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OBJECTIVE:

 

To assess mortality associated with hormone
replacement in younger and older postmenopausal women.

 

DESIGN:

 

A comprehensive search of 

 

MEDLINE

 

, 

 

CINAHL

 

, and

 

EMBASE

 

 databases was performed to identify randomized con-
trolled trials of hormone replacement therapy from 1966 to
September 2002. The search was augmented by scanning
selected journals through April 2003 and references of iden-
tified articles. Randomized trials of greater than 6 months’
duration were included if they compared hormone replacement
with placebo or no treatment, and reported at least 1 death.

 

MEASUREMENTS:

 

Outcomes measured were total deaths and
deaths due to cardiovascular disease, cancer, or other causes.
Odds ratios (OR) for total and cause-specific mortality were
reported separately for trials with mean age of participants less
than and greater than 60 years at baseline.

 

MAIN RESULTS:

 

Pooled data from 30 trials with 26,708 par-
ticipants showed that the OR for total mortality associated
with hormone replacement was 0.98 (95% confidence interval
[CI], 0.87 to 1.12). Hormone replacement reduced mortality
in the younger age group (OR, 0.61; CI, 0.39 to 0.95), but not
in the older age group (OR, 1.03; CI, 0.90 to 1.18). For all ages
combined, treatment did not significantly affect the risk for
cardiovascular or cancer mortality, but reduced mortality
from other causes (OR, 0.67; CI, 0.51 to 0.88).

 

CONCLUSIONS:

 

Hormone replacement therapy reduced total
mortality in trials with mean age of participants under 60
years. No change in mortality was seen in trials with mean age
over 60 years.
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I

 

n the assessment of risks and benefits of hormone
replacement therapy (HRT), observational studies and

clinical trials have yielded apparently conflicting results.
Large prospective cohort studies have shown that women
who used HRT, most of whom started treatment shortly
after menopause, had significant reductions in total and

cardiovascular mortality compared to nonusers.

 

1–8

 

 The
results remained significant after adjusting for cardiovas-
cular risk factors such as age, smoking, and blood pressure.
The largest randomized trial of HRT, the Women’s Health
Initiative (WHI), evaluated women with mean age 63 years
and found that HRT increased the risk of cardiovascular
events, without changing total or cardiovascular mortality.

 

9

 

It is possible that the mortality reduction seen in
observational studies was due to a confounding variable
that was not adequately adjusted for, such as general
health status or access to health care.

 

10–12

 

 Another expla-
nation is that when HRT is started in younger women, a
true mortality benefit is seen. Mortality is a relatively rare
outcome, even in large trials. For example, the WHI had
approximately 5 deaths per 1,000 patient-years.

 

9

 

 A more
precise estimate of the impact of HRT on mortality can be
made by pooling the results of many trials. The objective
of this study was to assess the effect of age on total and
cause-specific mortality associated with HRT by performing
a meta-analysis of randomized controlled trials.

 

METHODS

Search Strategy

 

The 

 

MEDLINE

 

, 

 

EMBASE

 

, 

 

CINAHL

 

, and Cochrane databases
were searched comprehensively to identify randomized
controlled trials published between 1966 and September
2002 that evaluated hormone replacement in postmeno-
pausal women. Terms used in the search were 

 

climacter

 

,*

 

menopause

 

,*

 

 perimenopaus

 

* or 

 

peri-menopaus

 

*, 

 

postmenopaus

 

*
or 

 

post-menopaus

 

*, and 

 

estrogen

 

*, 

 

estrogen replacement
therapy

 

, 

 

hormone replacement therapy

 

, 

 

hormone substitu-
tion

 

, 

 

progesterone

 

, 

 

progestogen

 

, 

 

progestin

 

, or 

 

gestagen

 

.
Trials were not excluded on the basis of language. The
search was augmented by scanning selected journals
through April 2003, and references of identified articles.

 

Trial Selection

 

Two investigators independently evaluated studies
for inclusion, and the observed interrater agreement was
measured using the 

 

κ

 

 statistic.

 

13

 

 Trials were included if
they 1) were randomized controlled trials of postmenopausal
women that compared HRT to placebo or no hormone
therapy, 2) were of longer than 6 months’ duration, and
3) reported at least 1 death. Attempts were made to contact
the investigators of all trials longer than 6 months, to
obtain information concerning deaths during the trial.
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For studies with multiple publications from the same
group of participants, one publication containing the most
information was chosen for inclusion. Interventions in
the trials included transdermal or oral estrogens alone or
in combination with a progestin. Control groups received
placebo, no treatment, or calcium supplementation.

