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ABSTRACT

Purpose This cohort study was established to investigate
the effects of unilateral and bilateral oophorectomy on the
ageing processes in women.

Participants We used the records-linkage system

of the Rochester Epidemiology Project (REP, http://
www.rochesterproject.org) to identify 570 women

who underwent unilateral oophorectomy and 1653
women who underwent bilateral oophorectomy in
Olmsted County, Minnesota from 1988 through 2007
(20 years). Each woman was matched by age (+1 year)
to a population-based referent woman who had not
undergone any oophorectomy (570 referent women) or
bilateral oophorectomy (1653 referent women). These
four cohorts are being followed to assess morbidity and
mortality and to study imaging and biological markers
related to ageing.

Findings to date An extensive medical record
abstraction using the REP has been completed for each
woman to obtain demographic, reproductive and adult
life characteristics and extensive clinical information
about the surgical procedure and subsequent oestrogen
replacement therapy (or other sex steroid therapy).

The cohorts have been used to date to study the
accumulation of multiple chronic conditions following
bilateral oophorectomy in women with or without
chronic conditions at the time of the oophorectomy (or
index date). From the cohorts, we have also derived a
sample of 128 pairs of women for a case—control study
linking adverse childhood or adult experiences to the
risk of bilateral oophorectomy.

Future plans We hypothesise that the abrupt
hormonal changes caused by bilateral oophorectomy
in younger women have a major effect on the ageing
processes across the full body. Therefore, we plan

to investigate the risk of a wide range of chronic
conditions following bilateral oophorectomy. Specific
studies are underway for kidney diseases, psychiatric
diseases and neurological diseases. In addition, we
plan to invite a subsample of women from the bilateral
oophorectomy cohort to participate in an in-person
study involving brain imaging and the collection of
biomarkers.

Strengths and limitations of this study

» The four cohorts of women in the Mayo Clinic Cohort
Study of Oophorectomy and Aging-2 are population-
based and nested within a medical records-linkage
system.

» Possible recall bias and left censoring of information
are minimised by design because all data were
obtained from medical records included in a
records-linkage system.

» Participation was high (approximately 97%) because
almost all women gave general authorisation to use
their medical records for research, and all women
were included regardless of socioeconomic status,
insurance status and healthcare delivery setting.

» When detecting chronic conditions using diagnostic
codes, we may have undercounted or misclassified
certain conditions that did not receive adequate
coding as part of routine medical care.

» Our study involved oophorectomies that occurred
over 20 years, and the surgical and medical
practices have changed over time.

INTRODUCTION

Since 2001, our group has worked extensively
on a cohort study that we will refer to as the
Mayo Clinic Cohort Study of Oophorectomy
and Aging-1 (MOA-1) addressing the long-
term outcomes among women who under-
went unilateral or bilateral oophorectomy in
Olmsted County, Minnesota from 1950 through
1987. Several publications have reported the
key findings regarding morbidity and mortality
after oophorectomy.l'7 However, the MOA-1
study had some important limitations. First, the
information about medical conditions present
at the time of oophorectomy was limited for
both women with oophorectomy and referent
women. Second, the timing of oophorectomy
in relation to menopause remained uncertain
for some women, and the information about
hormonal treatment after oophorectomy was
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limited. Third, the medical records of referent women
were not abstracted systematically to obtain detailed demo-
graphic, social, reproductive, familial and adult life charac-
teristics. Finally, the oophorectomies occurred from 1950
through 1987, reflecting the surgical and medical practices
of that period; therefore, the findings may not apply directly
to more recent practices.

