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Abstract

Background: The effects of oophorectomy on brain aging
remain uncertain. Methods: We conducted a cohort study
with long-term follow-up of women in Olmsted County,
Minn., USA, who underwent either unilateral or bilateral
oophorectomy before the onset of menopause from 1950
through 1987. Each member of the oophorectomy cohort
was matched by age to a referent woman from the same
population who had not undergone any oophorectomy. We
studied underlying and contributory causes of death in 1,274
women with unilateral oophorectomy, 1,091 women with bi-
lateral oophorectomy, and 2,383 referent women. Results:
Mortality for neurological or mental diseases was increased
in women who underwent bilateral oophorectomy before
age 45 years compared with referent women (hazard ratio =
5.24; 95% confidence interval = 2.02-13.6; p < 0.001). Within
this age stratum, mortality was similar in women who were
or were not treated with estrogen from the time of oopho-
rectomy through age 45 years, and in women who had bilat-
eral oophorectomy for prophylaxis or for treatment of a
benign ovarian condition. Mortality was also increased in

women who underwent unilateral oophorectomy before
age 45 years without concurrent hysterectomy. Conclusions:
Bilateral oophorectomy performed before age 45 years is as-
sociated with increased mortality for neurological or mental

diseases. Copyright © 2009 S. Karger AG, Basel

Introduction

The long-term effects of oophorectomy and of subse-
quent estrogen treatment on the brain remain uncertain
and controversial [1-5]. In a previous article that focused
on overall mortality [6], we reported increased mortality
for neurological or mental disorders restricted to a cohort
of 537 women who underwent bilateral oophorectomy for
prophylaxis of cancer. However, the previous report did
not consider the additional 554 women included in our
study who underwent bilateral oophorectomy for a be-
nign ovarian condition. In addition, we did not report
specific causes of death for the 1,274 women included in
our study who underwent unilateral oophorectomy, and
we only considered one underlying cause of death for
each woman [6]. However, more extensive information
can be obtained by considering all causes of death listed
anywhere on the death certificate [7].
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To provide a more complete description of the full co-
horts, to capture all diseases listed on the death certifi-
cate, and to group causes of death in specific neurological
or mental disease categories, we conducted analyses in-
cluding all neurological and mental diseases reported
anywhere on the death certificates for all of the 4,748
women included in the Mayo Clinic Cohort Study of Oo-
phorectomy and Aging [1-3, 6, 8]. Thus, we tested the
hypothesis that the harmful effects of bilateral oophorec-
tomy on the aging brain may be general and may involve
several neuronal populations and brain structures. This
hypothesis was recently detailed elsewhere [9].

Methods

Unilateral and Bilateral Oophorectomy Cohorts

The Mayo Clinic Cohort Study of Oophorectomy and Aging
included a total of 1,274 Olmsted County, Minn., USA, women
who underwent unilateral oophorectomy and 1,091 women who
underwent bilateral oophorectomy during the 38-year period
from 1950 through 1987 [6]. Oophorectomy was defined as com-
plete removal of the ovary; further details about the two oopho-
rectomy cohorts have been reported elsewhere [10-13]. All infor-
mation about oophorectomy, including the indication defined by
the gynecologist at the time of surgery, was abstracted from med-
ical records included in the records linkage system of the Roches-
ter Epidemiology Project [14]. Women were included in the cur-
rent study if they were born before 1962 (at least age 40 years by
January 1, 2002). In addition, we included only women who had
undergone oophorectomy prior to menopause; however, we also
included 158 women with unknown age at time of menopause
who underwent bilateral oophorectomy before age 56 years (ap-
proximate upper limit of age at time of natural menopause). Fi-
nally, we excluded women who underwent either unilateral or bi-
lateral oophorectomy as treatment for ovarian cancer, and women
who underwent bilateral oophorectomy as treatment for another
estrogen-related cancer [6].

