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Abstract

Background: The relationship between menopausal characteristics and later life mortality is unclear. We tested the
hypotheses that women with surgical menopause would have increased all-cause and cardiovascular mortality
compared with women with natural menopause, and that women with earlier ages at natural or surgical meno-
pause would have greater all-cause and cardiovascular mortality than women with later ages at menopause.
Methods: Women who participated in the Iowa cohort of the Established Populations for the Epidemiologic
Study of the Elderly (n = 1684) reported menopausal characteristics and potential confounding variables at
baseline and were followed up for up to 24 years. Participants were aged 65 years or older at baseline and lived
in rural areas. We used survival analysis to examine the relationships between menopausal characteristics and
all-cause and cardiovascular mortality.
Results: A total of 1477 women (87.7% of respondents) died during the study interval. Women with an age at
natural menopause ‡ 55 years had increased all-cause and cardiovascular disease mortality compared with
women who had natural menopause at younger ages. Type of menopause and age at surgical menopause were
not related to mortality. These patterns persisted after adjustment for potential confounding variables.
Conclusions: Among an older group of women from a rural area of the United States, later age at natural
menopause was related to increased all-cause and cardiovascular mortality. Monitoring the cardiovascular
health of this group of older women may contribute to improved survival times.

Introduction

If age at menopause is a marker of the overall intrinsic
rate of biological aging, then women with later menopause

should have improved survival in later life. Older women are
no longer acutely exposed to fluctuations in endogenous re-
productive hormones in the same way that they were earlier
in their lives and during the menopausal transition. However,
characteristics of menopause may indicate later life health
risks, related to hormonal exposures or other processes that
may influence the risk for cardiovascular mortality in partic-
ular.1,2 Most previous analyses have found relationships of
moderate strength between early age at natural menopause
and increased risk of all-cause1,3–11 and cardiovascular mor-
tality.1,5,7,9,10,12–14 Surgical menopause may also be related to
the overall intrinsic rate of biological aging. Women who ex-

perience surgical menopause, and in particular early surgical
menopause, may have less favorable underlying health pro-
files and poorer health later in life15–18 compared with women
who experience natural menopause. These differences may
relate to long-term health and survival differentials. However,
studies have not detected differences in all-cause or cardio-
vascular mortality between women with natural versus sur-
gical menopause.10,19 Some studies have shown no
relationship between age at surgical menopause and all-cause
mortality between women with natural or surgical meno-
pause,3,4 but the majority have demonstrated a relationship
between early surgical menopause and increased cardiovas-
cular and all-cause mortality risks.10,14,20,21

The relationships between age at menopause and cardio-
vascular and all-cause mortality may differ by attained age at
death. The association between younger age at natural
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menopause and mortality may be stronger in women with
younger rather than older attained age.6,8,14 However, some
studies have found that ischemic heart disease mortality risk
for both women with early and older age at natural meno-
pause is stronger in women with younger rather than older
attained age.13,22 Yet other studies have demonstrated that
early age at menopause is associated with mortality only in
women with older attained age.1,7

The objectives of this study were to investigate associations
of type and timing of menopause with all-cause and cardio-
vascular mortality over 24 years of follow-up among a group
of women who were aged 65 years and over at baseline. The
older age distribution of participants will further clarify the
associations between type and age at menopause with mor-
tality at oldest attained ages. We hypothesized that women
with surgical menopause would have increased all-cause and
cardiovascular mortality compared with women with natural
menopause, and that women with earlier ages at natural or
surgical menopause would have increased all-cause and car-
diovascular mortality compared with other women.

Materials and Methods

Data

The Established Populations for the Epidemiologic Study
of the Elderly (EPESE) . is a longitudinal study of community-
dwelling adults aged 65 years and over in the United States
that began in the early 1980s in New Haven, Connecticut;
north central North Carolina; East Boston, Massachusetts; and
Iowa and Washington counties, Iowa.23 The study continued
to track individuals who moved into nursing homes during
follow-up. This analysis utilizes the Iowa cohort, comprised of
all individuals aged ‡ 65 years living in two counties. The
Iowa cohort was the only EPESE cohort to ascertain infor-
mation on menopause. A total of 2253 female study partici-
pants enrolled at baseline in 1981–1983.