 

Data Extraction

 

Two independent reviewers extracted data from the
selected articles, reconciling differences by consensus. The
outcomes measured were total deaths and deaths due to
cardiovascular events, cancer, and all other causes. For
patients who withdrew from the study because of adverse
events, deaths that were reported after withdrawal from the
trial were included in the analysis.

For crossover trials, only data from the end of the first
phase were used because of the potential carryover effect
of HRT. For randomized trials with nonrandomized open-
label extensions, only data from the randomized trial were
included. For trials that provided data on other inter-
ventions, such as raloxifine, only data from the hormone
and control groups were included.

 

Assessment of Validity

 

The methodological quality of each trial was assessed
according to the following factors: 1) was the randomization
procedure and allocation concealment adequate? 2) Were
the patients and providers blinded to the intervention?
3) Were withdrawals and dropouts described, and the
analysis performed as intention-to-treat? Trials received an
A score when all quality criteria were met, a B score when
one or more criteria were partially met, and a C score when
one or more criteria were not met.

 

14,15

 

 Two reviewers
independently assessed quality scores and the interrater
agreement was calculated using the 

 

κ

 

 statistic. The quality
assessment was used for a sensitivity analysis.

 

Data Synthesis

 

For each trial, the ratio of deaths to surviving patients
was calculated for both the treatment and control groups,
to obtain the odds of death. The net result for mortality
was expressed as an odds ratio (OR), by dividing the treat-
ment odds by the control odds. The results were pooled
to obtain a summary odds ratio using the random-effects
model for dichotomous outcomes, with confidence intervals
(CI) set at 95% significance.

 

16

 

 The random-effects method
was chosen as it accounts for the potential of interstudy
heterogeneity. The analysis was performed using Meta View
4.1 (Update Software, Oxford, UK). Only trials that reported
at least 1 death could be used in the estimation of odds ratio.
To test for interstudy heterogeneity, the 

 

χ

 

2

 

 value and the
Q-value were calculated for the assumption of homogeneity.

In order to evaluate the effect of age on mortality, trials
were divided into those with mean age of participants at

baseline less than or greater than 60 years. The cutoff of
60 years was arbitrarily chosen, 

 

a priori

 

, to divide the
participants into a younger and older age group. The cutoff
was thought to be appropriate because the rate of cardio-
vascular events in women accelerates after this age, sug-
gesting that a primary protective effect of HRT might be lost
or diminished after this time.

 

17,18

 

 The results of the analysis
were reported separately for all ages and for the younger
and older age groups. The results of the two age groups
were compared to each other using the logarithm of the
odds ratio (log OR). A sensitivity analysis was performed
to evaluate the effect of using different age cutoffs. Linear
regression analysis was performed to evaluate mortality OR
as a linear function of age.

A subgroup analysis compared the use of unopposed
estrogen and combined treatment with estrogen and
progestin. For trials that provided information on both
unopposed and combined treatment, the data for each type
of treatment were analyzed separately.

 

RESULTS

Search Results

 

The electronic database search identified 4,993
articles, of which 358 were potentially relevant trials on
HRT in postmenopausal women. After scanning journals
and references from selected articles, an additional 12 trials
were identified. Of these 370 studies, 30 met inclusion
criteria (Table 1).

 

9,19–47

 

 The 

 

κ

 

 score for interrater agreement
in trial selection was 0.91 (95% CI, 0.82 to 1.00). Studies
were excluded for the following reasons: 98 did not report
any deaths, 110 provided data on patients already included
in the analysis, 79 were of 6 months’ duration or less, 26
did not provide a control group, and 27 were not randomized.

 

Trial Characteristics

 

The analysis included 30 trials, with a total of 26,708
participants followed for 119,118 patient-years. The mean
trial duration was 4.46 years (range 0.7 to 10 years), with
a mean study size of 890 participants (range 52 to 16,608).
The mean age of participants at baseline was 62.2 

 

±

 

 8.9
years in the treatment group and 63.4 

 

±

 

 9.1 years in the
placebo group, with an age range of 36 to 87 years. The
mean dropout rate was estimated to be 11.5% in the treat-
ment group and 10.6% in the placebo group. The 

 

κ

 

 score
for interrater agreement on methodological quality scores
was 0.95 (95% CI, 0.6 to 1.0). Of the trials studied, 13
received a score of A, 10 received a score of B, and 7
received a score of C.