Referent Cohort

The records linkage system of the Rochester Epidemiology
Project provided the list of residents from which potential referent
women were drawn. This list has been shown to be complete when
compared with a random-digit-dialing telephone sample and
with the census [14]. For each woman in the unilateral or in the
bilateral oophorectomy cohorts, we defined the year of surgery as
the index year. We then used simple random sampling to select 1
woman from the complete Olmsted County population with the
same year of birth, who had survived without any oophorectomy
to the index year. However, hysterectomy without oophorectomy
was not an exclusion criterion, and referent women were not re-
quired to be premenopausal in the index year. All women in the
population who met these criteria were considered eligible re-
gardless of any possible diseases or risk factors (population-based
referent sample).

Oophorectomy and Neurological
Mortality

Follow-up Procedures

The primary objective of follow-up in the Mayo Clinic Cohort
Study of Oophorectomy and Aging was to detect incident cases of
parkinsonism and dementia. Methods for tracking subjects and
for detecting parkinsonism or dementia are reported elsewhere
[1-3, 6, 8]. We describe here only the methods relevant to the as-
sessment of causes of death. All study procedures were approved
by the institutional review boards of the Mayo Clinic and Olm-
sted Medical Center. Both the oophorectomy and the referent co-
horts were followed using three methods.

First, women were interviewed via telephone using a standard-
ized questionnaire to assess their vital status and the presence of
the diseases of interest. The telephone contact was direct when-
ever possible and conducted by 1 of 6 specifically trained research
assistants. For deceased or incapacitated women (e.g., deaf, cog-
nitively impaired, or terminally ill), we contacted a surrogate in-
formant (proxy interview). Second, independent of the telephone
contact, all women were followed passively through review of in-
patient and outpatient medical records in the records linkage sys-
tem of the Rochester Epidemiology Project [14]. Finally, vital sta-
tus was assessed using state-specific or national death indices. For
each deceased woman, we obtained a copy of the death certificate
either from the records linkage system or from the vital statistics
offices of individual states. When this was not possible, we ob-
tained death certificate information from the National Death In-
dex (NDI Plus; National Center for Health Statistics, Hyattsville,
Md., USA).

A trained medical indexing clerk recoded all causes of death
listed on the death certificates (underlying, intermediate, imme-
diate, and other significant conditions) using the International
Classification of Diseases, Eighth Revision (ICD-8), Adapted Codes
for Hospitals (this is a modification of ICD-8 codes) [15]. The clerk
was kept unaware of the oophorectomy status of deceased women
to prevent bias. Causes of death were grouped into the following
7 categories: dementia, parkinsonism, multiple sclerosis (MS),
amyotrophic lateral sclerosis (ALS), other neurologic diseases,
psychosis, and other psychiatric diseases. The grouping was con-
ducted by a neurologist (W.A.R.) who was kept unaware of the
oophorectomy status of the women.

Statistical Analysis

We obtained survival curves using the Kaplan-Meier method
and estimated hazard ratios (HRs) using Cox proportional haz-
ards models. These models allowed for complete age-adjustment
by using age as the time scale. The assumption of proportional
hazards was assessed by graphical methods and by introducing a
time-dependent coefficient in the Cox models [16].

We first considered deaths with neurological or mental dis-
eases listed as the underlying cause. Second, we considered all
deaths with neurological or mental diseases listed anywhere on
the death certificate (including underlying, intermediate, and im-
mediate causes of death, and other significant conditions contrib-
uting to death) [7]. We also considered mortality for specific neu-
rological or mental diseases separately. However, because of the
limited number of outcomes, these analyses were only explora-
tory.

Analyses were conducted overall and in strata defined by age
at time of oophorectomy (or at index year) and by surgical indica-
tion. To simplify the presentation of results, we used arbitrary
prespecified cut-offs for age (i.e., <45, 45-50, and >50 years) rath-
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er than distribution-related cut-offs (e.g., tertiles). However, the
cut-off at age 50 years is also clinically relevant because it is the
approximate median age of natural menopause [17]. We also con-
ducted analyses accounting for the combined effect of age at time
of bilateral oophorectomy and length of estrogen treatment after
surgery. Information about treatment with oral or transdermal
estrogen in women who underwent bilateral oophorectomy was
abstracted from the inpatient and outpatient medical records in
the records linkage system [14].

