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In the 1990s, estrogen therapy (ET) became
the standard of treatment of the almost
600 000 women a year in the United States
undergoing hysterectomy. Clinical studies had
indicated ET was effective for treatment of
menopausal symptoms and appeared to be
bone protective and cardioprotective. More
than 90% of hysterectomized women in their
50s used ET, with a continuance rate averaging
4 to 5 years.1---3

In July 2002, the Women’s Health Initiative
(WHI) published the results of the Estrogen
Plus Progestin Trial and announced that the
study was being terminated ahead of schedule
because of adverse effects in the women
receiving hormones compared with those
receiving placebo.4 The media impact was
immediate, widespread, and persistent.5 The
study’s treatment drug (Prempro) was often
referred to as “HT” (hormone therapy) or
“estrogen.” As a consequence, the findings
were generalized to all varieties of hormone
replacement, including estrogen alone, in
women without a uterus although only women
with a uterus were randomized in this study.
Prescriptions for postmenopausal hormone re-
placement declined precipitously. Within 18
months, half of the women in the United States
using systemic HT stopped treatment.1---3 In-
cluded were almost 2 000 000 women who
had no uterus who were using ET and not
using the study drug.

Subsequently, the findings of the WHI
Estrogen-Alone Trial (WHI-ET) for women
without a uterus were published for the in-
tervention phase (2004) and the postinter-
vention long-term follow-up phase (2011).6,7

These findings showed mortality benefits for
ET compared with placebo. Preliminary sub-
group analysis of the intervention phase data
(2004) indicated reduced total mortality in
the women aged 50 to 59 years. However, it

is only in the postintervention data (2011)
that an absolute total mortality risk reduction
of 13 per 10 000 women per year was
reported for these women. The mortality
decrease was almost entirely owing to a de-
crease in coronary heart disease (CHD) al-
though reduced cancer mortality and other
cause mortalities were also reported among
the women who received ET.7

Despite the positive findings for ET, pre-
scriptions for all forms of systemic HT have
continued to decline.3,8---11 Currently, less than
one third of hysterectomized women are using
ET.12 The decline in ET prescription and usage
seems to reflect a generalized avoidance of any
forms of HT not supported by the WHI data.
This raises the possibility that there has been
and continues to be a considerable resultant
mortality toll. We therefore undertook an
analysis, on the basis of published data, to
determine the likely toll of excess, premature
death among hysterectomized women aged
50 to 59 years in the United States following
the WHI publication in 2002.

METHODS

The 2011 WHI publication indicated a 13
per 10 000 per year higher rate of mortality
among hysterectomized women aged 50 to 59
years assigned to placebo than among those
assigned to estrogen over a 10-year follow-up.7

We considered this figure a point estimate for
the mortality burden associated with foregoing
estrogen among members of this specific
population.

To determine how this rate of excess
mortality translated into an aggregate toll of
premature death at the population level, we
established the following formula to represent
the mortality toll of estrogen avoidance
(MTEA):

ð1Þ
X

t1�t10
CPF50�59ð Þ · PctHyst½

· PctEsDec · ExMoRate�

where

d

P
t1---t10 = sum for years 1 through 10 (2002---

2011),

Objectives. We examined the effect of estrogen avoidance on mortality rates

among hysterectomized women aged 50 to 59 years.

Methods. We derived a formula to relate the excess mortality among hyster-

ectomized women aged 50 to 59 years assigned to placebo in the Women’s

Health Initiative randomized controlled trial to the entire population of compa-

rable women in the United States, incorporating the decline in estrogen use ob-

served between 2002 and 2011.

Results. Over a 10-year span, starting in 2002, a minimum of 18 601 and as

many as 91 610 postmenopausal women died prematurely because of the avoid-

ance of estrogen therapy (ET).