 

Total and Cause-specific Mortality

 

For all ages combined, there were 518 deaths reported
in 14,147 participants in the treatment group and 501
deaths in 12,561 participants in the control group (Table 2).
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The summary OR for total mortality associated with HRT
was 0.98 (95% CI, 0.87 to 1.18). The OR for cardiovascular
mortality was 1.10 (95% CI, 0.90 to 1.34), and for cancer
deaths was 1.03 (95% CI, 0.82 to 1.29). Of note, there
was no increase in breast cancer deaths in those trials that
reported cancer-specific mortality (OR, 1.03; 95% CI, 0.29
to 3.67). HRT was associated with a 33% reduction in
deaths from causes other than cardiovascular disease or
cancer (OR, 0.67; 95% CI, 0.51 to 0.88; Table 2). The specific
causes of death in this category included infectious dis-
eases, sepsis, accidents, renal failure, respiratory failure,
pulmonary embolism, liver failure, gastrointestinal bleeds,
and rheumatologic diseases.

There were 17 trials in the younger age group, with
4,141 participants followed for a mean trial duration of
3.66 years. The mean age in the treatment group was
53.9 

 

±

 

 3.5 years and in the control group was 53.7 

 

±

 

 3.4
years. The OR for total mortality in the younger group was
0.61 (95% CI, 0.39 to 0.95), indicating a 39% reduction in
mortality for those receiving HRT (Table 2; Fig. 1). The OR
for cardiovascular mortality was 0.68 (95% CI, 0.22 to
2.15), for cancer mortality was 0.69 (95% CI, 0.59 to 1.08),
and for other mortality was 0.44 (95% CI, 0.17 to 1.13).

There were 13 trials in the older age group, with 22,567
participants followed for a mean trial duration of 4.66
years. The mean age in the treatment group was 64.6 

 

±

 

7.2 and in the control group was 66.8 

 

±

 

 7.0. The OR for
total mortality associated with HRT in the older group was
1.03 (95% CI, 0.9 to 1.18; Table 2; Fig. 2). For this group,
HRT did not significantly affect cardiovascular mortality
(1.11; 95% CI, 0.91 to 1.36) or cancer mortality (1.07; 95%
CI, 0.84 to 1.37), but was associated with a reduction in
mortality from other causes (0.68; 95% CI, 0.56 to 0.91).

When the results of the two age groups were compared
to each other, HRT was associated with significantly lower
mortality in the younger group as compared to the older
group (

 

P = .03). A sensitivity analysis showed that HRT was
still associated with significant reductions in mortality in

the younger group using an age cutoff in the range from
56 to 63 years. In a linear regression analysis the results
for OR were assessed for 3 age groups, less than 56 years
(0.62; 95% CI, 0.39 to 1.00), 56 to 63 years (0.74; 95% CI,
0.47 to 1.16), and greater than 63 years (1.05; 95% CI, 0.92
to 1.21). A significant trend was found for mortality OR
as a function of age, with the OR increasing by 0.024 (95%
CI, 0.003 to 0.038) per year (correlation coefficient 0.98).

In a subgroup analysis, there was no significant
difference in total mortality for all ages combined when
unopposed estrogen (OR, 0.96; 95% CI, 0.73 to 1.27) was
compared to combined treatment (OR, 1.00; 95% CI, 0.86
to 1.15). There was no significant difference in results for
the two types of intervention in the younger age group or
in the older age group (P > .5).

A sensitivity analysis was performed to evaluate the
effect of including those trials with the lowest scores for
methodological quality. When trials with a C score were
excluded, the OR for total mortality changed by less than
0.1 points (P > .9) for all ages and for the two age groups.
No evidence for significant interstudy variance was found in
any of the analyses (P > .7). The Q value was calculated and
found to be compatible with homogeneity between studies.

Discussion

Pooled data from 30 trials, with 26,708 postmeno-
pausal women followed for a mean duration of 4.5 years,
indicate that hormone replacement does not increase total
mortality. In the younger group, with mean age 54 years
at baseline, HRT was associated with a reduction in total
mortality of 39%. In the older group, with mean age 66
years, HRT was not associated with a change in total
mortality. A cutoff of 60 years for mean age was chosen,
although the results were still robust for cutoffs in the
range from 56 to 63 years. Given that there is not one single
cutoff but rather a linear relationship between young and old,
linear regression analysis was performed that demonstrated

Table 2. Odds Ratio for Total, Cardiovascular, Cancer, and Other Mortality in Younger and Older Women Associated with 
Hormone Replacement Therapy