For women who underwent bilateral oophorectomy before age
45 years, we conducted a set of sensitivity analyses. To test the
hypothesis that irreversible neurological damage may occur only
many years after bilateral oophorectomy, we conducted sensitiv-
ity analyses excluding all women followed for less than 10 years.
Additional sensitivity analyses excluded women who reported a
history of either depression or anxiety before the index year or the
61 women with unknown age at the time of menopause. All anal-
yses were completed using SAS® version 8.2 (SAS Institute, Cary,
N.C., USA), and tests of statistical significance were conducted at
the two-tailed alpha level of 0.05.

Results

Study Sample

Extensive details about the unilateral and bilateral oo-
phorectomy cohorts and the referent cohort were report-
ed elsewhere [6]. In brief, the 1,274 women in the unilat-
eral oophorectomy cohort were followed for a median of
29.5 years (range = 54 days to 54.6 years); a total of 304
women died during follow-up, and 297 death certificates
(98%) were obtained. The 297 death certificates yielded
1,106 distinct causes of death, and each cause received a
diagnostic code (median = 3 causes of death per woman;
range = 1-14). Three women died within 1 year of the oo-
phorectomy. Of the 1,274 women included in these anal-
yses, 628 women (49%) were interviewed directly, 190
women (15%) were interviewed via proxy, and the re-
maining 456 women (36%) had only passive follow-up
information.

The 1,091 women included in the bilateral oophorec-
tomy cohort were followed for a median of 25.0 years
(range = 4 days to 53.8 years); a total of 360 died during
follow-up, and 358 death certificates were obtained (99%).
The 358 death certificates yielded 1,275 distinct causes of
death (median = 3 causes of death per woman; range =
1-10). Nine women died within 1 year of the oophorec-
tomy. Of the 1,091 women included in these analyses, 452
(41%) were interviewed directly, 232 (21%) were inter-
viewed via proxy, and the remaining 407 women (37%)
had only passive follow-up information.

Similarly, the 2,383 referent women included in the
study were followed for a median of 26.4 years (range =
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66 days to 55.1 years); 628 of these women died during
follow-up, and 618 death certificates were obtained (98%).
The 618 death certificates yielded 2,284 distinct causes of
death (median = 3 causes of death per woman; range =
1-14). Of the 2,383 women included, 1,037 (44%) were in-
terviewed directly, 443 (19%) via proxy, and 903 women
(38%) had only passive follow-up information.

Overall Mortality for Neurological or Mental Diseases

Our results for death from all causes were reported
elsewhere. In brief, we found an increased mortality from
all causes and from noncancer causes in women who un-
derwent bilateral oophorectomy before age 45 years [6].

Table 1 shows survival analyses restricted to neuro-
logical or mental diseases for women who underwent
unilateral oophorectomy. Women who underwent uni-
lateral oophorectomy did not experience increased mor-
tality for neurological or mental diseases in overall anal-
yses. The results were similar using only one underlying
cause of death for each woman or using causes of death
listed anywhere on the death certificate. By contrast,
women who underwent unilateral oophorectomy before
age 45 years without concurrent hysterectomy had an in-
creased mortality.

Table 2 shows survival analyses restricted to neuro-
logical or mental diseases for women who underwent
bilateral oophorectomy. Analyses using only one under-
lying cause of death for each woman revealed a strong
association in women who underwent bilateral oopho-
rectomy before age 45 years (fig. 1). The association was
similar in women who underwent oophorectomy before
age 45 years but were treated with estrogen from the time
of surgery through age 45 years or longer and in women
who were not treated after surgery or interrupted their
treatment before age 45 years. The association was also
similar in women who underwent bilateral oophorecto-
my for prophylaxis of ovarian cancer and in those who
had a benign ovarian condition prompting the oophorec-
tomy. By contrast, we found no association for women
who underwent oophorectomy between ages 45 and 50
years, or after age 50 years. A formal test of interaction
between age at time of oophorectomy (or index year; con-
tinuous variable) and risk of death was not significant
(p = 0.23 for underlying cause of death). When we con-
sidered all conditions listed anywhere on the death cer-
tificate, the association with neurological or mental dis-
eases in women who underwent oophorectomy before
age 45 years was attenuated and was not statistically sig-
nificant (table 2).
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Table 1. Mortality associated with neurological and mental diseases following unilateral oophorectomy