Main explanatory factors

Women reported the type and timing of their menopause at
the baseline data collection during in-person interviews. We
categorized type of menopause as surgical or natural based on
the reason the participant gave for her menstrual periods
stopping. We considered women who reported their periods
stopping because of natural reasons as having undergone a
natural menopause, whereas we categorized women who re-
ported surgery as the reason for cessation as having a surgical
menopause. Because the survey did not include further details
of surgery, this second group included women who had un-
dergone hysterectomy with or without bilateral oophorectomy
and also those who had undergone bilateral oophorectomy
without hysterectomy. Women who reported other reasons for
their periods stopping, who did not know the reason, or who
did not respond to this question were excluded from analyses
(n = 290). Women also reported age at last menstrual period,
which we used for age at menopause in analyses.

Outcome measures

We ascertained mortality by linkage to the National Death
Index with follow-up until 31 December 2005. We grouped
cause of death by underlying cause of death according to the
International Classification of Diseases, Ninth Revision (ICD-

9).24 We defined deaths due to cardiovascular diseases by
ICD-9 codes 390–434 and 436–448.

Covariates

At baseline women reported age, educational attainment,
number of pregnancies, age at menarche, smoking, height,
weight, and use of estrogen therapy, all of which we included
as covariates in analyses. We created a binary variable to in-
dicate whether the respondent had completed at least high
school. We categorized number of pregnancies as none, 1, 2, 3,
or 4 or more. Categories for age at menarche in years were £ 12,
13, 14, or ‡ 15 to form approximate quarters. We calculated
body mass index as weight in kilograms/height in meters
squared and categorized this variable as £ 25, 25.1–29.9, and
‡ 30. Due to the small percentage of women who had used
estrogen therapy for more than 2 years, we defined estrogen
therapy use as never versus ever user. We excluded women
who were missing data on any covariate from analyses
(n = 107). Of the 2253 women who participated in the baseline
Iowa EPESE, 1707 provided information on menopause. Of
these 1707 women we were able to include 1684 women who
had complete data on all covariates in the analysis.

Statistical analysis

In descriptive analyses of covariates comparing women who
had undergone natural menopause with women who had un-
dergone surgical menopause, we used a Wilcoxon–Mann–
Whitney test for age and age at surgical and natural menopause,
chi-squared tests for all other categorical variables, and a t-test
for age at menarche. We used Cox proportional hazards models
to examine the associations of type and timing of menopause
with all-cause mortality. Attained age was the time variable,
with those participants with no known date of death or attrition
censored at their attained age by 31 December 2005. We ran one
set of models to test the association between type of menopause
and mortality and a second set of models for age at menopause.
Because women with surgical menopause experienced this
event on average at earlier ages than women with natural
menopause, we ran the analysis for age at menopause by type of
menopause in order to isolate relationships with age at meno-
pause from type of menopause. First we ran an unadjusted
model, and then we ran a model adjusted for all covariates.

We used a competing risks framework for the outcome of
cardiovascular mortality,25,26 with cardiovascular deaths as
the outcome and deaths from noncardiovascular causes cen-
sored. We present results for cardiovascular mortality ex-
cluding women with unknown cause of death (n = 31).
Including these women in models yielded similar results. We
tested for time dependence for type of menopause and age at
menopause according to log-log plots, Kaplan–Meier curves,
and likelihood ratio tests for the inclusion of a time interaction
for type of menopause and age at menopause. Additionally,
we stratified the sample on the attained age of 90 years, the
approximate median attained age of the cohort. None of these
tests showed strong evidence of time dependence. We per-
formed analyses using Stata SE version 10.

Results

Over 24 years of follow-up, 1477 women (87.7% of re-
spondents) had documented deaths. Of deaths with a known
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cause, 41% were related to cardiovascular causes. Women
with surgical menopause had a younger median age at
baseline (74 years, interquartile range [IQR] = 68, 80) than
women with natural menopause (73 years, IQR = 67, 78) (Ta-
ble 1). Women with natural menopause had an older median
age at menopause than women with surgical menopause.
Women with surgical menopause had a slightly younger age
at menarche than women with natural menopause. A larger
percentage of women with surgical menopause had ever used
estrogen therapy.

