Institute (NHLBI)48 stated that the number 

was less than 1% among women using HRT.  The increased rates did not meet statistical criteria 

for stopping the trial. Over time, the trends may diminish and, as the press release states, �may 

even go away.�  This information was considered preliminary and did not address the issue of 

long-term benefits.  Therefore, the authors did not recommend that the findings influence current 

medical practice. 

We performed a meta-analysis of the studies of HRT and CVD incidence (Table 6, Figure 

6), and found summary relative risk estimates of 1.35 (95% CI 0.92-2.00) for ever use and 1.26 

(95% CI 0.79-2.08) for past use.  Current use of HRT was associated with a summary relative 

risk of 1.27 (95% CI 0.80-2.00).  Any use of HRT, the overall measure of use, was associated 

with a summary relative risk of 1.28 (95% CI 0.86-2.00). 
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Summary 

• All observational studies evaluating CVD incidence, which includes stroke and coronary 

disease, show elevated relative risks among women using HRT on the order of 10% to 

75%.  In only one study, however, was this finding statistically significant, and this study 

has been criticized for including �angina� as a CVD outcome. 

• An important analysis of the FHS showed that how HRT use is assessed and defined can 

significantly influence calculated rates of CVD events. 

• None of the studies evaluating CVD incidence and HRT evaluated risk by duration of 

HRT use. 

• Meta-analysis involving evaluation of only women involved in randomized controlled 

trials of relatively short-term HRT suggests increased risk of CVD events among women 

randomized to HRT. 

• Preliminary findings from the large Women�s Health Initiative randomized controlled 

trial of HRT and primary prevention released to the public in the spring of 2000 indicate 

increased rates of stroke, MI, and �blood clots� among women using HRT within the first 

2 years of the study.  These rates have diminished with increased followup. 

• In our meta-analysis, all measures of HRT use were associated with increased risk of 

CVD events, with relative risks ranging from 1.26 to 1.35. 

 

5.   What is the Role of Postmenopausal HRT in the Primary 
Prevention of Coronary Artery Disease? 

Evaluating CAD events is difficult, and each study has used different methods to 

determine or identify events, as well as different definitions of CAD.  For this review, we 

classified all MIs as coronary events, recognizing that many occur outside the hospital and are 

not included in this category.  This is especially a problem in case-control studies that evaluate 

the relationship, since most define their cases as women hospitalized with MI while others 

include only non-fatal MI as cases.  As discussed above, some investigators included outcomes 

of angina and sudden cardiac death in their overall definition of CAD.  Typically, if sudden 

cardiac death was considered in the measurement of CAD, the investigators did so after 
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excluding other causes.  Finally, the FHS11 included clinically unrecognized MI in its definition 

of CAD, which is important because approximately one-third of MIs in women are clinically 

unrecognized or �silent.�  The data from the studies evaluating CAD incidence and HRT are 

displayed in Table 12. 

The only published randomized controlled trial of the primary prevention of CAD with 

HRT was conducted among 168 postmenopausal women institutionalized in New York City and 

followed for 10 years while in the hospital.61  After 10 years, there were 3 MIs in the control 

group treated with placebo, and 1 MI in the CHRT treated group (RR 0.33; 95% CI non-

significant).  This study contributes little to this evaluation however, because of its small size and 

unique population, and because the dose of estrogen used (2.5 mg) is rarely used in clinical 

practice. 

The association between HRT and CAD incidence was evaluated in 4 cohort studies (1 

analyzed as a nested case-control study) of good or fair quality.8, 11, 51, 62  The FHS identified a 

relative risk of 1.90 (p<0.01) for CAD events associated with HRT use.11  When this study was 

reanalyzed by Eaker,63 excluding the endpoint of angina, the relative risk among women reporting 

HRT use at exams 11 or 12 was 0.40 (p > 0.05) among women ages 50 to 59.10  Among women 

ages 60 to 69, the relative risk of those reporting HRT use at exam 11 or 12 was 2.20 (p > 

0.05).10, 63  It can be argued that angina is such a poorly defined or difficult-to-define entity, 

particularly among women, that it is appropriate to exclude angina from the relative risk 

calculations for CAD.  However, the FHS was a very carefully conducted study.  Also, it is 

difficult to know how to interpret or compare the relative risk findings of the studies by Eaker 

and Wilson without an overall estimate involving the entire cohort, since the number of CAD 

events would have been larger in the older women in whom the relative risk was elevated.  In 

addition, women in the FHS tended to use higher doses of estrogen.9 

The Finnish cohort study51 identified elevated relative risks of CAD associated with 

current and past HRT use, although these were not statistically significant.  Among current users 

of HRT, the risk of CAD was 1.05 (95% CI 0.76-1.46).  Past users had a relative risk of 1.23 

(95% CI 0.88-1.71). Women in this study also used higher doses of estrogen. 

The NHS8 reported a relative risk of CAD of 0.60 (95% CI 0.47-0.76) among women 

currently using HRT and a relative risk among past users of 0.85 (95% CI 0.71-1.01).  These data 
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were also analyzed by type of HRT use.  Among current users of CHRT, the relative risk of CAD 

was 0.39 (95% CI 0.19-0.78); women currently using ERT had a relative risk of 0.60 (95% CI 

0.43-0.83), suggesting reduced risk with both types of HRT, consistent with the overall risk 

identified. 

A cohort study involving women ages 50 to 64 from the GroupHealth Cooperative in 

Seattle, who were identified between 1978 and 1984, included a nested case-control analysis 

among 120 women with first MI.62  After adjustment for drug treatment of hypertension and 

diabetes, as well as age, the relative risk for current HRT use was 0.70 (95% CI 0.40-1.40) and 

for past use was 0.60 (95% CI 0.10-2.10).  These results should be interpreted cautiously because 

they are not statistically significant and adjustment for confounding by CAD risk factors was 

limited. 

Among the 8 case-control studies evaluating CAD incidence that were of fair or good 

quality,12, 62, 64-69 2 of good quality investigated the relationship between HRT and incident 

coronary disease.12, 67  The best of these studies was a population-based study conducted by 

Rosenberg and involved 858 cases with first, non-fatal MI.67  Each case was geographically and 

age matched (within 5 years) to one control.  Estrogen use was considered present with any use 

more than one month in duration, and its use, as well as CAD risk factors, was evaluated by 

questionnaire.  The odds ratio for ever use of ERT was 0.90 (95% CI 0.70-1.20) and for CHRT 

was 1.2 (95% CI 0.60-2.40).  Overall, recent use of any HRT was associated with a non-

statistically significant decrease in first MI of 20%.  Past use was associated with an odds ratio of 

0.9 (95% CI 0.7-1.3).  All relative confounders were included in the analyses except for the 

cholesterol: HDL ratio, which has been identified as an important explanatory variable in 

multivariate models.4, 22  When ERT use was evaluated by duration, relative risks were elevated in 

the first 4 years of use, and after 4 years were below 1.0 with positive trend (p =0.08) for reduced 

risk of first MI with increasing ERT duration, though none of the strata of years was statistically 

significant.  CHRT use of 5 or fewer years was associated with an odds ratio of 0.50 (95% CI 

0.20-1.50) and more than 5 years with an odds ratio of 2.60 (95% CI 0.80-8.40).  It is important 

to note that this study evaluated only survivors of first MI. 

Another good-quality population-based case-control study12 was conducted in a Northern 

California HMO population and involved 438 postmenopausal women with first MI.  An equal 
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number of controls were matched by age and medical center.  Medical records were reviewed for 

estrogen exposure, and some major risk factors for CAD were identified and adjusted for (family 

history, lipids, and BMI were not adjusted for).  The adjusted odds ratio for current ERT or 

CHRT use was 0.96 (95% CI 0.66-1.40) and for past use was 1.07 (0.72-1.58).  For CHRT, there 

was an increased, though non-statistically significant, risk in the first year of use (OR 1.27; 95% 

CI 0.40-4.02).  There was no trend associated with increasing duration of either CHRT or ERT. 

Only one case-control study evaluating CAD incidence showed statistically significant 

reduced risk of CAD among HRT users.69  This study was conducted in the Seattle GroupHealth 

Cooperative and involved 850 postmenopausal women ages 30 to 79 with incident fatal or non-

fatal MI.  Controls were frequency matched, and record review, pharmacy review, and telephone 

interviews were conducted to measure exposure and CAD risk factors.  The odds ratios for ever 

use, current use, and past use of HRT were 0.72 (95% CI 0.59-0.88), 0.70 (95% CI 0.55-0.89), 

and 0.74 (95% CI 0.57-0.96), respectively.  This study had relatively little adjustment for CAD 

risk factors, however. 