 

HRT Deaths N Control Deaths N OR (95% CI)

All ages Total death 518 14,147 501 12,561 0.98 (0.87 to 1.18)
CV death 215 187 1.10 (0.90 to 1.34)
Cancer death 184 171 1.03 (0.23 to 1.29)
Other death 91 126 0.67 (0.51 to 0.88)*

Mean age, y < 60 Total death 53 2,576 68 1,565 0.61 (0.39 to 0.95)*
CV death 3 3 0.68 (0.22 to 2.15)
Cancer death 45 54 0.69 (0.59 to 1.08)
Other death 5 12 0.44 (0.17 to 1.13)

Mean age, y > 60 Total death 465 11,571 433 10,996 1.03 (0.90 to 1.18)
CV death 212 184 1.11 (0.91 to 1.36)
Cancer death 137 123 1.07 (0.84 to 1.37)
Other death 86 116 0.68 (0.56 to 0.91)*

* Statistical significance.
OR, odds ratio; CV, cardiovascular; HRT, hormone replacement therapy.
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a significant trend between increasing mortality OR and
increasing age, with a correlation coefficient of 0.98.

These results may help to explain the discrepancies
that have been seen between observational studies and
randomized trials. The Nurses’ Health Study was a 20-year
prospective cohort study of 120,000 women under the
age of 55 years, and the WHI was a 5-year trial of 16,000
women with mean age 63 years.2,9 In both studies, HRT
was associated with similar increases in breast cancer,
stroke, and pulmonary embolism, and similar reductions
in colorectal cancer and hip fracture.48 However, the WHI
found an increase in cardiac events without a change in
cardiovascular or total mortality, while the Nurses’ Health
Study found significant reductions in cardiac events as well
as cardiovascular and total mortality.

The Nurses’ Health Study, after adjusting for potential
confounding variables, found that current hormone users,
80% of whom had started treatment within 2 years of
menopause, had a total mortality risk of 0.63 (95% CI, 0.56
to 0.70) that of nonusers.2 This meta-analysis found similar
results for total mortality in the younger group (OR, 0.61;
95% CI, 0.39 to 0.95), providing evidence that the mortality
benefit seen in the observational studies may be a true
effect of HRT when treatment is started shortly after
menopause. Beneficial effects of HRT include increases

in high-density lipoproteins and reductions in low-density
lipoproteins, Lp(a) lipoproteins, homocysteine, fibrinogen,
plasminogen activator inhibitor antigen, intrinsic coagu-
lation factors, glucose, weight, insulin levels, and the incidence
of new-onset diabetes mellitus, compared to placebo.29,40,49–58

In women with diabetes mellitus, HRT reduces central
adiposity and improves glycemic control and physical func-
tioning.59,60 HRT also causes sustained increases in nitric
oxide levels and reductions in plasma norepinephrine,
plasma renin activity, and endothelin.61–64 These endothe-
lial changes have been associated with vasodilation, reduced
blood pressure, increased blood flow, and improved cardiac
performance.65–69 It is thought that estrogen has protective
properties against cardiovascular disease in premeno-
pausal women, and that the risk for atherosclerosis begins
to rise after menopause.70,71 It is possible that if HRT is
started in women in the early postmenopausal period, well
before the development of atherosclerosis, primary pre-
vention could be achieved through these improvements in
metabolism, hemostasis, and endothelial function. In fact,
there is some evidence from clinical trials and animal stud-
ies that HRT can halt the progression of atherosclerosis if
treatment is started early in the course of the disease.29,72–76

No mortality benefit from HRT was seen for women
in the WHI trial, most of whom had not taken hormones

FIGURE 1. Odds ratios for total mortality associated with hormone replacement therapy: trials with mean age of participants less
than 60 years.
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since the start of menopause at least 10 years earlier.9 The
WHI included women who were under the age of 60 years,
but the investigators declined to provide mortality data for
those women separately. Of note, a subgroup analysis of
cardiac events in the trial found a hazard ratio of 0.89 for
those women within 10 years of menopause, 1.22 for those
10 to 15 years from menopause, and 1.71 for those greater
than 20 years from menopause.49 The results demonstrate
a nonsignificant, but suggestive, trend toward decreased
events in those who initiated treatment shortly after
menopause and increased events for those who started
treatment many years after menopause. This meta-analysis
pooled the results of 13 trials in older women and found
no change in total mortality (OR, 1.03; 95% CI, 0.9 to 1.18).
Of note, a post-hoc subgroup analysis showed that trials
of women with known cardiovascular disease had the same
OR for cardiovascular mortality (1.10; 95% CI, 0.86 to 1.41)
as those trials of older women without known cardiovas-
cular disease (1.12; 95% CI, 0.79 to 1.58). This indicates
that there may be significant progression of atherosclerosis
in healthy older women who have been without hormone
replacement for many years, so that primary prevention
of cardiac disease may not be possible at this stage. The
accumulated evidence indicates that once atherosclerosis
has already developed, HRT has no effect at reversing the
process.28,46,76,77