Conclusions. ET in younger postmenopausal women is associated with a

decisive reduction in all-cause mortality, but estrogen use in this population is

low and continuing to fall. Our data indicate an associated annualmortality toll in

the thousands of women aged 50 to 59 years. Informed discussion between

these women and their health care providers about the effects of ET is amatter of

considerable urgency. (Am J Public Health. 2013;103:1583–1588. doi:10.2105/

AJPH.2013.301295)

RESEARCH AND PRACTICE

September 2013, Vol 103, No. 9 | American Journal of Public Health Sarrel et al. | Peer Reviewed | Research and Practice | 1583



d CPF50---59 = size of population of women,
aged 50 to 59 years, from US Census data
(2002---2011),

d PctHyst = percentage of women in CPF50---59
who have undergone hysterectomy (specific
to year and age),

d PctEsDec = absolute percentage decline in
rate of estrogen use in group of interest, by
year, following publication of WHI results,
and

d ExMoRate = excess mortality rate in group of
interest as a result of estrogen avoidance.

When a single best estimate was available in
the peer-reviewed literature or government
data for any given entry in the formula for the
entire span of 10 years or the entire population
of women across the age range, we used that. If
more precise estimates specific to year or age
were available, we entered these and we then
aggregated the calculations across years and
age groups. Because of a distinctly differential
rate of hysterectomy for women in the lower
than the upper half of the age range of interest,
we conducted separate calculations for these
2 populations and aggregated the results. To
enhance the accuracy of our calculation, we
applied the relevant rates to portions of the
specified range and generated an estimate for
the entire age range by determining the
weighted average.

We calculated the mortality toll estimates on
the basis of population estimates from census
data, age variability for hysterectomy preva-
lence reported in the peer-reviewed literature,
and different rates of ET use before 2002
affected by whether the women had their
ovaries removed (oophorectomy). We applied
the WHI absolute mortality estimate for
women aged 50 to 59 years (13/10 000/year)
in all the calculations, along with the extremes
of the 95% confidence interval (CI) around
this point estimate.

We derived the annual populations of
women aged 50 to 59 years from 2002 to
2011 US Census estimates.13,14 We derived the
hysterectomy prevalence rates, with and with-
out oophorectomy, from 1997 to 2005
National Hospital Discharge Survey data.15,16

For women aged 50 to 59 years the rates
ranged from 33% to 40%. The rates are
consistent with an average of almost 600 000

hysterectomies per year among women of all
ages in the United States. The average age for
hysterectomy is 46.1 years.15,16

An estimated 54% of women have their
ovaries removed at the time of hysterectomy.16

Before 2002, the ET use rate for women
posthysterectomy without ovaries was 90%
and with ovaries was 53%.17 Therefore, we
calculated the mortality associated with a
decline in ET use separately for women with
and those without ovaries.

Compared with 2001, use of oral estrogen
only in women aged 50 to 59 years declined
almost 60% by 2004, reached a 71% relative
decline by 2006, and remained at that level
through 2009.3 Since then there has been further
decline in ET use, with 2010 and 2011 showing
a 79% decline for these particular women.10,11

We used these figures to generate a year-by-
year absolute percentage decline in the use of
estrogen beginning with a baseline rate in 2002.

We entered best estimates for each compo-
nent of the formula to generate a single aggre-
gate estimate for the total excess in premature
mortality attributable to estrogen avoidance in
the population of interest. We made a particu-
lar effort to choose well-validated and conser-
vative entries.

We identified the range of reasonable esti-
mates around the best point estimate when
possible for purposes of sensitivity analysis,
that is, determining the sensitivity of the cal-
culated estimate to variation in a given entry.
For each entry in the MTEA formula, we at-
tempted to identify well-validated figures rep-
resenting reasonable low- and high-end values.

We calculated the 95% CI around the excess
death rate as a result of estrogen aversion using
the sample size from the WHI study to gener-
ate high- and low-end estimates for the excess
mortality in the placebo group relative to the
estrogen group.

The range of values we produced in the
sensitivity analysis is reflected in the data
tables, which indicate how we altered our
assumptions, which led to specific estimates of
MTEA. There were ranges of relevant values
for the rate of hysterectomy, the rate of
estrogen use, and the exact mortality excess as
derived from the WHI-ET study. Our sensitiv-
ity analysis involved entering values at the
extremes of the range for each of these pa-
rameters and calculating an MTEA estimate

accordingly. We analyzed the data using SAS,
version 9.1 (SAS Institute, Cary, NC).