Four other population-based case-control studies of fair quality identified odds ratios 

ranging from 0.55 to 0.93 for current, recent, or ever use of HRT, though none was statistically 

significant.62, 65, 66, 68  

Past use of HRT was evaluated in 6 studies of CAD incidence.  The risks were elevated in 

2 studies (RR 1.07-1.23),12, 51 but were not statistically significant.  The risks were reduced in 3 

studies (RR 0.60-0.90),8, 62, 67 but again were not statistically significant.  The GroupHealth Study69 

did show significantly reduced risk with past use (OR 0.74; 95% CI 0.57-0.96), though it is 

limited by lack of adjustment for many CAD risk factors. 

The use of combined therapy (CHRT) was evaluated in 3 observational studies.  In the 

NHS,8 the relative risk of current CHRT use was 0.39 (95% CI 0.19-0.78).  In the Rosenberg 

case-control study,67 ever use of CHRT was associated with an odds ratio of 1.2 (95% CI 0.60-

2.4).  Finally, in the UK study,59 recent CHRT use was associated with an odds ratio of 0.68 

(95% 0.47-0.97).  

Although review of Table 10 indicates that many studies had point estimates below 1.0, 

suggesting benefit, only 3 of these were statistically significant.  The most notable finding is that, 

with the exception of the NHS,11 the good quality studies were consistent in showing no benefit 
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or an increased risk of CAD events among HRT users.  The reason(s) for disparity among the 

best studies is uncertain.  There were great differences among the studies in their adjustment for 

confounders.  What is striking in reviewing the table however, is that none of the studies that 

included adjustment for SES or education in their models found HRT use beneficial.  This is an 

important finding and suggests that SES may confound the relationship between HRT and CAD 

incidence.  Similarly, none of the studies with adjustment for alcohol use or exercise, both known 

to be more common in women who use HRT and to be protective against CAD, showed benefit 

with HRT use.  As Tables 1 and 2 indicate, all studies included in this systematic review assessed 

and defined HRT use differently.  As Wilson very effectively showed,11 how this is done can 

significantly influence relative risk estimates.  Unfortunately, however, no clear pattern emerges 

from Tables 1 and 2 that helps further explain disparate findings among studies evaluating CAD 

incidence. 

Results of our meta-analysis evaluating the association between CAD incidence and HRT 

use varied by exposure status (Table 6, Figure 7).  Current use of HRT was associated with a 

summary relative risk of 0.80 (95% CI 0.68-0.95).  Ever use of HRT was associated with a 

relative risk of 0.91 (95% CI 0.67-1.33), and past use with a summary relative risk of 0.87 (95% 

CI 0.75-1.05).  We also conducted the meta-analyses and compared the summary relative risks 

among the studies that adjusted for SES and those that did not adjust.  Among the studies that 

adjusted for SES, there was no association between any measure of HRT use and CAD events, 

with relative risks ranging from 0.98-1.07.  However, the summary relative risks among studies 

that did not adjust for SES were reduced with current exposure (RR 0.72; 95% CI 0.61-0.84) and 

past exposure (RR 0.77; 95% CI 0.65-0.91).  This finding suggests that SES status may 

significantly confound observations of reduced CAD among women using HRT.  This is a very 

important issue as SES is powerfully and inversely linked with CVD.70  Our finding of no 

association between any measure of HRT use and coronary incidence was similar when the meta-

analyses were stratified by alcohol consumption and exercise, in addition to other major coronary 

disease risk factors, suggesting confounding by these factors as well. 
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Summary 

• Among 3 cohort studies of good or fair quality, 2 suggest increased risk of CAD in 

association with HRT, although only the FHS findings were statistically significant (RR 

1.05-1.90).  Reanalysis of FHS data without angina as an endpoint showed a trend 

towards reduced risk among women aged 50 to 59 (RR 0.40) and increased risk among 

women aged 60-69 (RR 2.20).  The NHS showed reduced risk among current users of any 

type of hormone therapy. 

• Eight case-control studies (1 nested case control study) evaluated HRT use and CAD 

incidence.  Among them only one showed statistically significant reduced risk of 

approximately 30% with HRT use.11, 51, 56-58, 69   The two best studies suggested elevated 

risks (RR 0.96-1.20) among women using HRT, but the findings were not statistically 

significant.  The others showed relative risks ranging from 0.55 to 0.93 and were not 

statistically significant. 

• The findings among the 6 studies evaluating past use of HRT were inconsistent, showing 

both increased and decreased risks. 

• With the exception of the NHS, none of the good quality studies showed reduced 

coronary events among women using HRT. 

• None of the studies including adjustment for SES, education, exercise, or alcohol use in 

their models showed a benefit of HRT in reducing CAD events. 

• Two of 3 observational studies evaluating CHRT use showed statistically significant 

reduced risk among current, recent, or ever users. 

• In our meta-analysis, there was no association between HRT use and CAD events in 

studies that adjusted for SES, but summary relative risks for studies that did not adjust for 

SES were reduced.  These results suggest that SES may significantly confound 

observations of reduced CAD among women using HRT. 
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6.  Does Postmenopausal HRT Alter the Risk of Stroke? 

6a. Total stroke 
Among the 24 cohort studies reviewed (representing 15 cohorts), 5 cohort studies11, 51, 56-58 

and 4 case-control studies59, 64, 71, 72 of good or fair quality were analyzed in depth (Table 13a, 

Evidence Table 3 and 4).   

Four of the 5 cohort studies found no association between stroke and postmenopausal 

estrogen.51, 56-58  Only the FHS11 found an increase in stroke rates in women using HRT.   

 The Rancho Bernado cohort57 consisted primarily of white, middle- to upper-class 

women from California, aged 60 or older, with no history of stroke.  In this study 1,031 women, 

of which 278 (27%) were current HRT users, were followed for approximately 8.75 years. After 

controlling for age, smoking, systolic blood pressure and diabetes, no significant association 

between stroke or TIA and HRT use was identified (RR 4.43; 95% CI 0.83-23.58).  

A population-based study included 7,944 women ages 57 to 64 from Finland participating 

in mammography screening in 1987 to 1988 who were followed every 2 years for stroke.51  After 

approximately 6 years of followup, there was no significant association11, 51, 56-58 between non-fatal 

stroke and the use of HRT, with a relative risk of 0.86 (95% CI 0.42-1.75) in current users and 

1.08 (95% CI 0.55-2.10) in former users.   

A cohort of 1,910 women without a history of stroke, ages 55-74, was evaluated in the 

NHANES I followup study from 1971 to 1975.56  No significant decrease in risk of non-fatal 

stroke (RR 0.69; 95% CI 0.47-1.00) was identified. Although most major confounders were 

adjusted for, family history of CVD and lipids were not. 

The NHS evaluated stroke incidence after 20 years of followup.58  Non-fatal strokes were 

verified by medical record review, and required typical neurological symptoms of stroke lasting 

more than 24 hours and meeting the criteria of the National Survey of Stroke.  Strokes were 

classified into ischemic stroke (IS), (thrombotic or embolic), SAH, and intraparenchymal 

hemorrhage (IPH).  Deaths were verified by family, medical, and autopsy records, and by the 

National Death Index.  No association between the risk of total stroke and current (RR 1.13; 95% 

CI 0.94-1.35) or past (RR 1.02; 95% CI 0.85-1.24) use of HRT was shown;58 however, an 

increased risk of total stroke (RR 1.54; 95% CI 1.12-2.11) was observed in women currently 

using CHRT.   No association was identified in women taking 0.625 mg of oral CEE compared 
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to non-users (RR 1.24; 95% CI 0.95-1.62).  This good-quality study adjusted for major 

confounders, including age, smoking, cholesterol, history of hypertension and myocardial 

infarction, diabetes, lipids, alcohol use, BMI, and family history of cardiovascular disease (see 

Table 13a).  In addition, a significant dose-response relationship was shown for stroke with 

graded risks of 0.54, 1.35, and 1.63 for conjugated estrogen doses of 0.3 mg, 0.625 mg and 1.25 

mg or more per day.58 

The FHS found a significant increase in stroke rates among women using HRT.11  On 

average, women took estrogen for approximately 3 years, and primarily used CEE; fewer than 

5% used CHRT.  After 8 years of followup, 45 cases of fatal and non-fatal cerebrovascular 

disease events (total stroke), including 21 cases of atherothrombotic brain infarction had occured.  