To address the limitations of the MOA-1 study and to
provide an independent replication of our findings in a
more recent sample, we established the MOA-2 study that is
described in this publication. The overall aim of this profile
is to describe the demographic and clinical characteristics
of the women who underwent unilateral or bilateral oopho-
rectomy in MOA-2 (we will use the term surgery to indi-
cate either unilateral or bilateral oophorectomy). Analyses
related to some outcomes of the MOA-2 study have been
reported elsewhere,” ¥ and extensive additional analyses
will be reported in future articles. MOA-2 is long-term and
involves a broad range of outcomes across multiple areas
of medicine (eg, cardiology, nephrology, neurology and
psychiatry). In addition, MOA-2 should contribute greatly
to ageing research.

COHORT DESCRIPTION

Composition of the four cohorts

Figure 1 shows the timeline of the MOA-1 and MOA-2
studies in terms of recruitment of incident surgeries and
length of follow-up. MOA-1 included both a cohort of
women who underwent unilateral oophorectomy and a
cohort of women who underwent bilateral oophorectomy

MOA-1

from 1950 through 1987 and two corresponding cohorts
of age-matched referent women. The follow-up so far
is through 2014 (possible follow-up of 27 to 64 years).
MOA-2 included both a cohort of women who underwent
unilateral oophorectomy and a cohort of women who
underwent bilateral oophorectomy from 1988 through
2007 and two corresponding cohorts of age-matched
referent women. The follow-up so far is through 2014
(possible follow-up of 7 to 26 years; figure 1). All four
cohorts were representative of the geographically defined
population of Olmsted County, Minnesota (USA). All
data collection was through the records-linkage system of
the Rochester Epidemiology Project (REP) that has been
described extensively elsewhere.'”" In brief, the REP
covers the entire population of Olmsted County since
1966 (approximately 69000 women in 2010)."* Although
the MOA-1 cohorts are more mature, the MOA-2 cohorts
are more informative because they have more complete
documentation.

We used the electronic indexes of the REP to identify
women who received a procedure code from the Inter-
national Classification of Diseases, ninth revision (ICD-9)
for either unilateral (65.3x and 65.4x) or bilateral (65.5x
and 65.6x) oophorectomy between 1 January 1988 and
31 December 2007. The complete medical records of all
of these women were reviewed by a physician (LGR) or a
trained study nurse to abstract details about the surgery
and about the pathology of the ovaries removed. The
final classification of women by oophorectomy status was
based on the findings at medical record review.

Unilateral oophorectomy (n=1293)

Referent women (n=1293)

Bilateral oophorectomy (n=1097)

Referent women (n=1097)

MOA-2

Unilateral oophorectomy (n=570)

Referent women (n=570)

Bilateral oophorectomy (n=1653)

Referent women (n=1653)

1950 1960 1970 1980

1/1/1950

1/1/1988

| I I |
1990 2000 2010 2020

1/1/2008 1/1/12015

Calendar year

Figure 1 Time frame of the Mayo Clinic Cohort Study of Oophorectomy and Aging-1 (MOA-1) and of the Mayo Clinic Cohort
Study of Oophorectomy and Aging-2 (MOA-2, current study) as of 31 December 2014 (time used in the most recent published
analyses). Passive follow-up through the Rochester Epidemiology Project records-linkage system is available for women in the
MOA-1 cohorts through 31 December 2014; however, the published papers refer to a shorter follow-up (eg, staggered contacts
from 2001 through 2006)."~” We plan to continue to follow the women in MOA-2 in the future.
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2357 Women with any procedure
codes for oophorectomy
1988-2007, age <50 y

(ICD-9 codes 65.3x, 65.4x, 65.5x or 65.6x)

65 Excluded
32 No research auth.

18 Non-resident
15 No oophorectomy

'

579* Women with
unilateral oophorectomy

9 Excluded
6 Ovarian malignancy
0 Estrogen-sensitive malignancy
0 High genetic risk of malignancy
1 Prior menopause
2 Before age 10 years

4

570 Age-matched 570 Included at
referent women baseline

16t Deceased
5541 Alive
451 Followed
103 Lost to follow-up

161 Deceased
5541 Alive
416 Followed
1381 Lost to follow-up

!