Cohort or stratum Women Person-

Total  Underlying cause of death’

Causes listed anywhere on the

atrisk yearsof deaths death certificate?
follow-up deaths HR (95% CI) p value deaths HR (95% CI) p value
Overall analyses
Referent women 2,383 62,285 628 50 (2.1%) 1.00 (reference) - 115 (4.8%) 1.00 (reference) -
Women with unilateral oophorectomy 1,274 37,499 304 24 (1.9%) 0.90 (0.55-1.46) 0.66 62 (4.9%) 0.98(0.72-1.33) 0.88
Benign conditions 942 28,368 218 20 (2.1%) 0.99 (0.59-1.66) 0.96 51 (5.4%) 1.06(0.76-1.47) 0.75
No specified indication 332 9,131 86 4(1.2%) 0.62(0.22-1.71) 0.35 11 (3.3%) 0.73(0.39-1.36) 0.32
With hysterectomy 869 25,023 230 18 (2.1%) 0.81(0.47-1.39) 0.45 46 (5.3%) 0.88 (0.62-1.24) 0.47
Without hysterectomy 405 12,476 74 6(1.5%) 1.31(0.56-3.08) 0.53 16 (4.0%) 1.41 (0.83-2.40) 0.20
Analyses stratified by age at time of unilateral oophorectomy or index year
Younger (<45 years)
Referent women 1,417 38,106 229 8 (0.6%) 1.00 (reference) - 31(2.2%) 1.00 (reference) -
Women with unilateral oophorectomy 991 29,225 159 15 (1.5%) 2.20(0.93-5.20) 0.07 35(3.5%) 1.34(0.82-2.18) 0.24
Benign conditions 773 23,277 127 12 (1.6%) 2.07 (0.84-5.09)° 0.11 29 (3.8%) 1.32(0.79-2.19)> 0.29
No specified indication 218 5,948 32 3(1.4%) 3.50 (0.88-13.9)> 0.08 6(2.8%) 1.52(0.63-3.68)° 0.35
With hysterectomy 628 17,990 109 10 (1.6%) 1.89 (0.74-4.83)* 0.18 23 (3.7%) 1.17 (0.68-2.03)* 0.56
Without hysterectomy 363 11,235 50 5(1.4%) 3.18(1.03-9.81)* 0.04 12 (3.3%) 1.79 (0.92-3.50)* 0.09
Middle or older (45 years)®
Referent women 966 24,179 399 42 (4.4%)  1.00 (reference) - 84 (8.7%) 1.00 (reference) -
Women with unilateral oophorectomy 283 8,275 145 9(3.2%) 0.51(0.25-1.05) 0.07 27 (9.5%) 0.72(0.47-1.12) 0.15

! Neurological or mental disease listed as the underlying cause of death on the death certificate.
2 Neurological or mental disease listed anywhere on the death certificate and including underlying, intermediate, immediate, or other significant

conditions contributing to death.

3 A formal test of interaction was not significant for underlying cause of death (p = 0.55) and for causes of death listed anywhere on the death

certificate (p = 0.79).

4 A formal test of interaction was not significant for underlying cause of death (p = 0.36) and for causes of death listed anywhere on the death

certificate (p = 0.25).

5 The age classes 45-50 and >50 years were pooled in this table because few women underwent unilateral oophorectomy in these strata.

Sensitivity analyses restricted to women who had 10
or more years of follow-up yielded results similar to the
corresponding primary analyses (table 2, footnote 4).
Similarly, sensitivity analyses excluding women who re-
ported a history of either depression or anxiety before the
index year and analyses excluding the 61 women with
unknown age at time of menopause yielded consistent
results (table 2, footnote 4).