Women taking HRT had greater than a 2-fold risk of total stroke (RR 2.27, p<0.01).  A limitation 

of this study is that diabetes, a known major risk factor for stroke, was not assessed or adjusted 

for. 

Four case-control studies have evaluated the association between short-term estrogen use 

and risk of stroke.59, 64, 71, 72  Though several have elevated point estimates, none of the studies has 

shown a significantly increased risk of stroke.  All the studies were of fair quality, limited 

primarily by lack of control for confounding factors (refer to Evidence Table 4). 

 The results of the studies evaluating stroke incidence are relatively consistent in showing 

elevated, though non-statistically significant, relative risks of stroke in association with HRT.  

The major outlier is the FHS, which found significantly increased rates of stroke and brain 

infarction among women using HRT.  The reason for the disparity between the FHS and other 

studies is not clear.  However, since most women in the FHS were on estrogen alone, this result 

is consistent with the increase in risk of ischemic stroke shown among women using estrogen 

alone in the NHS (discussed below).58  Because event ascertainment in the FHS was similar 

among women using and not using HRT,  differential ascertainment is unlikely to explain the 

results.  Two other issues with the FHS should be considered. These include the use of higher 

doses of estrogen among women in the study,9 and the lack of adjustment for diabetes in their 

analysis, an important stroke risk factor.  However, the FHS evaluated risk profiles among 

women using HRT, and these women were at lower CVD risk than women not using HRT based 
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on traditional risk factors.  Thus, the data somewhat compellingly suggest increased stroke risk 

among HRT users. 

Long-term use of HRT has not clearly been defined.  Many of the cohort studies do not 

address duration of use, and among those that do, the definition of �long-term� often varies from 

a few months to more than 15 years.  Also, duration of use has been evaluated in past users by 

time since last use as well as time since the first use.  The NHS58 evaluated the effect of long-

term use of HRT on the risk of stroke, and it showed no association, with relative risks ranging 

from 1.04 to 1.32 for less than one year to 10 or more years of use (see Table 10). 

Of the 4 case-control studies reviewed, only one study of fair quality, the Northern 

California Kaiser Permanente study,71 addressed the duration of estrogen use and risk of stroke.  

This study identified no significant association between stroke and HRT use by duration.  HRT 

use of less than one year had an odds ratio of 0.75 (95% CI 0.23-2.42); for use of more than 10 

years, the odds ratio of stroke was 1.37 (95% CI 0.79-2.38).  There was also no association 

between HRT and stroke with past use (OR 0.84; 95% CI 0.54-1.32). 

Evaluating exposure from estrogen and progesterone therapy is difficult.  Most studies 

that include combination therapy rarely present these data independently.  Often they report that a 

certain percentage of women was on combination therapy, but do not differentiate further.  The 

majority of studies had fewer than 20% of subjects on combination therapy.  The NHS evaluated 

the risk of stroke and CHRT use in 70,533 women.58  A significant increase in total stroke (RR 

1.54; 95% CI 1.12-2.11) was identified in association with CHRT.  Two case-control studies 

evaluated CHRT and stroke risk.  The first study72 (previously discussed in detail) involved a 

cohort of 1,422 Danish women.  Among women on CHRT, odds ratios of stroke ranged from 

1.20 to 1.30 for various types of stroke (SAH, ICH, thromboembolic stroke, TIA), and none were 

significant.  A study from the UK59 found no increase in stroke in women on CHRT (OR 0.86; 

95% CI 0.43-1.74) (see Evidence Table 4.)  

Although there are no randomized trials of HRT and the primary prevention of stroke, the 

WHI is a CVD primary prevention trial involving 27,348 postmenopausal women randomized to 

either CHRT, ERT, or placebo.  In the spring of 2000, women in the trial were notified that there 

were increased rates of stroke occurring among women randomized to HRT.48 
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For the reasons discussed above and because there are no randomized controlled trials of 

HRT for the primary prevention of stroke, valuable information may come from the HERS trial, 

a secondary prevention study involving 2,763 women with known CAD randomized to either 

placebo (n=1383) or Prempro (CEE 0.625 mg and medroxyprogesterone acetate 2.5 mg) 

(n=1380).  Stroke and TIA were secondary cardiovascular outcomes. Details of stroke diagnosis 

and classification were not reported.  After 4 years of followup, 108 strokes or TIAs had occurred 

in the CHRT group, and the risk hazard was 1.13 (95% CI 0.85-1.48).   

In our meta-analysis of total stroke incidence and HRT (Table 6, Figure 8), 5 cohort 

studies11, 51, 56-58 and 4 case-control studies59, 64, 71, 72 were included in the analysis.  The summary 

relative risk was 1.12 (95% CI 1.01-1.23), identifying a slightly significant increase in stroke 

incidence, consistent with the early results from the WHI.   

 

Summary 
• One meta-analysis showed no association between HRT and stroke. 

• Twenty-five cohort studies representing 15 cohorts have evaluated the use of HRT.  Five 

of these were of fair or good quality, and 4 of the 5 found no association between stroke 

HRT use. 

• Of the 4 good to fair case-control studies, none showed a significant association between 

HRT and stroke, though several had elevated point estimates. 

• Although no randomized trials have evaluated HRT and primary prevention of stroke, 

preliminary findings of the Women�s Health Initiative, as reported by the lay press, found 

an increased risk of stroke in women treated with HRT. 

• The NHS found no association with long-term use of HRT and stroke incidence. One 

fair-quality case-control study evaluated the effect of long-term use of HRT on the risk of 

stroke, and found no significant association. 

• The majority of the studies do not analyze risk associated with CHRT independently.  

The NHS found an increased risk of stroke in current users of CHRT compared to never-

users, but no increased risk in women on ERT compared to never-users.  Other studies to 

date have not found a significant association between stroke and CHRT, though some 

have suggested increased risk. The HERS trial of secondary prevention identified no 
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increase risk of stroke or TIA in association with CHRT.  However, this was a secondary 

prevention trial and may not be generalizable to a healthy population. 

• Data from the NHS found an increasing risk of stroke with increasing doses of estrogen. 

• Our meta-analysis identified a significant increased risk of stroke associated with ever use 

of HRT (RR 1.12; 95% CI 1.01-1.23). 

 

6b.     Ischemic stroke 
 Ischemic, or thromboembolic, strokes are the most common type of stroke.  HRT is a 

known thromboembolic agent and thus may be important etiologically in ischemic stroke.  The 

majority of studies report their results as total stroke, and epidemiologically, ischemic stroke is 

the major contributor to total stroke. However, 4 studies of good or fair quality specifically report 

ischemic stroke separately.11, 58, 64, 72(Table 13b, Evidence Tables 3 and 4) 

  Two cohort studies specifically evaluate ischemic stroke in their analyses.11, 58  The FHS, 

discussed previously, found that women with ever-use of HRT had an increased risk of ischemic 

stroke (RR 2.60; p<0.01).11  The NHS58 found that women who currently use HRT had an 

increased risk of ischemic stroke (RR 1.26; 95% CI 1.00-1.61); past use of HRT was not 

associated with ischemic stroke (RR 1.01; 95% CI 0.79-1.30).58    

Two case-control studies have evaluated the risk of ischemic stroke.64, 72   An older study 

of primarily white women from a Southern California retirement community found no significant 

increase in risk (OR 1.13; 95% CI 0.71-1.77) associated with ever use.64  In the Denmark study,72  

previously described, there was no significant increased risk of ischemic stroke among current 

(OR 1.24 95% CI 0.91-1.70) or past ERT users (OR 1.12 95% CI 0.88-1.42), or current CHRT 

users (OR 1.27 95% CI 1.00-1.62), though all had elevated point estimates suggesting increased 

risk. 

 In our meta-analysis (Figure 9), the results of these 4 studies11, 58, 64, 72 were pooled to 

estimate risk of ischemic stroke.  Because there were no apparent differences between study type, 

type of hormone use, or ever-use, past use or current use, these results were pooled.  The 

summary relative risk was 1.20 (95% CI 1.05-1.40), indicating a significant increased risk of 

ischemic stroke in women with HRT exposure. 
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Summary 
• The NHS and FHS identified statistically significant increased risk of ischemic stroke. 