1785* Women with
bilateral oophorectomy

132 Excluded
54 Ovarian malignancy
26 Estrogen-sensitive malignancy
14 High genetic risk of malignancy
38 Prior menopause
0 Before age 10 years

1653 Included at
baseline

1653 Age-matched
referent women

.

601 Deceased
1593% Alive
1344  Followed
2499 Lost to follow-up

64t Deceased
1589t Alive
1381 Followed
208 Lost to follow-up

Figure 2 Flow chart of the four MOA-2 cohorts as of 31 December 2014 (time used in the most recent published analyses):
(1) women who underwent unilateral oophorectomy and (2) their corresponding matched referent women; (3) women who
underwent bilateral oophorectomy and (4) their corresponding matched referent women. *A total of 72 women with unilateral
oophorectomy had subsequent removal of their remaining ovary before age 50 years from 1988 through 2007, and were
included both in the unilateral oophorectomy cohort and in the bilateral oophorectomy cohort. tCauses of death are available
for 15 of 16 deceased women with unilateral oophorectomy, for 11 of 16 deceased matched referent women, for 57 of 64
deceased women with bilateral oophorectomy and for 54 of 60 deceased matched referent women. £Survivors were followed
up to the most recent contact with the system or to 31 December 2014. Women lost to follow-up did not receive care within
the system during the last 3 years of study (1 January 2012 to 31 December 2014) and were censored at the last recorded
contact. We plan to continue to follow the women in MOA-2 in the future. ICD-9, International Classification of Diseases, ninth

revision.

Unilateral oophorectomy study

We included women who underwent unilateral oopho-
rectomy before the onset of menopause and before
reaching age 50 years, regardless of a possible concurrent
or prior hysterectomy. However, we excluded women who
underwent unilateral oophorectomy before the age of
10 years, for ovarian cancer (primary or metastatic), or
for the treatment of another oestrogen-sensitive malig-
nancy (usually breast cancer), and women with a high
risk of ovarian cancer as judged by the gynaecologist or
confirmed by genetic testing. Women with an ovarian
cancer unrecognised at the time of the surgery but discov-
ered at pathological examination were included. For
each woman included in the unilateral oophorectomy
cohort, we defined the date of the surgical procedure
as the index date, and we selected via simple random
sampling a woman from the Olmsted County population
who was born in the same year (+lyear) and had not
undergone unilateral or bilateral oophorectomy before
the index date. All women who met these criteria were
considered eligible regardless of menopausal status, of
any existing chronic condition or risk factors and of prior
hysterectomy. Potential referent women who underwent
unilateral or bilateral oophorectomy after the index

date are included in our primary analyses of outcomes
but are censored at the surgery date in sensitivity anal-
yses. In addition, because of the historical recruitment of
the cohort, women were allowed to be included in both
the oophorectomy and the referent cohort if they met
the inclusion criteria. Figure 2 shows a flow chart of the
inclusion of women in the unilateral oophorectomy and
referent cohorts and of the follow-up through 2014.

Bilateral oophorectomy study

We included women who underwent bilateral oophorec-
tomy or a second unilateral oophorectomy before the
onset of menopause and before reaching the age of 50
years, regardless of a possible concurrent or prior hyster-
ectomy. Although hysterectomy results in the cessation
of menses, sometimes referred to as surgical menopause,
and may shorten the time to ovarian insufficiency,'*"°
women who underwent prior hysterectomy with ovarian
conservation were included because hysterectomy was not
considered an immediate cause of ovarian insufficiency.
However, we excluded women who underwent oopho-
rectomy before the age of 10 years, for ovarian cancer
(primary or metastatic) or for the treatment of another
oestrogen-sensitive malignancy (usually breast cancer),
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and women with a high risk of ovarian cancer as judged
by the gynaecologist or confirmed by genetic testing.
Women with an ovarian cancer unrecognised at the
time of the surgery but discovered at pathological exam-
ination were included. Age-matched referent women
who had not undergone bilateral oophorectomy before
the index date (date of bilateral oophorectomy in the
matched woman) were randomly selected from the same
Olmsted County population, regardless of menopausal
status, of any existing chronic condition or risk factors,
of prior hysterectomy and of prior unilateral oophorec-
tomy. Potential referent women who underwent bilateral
oophorectomy after the index date are included in our
primary analyses of outcomes but are censored at the
surgery date in sensitivity analyses. In addition, because
of the historical recruitment of the cohort, women were
allowed to be included in both the oophorectomy and
the referent cohort if they met the inclusion criteria.
Figure 2 shows a flow chart of the inclusion of women in
the bilateral oophorectomy and referent cohorts and of
the follow-up through 2014.