Specific Causes of Death

Table 3 shows exploratory survival analyses conduct-
ed separately for specific neurologic or mental diseases.
Women who had bilateral oophorectomy experienced an
increased mortality associated with ALS, MS, and par-
kinsonism. However, none of the specific comparisons
reached statistical significance. We also compared the
risk of suicide documented on the death certificate in
women who underwent bilateral oophorectomy and in
referent women. The hazard ratio (HR) was 2.14 (95%
CI = 0.61-7.49; p = 0.23; total of 10 deaths) overall, and
2.18 (95% CI = 0.36-13.1; p = 0.40; total of 5 deaths) for

Oophorectomy and Neurological
Mortality

women who underwent bilateral oophorectomy before
age 45 years; however, none of the associations was statis-
tically significant (data not shown in table).

Discussion

Our findings suggest that women who undergo bilat-
eral oophorectomy at a young age are at increased risk of
death associated with neurological or mental diseases.
This increased mortality does not appear to be attenuated
by estrogen treatment from the time of oophorectomy
through age 45 years or longer. We are not aware of any
other study investigating neurological or mental causes
of death in women who underwent bilateral oophorec-
tomy. Our first report from this same cohort study showed
an increased risk of mortality for neurological or mental
disorders in a cohort of 537 women who underwent bilat-
eral oophorectomy for prophylaxis of cancer [6]. How-
ever, that report did not consider women who underwent
bilateral oophorectomy prompted by a benign surgical
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Table 2. Mortality associated with neurological and mental diseases following bilateral oophorectomy

Cohort or stratum Women Person- Total

Underlying cause of death!

Causes listed anywhere on the

atrisk  yearsof deaths death certificate?
follow-up
deaths HR (95% CI) p value deaths HR (95% CI) p value
Overall analyses
Referent women 2,383 62,285 628 50 (2.1%) 1.00 (reference) - 115 (4.8%) 1.00 (reference) -
Women with bilateral oophorectomy 1,091 27,864 360 34(3.1%) 1.20(0.77-1.85)  0.42 66 (6.1%) 1.03 (0.76-1.40) 0.84
Prophylactic 537 12,960 184 17 (3.2%) 1.11 (0.64-1.92) 0.72 34 (6.3%) 0.99 (0.67-1.45) 0.95
Benign conditions 554 14,904 176 17 (3.1%) 1.30 (0.75-2.26) 0.35 32(5.8%) 1.08(0.73-1.60) 0.71
Analyses stratified by age at time of bilateral oophorectomy or index year®
Younger (<45 years)
Referent women 1,417 38,106 229 8 (0.6%) 1.00 (reference) - 31 (2.2%) 1.00 (reference) -
Women with bilateral oophorectomy 413 11,179 94 11(2.7%) 5.24(2.02-13.6)* <0.001 16 (3.9%) 1.80 (0.98-3.32)* 0.06
Estrogen given from surgery
until age 45 years or longer 151 4,167 20 4(2.7%) 6.81(1.91-24.3)> 0.003 5(3.3%)  1.97(0.75-5.19)° 0.17
Estrogen not given or discontinued
before age 45 years 262 7,012 74 7 (2.7%) 4.67 (1.64-13.3)°  0.004 11 (4.2%) 1.74 (0.87-3.47)° 0.12
Prophylactic 124 3,164 33 5(4.0%) 7.83(2.48-24.8)° <0.001 7(5.7%) 2.69 (1.18-6.13)° 0.02
Benign conditions 289 8,015 61 6(2.1%) 4.39(1.46-13.2)°  0.009 9(3.1%) 1.43(0.68-3.02)° 0.35
Middle (45-50 years)
Referent women 645 16,683 240 26 (4.0%) 1.00 (reference) - 51(7.9%) 1.00 (reference) -
Women with bilateral oophorectomy 430 10,745 148  12(2.8%) 0.73(0.37-1.46)  0.37 24 (5.6%) 0.75(0.46-1.22) 0.25
Estrogen given from surgery until
age 50 years or longer 160 3,777 35 4(2.5%) 0.99 (0.34-2.84) 0.98 8 (5.0%) 0.99 (0.47-2.09) 0.98
Estrogen not given or discontinued
before age 50 years 270 6,968 113 8(3.0%) 0.65(0.29-1.44) 0.28 16 (5.9%)  0.67 (0.38-1.18) 0.16
Older (>50 years)
Referent women 321 7,496 159 16 (5.0%) 1.00 (reference) - 33(10.3%) 1.00 (reference) -
Women with bilateral oophorectomy 248 5,940 118 11(4.4%) 0.98 (0.45-2.12)  0.95 26 (10.5%) 1.09 (0.65-1.82) 0.75

! Neurological or mental disease listed as the underlying cause of death
on the death certificate.