• 2 case-control studies of fair to good quality evaluated the risk of ischemic stroke and 

found no association. 

• Our meta-analysis of these studies found increased risk of ischemic stroke with HRT 

use (RR 1.20; 95% CI 1.05-1.40).   

 

6c.  Subarachnoid hemorrhage   
Risk factors for SAH are different from those of ischemic and hemorrhagic stroke.  In a 

systematic review of risk factors for SAH, the significant risk factors included smoking, 

hypertension, and drinking 150 grams or more of alcohol per week.73  Use of oral contraceptives, 

use of HRT, hypercholesterolemia, and physical activity were not shown to be significantly 

related to the risk of SAH.  With this in mind, only a few studies have evaluated the association 

between HRT and SAH independently.  These studies are summarized in Table 13c and 

Evidence Table 3 and 4. 

Of the 10 observational studies of fair or good quality that evaluated stroke, only one 

cohort study specifically evaluated SAH.8  After 16 years of followup in the NHS, no clear 

association between SAH and current (RR 0.90; 95% CI 0.57-1.41) or past (RR 0.81; 95% CI 

0.52-1.25) use of HRT was identified.8  There was an increased risk of SAH observed in subjects 

using ERT only (RR 1.35), but no confidence interval or p-value was reported.    

Only two case-control studies72, 74 of fair quality evaluated the relationship between HRT 

and SAH (see Table 13c and Evidence Table 4).  One population-based case-control study from 

Denmark72 included 1,422 women aged 45 to 64 who had a first-ever, non-fatal stroke between 

1990 and 1992.  Cases were identified from the Danish National Patient Register.  Randomly 

selected from the Central National Person Register were 3,171 age-matched controls.  There was 

no significant association between SAH and current use of ERT (OR 0.53; 95% CI 0.23-1.25), 

current use of CHRT (RR 1.30; 95% CI 0.84-2.02), or former use of HRT (RR 0.78; 95% CI 

0.46-1.30). 

The other study74 was a population-based case-control study from King County, 

Washington.  This study included 103 women with spontaneous SAH invited into the study by a 
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treating physician in the King County area.  There were 206 age- and sex-matched controls 

identified through random-digit dialing.  A significant decrease in risk of SAH in women who 

ever (RR 0.47; 95% CI 0.26-0.86) or currently (RR 0.38; 95% CI 0.17-0.84) used HRT in 

comparison to never-users was identified.  No association was found with former use of HRT 

and SAH (RR 0.58; 95% CI 0.28-1.21). 

In our meta-analysis, these 3 studies8, 72, 74 were pooled to estimate the risk of SAH 

associated with HRT use (Figure 10).  No association was identified, with a summary relative 

risk of 0.80 (95% CI 0.57-1.05). 

 

Summary 
• The NHS found no clear association between SAH and current or past use of HRT.    

• Of the 2 case-control studies that evaluated SAH and HRT use, one identified no 

significant association, and the other found a significant decrease in risk of SAH in 

current and ever users compared to never users.   

• Our meta-analysis estimated a pooled relative risk of 0.80 (95% CI 0.57-1.05). 

 

6d.  Intracerebral hemorrhage  

Three cohort studies, among 2 cohorts, evaluated the risk of intracerebral hemorrhage 

(ICH) specifically.8, 75, 76  The NHS reported a decreased risk of ICH in ERT users (RR 0.53), but 

there were only 3 cases, and confidence intervals or p-value were not reported.8  The other 

studies, involving a Swedish cohort, are of poor quality.75, 76  These studies based exposure on 

pharmacy databases, used external controls from the general Swedish population, and presented 

data as standard mortality ratios with no adjustment for confounding.  However, a small, but 

significant decrease in risk of ICH was observed in the estrogen-treated group.   

Four case-control studies of good or fair quality evaluated ICH (Table 13d, Evidence 

Table 4).64, 71, 72, 77  A population-based case-control study from Denmark72 analyzed the association 

between ICH and HRT use.  There were 95 cases of ICH, and no significant association between 

ICH and estrogen use was identified with either former or current use of ERT (OR 0.18; 95% CI 

0.02-1.27) or CHRT (OR 1.22; 95% CI 0.66-2.23).   
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The Northern California study,71 involving women hospitalized for stroke, identified a 

total of 83 cases of hemorrhagic stroke.  Each case was matched to a control by birth year and 

facility of care.  HRT exposure history was obtained by interview or by proxy.  Smoking, 

hypertension, diabetes, prior stroke or TIA, BMI, ethnicity, and education were assessed and 

included in their multivariate models.  This study found a significant decrease in risk of 

hemorrhagic stroke in current users of HRT (OR 0.33; 95% CI 0.12-0.96). 

A study conducted in Australia evaluated 105 cases of ICH occurring between 1990 and 

1992 among women ages 18-80 years old, with a mean age of 63.4 years.77  Each case was matched 

to a control by age, sex, and neighborhood and was recruited and interviewed by the nurse who 

interviewed the corresponding patient.  ICH was verified by CT scan (94.9%), autopsy (4.8%), and 

MRI (0.3%).  Estrogen exposure was considered present if ever used.  Among women with ICH, 

there was a significantly decreased risk of ICH in ever users of HRT (OR 0.36; 95% CI 0.14-0.95).   

The population-based case-control study from a Southern California retirement 

community also assessed the risk of hemorrhagic stroke and HRT use.64  This study, reviewed in 

detail above, involved 258 women with first stroke resulting in hospitalization or death.  A total 

of 1,260 controls were drawn from the resident population and matched to each case by age.  

Estrogen exposure was defined as �ever� or �never� use, and was assessed from a prescription 

database.  Results were adjusted for hypertension, diabetes, and age, but not for smoking, family 

history of CAD, or lipids.  No association between hemorrhagic stroke and estrogen use (OR 

0.49; 95% CI 0.00-9.19x103) was identified. 

Four studies64, 71, 72, 77 were pooled to estimate the risk of ICH associated with HRT in our 

meta-analysis (Figure 11).  No significant decrease in risk of ICH was found (RR 0.71; 95% CI 

0.25-1.29).  Of note, the most recent NHS58 combined both SAH and ICH (due to small numbers 

of cases) and found no association in current or past users of HRT compared to never users (RR 

0.93-0.95).   

 
Summary 

• The recent NHS found no association between HRT and ICH.  Among 4 case-control 

studies, 2 observed no association between HRT and hemorrhagic stroke,64, 72 and the 

other 2 identified a significant decrease in risk.71, 77 

• Meta-analysis identified no association between HRT and ICH. 
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7.  Does HRT Reduce Cardiovascular Events and Death in Women 
with Known Coronary Artery Disease? 

Although this report concerns the prevention of CVD in healthy postmenopausal women, 

CVD is present in nearly one-third of women over age 65.3  Because CVD is such a prevalent 

disorder, it can be argued that evaluation of some of the literature about secondary prevention of 

CVD is useful in developing prevention guidelines.  In addition, because almost all of the studies 

evaluating HRT and CVD incidence and mortality are observational, it is useful to review the 

best evidence to date on secondary prevention, since it might lend important insight to 

understanding the primary prevention literature.  Furthermore, because the role of HRT in 

reducing CVD has been promoted to women and physicians by some health care leaders as well 

as by the media, based largely on observational studies suggesting benefit, and because this 

promotion may have been more directed towards women at high risk for CVD or with known 

CVD, it is useful to review the best evidence on secondary prevention.  Observational studies of 

HRT and CVD are often limited by lack of control for known confounders and inability to 

control for unknown confounders.  Therefore, we focus this discussion on randomized controlled 

trials of HRT in the secondary prevention of CVD. 

The most important randomized controlled trial of HRT in the secondary prevention of 

CAD is the HERS trial,29 a randomized, placebo-controlled trial of HRT conducted at 20 clinical 

centers in the United States between January 1993 and September 1994.  In the trial, 2,763 

postmenopausal women ages 44 to 79 (mean age 66.7) with known CVD were randomized to 

either HRT or placebo.  CAD was defined as evidence of at least one of the following: MI, 

CABG, PCTA, or angiographic evidence of at least 50% occlusion of one or more major 

coronary arteries.  There were a number of exclusions, but most important to this topic were a 

CAD event within 6 months of randomization, triglycerides over 300 mg/dL, history of 

pulmonary embolism or deep venous thrombosis, history of recent hormone use, history of breast 

or endometrial cancer, endometrial hyperplasia, and/or presence of a disease likely to be fatal in 4 

years.  Study participants were randomized to CEE 0.625 mg per day and MPA 2.5 mg per day in 

one pill, or placebo.  The primary outcomes evaluated were fatal and non-fatal MI (symptomatic 

or silent), sudden cardiac death in the absence of known cause, death due to a coronary 
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revascularization procedure, or congestive heart failure.  Secondary cardiovascular events 

included CABG, PTCA, hospitalization for unstable angina, congestive heart failure, resuscitated 

cardiac arrest, stroke, TIA, or peripheral vascular disease.   