Validity of the surgical codes in the REP

Of 1739 surgeries coded as bilateral oophorectomy, 16
(0.9%) were found at record abstraction to have been
unilateral rather than bilateral oophorectomy. Similarly,
of 625 surgeries coded as unilateral oophorectomy, four
(0.6%) were found at record abstraction to have been
bilateral rather than unilateral oophorectomy, and 58
(9.83%) were found at abstraction to have been a second
unilateral oophorectomy. All women who were errone-
ously coded were assigned to the appropriate cohort.
A total of 72 women with unilateral oophorectomy had
subsequent removal of their remaining ovary before age
50 years from 1988 through 2007 and were thus included
in both cohorts.

Of 1686 women who were considered as candidate
referent women for the bilateral oophorectomy cohort
study, 33 (2.0%) were excluded because they were found
at record abstraction to have undergone bilateral oopho-
rectomy outside of the REP system before the index
date (negative predictive value=98.0%). Similarly, of
576 women who were considered as candidate referent
women for the unilateral oophorectomy cohort, only six
(1.0%) were excluded because they were discovered to
have undergone unilateral or bilateral oophorectomy
outside of the REP system before the index date (negative
predictive value=99.0%).

Characteristics present at or before the surgery or the index
date

A physician (LGR) and a trained nurse abstractor
reviewed the complete medical records of all women
who received a surgical code for unilateral or bilat-
eral oophorectomy. For those women confirmed to
have undergone surgery, detailed information about
surgical characteristics was abstracted (eg, indication
for the surgery, pathology of the removed ovaries and

pathology of the removed uterus, if applicable). In addi-
tion, for women both with and without oophorectomy,
an extensive series of demographic, social, reproduc-
tive and adult life characteristics and information about
family history of cancer were abstracted and recorded
using an electronic data entry application. The appli-
cation provided real-time data checks (eg, range of
valid values), and comprehensive data checks were
performed regularly during abstraction. To increase
the consistency of the data collected, the two data
abstractors followed a manual of instructions providing
definitions and examples for the variables of interest,
with iterative updates based on use. In this profile, we
report a series of analyses pertaining to characteristics
present at or before the surgery or index date that have
not been previously published. Women had a median
of 22.8 years of medical record information before the
index date (interquartile interval, 10.9-34.1).

Table 1 shows the distributions of demographic and
social characteristics for our four MOA-2 cohorts at
surgery or index date. Women who underwent unilat-
eral oophorectomy were younger (60.2% <40 years) than
women who underwent bilateral oophorectomy (20.8%
<40 years). Interestingly, 17.0% of women underwent
unilateral oophorectomy before age 30 years. Women
who underwent either unilateral or bilateral oophorec-
tomy had fewer years of education than referent women.
In addition, women who underwent bilateral oophorec-
tomy were more commonly white than referent women
of the same age. However, the numbers for non-white
women were small (table 1).