2 Neurological or mental disease listed anywhere on the death certifi-
cate and including underlying, intermediate, immediate, or other signifi-
cant conditions contributing to death.

3 Formal tests of interaction between age at time of oophorectomy (or
index year; continuous variable) were not statistically significant (p = 0.23
for underlying cause of death; p = 0.65 for causes of death listed anywhere
on the death certificate).

4 For the sensitivity analysis restricted to women with 10 or more years
of follow-up, results for underlying cause of death were the same (HR =
5.24; 95% CI = 2.02-13.6; p <0.001). This is because all 19 of the deaths (8
in referent women and 11 in women who underwent oophorectomy) were
more than 10 years after the time of surgery or index. Results were also
similar in the sensitivity analysis considering diagnoses listed anywhere on
the death certificate (HR = 1.66; 95% CI = 0.89-3.09; p = 0.11). Sensitivity

analyses excluding women who reported a history of either depression or
of anxiety before the index year yielded an HR of 2.18 (95% CI = 0.69-6.88;
p = 0.19) for underlying cause of death and 1.02 (95% CI = 0.43-2.41; p =
0.96) for causes of death listed anywhere on the death certificate (these
analyses were restricted to 253 women with bilateral oophorectomy and
892 referent women who were interviewed). Sensitivity analyses excluding
the 61 women with unknown age at time of menopause yielded an HR of
5.09 (95% CI =1.93-13.40; p = 0.001) for underlying cause of death and 1.68
(95% CI = 0.89-3.17; p = 0.11) for causes of death listed anywhere on the
death certificate.

5 A formal test of interaction was not significant for underlying cause
of death (p = 0.56) and for causes of death listed anywhere on the death
certificate (p = 0.82).

6 A formal test of interaction was not significant for underlying cause
of death (p = 0.25) and for causes of death listed anywhere on the death
certificate (p = 0.19).

indication and women who underwent unilateral oopho-
rectomy. In addition, that study did not consider multiple
causes of death for each woman [6].

Our findings for mortality are consistent with our
findings for morbidity. We reported elsewhere that wom-
en who underwent bilateral oophorectomy at younger
ages experienced an increased risk of parkinsonism, of
cognitive impairment or dementia, and of depressive and
anxiety symptoms [1-3, 8]. The findings reported here
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point to a possible additional association with ALS and
MS. These diseases could not be studied as morbidity
outcomes because they are rare.

Unfortunately, our findings for ALS and MS did not
reach statistical significance. However, given the possible
etiologic similarities between ALS, parkinsonism, and
dementia, an association of oophorectomy with ALS is
biologically plausible and deserves further investigation.
The use of ALS mortality as a surrogate for ALS incidence

Rivera/Grossardt/Rhodes/Rocca



Fig. 1. Mortality for neurological or men-
tal diseases in women who underwent bi-
lateral oophorectomy before age 45 years
compared with referent women. Only un-
derlying causes of death were considered.
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Table 3. Exploratory analyses for specific neurological or mental diseases following bilateral oophorectomy

Cause of death Underlying cause of death! Causes listed anywhere on death certificate?