There were no significant differences between the women randomized to placebo or 

intervention.  After 4.1 years there were 172 primary CAD events in the intervention group 

(33.1/1,000 women per year) and 176 in the placebo group (33.6/1,000 women per year) (RR 

0.99; 95% CI 0.80-1.22).  The relative risk for CAD death was 1.24 (95% CI 0.87-1.75).  

Although the findings were not statistically significant, the survival curves for CAD death 

diverged during year 2 with survival lower in the hormone-treated group.  Also, the incidence 

curves for non-fatal MI diverged in the first year, with more events occurring in the CHRT 

group, and then converged and crossed during the third year of the study.  Calculating non-fatal 

MI events by months of treatment, the relative risk was 2.30 for the first 4 months, 1.46 for the 

second 4 months, and 1.18 for the third 4 months of CHRT.  For primary coronary heart disease 

events, the incidence curves diverged early in year one, with a greater number of events in the 

CHRT group, and converged at approximately year 3.  Overall, the relative risk of primary CAD 

outcome was 0.95 (95% CI, 0.76-1.17) in those randomized to HRT. 

An important finding in this study was that LDL cholesterol decreased 14% in the 

hormone treated group and 3% in the placebo group, and that HDL increased 8% in the hormone 

group and decreased 2% in the placebo group.  Overall, the relative risk of primary CAD 

outcome after adjustment for lipid levels and use of statin drugs was 0.94 (95% CI, 0.76-1.17).  

These findings are important because they are consistent with multiple other studies showing that 

HRT decreases LDL and increases HDL,21 yet in this study these changes occur in the absence of 

improved CAD outcomes, suggesting that other biological mechanisms are important in the CAD 

and HRT relationship.  A recent analysis comparing women in the HERS study to women with 

presumed CAD in the NHANES III survey highlighted the issue that women in the general 

population have more CAD risk factors than those in the HERS study, and that secondary 

prevention strategies should also be tested in populations more representative of the general 

population.78   

Another important finding in this study was that deep venous thrombosis and pulmonary 

embolism occurred in 34 women in the hormone group (6.3/1,000 women-years) and in 12 
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women in the placebo group (2.2/1,000 women-years).  This finding is an important one, both for 

its intrinsic risk and because it suggests a pathway by which HRT might increase CAD events in 

the setting of reduced lipid levels, since thrombosis is part of the pathophysiology of several 

CVD events.  It was suggested by Hulley and others that the early increase in CAD events in the 

HERS study might be explained by an immediate prothrombotic, proischemic, or proarrhythmic 

effect of CHRT that is gradually outweighed by a reduction in atherosclerosis progression. 

The ERA study30 involved randomization of 309 women with angiographically-confirmed 

CAD to either placebo, CEE 0.625 mg per day, or CEE 0.625 mg per day plus MPA 2.5 mg per 

day.  All women received a baseline coronary angiogram, were followed for a mean of 3.2 years, 

and had a followup angiogram.  Each of the estrogen arms of the study produced significant 

decreases in LDL cholesterol when compared to placebo.  However, neither active treatment 

regimen changed the progression of atherosclerosis when evaluated with repeat angiogram.  In 

addition, coronary disease event rates did not differ among the treatment groups. Whether lack of 

angiographic disease progression correlates with no difference in event rates over time is unclear.  

This lack of benefit of estrogen with or without progestin among women with established 

coronary disease is consistent with the HERS study, but differs in not finding higher early event 

rates in the treatment groups.  One of the questions raised with the HERS study was whether the 

addition of progestins contributed to a lack of benefit in the study; the ERA study helps dispel 

that concern.   

We reviewed 4 studies involving women undergoing angiography (Evidence Table 5).79-82  

We considered these as studies of secondary prevention since women undergoing angiography 

represent a select group of women, and the results are not generalizable to the general population.  

In addition, they are effectively cross-sectional studies in which estrogen use was evaluated at the 

time of angiography, and these types of studies provide little insight into causal relationships. 

 

Summary 

•   There is currently no evidence that HRT reduces either progression of CAD or CAD 

events among women with known CAD. 
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Chapter 4.  Discussion 

The data on HRT and CVD events, previously fairly consistent in showing benefit to 

users, have recently become more uncertain because of the publication of new observational 

studies, the HERS and ERA studies of secondary prevention, and preliminary, though 

unpublished, data from the Women�s Health Initiative.  The major points from this review are: 

• HRT has been shown in randomized trials to influence a number of biological 

intermediates that might in turn influence the risk of CVD, CAD, or stroke.  HRT raises 

triglycerides and HDL, and lowers LDL.  In addition, it has important effects on 

endothelial function, fibrinolysis and clotting, and carbohydrate metabolism; may have 

oxidant (pro- or anti-oxidant) activity; and may be associated with a proinflammatory 

response.  The balance among these biological intermediates in determining CVD, CAD, 

and stroke risk is uncertain at this time. 

• Forty-two observational studies have evaluated the relationship between CVD and HRT.  

However, only 20 of them are of sufficient quality to allow a valid evaluation of the 

association and only these were included in our meta-analyses. 

• The best evidence from observational studies suggests increased rates of CVD events, but 

the findings have not been statistically significant in most studies.  When combined in 

meta-analyses, no statistically significant association is shown, although the point 

estimates are increased for any measure of use.   

• The best evidence from observational studies suggests reduced risk of coronary disease 

events on the order of 20-40%, although many point estimates are not statistically 

significant and none of the studies that adjust for SES, alcohol use, or exercise show this 

benefit. 

• The findings from the best observational studies are inconsistent in their findings of risk 

or benefit from longer duration of HRT and any CVD event.  

• The vast majority of observational studies and our meta-analysis show no association 

between HRT and stroke mortality.  

• Our meta-analysis estimate for stroke incidence indicates increased risk with a relative 

risk of 1.12 (95% CI 1.01-1.23) 
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• Currently, few data suggest that adding progesterone to estrogen influences the risk of any 

CVD event associated with HRT. 

• When women were randomized to HRT or placebo, one clinical trial of secondary 

prevention convincingly showed no benefit to women in the first 2 years of HRT use, 

with a non-statistically significant increase in non-fatal MI until year 3 and in CAD death 

that persists to at least 4 years.  Another trial of secondary prevention also showed no 

benefit in preventing angiographic progression of CAD among HRT users.   

• Preliminary evidence from the Women�s Health Initiative, the only randomized 

controlled trial of primary prevention with HRT, has also suggested increased CVD event 

rates (including stroke and MI) in the first 2 years of the study among women randomized 

to HRT. 

• Observational studies suggest that HRT is associated with reduced relative risks for CVD 

and CAD death.  In our meta-analysis, however, only current use of HRT was associated 

with significantly reduced risks of death from CVD and CAD.  No significant association 

was identified between past, ever, or any use of HRT and CVD or CAD death. 

• Our meta-analysis evaluating CAD incidence and HRT shows no benefit among the 

studies that adjust for SES and benefit among studies that do not adjust for SES, 

suggesting confounding. 

• Several observational studies suggest increased risk of ischemic stroke among HRT users.  

Our meta-analysis identified a significant increase in ischemic stroke among ever users of 

HRT (RR 1.20; 95% CI 1.05-1.40). 

 

We approached this review differently from others who have reviewed this topic.10, 83  

First, we evaluated the overall issue of CVD and then the two major components of it, stroke and 

CAD.  Second, we conducted separate analyses of incidence and mortality for each of the 

outcomes, as well as a global measure of CVD.  Separating these analyses by type of CVD 

outcome, as well as by incidence and mortality, made sense from both a clinical and 

epidemiological standpoint because, in spite of many shared risk factors, they are quite different 

outcomes.  Our analysis is also different because we limited our detailed review and meta-

analyses to only studies of good or fair quality.  With few exceptions, all were population-based, 
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had some assessment of important CVD risk factors, and had no evidence of bias in classification 

of exposures.  We paid particular attention to CVD risk factors, given the known use of HRT by 

women at lower risk for CVD based on behavioral and environmental factors (discussed below).  