When HRT is started in older women a significant time
trend is seen, with increased cardiovascular events in the
first year and then decreasing events over the next few

years.9,78 This is thought to be due to a prothrombotic effect
of HRT that is greatest within the first year of treatment.12,79

Estrogen treatment has been shown to increase levels of
C-reactive protein and von Willebrand factor antigen, and
may promote arterial thrombosis or plaque destabilization
in women with established atherosclerosis.80–82 Few trials
have followed patients beyond 5 years, so it is not possible
say whether long-term treatment is associated with a net
cardiovascular benefit or harm in older women.

Hormone replacement has also been shown to affect
cancer risk, but its effect on cancer deaths is less clear. In
the WHI trial, HRT increased breast cancer incidence by
26% and reduced colon cancers by 27%, without changing
the risk for death from each disease.9,83 This meta-analysis
found no change in breast cancer deaths or total cancer
deaths. Observational studies have found HRT to be
associated with increased mortality for breast cancer and
reduced mortality for colon cancer.84,85

Hormone replacement has beneficial effects in con-
ditions other than cancer and cardiovascular disease, such
as a 35% reduction in the incidence of hip fractures and
new-onset diabetes mellitus, and a 60% reduction in recur-
rent urinary tract infections.9,30,50,86 In this meta-analysis,
hormone replacement decreased the risk of deaths from
causes other than cardiovascular disease or cancer. It is
possible that this is due, in part, to a reduction in the com-
plications from hip fracture, diabetes mellitus, and sepsis.

This analysis has several limitations, some that are
common to most meta-analyses.87 Standard meta-analytic

FIGURE 2. Odds ratios for total mortality associated with hormone replacement therapy: trials with mean age of participants greater
than 60 years.
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results are uncertain when the numbers of events per
study are small, as is the case with mortality. There was
marked heterogeneity in the trials, although no heteroge-
neity was seen in the results. There was a wide range in
study size, medication used, and method of administration.
The results for the older group were mainly from a few large
high-quality trials, with a majority of the data coming from
one trial.9 The results for the younger group were from
many smaller trials, and approximately one half of the
deaths were from one trial in ovarian cancer survivors.25

However, when this trial was excluded from the analysis,
there still was a significant reduction in mortality (OR,
0.56; 95% CI, 0.31 to 0.99).

Another limitation of the study is that the age groups
were defined according to the mean age of participants in
each trial and not based on individual patient’s character-
istics, allowing for some overlap of ages in the two groups.
Most trials did not include mortality as a primary outcome,
so it is not clear how ascertainment of deaths was made
in each trial. However, all trials reported adverse outcomes
that included deaths, and investigators were contacted to
get more information about mortality. It is unlikely that
the reporting of deaths would be different for the two age
groups. It was not possible to assess the absolute mortality
rates in this study, as only those trials with at least 1 death
could be included in the analysis. The search revealed
another 98 trials that were excluded because no deaths
were reported. This analysis was based only on published
literature and therefore is subject to publication bias.
However, funnel plots of effect size versus standard error for
the trials in this analysis showed no evidence of bias. Few
trials provided data on treatment for longer than 5 years,
so it is not possible to assess mortality risk with long-term
treatment. Despite these limitations, we believe that this
meta-analysis provides valuable evidence concerning the
mortality risk associated with HRT in younger and older
women.

Treatment decisions concerning hormone replacement
must be made on an individual basis, taking into account
the age of the woman, the degree of bothersome postmeno-
pausal symptoms, and any associated disease risk factors.
The results of this analysis indicate that the benefits of HRT
may outweigh the risks if treatment is given to younger
women, but the risks may outweigh benefits if treatment
is started at a later age. This study could not assess the
optimal age at initiation of treatment or the duration of
treatment needed in order to maximize benefits while
minimizing risks. More large randomized trials of long dura-
tion, studying younger women near the start of menopause,
would be needed to adequately address these issues.
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