Type of menopause was not related to all-cause, cardio-
vascular, or noncardiovascular mortality (Table 2). The risk of
all-cause mortality moderately increased with older age at
natural menopause ( p = 0.03 for linear trend; Table 3). Women
with age at natural menopause ‡ 55 years had a 29% in-
creased rate of cardiovascular mortality (HR 1.29, 95% CI 1.02,
1.63), compared with women with natural menopause at age
50–54 years. Further adjustment of confounding variables did
not attenuate this relationship. Age at surgical menopause
was not related to mortality risk (Table 4).

Discussion

In a cohort of women aged 65 years and older at baseline
with up to 24 years of follow-up, age at natural menopause
was related to mortality. Women with older ages at natural
menopause had higher rates of all-cause mortality than
women with younger ages at natural menopause, while
the oldest ages at natural menopause only were related to
increased cardiovascular mortality. However, type of meno-
pause and age at surgical menopause were not related to
all-cause or cardiovascular mortality.

Comparisons with other studies

Our results for age at natural menopause contrast those of
previous studies. Other studies with the most comparable age
ranges (approximately ‡ 80 years of attained age) have found
no relationship between age at natural menopause and mor-
tality8,13,14,22 or increased mortality risk among women with
early menopause only.1,7,8 However, the younger subsamples
of 70–79 years13 and a sample with a broader age range12

showed a U-shaped relationship between age at natural
menopause and risk for ischemic heart disease mortality.

Differences in the pattern of association between natural
age at menopause and mortality between the Iowa EPESE and
the results from previous cohorts may relate to variation in the
distribution of attained age at death. The Iowa EPESE cohort
had an older distribution of age at death than other cohorts.
The median age at death in this cohort was 90 years. By
contrast, only 24% of deaths occurred at attained age ‡ 85
years in a subset of women with attained age ‡ 80 years in
another cohort.13 Therefore, our sample may capture mor-
tality of an older age group. Age differences may also explain
why women with a later but not younger age at natural
menopause had an elevated risk for mortality in the Iowa
EPESE. Since previous studies have shown a relationship
between early age at menopause and increased mortality
among women with younger attained age,6,8,14 this group of
women with younger age at menopause in the Iowa EPESE
may be more robust than the women with a similar age at
menopause in younger age groups.12 This survival difference
may explain why we see an increase in mortality only for

older age at menopause as opposed to a U-shaped relation-
ship.

Our results for type of menopause and age at surgical
menopause support some previous findings but conflict with
others. Our finding of no relationship between type of men-
opause and mortality agree with two previous studies.10,19

We did not find a relationship between age at surgical men-
opause and mortality, similar to some studies of women of a
broader age range.3,4 However, some other studies found a

Table 1. Sample Characteristics by Type of Menopause

Characteristic

% Natural
menopause
(n = 1247)

% Surgical
menopause
(n = 437)

p
valuea

Age at baseline (years)b

65–69 26.5 30.9 < 0.01
70–74 25.3 30
75–79 22.8 20.8
‡ 80 25.3 18.3
Median (IQRc) 74 (69, 80) 73 (69, 78)

Age at natural menopause
(years)

< 0.01

< 45 13.1
45–49 25.6
50–54 47.0
‡ 55 14.3
Median (IQR) 50 (42, 47)

Age at surgical menopause
(years)
< 40 22.0
40–44 24.5
45–49 22.0
‡ 50 31.5
Median (IQR) 45 (40, 50)

No. of pregnancies
0 16.6 16.9 0.67
1 32.2 33
2 16.1 15.6
3 13 15.4
4 or more 22.1 19.2

Age at menarche (years) < 0.01
< 12 33.9 41.4
13 27.4 28.2
14 21.9 16.9
‡ 15 16.8 13.5