Table 2 shows the surgical characteristics and the find-
ings at pathology of the women who underwent unilateral
or bilateral oophorectomy. In the unilateral oophorec-
tomy cohort, the right and left ovaries were removed with
similar frequency, and the most common condition cited
as the indication for oophorectomy was a benign tumour
(59.5%) followed by a cyst or endometriosis (25.6%).
However, 10.7% of the women did not have any specified
ovarian condition (no ovarian indication). A previously
unrecognised ovarian cancer was found at pathological
examination of the ovary removed in 11 women (1.9%).
For approximately half of the women (46.5%), the unilat-
eral oophorectomy was performed in conjunction with
hysterectomy (or after a prior hysterectomy), and the
most common indication for the concurrent hysterec-
tomy was bleeding (21.8%) followed by pain (18.8%).
The most common pathology of the removed uterus was
fibroids or polyps (21.9%) followed by normal pathology
(11.8%).

In the bilateral oophorectomy cohort, most of the
women had both ovaries removed at the same time
(90.9%), and the most common indication listed in the
medical record was a benign tumour (23.1%) followed
by a cyst or endometriosis (17.2%). However, 59.2% of
the women did not have any specified ovarian condi-
tion (no ovarian indication). Women without a benign
ovarian condition were historically considered to have
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Table 1
matched referent women

Demographic and social characteristics of women who underwent unilateral or bilateral oophorectomy and their

Unilateral study

Bilateral study

Unilateral Bilateral
oophorectomy Referent women oophorectomy Referent women
(n=570) (n=570) (n=1653) (n=1653)
Characteristic n % n % p Value* n % n % p Value*
Age at surgery -t —t
<30 97 17.0 97 17.0 30 1.8 30 1.8
30-34 103 18.1 103 18.1 103 6.2 103 6.2
35-39 143 25.1 143 25.1 211 12.8 211 12.8
40-45 166 29.1 166 29.1 687 41.6 687 41.6
46-49 61 10.7 61 10.7 622 37.6 622 37.6
Calendar year of surgery -t -t
1988-1992 138 24.2 138 24.2 317 19.2 317 19.2
1993-1997 109 19.1 109 19.1 406 24.6 406 24.6
1998-2002 147 25.8 147 25.8 553 33.5 553 335
2003-2007 176 30.9 176 30.9 377 22.8 377 228
Years of educationt 0.27 <0.001
<9 14 2.5 16 2.8 8 0.5 31 1.9
9-12 170 30.2 151 26.8 518 31.4 447  27.6
13-16 313 556.7 311 55.2 895 54.2 861 53.2
>16 65 11.6 85 15.1 229 13.9 279 17.2
Race 0.54 <0.001
White 538 94.4 535 93.9 1611 97.5 1570  95.0
Black 15 2.6 16 2.8 18 1.1 29 1.8
Asian 12 2.1 17 3.0 18 1.1 49 3.0
Other 5 0.9 2 0.4 6 0.4 5 0.3
Hispanic ethnicity 1.00 0.65
No 557 97.7 557 97.7 1633 98.8 1630 98.6
Yes 13 2.3 13 23 20 1.2 23 14

*“The p values were calculated using X tests or Fisher’s exact tests.
TNot applicable because of the matching by age and calendar year.
FA total of 53 women had unknown education (8 unilateral oophorectomy, 7 unilateral referent, 3 bilateral oophorectomy and

35 bilateral referent) and were not included in the percentages.

‘prophylactic’, ‘elective’ or ‘incidental’ bilateral oopho-
rectomy. Interestingly, a previously undiagnosed (or
unsuspected) ovarian cancer was found at pathological
examination of the ovaries removed in 25 women (1.5%).
For almost all women (98.5%), bilateral oophorectomy
was performed in conjunction with hysterectomy (or after
a prior hysterectomy). The most common indication for
concurrent hysterectomy was bleeding (50.5%) followed
by pain (35.7%). The most common pathology of the
removed uterus was fibroids or polyps (56.7%) followed
by normal pathology (20.0%).