RESULTS

Table 1 displays the estimated mortality toll
of estrogen avoidance among all women aged
50 to 59 years assuming the rate of estrogen
use at baseline and decline in estrogen use over
time were common to women both with and
without oophorectomy at the time of hyster-
ectomy (Figure 1). Applying the lower estimate
for hysterectomy rate in the population,16 the
best point estimate for excess mortality over10
years is 49128 excess deaths, and the extreme
low estimate is 22 677 excess deaths. Applying
a higher estimated rate of hysterectomy in
the population,16 the best point estimate for
excess mortality over 10 years is 59 549
excess deaths, and the extreme high estimate
is 91610.

Tables 2 and 3 show the differential mor-
tality toll of estrogen avoidance for women
with retained ovaries and ovaries removed,
respectively. Estimates for the entire popula-
tion thus require summing the totals from
Tables 2 and 3 under similar assumptions.
Applying the lower estimate for hysterectomy
rate3 to both populations, the best point esti-
mate for total excess mortality is 13 462 +
26830, or 40 292. The low-end estimate is
6216 + 12 385, or 18 601 excess deaths.
Applying the higher estimate for hysterectomy
rate3 to both populations, the best point esti-
mate for excess mortality is 16 316 + 32 519,
or 48 835. The high-end point estimate is
25 098 + 50 027, or 75 125.

Thus, across a reasonable range of all as-
sumptions, the excess mortality was between
18 601 and 91 610. Using the best available
point estimate values with year-by-year ad-
justment and adjustment for differential rates
of estrogen use among women with and with-
out retained ovaries at hysterectomy, the range
was 40 292 to 48 835.

DISCUSSION

Our analysis suggests that between 2002
and 2011 a minimum of 18 601 and as many
as 91 610 excess deaths occurred among
hysterectomized women aged 50 to 59 years
following the publication of the original WHI
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findings because of the resulting aversion to
hormone replacement therapy of all kinds that
ensued among doctors and patients alike. The
actual toll of excess mortality is likely to be
between 40 292 and 48 835.

These numbers translate the WHI statistic
for excess mortality in hysterectomized women
aged 50 to 59 years who received placebo
versus estrogen into an actual number of
deaths. We believe that a mortality toll will
better communicate the meaning and signifi-
cance of the WHI-ET findings to women,
health care providers (HCPs), and the media.
The reported reduction in mortality for women
aged 50 to 59 years in the WHI-ET reports
was exactly the same (HR = 0.73) in 2004
and 2011.6,7 Neither the 2004 nor the 2011
WHI-ET reports reversed the decline in use
of ET. The 2011 report of the 10.7 years
of follow-up of ET-treated women, which in-
cluded the absolute risk reduction in mortality

rate of 13 per 10 000 per year in the hyster-
ectomized women aged 50 to 59 years, was
barely noticed. Decline in ET use has contin-
ued since its publication. Currently, it appears
that only about one third of women having
a hysterectomy with removal of their ovaries,
regardless of age, are using ET.12 Before 2002,
90% of these women used systemic hormone
replacement.17,18

Estrogen Therapy and Mortality

ET reduces total mortality primarily through
reducing CHD-related deaths. Since 1959
there have been many reports showing in-
creased risk of CHD mortality after early
surgical menopause and especially after oo-
phorectomy.19---21 Essentially, estradiol inhibits
the development of atherosclerosis and helps
maintain normal arterial blood flow.22,23

A 1998 meta-analysis of 25 observational
studies reported a 30% lower risk of CHD in

ET users.24 The California Teachers Study, in
which 97% of the oophorectomized women
used HT (almost entirely ET), shows an
all-cause mortality reduction similar to the
WHI-ET results.25