referent oophorectomy HR (95% CI) p referent oophorectomy HR (95% CI) p

cohort deaths  cohort deaths value cohort deaths cohort deaths value
Dementia 31 (1.3%) 18 (1.7%) 1.00 (0.56-1.79) 0.99 68 (2.9%) 37 (3.4%) 0.94 (0.63-1.40) 0.76
Parkinsonism 2(0.1%) 0(0.0%) Non-estimable - 7 (0.3%) 9 (0.8%) 2.32(0.86-6.24) 0.09
Multiple sclerosis 2(0.1%) 3(0.3%) 2.73 (0.46-16.4) 0.27 2(0.1%) 3(0.3%) 2.73 (0.46-16.4) 0.27
ALS 4(0.2%) 5(0.5%) 229 (0.61-8.52) 0.2 4(0.2%) 5 (0.5%) 229 (0.61-8.52)  0.22
Other neurological 6(0.3%) 4(0.4%) 1.21 (0.34-4.31) 0.76 18 (0.8%) 13 (1.2%) 1.40 (0.68-2.87) 0.36
Psychosis 0 (0.0%) 2(0.2%) Non-estimable - 6 (0.3%) 3 (0.3%) 0.96 (0.24-3.84) 0.95
Other psychiatric 5(0.2%) 3(0.3%) 1.06 (0.25-4.44) 0.94 20 (0.8%) 8(0.7%) 0.73 (0.32-1.65) 0.45
Total 50 (2.1%) 34 (3.1%) 120 (0.77-1.85)  0.42 115 (4.8%) 66 (6.1%) 1.03 (0.76-1.40)  0.84

! Neurological or mental disease listed as the underlying cause of death on the death certificate.
2 Neurological or mental disease listed anywhere on the death certificate and including underlying, intermediate, immediate, or other significant

conditions contributing to death.

is reasonable because the disease is severe and disabling,
the duration is short, and the disease is generally recog-
nized before death. ALS mortality derived from death
certificates has been used as a surrogate for incidence by
other investigators [18-21]. If confirmed by independent
studies with alarger sample, these findings may implicate
endocrinological mechanisms in the etiology of ALS in
women. Similarly, estrogen treatment has been associat-
ed with less severe MS [22-25], and MS symptoms be-
come less severe during pregnancy when estrogen levels

Oophorectomy and Neurological
Mortality

are elevated [26]. Thus, it is biologically plausible that
women with MS may have a worse prognosis when they
undergo bilateral oophorectomy before menopause that
results in a premature estrogen deficiency.

The finding of similar risks of death for neurological
or mental diseases in women who underwent bilateral
oophorectomy before age 45 years regardless of their sub-
sequent treatment with estrogen from the time of oopho-
rectomy through age 45 years suggests that mechanisms
other than estrogen deficiency may be involved. Bilateral

Neuroepidemiology 2009;33:32-40 37



oophorectomy performed before menopause causes an
abrupt deficiency of estrogen as well as of progesterone
and testosterone. In addition, it causes a disruption of the
hypothalamic-pituitary-ovarian axis which, in turn,
causes an increase in gonadotropins (luteinizing hor-
mone and follicle-stimulating hormone) [27]. It is possi-
ble that some of the harmful effects of bilateral oophorec-
tomy on the brain are mediated by a deficiency in pro-
gesterone or testosterone or by an overproduction of
gonadotropins [27-33]. This hypothesis deserves further
investigation because it has major implications for the
treatment of women who undergo early bilateral oopho-
rectomy [9].

The finding of an increased mortality in women who
underwent unilateral oophorectomy before age 45 years
without concomitant hysterectomy remains of uncertain
interpretation. It may be a chance finding or may indicate
some hormonal consequences of unilateral oophorecto-
my (e.g., acceleration of ovarian failure in the remaining

ovary) [2].

Strengths

There are several strengths to our study. First, our ref-
erent cohort was representative of the general population
as demonstrated by a comparison with the life tables of
Minnesota white women in corresponding census peri-
ods (628 observed deaths vs. 628.2 expected deaths; p =
0.99) [6]. This comparison also confirms that our meth-
ods to capture mortality were complete. Second, oopho-
rectomy was documented historically in medical records,
and no interview or recall of past surgical events was re-
quired [34]. Similarly, we were able to abstract informa-
tion regarding estrogen treatment after bilateral oopho-
rectomy from historical medical records, and no recall of
past estrogen use was required [34]. Third, the women in
the bilateral oophorectomy cohort were followed for a
median of 25.0 years and those in the referent cohort were
followed for a median of 26.4 years. Thus, we studied the
long-term neurological and mental outcomes associated
with bilateral oophorectomy. Fourth, the risk of misclas-
sification of the underlying cause of death as coded on
routine death certificates was reduced by considering all
conditions listed anywhere on the death certificate for
each woman [7].