Education
Less than high school 44.9 43.8 0.77
High school or more 55.1 56.2

Smoking
Ever smoked 13.8 14.2 0.75
Never smoked 86.2 85.8

Body mass index (kg/m2)
£ 25 55.7 55.1 0.97
25.1–29.9 30.2 30.5
‡ 30 14.1 14.5

Ever used estrogen therapy
Yes 17.2 33.6 < 0.01
No 82.8 66.4

aWilcoxon-Mann-Whitney test for age, age at surgical menopause
versus age at natural menopause; t test for age at menarche, chi-
squared test for categorical variables.

bCategories displayed here for descriptive purposes; age included
as a linear term in models.

cIQR, interquartile range.
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relationship between early age at oophorectomy and in-
creased mortality,10,14,20,21 One difference between the Iowa
EPESE and the other cohorts is that we were unable to sepa-
rate women who had oophorectomy from those who had
hysterectomy only. The combination of these groups of wo-
men may mask an effect of early menopause on increased
mortality only for women with oophorectomy. Another pos-
sibility is that although the age range in these studies was
broad, if a majority of deaths related to early age at surgical
menopause occurred early, these results may largely reflect
those early deaths. Such early deaths may capture women
who had high mortality before they would have been eligible
to enter the Iowa EPESE at a minimum age of 65 years.

Mechanisms

One of the leading hypotheses proposed to explain the
potential relationship between age at menopause and mor-
tality concerns exposure to endogenous estrogen, which
supports increased mortality among women with earlier ages
at menopause. However, we found no association between
age at surgical menopause and mortality and unexpectedly
detected increased mortality among women with later ages at
natural menopause. If estrogen offers protective effects
against health conditions, it is possible that the strength of
these effects diminishes as time since menopause elapses.8,14

By age 65 years, the minimum age of entry to the EPESE, it is
possible that any variability in endogenous estrogen exposure
related to type and timing of surgical menopause was no
longer affecting health. Another explanation is that women

who survive to at least age 65 years may have a bias towards
positive health characteristics, as women with early meno-
pause have a more adverse profile in many aspects of
health.15–18 These characteristics may be unrelated to estrogen
or may counter the effects of loss of estrogen. The biological
mechanisms underlying the relationship between later age at
natural menopause and increased mortality are unclear. One
speculation is that a hormonal imbalance may delay meno-
pause or encourage bleeding and increase risk of myocardial
infarction.12

Methodological considerations

The strengths of this cohort include a long follow-up pe-
riod, inclusion of women with surgical menopause, and as-
sessment of relevant covariates. Although the sample is small,
the high number of deaths during the follow-up provides the
statistical power to examine the relationship between char-
acteristics of menopause and mortality. Some previous stud-
ies have excluded women with hysterectomy or
oophorectomy.1,5,8,11,12 However, as women with surgical
menopause account for 26% of women in the Iowa EPESE, we
felt that it was important to include this substantial propor-
tion of women in the analysis.

However, the study was limited in aspects of the scope of
variables and design. Because women were required to recall
age at menopause and reason for menopause, there may be
some reporting inaccuracies because these events took place
over 20 years in the past. Previous work has shown that there
is a high level of accuracy when recalling age at surgical

Table 2. Mortality by Type of Menopause

n Mortality ratea
Age-adjusted hazard ratio

(95% CI)
Fully adjusted hazard ratiob

(95% CI)

All-cause mortality
Surgical menopause 1247 66.54 1.01 (0.90, 1.13) 0.98 (0.87, 1.10)
Natural menopause 437 58.2 1.00 1.00

Cardiovascular mortality
Surgical menopause 1231 35.51 0.92 (0.78, 1.09) 0.90 (0.76, 1.07)
Natural menopause 422 27.47 1.00 1.00

aPer 1000 person-years.
bAdjusts for age, educational attainment, number of pregnancies, age at menarche, smoking, height, weight, and use of estrogen therapy.