Finally, we evaluated risks in our meta-analyses using different measures of exposure (current, 

past, ever) as well as a global (any) measure. 

One of the difficulties in assessing the literature evaluating the HRT-CVD relationship is 

the large span of years (1962-mid 1990s) represented in the observational studies, during which 

there were dramatic changes in clinical practice and knowledge about CVD.  There have also 

been significant secular changes in the use of estrogen, including type, administration, and dose, 

as well as the relatively recent practice of adding progesterone to estrogen therapy.  Complicating 

this evaluation is that many studies use only measurements of estrogen use at one point in time or 

asked women if they had �ever� used HRT.  Thus, "ever" and "current" use could reflect very 

short exposure or very long exposure to HRT.  These differences are illustrated in Tables 1 and 2.  

Also shown is that several studies combined past use with non-use, which would dilute any 

potential association between HRT use and CVD.  The importance of how HRT use is 

characterized is illustrated in the FHS, where a change in how HRT use was assessed changed 

relative risk estimates significantly. 

The findings of our review evaluating CVD and CAD mortality show relatively consistent 

decreases in relative risk of CAD and CVD death in association with exposure to HRT, 

particularly current exposure.  Our meta-analyses differed, however, in showing benefit only with 

current use of HRT with pooled relative risk estimates of 0.64 (95% CI 0.44-0.93) and 0.62 

(95%CI 0.40-0.91) for CVD and CAD death, respectively.  Other measures of exposure, and in 

particular, any use of HRT, showed no benefit in CVD/CAD death in our meta-analyses.  The 

major exception to the consistency among the studies is the FHS, where the relative risk of CVD 

death was non-statistically significantly elevated at 1.94.  The FHS, though older than many, was 

an excellent study, and why their mortality findings differ from most other studies is not clear.  

One possiblity is that women in the study used higher doses of estrogen than in more recent 

studies.9  Unfortunately, little information is available about the dose of HRT used in this study.  

Selection of higher risk women for HRT use can be considered, but is not supported by their 

data, which shows that women using HRT had lower CAD risk than those not choosing HRT.11  
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Therefore, it is unclear why the mortality rate among women using HRT in the FHS was 

increased. 

Most other studies show mortality benefits, but this may be explained by many of the 

biases discussed below.  This is supported by the finding of reduced all-cause mortality among 

women using HRT shown in several studies,49, 50, 55, 84, 85 even from causes unlikely to be influenced 

by HRT.  Adjustment or lack of adjustment for important confounders does not explain variable 

findings among the studies (see Tables 4 and 7).  Finally, review of how HRT use is assessed and 

defined (see Tables 1 and 2) does not explain different findings among studies.   

Many studies have evaluated CAD incidence, and many have shown reduced, though 

non-statistically significant, relative risks (Table 12).  The summary relative risk estimate for 

CAD incidence from our meta-analysis shows a reduced relative risk of CAD of 0.81 (95% CI 

0.69-0.96) for current use when no adjustment for SES is made.  This is of lower magnitude than 

prior meta-analyses have found.  No benefit was shown in our meta-analyses for any other 

measure of HRT use in reducing CAD events.  This difference between our meta-analysis and 

others is likely due to our use of fairly rigorous study inclusion criteria, as well as the inclusion of 

more recent studies, 2 of which show no benefit.12, 51  It is notable that of the 3 cohort studies 

evaluating CAD incidence, only the NHS shows reduced risk and the 2 others show non-

significantly elevated risks.  However, because of the size of the NHS, any meta-analytic 

estimate will be weighted towards its results.   An interesting finding among the studies 

evaluating CAD incidence is that none of the studies that included adjustment for SES or 

education in their multivariate models showed reduced CAD incidence.12, 51, 65, 67  This is an 

important finding, since lower SES is an important risk factor for CAD, as well as for most other 

poor outcomes,70 and women using HRT tend to be of higher SES, and their better outcomes may 

be explained by higher SES rather than HRT. 

To better evaluate this observation, we conducted the meta-analysis stratifying by 

adjustment for SES.  When this was done, the summary risk derived from studies not adjusting 

for SES showed benefit for current and past use of HRT.  However, when SES was accounted 

for, no benefit was seen for any type of HRT use.  These findings suggest confounding of the 

HRT/CAD relationship by SES.   
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To the best of our knowledge, no other meta-analyses have rigorously evaluated studies 

or included this type of sensitivity analysis.  In the area of CAD, Stampfer and colleagues9 

conducted a meta-analysis in 1991 that included 6 case-control studies, 16 cohort studies, and 3 

cross-sectional angiography studies and found a relative risk of 0.56 (95% CI 0.50-0.61) for CAD 

events (incidence and mortality).  In 1992, Grady and colleagues83 conducted a meta-analysis of 

HRT and CAD and calculated a relative risk for CAD events of 0.65 (95% CI 0.59-0.71) and 

CAD death 0.63 (95% CI 0.55-0.72) when comparing ever-users to non-users.  More recently, 

Barrett-Connor and Grady86 conducted another meta-analysis and calculated a summary risk 

estimate for CAD of 0.70 (95% CI 0.65-0.75) for ERT/CHRT use.  In each of these meta-

analyses, studies were included which we rated of poor quality and excluded from our review.  

Several of the studies we excluded from our review did not provide risk-adjusted estimates of 

relative risk or used data from proxies.  In addition, angiography studies that involve 

symptomatic women and are limited by their cross-sectional design were included in the above 

meta-analyses. These meta-analyses also differ from ours because they combine mortality and 

incidence relative risks for HRT.  Finally, we evaluated current, past, and ever use in several of 

our meta-analyses and found significant results only among current users, and this approach 

differs from all of the above.  These differences may partially explain why our review suggests 

less benefit from HRT in preventing CAD. 

Our review and meta-analysis suggest increased rates of CVD among women using HRT, 

with summary estimates of 1.35 for ever use and 1.27 for current use, which are not statistically 

significant. This finding differs from prior analyses and likely results from our reviewing total 

CVD separate from CAD, as well as inclusion of new data from the Hemminki analysis60 and the 

Finnish cohort.51   Our findings of reduced CVD mortality among current HRT users and no 

association with CVD incidence were also shown in the Sourander51 and Pettiti49 studies. 

The relationship between stroke and HRT is very difficult to study for many reasons.  

These include inconsistencies in defining stroke endpoints, as well as differences in estrogen 

formulations and dose, length of use, and time since last use.  Not surprisingly, therefore, studies 

that have been conducted on stroke and HRT have conflicting results. One meta-analysis pooled 

15 studies (3 case-control, 3 uncontrolled cohort, and 9 cohort) and found a pooled estimate of 

the relative risk of stroke among estrogen users of 0.96 (95% CI 0.82-1.13),83 indicating no 
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association between HRT and stroke.  This review pooled numerous studies that varied in size 

and quality.  The summary relative risk was estimated by assigning a weight for the relative risk 

from each study, thereby giving more weight to larger studies.  No allowance was made for the 

quality of the study, allowing poor-quality studies to carry weight equal to that of good-quality 

studies.  A review by Paganini-Hill87 in 1995 analyzed 26 studies, representing 19 cohorts, and 

found mixed results.  Our results differ from prior analyses of this relationship in showing a 

significantly increased risk of stroke (summary RR 1.12) and ischemic stroke (summary RR 

1.15) among HRT users and no association with stroke death.  Again, these different findings 

likely reflect our exclusion of poor quality studies and inclusion of recent studies, many of which 

have elevated point estimates. 

Several biases complicate the interpretation of our results, as well as those of others.  The 

first consideration is selection bias.  Women who use HRT tend to be more affluent, leaner, more 

educated, exercise more often, and drink more alcohol, and all of these factors have been shown 

to be protective against cardiovascular disease.88  This has been shown in several studies, 

including the FHS, NHS, IWHS, and NHANES.  They are also different premenopausally.  