Variables collected during follow-up

The follow-up of the four cohorts has been completed for
amedian of 14.2 years (interquartile interval, 9.7-19.2)
and is ongoing using both manual abstraction of medical

record information and electronic extraction of diag-
nostic codes stored in the REP indexes. Manual abstrac-
tion of medical records was used to collect information
about use of oestrogen therapy and other sex steroid
therapies during follow-up. Details were collected about
timing of onset of therapy, dose and route of adminis-
tration (eg, oral vs transdermal) and duration of use.
In addition, manual abstraction was used to document
gynaecological surgeries that followed the index date
and to collect information about cigarette smoking and
timing of menopause or of symptoms of ovarian insuffi-
ciency (when applicable) during follow-up. The manual
abstraction of medical records was facilitated by using
an electronic data entry application and a manual of
instructions, as described earlier.
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Unilateral oophorectomy Bilateral oophorectomy
(n=570) (n=1653)
Characteristic n % n %

Ovarian cysts

Yes 371 65.1 731 44.2

No 522 91.6 1527 92.4

Uterine fibroids

—h
)]
o
N
(2]
w
[¢e]
J
©
)]
o
N

Yes

Prior tubal ligation or resection

Yes 162 28.4 626 37.9

No 525 92.1 1558 94.3

Prior unilateral oophorectomy

|

|
-
n
o
[¢e]
Y

Yes

Laterality*

Left

N
[<e]
o
(o))
o
(o]
(2]
]
N
o

Indication for oophorectomyt

Benign tumour 339 59.5 382 23.1

Othert 24 4.2 8 0.5

Pathology of the removed ovaries§

Benign condition 415 72.8 779 471

Cyst or endometriosis| 219 38.4 575 34.8

Normal 144 253 847 51.2

Hysterectomy

None 305 53.5 24 1.5

Concurrent 223 39.1 1472 89.1

Continued

(=]
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Table 2 Continued

Unilateral oophorectomy

Bilateral oophorectomy

(n=570) (n=1653)
Characteristic n % n %
Indication for concurrent hysterectomytt
Cancer 3 0.5 11 0.7
Suspicion of cancerft 86 15.1 311 18.8
Bleeding 124 21.8 834 50.5
Pain 107 18.8 590 35.7
Fibroids or polyps 51 8.9 418 253
Prolapse 38 6.7 337 20.4
Endometriosis 23 4.0 201 12.2
Anaemia 9 1.6 63 3.8
Family history of cancer 0 0.0 35 2.1
Menstrual migraine 1 0.2 29 1.8
Premenstrual syndrome 0 0.0 27 1.6
Other§§ 9 1.6 83 5.0
Pathology of the removed uterus{q|
Cancer 4 0.7 40 2.4
Fibroids or polyps 125 21.9 938 56.7
Endometriosis 17 3.0 220 13.3
Adenomyosis 24 4.2 223 13.5
Other™* 17 3.0 94 5.7
Normal 67 11.8 330 20.0

*For bilateral oophorectomy, laterality refers to the second unilateral oophorectomy in the 150 women who had a prior unilateral

oophorectomy.

1The indication was listed by the gynaecologist in the medical record at the time of oophorectomy. For women with different
indications in the two ovaries, we reported the most severe indication (only one indication for each woman, in the order shown).
FTorsion, tubo-ovarian abscess, ectopic pregnancy, placenta previa, pelvic congestion, pelvic inflammatory disease, chronic
abdominal pain, post-hysterectomy vaginal bleeding and other rare indications.

§The pathology results were determined by a pathologist following the surgery. For women with different pathology in the two
ovaries, we reported the most severe pathology (only one pathology for each woman, in the order shown). Women with cancer
as the indication for oophorectomy were excluded; however, some women with benign ovarian indication or no ovarian indication
had ovarian cancer or metastasis to the ovaries discovered at pathology.

f/Among the 219 women with unilateral oophorectomy, 139 had only cysts, 25 had only endometriosis and 55 had both cysts and
endometriosis. Among the 575 women with bilateral oophorectomy, 321 had only cysts, 120 had only endometriosis and 134 had

both cysts and endometriosis.