Table 3. Mortality by Age at Natural Menopause

n Mortality ratea
Age-adjusted hazard ratio

(95% CI)
Fully adjusted hazard ratiob

(95% CI) p valuec

All-cause mortality (years)
< 45 163 72.69 0.89 (0.74, 1.07) 0.88 (0.73, 1.06) 0.03
45–49 319 64.45 0.95 (0.82, 1.10) 0.96 (0.83, 1.12)
50–54 586 65.92 1.00 1.00
‡ 55 179 66.98 1.12 (0.94, 1.34) 1.13 (0.95, 1.35)

Cardiovascular mortality (years)
< 45 160 40.92 0.97 (0.76, 1.24) 0.96 (0.75, 1.23) 0.17
45–49 316 32.92 0.93 (0.76, 1.14) 0.95 (0.77, 1.16)
50–54 576 33.92 1.00 1.00
‡ 55 179 40.52 1.29 (1.02, 1.63) 1.30 (1.03, 1.65)

aPer 1000 person-years.
bAdjusts for age, educational attainment, number of pregnancies, age at menarche, smoking, height, weight, and use of estrogen therapy.
cFrom test of linear trend for age at natural menopause.
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menopause and type of procedure.27–32 However, recalled
age at natural menopause has been shown to be less accu-
rate.27,30,33 Expected trends, such as a younger age at meno-
pause for surgical menopause and greater use of hormone
therapy in surgical than natural menopause, suggest that in-
accurate reporting concerning type of menopause and age at
menopause is not likely to strongly bias our results.

No details about type of surgery were provided, which
would have allowed us to further examine whether early age
at oophorectomy but not hysterectomy alone was related to
increased mortality, as previous studies have shown.14,20,21

Based on national estimates, we expect that between 25% and
41% of women had oophorectomy with hysterectomy, which
were the estimates in 1965 and 1984. Most women in the Iowa
EPESE would have experienced surgical menopause during
this time interval.34 While bilateral oophorectomy results in
menopause, hysterectomy alone may accelerate the onset of
menopause.35,36 Therefore, age at surgical menopause may
represent an approximate age for up to 60% of women with
surgical menopause who we expect had hysterectomy only.
This study cannot test associations of type and timing of
menopause with mortality closer to menopause because wo-
men had to have survived to at least age 65 years to be in-
cluded in the EPESE. For example, some previous studies
have demonstrated particularly high mortality within 20
years of surgery for women who experienced surgical men-
opause prior to age 45 involving bilateral oophorecto-
my.10,14,20,21 If this trend occurred in the population of women
from which the Iowa EPESE was sampled, women who ex-
perienced increased mortality risk before 65 years due to early
oophorectomy will have been excluded from the Iowa EPESE.
While some women were excluded for lack of information on
type and age at menopause due to the retrospective nature of
the study, the hazard ratio and percentage dead by the end of
follow-up showed that all-cause mortality for women who
did and did not have information and type or age at meno-
pause was similar, suggesting that sample selection should
not substantially bias results.4

These results may not be generalizable to younger cohorts
or more geographically diverse groups of women. At the time
that women of the Iowa EPESE underwent surgical meno-
pause, hysterectomy was used for some gynecological con-
ditions that would now be treated with less invasive
techniques, including hysteroscopic surgery and uterine ar-

tery fibroid embolization. Screening programs have also be-
come more frequent. These advances have contributed to
falling rates of hysterectomy in the United States in the latter
part of the 20th century.37–41 Study members with surgical
menopause in our study were hence likely to be a more het-
erogeneous group than contemporary women with surgical
menopause in terms of reasons for hysterectomy, whereby it
is possible that the relationship of type of menopause with
mortality may be different.38,40–43 Rates of oophorectomy
have also fluctuated over time.39,40 Another limitation to the
generalizability of results is that the members of the Iowa
EPESE lived in rural counties. Older women living in urban
areas may have different risk profiles than women in rural
areas due to environmental and cultural differences.44 We
were unable to include women from the other thee EPESE
sites in the analysis because the questionnaires from the other
EPESE sites did not include information on menopause. The
ability to utilize all four sites would have resulted in a sample
that was more diverse in terms of race and socioeconomic
position. However, the Iowa EPESE provides a unique op-
portunity to examine mortality among the oldest women. Our
results suggest that later age at menopause is a risk factor for
increased mortality in this rapidly growing segment of the
population.

Conclusion

Later age at natural menopause was related to increased
rates of all-cause and cardiovascular mortality in later life.
Monitoring the cardiovascular health of this group of older
women who experience natural menopause at later ages may
contribute to improved survival.
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