The WHI-ET and the California Teachers
Study results indicate that the decrease in CHD
events and all-cause mortality are limited to
hysterectomized women younger than 60
years or within 10 years of menopause.
A meta-analysis of 23 trials found that HT
significantly reduced CHD events in these
women.26 In fact, for CHD, the WHI-ET
findings among women aged 50 to 59 years
are in line with the reduced risks reported in
the observational studies and support a “timing
hypothesis” for ET cardioprotection when ET
is started close to the time of menopause.27,28

The current thinking is that by age 60 years,
pathological changes in vascular endothelial
cells compromise the ability of estrogen to
inhibit atherosclerosis and promote blood
flow.27,28

Although prevention of cardiovascular
mortality is by far the major benefit from ET in
younger women, the WHI-ET and the Califor-
nia Teachers Study also show a reduction in
cancer deaths. In 2012, the WHI-ET investi-
gators reported a 63% reduction in mortality
because of invasive breast cancer in the almost
12 years of follow-up in the postintervention
study of ET users versus placebo users.29

Lack of Impact of the WHI–Estrogen-

Alone Trial Findings

Continuing decline in ET prescriptions
through 2011 attests to the WHI-ET data’s
lack of impact.3,10,11 Numerous reasons for this
can be suggested. Knowing the history of HT in

TABLE 1—Mortality Estimates for All Women Aged 50–59 Years Using 2 Different Rates of

Hysterectomy: United States, 2002–2011

Hysterectomy Rate,12 % Population Size10 Decline in Estrogen Use,4 % Excess Mortality Estimate, No. (95% CI)

33

2002 17 307 862 28 2115 (976, 3254)

2003 17 801 925 45 3399 (1569, 5229)

2004 18 413 377 53 4219 (1947, 6490)

2005 19 094 469 58 4739 (2188, 7291)

2006 19 769 666 58 4907 (2265, 7549)

2007 20 071 964 63 5442 (2512, 8372)

2008 20 472 322 63 5550 (2562, 8539)

2009 20 853 904 63 5654 (2610, 8698)

2010 21 506 008 70 6487 (2994, 9980)

2011 21 933 149 70 6616 (3054, 10 179)

Cumulative total 49 128 (22 677, 75 580)

40

2002 17 307 862 28 2564 (1184, 3944)

2003 17 801 925 45 4120 (1902, 6338)

2004 18 413 377 53 5114 (2360, 7867)

2005 19 094 469 58 5744 (2652, 8837)

2006 19 769 666 58 5948 (2745, 9150)

2007 20 071 964 63 6596 (3045, 10 147)

2008 20 472 322 63 6727 (3105, 10 350)

2009 20 853 904 63 6853 (3163, 10 543)

2010 21 506 008 70 7863 (3163, 12 097)

2011 21 933 149 70 8020 (3630, 12 337

Cumulative total 59 549 (27 488, 91 610)

Note. CI = confidence interval. 95% CIs are derived from the 95% CI around the excess death rate. The excess death6 rate is
0.0013.

Hysterectomy

Ovaries
Retained  

Total
Population 

Ovaries
Removed  

No
Hysterectomy  

FIGURE 1—Mortality toll of estrogen

avoidance estimates flowchart.
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the United States helps in understanding why
there has been a strong reaction against the use
of ET. In the 1960s, enthusiasm about using
estrogen for menopause symptoms led to
widespread use. In 1975 it was reported that
unopposed estrogen in women with a uterus
increased the risk of endometrial cancer. These
findings led to fear of using estrogen. However,
in the 1970s and 1980s, research on the
addition of a progestin to ET showed that
endometrial hyperplasia and carcinoma could
be all but eliminated. At the same time, other
research indicated that estrogen had bone-
protective and cardioprotective effects. Confi-
dence was restored, and once again there
was widespread use of HT.

When the first WHI report came out in
2002 its findings about the health risks of
postmenopausal HT were startling and fright-
ening.5 Almost no one emphasized or even

seemed to recognize the fact that the worst
findings might not apply to hormones other
than Prempro or might not apply to all age
groups. Deciding not to use HT appeared to be
the most appropriate and rational choice for
almost all women. Aversion to all forms of HT
became almost automatic, and the idea that
there might actually be positive health out-
comes of ET use was often dismissed.