Longitudinal data among women who are premenopausal and followed into menopause show 

that prior to menopause, women who take estrogen postmenopausally are different in significant 

ways from those who do not.46, 89  In one study,11 the premenopausal women who subsequently 

took HRT were better educated, drank more alcohol, were leaner and exercised more, and had 

less comorbidity, and all of these lifestyle characteristics are associated with reduced rates of 

cardiovascular disease in epidemiologic studies.  Thus, the role of estrogen in CVD may be 

confounded by its relationship with these other important known protective factors for 

cardiovascular disease.  Interestingly, none of the studies evaluating CAD that adjusted for 

alcohol or exercise showed benefit, supporting evidence of confounding by these factors.  These 

protective factors can be adjusted for analytically when measured; what cannot be adjusted for 

statistically, however, are lifestyle and/or environmental exposures and/or genetic characteristics 

that are not measured, or may not yet be identified as important etiologically in cardiovascular 

disease.  This is particularly an issue in CVD, where 50% of it is unexplained by traditional risk 

factors.3 
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We know that women who take HRT have access to health care, since they are receiving 

prescriptions, and they are therefore more likely to be treated for comorbid conditions such as 

high cholesterol or high blood pressure, which would also lower their risk of cardiovascular 

disease.90  This has been called �prevention bias� by Barrett-Connor and was effectively 

demonstrated in an upper-middle-class cohort where current HRT users were significantly more 

likely than non-users to have several preventive health care measures performed.90  Several 

studies have suggested that even when known cardiovascular disease risk factors are adjusted for, 

the social class difference in cardiovascular disease remains, suggesting that social class should 

be included in multivariate models and that there are as yet unmeasured risk factors for 

cardiovascular disease that are associated with lower socioeconomic class.70  None of the studies 

evaluating CAD incidence that adjusted for SES showed benefit, and our meta-analysis showed 

markedly different relative risks depending on the inclusion or exclusion of SES in the studies' 

multivariate analyses. 

Another type of selection bias that is very difficult to quantify or characterize is selection 

bias among physicians.  Do physicians select women at lower risk of cardiovascular disease for 

HRT use?  This is clearly shown when the characteristics of women who take HRT are 

evaluated.  Significant secular trends have been observed in estrogen use,91 and it is notable that 

many of the studies of estrogen use were conducted at a time when physicians were concerned 

about the risk of HRT and CVD, based on the Coronary Drug Project findings among men and 

MI rates in women taking oral contraceptives.91  In addition, for many of the years represented in 

these studies, hypertension, diabetes and heart disease were considered contraindications to the 

use of HRT.86  What is more subtle, though likely apparent to practicing physicians, may be a 

tendency to offer and prescribe HRT to women for whom the physicians� sense of their overall 

�health� is higher.  This type of selection bias is more difficult to measure and could lead to 

systematic overestimates of the benefit of HRT in cardiovascular disease. 

These types of selection bias have been termed �healthy user bias.�  Another aspect of 

healthy user bias is the common finding that women often quit HRT when they become ill. This 

tendency would bias studies that evaluate recent use, by underestimating use in ill patients, 

resulting in reduced relative risk estimates associated with exposure suggesting protection by 

HRT.  This is suggested in studies where current or recent users may have a reduced risk of 
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cardiovascular disease compared to non-users or past users of HRT.  It is even more strongly 

suggested in studies where past users have higher rates of cardiovascular disease than nonusers or 

current users, suggesting that they may have stopped HRT because of illness.92  In our meta-

analyses evaluating CVD and CAD mortality, only current use of HRT was associated with 

decreased risk of death; other measures of use showed no association.  In particular, any use, 

which combined mutually exclusive point estimates by type of use (past, current, ever) showed 

no association with decreased risk.  This measure of use should have had sufficient power to 

show benefit if benefit existed, given that current use had enough power.  One interpretation of 

these data is that current use reflects healthy user bias.  That is, women currently using HRT are 

healthier, and when data are combined to reflect any use (current, past or ever), the pool of 

women is less enriched with healthy users, and benefit is therefore not shown.  Clinically, it 

makes sense that HRT is less likely to be used in women who have become ill, and that when 

HRT use is evaluated using observational methods, current use actually reflects current health.  

Supporting the concept of healthy use bias among women using HRT is that several studies have 

shown reduced all-cause mortality, as well as reduced mortality from accidents and homicides, 

among women who take HRT, possibly reflecting multiple benefits, but more likely indicating 

systematic differences among users and non-users.22, 49 

Another consideration in evaluating the HRT-CVD relationship is the issue of 

compliance bias.  Women who take HRT, especially for long periods of time, are by definition 

compliant with therapy.  Several epidemiologic studies have shown that compliance itself is 

associated with reduced risk of disease of many types, often of the same magnitude seen with 

HRT use.93  Women who comply with treatment are different from those who do not in ways that 

are protective against cardiovascular disease.  In randomized controlled trials, good compliance 

with placebo has been shown to decrease CAD events by 40 to 60%.94, 95  Because the studies of 

HRT are almost entirely observational, compliance bias itself may explain much of the benefit 

seen in studies of HRT and CVD. 

Another area of potential bias in evaluating the HRT-CVD relationship, possibly leading 

to an underestimation of benefit from HRT, is that HRT is more often used by women who have 

undergone hysterectomy and oophorectomy.  Women who undergo premenopausal hysterectomy 

are at increased risk of CVD, possibly because of loss of estrogen, although this is not clearly 
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delineated as causal in the medical literature.4  This could lead to a systematic underestimate of 

the benefit of HRT if their baseline risk is higher, since they have a higher likelihood of using 

HRT.  Also, estimating age at menopause in women who have had simple hysterectomies may 

lead to misclassification of a CVD risk factor that would result in estimates of the association 

between HRT and cardiovascular disease moving closer to the null if it is nonbiased.  However, 

often the oldest potential age for menopause is used as an estimate for age at menopause, and this 

could result in bias towards a systematic underestimate of the intrinsic risk of CVD in women 

with surgical menopause.  Finally, women undergoing hysterectomy and receiving HRT are 

selected for health, since they are able to undergo and survive surgery, which is typically elective. 

In the last 2 years, important data from 2 randomized controlled trials of HRT in the 

secondary prevention of CVD29, 30 and one trial of HRT in the primary prevention of CVD48 have 

been published, or have released information to the public.  Results from these studies are very 

important because randomization is the only way to deal with the above biases and to ensure 

equal distribution of known and unknown CVD risk factors or confounders.  The HERS study of 

secondary prevention showed no benefit of HRT in the first 2 years of use, and, in fact, showed 

an increased rate of MI during the first 2 years of use.29  The ERA study of secondary prevention 

showed no benefit from HRT in reducing angiographic CHD progression.30  In both these studies 

of secondary prevention, HRT was initiated long after menopause, which likely differs from most 

observational studies of primary prevention.  It is important to consider that the HERS results 

may not apply to ERT alone, or to other types of estrogen or progesterone, or other progestin 

dose schedules.  Also, whether these secondary prevention results can be extrapolated to the 

primary prevention of CVD with HRT is unclear in the absence of further data from randomized 

controlled trials.   The WHI released early results to participants in the spring of 2000.48  These 

results, as yet unpublished, suggest that women randomized to HRT had rates of stroke, ischemic 

heart disease, and blood clots higher than those of women randomized to placebo.  Again, similar 

to the secondary prevention studies, the excess rate of these events was found to be highest in the 

first 2 years of the study, with risks decreasing at approximately 2 years.  

How can the results of these 3 studies, and especially the WHI study of primary 

prevention, be explained, given the observational data described above showing benefit?  As 

discussed at length in this report, it is possible, and even likely, that selection and compliance 
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bias play a major role in the findings from the observational studies.  What is especially 

surprising in these 3 studies, however, is not just the lack of benefit among users, but the 

suggestion of harm in the first 2 years in 2 of the studies.29, 48  For years it has been thought that 

the most likely biological explanation for some of the observed reduction in cardiovascular 

disease risk among HRT users was an improvement in lipid profiles.  However, the fact that 

randomized controlled studies have shown that women had higher CVD risks in the first 2 years 

of the study in the setting of more favorable lipid profiles, suggests that other important 

biological effects occur in women who take HRT.  As discussed above, estrogen has many other 

biological effects, and one of these is a complex role in clotting and thrombolysis.  The role of 

clotting is a major issue that must be considered, since stroke, MI, and unstable angina are 

thought to be partially mediated through clotting mechanisms.  These biological changes may 

result in a shift in balance towards increased blood clotting, which may be a more immediate or 

acute effect of estrogen, and is consistent with the observation of increased risk among women 

during the early years of estrogen use.  Notably, women at high risk for thrombotic disorders 

were excluded from these trials.  Women who are able to stay on estrogen may be able to benefit 

from the more chronic benefit of reduced lipids or other changes in physiology.   