Limitations

There are also limitations to our study. First, because
of funding constraints, we could not study the incidence
of all neurological or mental diseases using direct or
proxy interviews or using medical record information
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from the records linkage system. The use of diseases
mentioned anywhere on the death certificates was only a
surrogate measure of the full manifestation of nonfatal
and fatal disease. On the other hand, the consideration of
all causes of death listed anywhere on the death certifi-
cate was a major improvement from the use of only one
underlying cause of death for each woman [7].

Second, referent women were not required to be pre-
menopausal in the index year. Thus, we may have biased
our results toward the null (i.e., we may have observed
HRs smaller than the true ones) if those women who ex-
perienced early natural menopause were at increased risk
of death compared to women who reached natural meno-
pause at later ages. However, the major findings of this
study were restricted to women with index age of 45 years
or younger, and in this age stratum the probability of an
early natural menopause is low [35].

Third, we pooled into our primary analyses condi-
tions that may have different etiologies and pathogeneses
(e.g., psychosis and ALS). The rationale for these analyses
is that bilateral oophorectomy and the resulting hormon-
al consequences may have a general detrimental effect on
a wide range of metabolic and biochemical processes in-
volved in the etiology of apparently disparate conditions.
In support of a generalized effect of bilateral oophorec-
tomy on the brain, we found associations with motor,
cognitive, and psychiatric morbidity outcomes in this
same study [1, 2, 8]. We recently reported an extensive
discussion of the possible consequences of oophorectomy
and its hormonal effects on several neuronal populations
and brain structures [9].

Fourth, the sample size and the corresponding statisti-
cal power were inadequate to consider specific neurolog-
ical or mental diseases separately. Similarly, the power
was limited to study the modifying effect of estrogen
treatment or to separate oral versus transdermal use of
estrogen. In addition, there was some risk of false-posi-
tive findings due to multiple statistical testing.

Fifth, the association between bilateral oophorectomy
and mortality for neurological or mental disorders may
be confounded by socioeconomic status. In particular,
lower socioeconomic status may increase the probability
of undergoing a bilateral oophorectomy [36], may de-
crease the probability of receiving adequate estrogen
treatment after the oophorectomy [37], and may indepen-
dently increase mortality [38]. Unfortunately, informa-
tion on income or education was not available for the
overall cohorts. However, the population of Olmsted
County is almost entirely middle-class, is well educated,
and has excellent access to medical care [14]. In addition,
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the results were similar regardless of the indication for
the oophorectomy. Because socioeconomic status may
play a bigger role in a woman’s decision to undergo bilat-
eral oophorectomy for prophylaxis rather than as treat-
ment for a benign ovarian condition, these stratified
analyses are evidence against a major confounding effect
(table 2).

Sixth, information about estrogen use among the ref-
erent women was not abstracted. Thus, our analyses on
the effect of estrogen treatment were restricted to women
with bilateral oophorectomy. Interestingly, only 60% of
the women who underwent bilateral oophorectomy were
ever prescribed estrogen treatment [11]. The majority of
women were treated with unopposed estrogen (conjugat-
ed equine estrogen therapy in 82% of the women) [11].

Seventh, unfortunately some of the findings using un-
derlying cause of death were not replicated using all
causes of death listed anywhere on the death certificate.
In general, the associations were attenuated when using
multiple causes of death. The reasons for these discrepan-
cies remain uncertain but may suggest an effect of oopho-

rectomy on severity of disease manifestation. As expect-
ed, mental causes of death were more commonly consid-
ered contributory causes of death rather than underlying
causes of death.

Conclusions

This study showed that women who underwent bilat-
eral oophorectomy before age 45 years were at increased
risk of neurological or mental diseases. This risk was not
modified by estrogen treatment from the time of oopho-
rectomy through age 45 years. Our preliminary findings
suggest a possible association of bilateral oophorectomy
with ALS or MS that deserves further investigation.
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