There are other influences on women’s de-
cisions about ET that are important but are
beyond the scope of this study. These include
HCPs paying little attention to WHI-ET re-
ports; failure to differentiate between the find-
ings of the 2 different WHI studies; mistrust of
pharmaceutical companies and their products;
peer group pressure to avoid estrogen; non-
hormonal alternative therapies for hot flashes,
prevention of osteoporosis, and sleep distur-
bance; the use of bioidentical hormones not

approved by the US Food and Drug Adminis-
tration; and pendulum swings in medical rec-
ommendations, which have created general
skepticism about medical treatments.

Presenting Complex Biomedical

Findings to the Public

Research findings are often nuanced and
need to be reported accordingly in both the
peer-reviewed literature and the popular
press.30 It is the responsibility of biomedical
researchers to report findings in a way that the
media and the general public can clearly un-
derstand. With most medical interventions, as
with hormone replacement, the findings and
implications are not merely about what is done.
They are also informed by how the interven-
tion is delivered, exactly what preparation is
used, under what particular circumstances, and
in just what population. When findings pertain
to specific preparations or populations, this
should be stated explicitly and emphatically.
Special effort should be made to explain the
study nuances to HCPs. It is also the responsi-
bility of the media and HCPs to convey this
information so that it is clearly understood.
Distortion of details can prove to be nothing
less than lethal.

The WHI findings need to be presented so
that the very important differences between
the 2 treatment modalities are emphasized and
the benefits for hysterectomized women aged
50 to 59 years are appreciated. This effort
has clearly been inadequate to date.5,31

Limitations

The growing practice of performing hyster-
ectomy outside hospitals using a laparoscopic
transvaginal approach has decreased the num-
ber of hospital-based procedures. The preva-
lence estimate, therefore, may be less than
the actual number of hysterectomized women
aged 50 to 59 years.15 If so, our mortality
estimates are all biased downward.

We used the decline in use of oral ET for our
estimates. We did not include data for use of
transdermal estradiol, nonsystemic estrogens,
and bioidentical preparations, although mil-
lions of postmenopausal women currently use
1 or more of these preparations.

We did not include transdermal ET use in
the WHI studies. The use of transdermal es-
tradiol in the United States has declined since

TABLE 2—Mortality Estimates of Hysterectomized Women Aged 50–59 Years With Retained

Ovaries Using 2 Different Rates of Hysterectomy: United States, 2002–2011

Hysterectomy and

Ovaries Retained, %12 Population Size10
Decline in

Estrogen Use, %4
Excess Mortality Estimate,

No. (95% CI)

15.18

2002 17 307 862 17 580 (268, 892)

2003 17 801 925 27 931 (430, 1433)

2004 18 413 377 32 1156 (534, 1778)

2005 19 094 469 34 1299 (600, 1998)

2006 19 769 666 34 1345 (621, 2068)

2007 20 071 964 38 1491 (688, 2294)

2008 20 472 322 38 1521 (702, 2339)

2009 20 853 904 38 1549 (715, 2383)

2010 21 506 008 42 1777 (821, 2734)

2011 21 933 149 42 1813 (837, 2789)

Cumulative total 13 462 (6216, 20 708)

18.4

2002 17 307 862 17 703 (325, 1081)

2003 17 801 925 27 1129 (521, 1737)

2004 18 413 377 32 1401 (647, 2155)

2005 19 094 469 34 1574 (727, 2421)

2006 19 769 666 34 1630 (752, 2507)

2007 20 071 964 38 1807 (834, 2780)

2008 20 472 322 38 1843 (851, 2835)

2009 20 853 904 38 1878 (867, 2888)

2010 21 506 008 42 1878 (995, 3314)

2011 21 933 149 42 2197 (1014, 3380)

Cumulative total 16 316 (7533, 25 098)

Note. CI = confidence interval. 95% CIs are derived from the 95% CI around the excess death rate. The excess death6 rate
is 0.0013.
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2002. Transdermal estradiol has been re-
ported to be more effective than are oral
estrogens in preventing cardiovascular events,
so decline in its use could contribute further
to the mortality toll.