With the publication of the HERS results and the preliminary reporting of increased event 

rates in the first 2 years of the WHI, one of the most pressing questions facing investigators and 

clinicians is whether this early increase in events is later offset by a reduction.  Among the fair 

and good quality studies we reviewed and included in our meta-analyses, only a few provide 

information that is helpful in evaluating this issue.  The Hemminki analysis,60 which used only 

trial data, suggests (though the finding is not statistically significant) an increase in CVD event 

with HRT use of relatively short duration.   The Criqui data54 suggest an increased risk of CAD 

death among women using HRT for fewer than 8 years.  These authors also investigated order of 

use among women using HRT for fewer than 8 years.  Among women on HRT at the beginning 

of the study who went off it before 8 years follow-up, the relative risk was 1.24 (95% CI 0.55-

2.78).  However, for women who were not on HRT at the beginning of the study who began 

estrogen and used it for fewer than 8 years, the relative risk of CAD death was 2.62 (95% CI 

0.59-11.61).  A similar pattern of early increased risk, though with smaller relative risk, was also 

observed with CVD mortality in this cohort.  Rosenberg and colleagues67 reported a similar 
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pattern in a large US case-control study where the adjusted relative risk of MI was 1.5 in ERT 

users of less than 1 year, 1.2 for 1-4 years of use, 0.6 for 5-9 years of use, and 0.5 for more than 

10 years of use, suggesting early increased risk. Data from 2 other sources evaluating estrogen 

use in the secondary prevention of CAD also support an increase in early event rates in 

association with estrogen.  Wenger and colleagues96 report a similar pattern of early events 

among men involved in the Coronary Drug Project, a randomized controlled trial of estrogen and 

other therapies in the secondary prevention of CAD.  Specifically, among men randomized to 

estrogen (2.5 mg), the relative risk of CAD events was 1.58 (95% CI 1.04-2.40) in months 0-4 

compared to placebo and 0.96 for months 13-60.  The relative risk of CAD events associated 

with months 0-4 compared to months 13-60 of estrogen exposure was 1.65 (95% CI 1.04-2.60).  

In addition, in the group of men randomized to 5.0 mg of estrogen, this trial arm was stopped 

because of an increase of adverse events in the first 2 years of use.  Among 2,245 women in the 

NHS with prior MI or coronary atherosclerosis the overall risk of recurrent events associated 

with estrogen use was 0.65 (95% CI 0.45-0.95).97   However, marked differences were observed 

with duration of use.  In the first year of use, the relative risk of recurrent events was 2.10 (95% 

CI 0.88-4.99).  For years 1 to 2 the relative risk was 1.01 (95% CI 0.31-3.27) and for greater than 

2 years use it was 0.56 (95% CI 0.37-0.85).  Thus, several studies suggest an early increase in 

CVD risk in association with HRT which diminishes over 1 to 2 years, consistent with both the 

HERS and WHI study findings. 

In recent years, many new hypercoaguable states have been identified, one of which is the 

Factor V Leiden mutation.  This mutation is a relatively common disorder in the US population, 

with prevalence of 4-6%, and has been shown to increase the risk of primary and recurrent 

venous thrombolism 3-6 fold.98  A very interesting recent observation has been the marked 

interaction and increased risk of blood clotting among women with the Factor V Leiden mutation 

who use oral contraceptive agents.99  There are theoretical reasons that HRT may interact with 

this deficiency similarly to oral contraceptives, and recent work suggests a 13-fold increase in 

risk of clot associated with HRT in women with Factor V Leiden mutations.100  Could an excess 

number of early CVD events in women with this relatively common disorder or other 

hypercoagulative states explain some of the HRT findings from randomized controlled trials? 

Supporting this possibility is a recent case-control study among women with first non-fatal MI 
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which suggests an important interaction with current HRT and the presence of a pro-thrombotic 

genetic variant among women with hypertension, resulting in a markedly elevated risk of 

recurrent MI.101   No interaction was observed among non-hypertensive women or those with 

Factor V Leiden.  Also, are there subgroups of women where most of the increased risk is 

conferred, such that those women at lower risk of clot could benefit from the potential long-term 

benefits of HRT?  The answers to these questions are unknown but are important to pursue. 

Based on this review, and extrapolating somewhat from the 2 trials of secondary 

prevention, there is good reason to question the results of observational studies supporting the 

use of HRT in the primary or secondary prevention of CVD.  Randomized controlled trials are 

the best way to determine whether these biases explain the effects observed in observational 

studies. We hope that better information will come from randomized trials in the near future.  
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Chapter 5.  Research Priorities 
 

• Investigate whether subgroups of women are at particularly increased risk of CVD or 

CAD in association with HRT. 

• Almost all studies involve Caucasian women; further research should be conducted 

among non-Caucasian women. 

• Homocysteine levels have recently been identified as important risk factors for CVD. 

Evaluate whether adding homocysteine levels to multivariate models changes the 

association with HRT.  Consider interaction between homocystiene levels and HRT use. 

• The most commonly used estrogen compound is conjugated equine estrogen, which is 

composed of multiple chemicals.  Evaluate whether particular components are associated 

with different physiologic effects. 

• Conduct studies to evaluate whether aspirin might modify the early risk of increased MI, 

stroke, and clotting, as seen in 2 of the randomized controlled trials. 

• Further evaluate the role of transdermal estrogen in CVD, as well as other formulations. 

• Evaluate childhood and adolescent exposures that might influence the risk of CVD and 

might be associated with HRT use. 

• Investigate the potential interaction with HRT in women with hypercoaguable states. 

• Conduct/complete randomized controlled trials evaluating the role of ERT and CHRT in 

CVD. 

• Conduct more research on lower-dose estrogen preparations. 
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Addendum 
 
 This evidence review was completed in December 2001, and the meta-analyses 

evaluating stroke death and incidence were updated in February 2002.  A summary of the 

findings will be published in the Journal of the American Medical Association on August 20, 

2002. 

On May 31, 2002 after approximately 5.2 years of follow-up, the Women�s Health 

Initiative (WHI) randomized controlled trial was stopped on the recommendation of the data 

safety and monitoring board because the test statistic for invasive breast cancer exceeded the 

stopping boundary for this outcome.  At the time the study was stopped, the findings for several 

cardiovascular outcomes, including coronary heart disease (defined as acute MI, silent MI or 

CHD death) and stroke were reported.  Among the 8,506 women randomized to conjugated 

estrogen 0.625mg per day and medroxyprogesterone acetate 2.5mg per day combined in 1 pill, 

the annual rate of CHD was 37 per 10,000 compared with 30 per 10,000 among women 

randomized to placebo (n=8,102).  The hazard ratio for CHD was 1.29 (nominal 95% CI; 1.02-

1.63).  When the confidence interval was adjusted for multiple analyses over time the confidence 

interval was 0.85-1.97.  Rates of CABG and PTCA were similar among the 2 groups.   The 

annualized stroke rates were 29 per 10,000 among women randomized to estrogen and 

progesterone and 21 per 10,000 among those randomized to placebo.   The hazard ratio for stroke 

was 1.41 (95% nominal CI; 1.07-1.85).  After adjustment for multiple analyses over time the 

confidence interval was 0.86-2.31.  The curves showing the cumulative hazards for CHD began 

to diverge shortly after randomization with little evidence of convergence after 6 years of follow-

up.  The cumulative hazard for stroke began to diverge between 1 and 2 years after 
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randomization and persists beyond the fifth year.  Subgroup analyses among women with prior 

MI or revasculariztion procedures (conditions that would have made them eligible for the HERS) 

identified a hazard ratio of 1.28 (95% CI; 0.64-2.56).  Among the remaining women (without 

prior CHD) the hazard ratio was 1.28 (95% CI; 1.00-1.65).  An important limitation of the study 

was a very high rate of discontinuation of study drugs during the trial (42% among CHRT users 

and 38% for placebo); this should result in dilution of any effect. 

Notably, a separate arm of the WHI evaluating whether oral estrogen prevents 

cardiovascular disease among women with prior hysterectomy (n=10,739) was not terminated so 

the association between ERT and CVD in this trial remains uncertain, with results expected in 

2005.   

These findings support the main findings of our review and meta-analyses showing no 

benefit in preventing CAD events and increased rates of ischemic stroke.  
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