**Torsion, ectopic pregnancy, haemorrhage, infarction, fistula, ovarian fibrosis, hyperthecosis, giant cell reaction and other rare

pathologies.

T1The indication was listed by the gynaecologist in the medical record at the time of hysterectomy. Each woman may have more

than one hysterectomy indication recorded.

FFAdnexal, pelvic and uterine masses not specified as benign or cancer.
§§Infection or inflammation, uterine cyst, benign tumour, adenomyosis, cervical neoplasia, myohypertrophy, placenta accreta or

percreta and other rare indications.

19The pathology results were determined by a pathologist following the surgery. Each woman may have more than one pathology.
***Infection or inflammation, uterine cyst, benign tumour, bicornuate uterus, cervical neoplasia, myohypertrophy, placenta accreta

or percreta and other rare pathologies.

FINDINGS TO DATE

Characteristics present at surgery or index date

An assessment of the most important medical conditions
present at the index date in women who underwent bilat-
eral oophorectomy and their matched referent women
was obtained using electronic extraction of the ICD-8 or
ICD-9 diagnostic codes from the REP indexes. To reduce

false-positive diagnoses, we required two diagnostic codes
in the same category separated by more than 30 days.
For codes before 1994, we required the two codes to be
separated by at least 1year, because the coding was less
detailed for that period.17 '® These ICD codes were used
to define the 20 chronic conditions recommended by the
US Department of Health and Human Services (DHHS)
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to study multimorbidity."” * However, we excluded HIV
infections, autism spectrum disorders and hepatitis from
the DHHS list and added anxiety disorders as detailed
elsewhere (total of 18 selected conditions).17 1821 Case—
control analyses of the 18 selected chronic conditions
present at index date in the bilateral oophorectomy study
have been reported elsewhere.®

From the bilateral oophorectomy cohort study, we
derived a series of 128 women who underwent oophorec-
tomy (cases) and their corresponding 128 age-matched
controls (+1lyear) to include in a case—control study. The
final sample included all of the 128 matched case—control
pairs for which both women had medical record informa-
tion dating back to age 15 years or earlier. The historical
medical records were accessible via the REP. We observed
an association of bilateral oophorectomy performed
before age 46 years with verbal or emotional abuse,
physical abuse, any abuse (verbal or emotional, physical
or sexual) and with substance abuse in the household
experienced during childhood (before age 19 years). In
women who underwent the oophorectomy before age
40 years, we also observed a strong association with prior
physical abuse experienced during adulthood.****

Variables collected during follow-up

Since the women in MOA-2 were relatively young at the
time of the present analyses, the primary outcomes consid-
ered so far were related to morbidity. However, with the
passage of time, these cohorts will mature, allowing us to
study longer-term morbidity and mortality. Our results for
medical conditions that developed de novo after oopho-
rectomy or index date have been reported elsewhere,”*
and additional findings will be reported in future publi-
cations. The de novo morbidity that developed after the
surgery or index date for a median follow-up of approx-
imately 14 years was obtained from the REP indexes by
using electronic diagnostic codes for 18 selected condi-
tions (through 31 December 2014). The rule of two diag-
nostic codes in the same category over a specified time
interval was used for outcome conditions as was used for
conditions before the index date. However, if a woman
died, one diagnostic code listed anywhere on the death
certificate was sufficient (including underlying, interme-
diate or immediate cause of death and other conditions
present at death).' The time of onset of a given condition
was the time when a person received the second of the
two codes for the same condition (meeting the time gap
criteria outlined above) or the time of death, if the condi-
tion was first coded at the time of death.