Vaginal estrogen use did show a substantial
increase between 2001 and 2009.3 The ef-
fects of vaginal estrogen are thought to be local
and nonsystemic. However, a recent report
shows an unexpected finding of a reduced rate
for myocardial infarction in women using
vaginal estrogen. Whether vaginal estrogen has
an effect on mortality needs further study.

There has also been an increase in the use of
bioidentical hormone preparations since 2002,
but we are not aware of mortality data for
these compounds.

The WHI cohort of hysterectomized women
aged 60 to 69 years showed no significant
mortality difference between estrogen use

versus placebo. For this reason, we did not do
a calculation for this age group. For women
aged 70 to 79 years in the WHI study, there
is an increased absolute death rate of 19 per
10 000,7 and this age group has shown a 78%
decrease use in ET since 2002.3 As a result,
some reduction in mortality could be calcu-
lated because of not using estrogen. However,
compared with the younger women, the overall
population in this age group is much smaller
and the percentage of hysterectomized women
living into their 70s is less. Also, the use of ET
before 2002 was much lower in these women.2

We did not include women younger than 50
years, as there were no comparable WHI data
for this age group. Nevertheless, hysterectomy
occurs most often before aged 50 years (the
average age is 46.1 years).16 Mortality is in-
creased in younger women who have a hyster-
ectomy and oophorectomy who do not use

ET. Therefore, it is likely that nonuse of ET in
women younger than aged 50 years has an
additional mortality toll. For example, in the
California Teachers Study, women aged 36 to
59 years show a 46% reduction in mortality
among current ET users.18 This exclusion
biases our estimates downward.

We do not address the issue of estrogen plus
progestogen therapy for women with a uterus
except to recognize that the treatment is
different from ET as are the mortality results.

Conclusions

Decline in use of ET since 2002 has resulted
in a significant increase in mortality for hys-
terectomized women aged 50 to 59 years.
Avoidance of all forms of HT is persistent
despite the positive findings for treatment with
estrogen alone. Women, HCPs, and the media
should be offered clear and accurate informa-
tion about the positive effects of estrogen-
alone therapy in these women.

Our analysis suggests that failure to differ-
entiate among populations of women and
preparations of HT has cost thousands of lives.j
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TABLE 3—Mortality Estimates of Hysterectomized Women Aged 50–59 Years With Ovaries

Removed Using 2 Different Rates of Hysterectomy: United States, 2002–2011

Hysterectomy Ovaries

Removed, %12 Population Size10
Decline in

Estrogen Use, %4
Excess Mortality Estimate,

No. (95% CI)

17.82

2002 17 307 862 29 1155 (533, 1777)

2003 17 801 925 45 1856 (857, 2851)

2004 18 413 377 54 2304 (1064, 3544)

2005 19 094 469 59 2588 (1195, 3982)

2006 19 769 666 59 2680 (1237, 4122)

2007 20 071 964 64 2972 (1372, 4572)

2008 20 472 322 64 3031 (1399, 4663)

2009 20 853 904 64 3088 (1425, 4750)

2010 21 506 008 71 3543 (1635, 5450)

2011 21 933 149 71 3613 (1668, 5558)

Cumulative total 26 830 (12 385, 41 274)

21.6

2002 17 307 862 29 1400 (647, 2154)

2003 17 801 925 45 2250 (1039, 3461)

2004 18 413 377 54 2793 (1289, 4296)

2005 19 094 469 59 3137 (1448, 4826)

2006 19 769 666 59 3248 (1499, 4997)

2007 20 071 964 64 3602 (1663, 5541)

2008 20 472 322 64 3674 (1696, 5652)

2009 20 853 904 64 3742 (1727, 5757)

2010 21 506 008 71 4294 (1982, 6606)

2011 21 933 149 71 4379 (2022, 6737)

Cumulative total 32 519 (15 012, 50 027)

Note. CI = confidence interval. 95% CIs are derived from the 95% CI around the excess death rate. The excess death6 rate
is 0.0013.
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