As of July 2017, two papers were published. In a first
paper, bilateral oophorectomy performed before age 50
years was associated with a higher risk of multimorbidity
(defined using 18 common chronic conditions),? even
after adjustment for medical conditions present at base-
line and for several possible confounders.® However, the
association was reduced among women who received
oestrogen therapy after the oophorectomy. The associa-
tions were more extreme among women who underwent

bilateral oophorectomy before age 46 years.® The accumu-
lation of multimorbidity is considered a clinical marker of
accelerated ageing.® ** In a follow-up paper, we repeated
the analyses after restricting the sample to women who
did not have any of the 18 chronic conditions at the
oophorectomy or index date.” Bilateral oophorectomy
remained associated with a higher risk of multimorbidity,
and the findings were similar for women with or without
an ovarian indication for oophorectomy. Our findings
provide strong observational evidence that bilateral
oophorectomy is causally linked to accelerated ageing.” **

Future plans for passive follow-up of the bilateral
oophorectomy cohort

Women included in the four MOA-2 cohorts have been
and continue to be followed passively through the REP
records-linkage system.'”™"® The data for this cohort were
collected and will continue to be collected from two
sources: (1) manual abstraction of the complete medical
records of all women in the cohort and (2) electronic
extraction of diagnostic codes or other variables from
the REP electronic indexes. We have collected and will
collect both characteristics present at or before the index
date and outcomes during follow-up. Our hypothesis is
that the abrupt hormonal changes caused by bilateral
oophorectomy in younger women have a major effect on
the ageing processes across the entire body. Therefore,
we plan to investigate the risk of a wide range of condi-
tions across multiple areas of medicine following bilateral
oophorectomy.

Specific studies are underway for kidney diseases,
psychiatric diseases and neurological diseases. For these
studies, we screened the indexes for a broad list of codes
to select women for whom a complete medical record
abstraction was needed. This two-phase case finding
approach allowed for a more precise definition of the
outcome diseases and for the use of specified diagnostic
criteria.

Given that the practice of prophylactic bilateral oopho-
rectomy in women who do not have a clear indication has
become historically accepted and persists despite strong
evidence against it, the primary objective of our study is to
provide new evidence against the unjustified practice.%’27
However, we will also document outcomes of bilateral
oophorectomy that can be interpreted as beneficial such
as the reduction of the risk of cancer. For example, in
our study of accelerated accumulation of multimorbidity,
the risk of cancer of all types was reduced in women who
underwent bilateral oophorectomy at age 45 years or
younger (the difference was not statistically significant).®

Future plans for in-person follow-up of the bilateral
oophorectomy cohort

To better understand the mechanisms linking the abrupt
hormonal changes caused by bilateral oophorectomy
to accelerated ageing at the cellular, tissue, organ and
system level, we plan to add an in-person component
to the study. In particular, we will invite a subsample of
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women from the bilateral oophorectomy cohort and the
age-matched referent cohort to participate in an in-person
study involving brain imaging and the collection of blood
and other tissue specimens to study biomarkers of ageing
(eg, DNA methylation, telomere length and mitochon-
drial function).” We plan to start the contacts for this
in-person study in the second half of 2018, and further
details will be provided in future publications.

Because of the recent findings from our case—control
study linking bilateral oophorectomy to adverse child-
hood or adult experiences in a subsample of MOA-2,
we plan to expand the medical record abstraction for
these variables to all women in the cohort.”” * We plan
to include adverse childhood or adult experiences as
possible confounding or effect modifying variables in
future analyses.

Future plans for the unilateral oophorectomy cohort

Since the women in the unilateral oophorectomy cohort
and the corresponding referent cohort were relatively
young at the index date, and the sample size of these
two cohorts was smaller than for bilateral oophorectomy,
a long-term follow-up is needed for the analyses to have
adequate statistical power. In the shorter-term, we plan to
use these cohorts to determine whether unilateral oopho-
rectomy with or without hysterectomy may cause an earlier
age at onset of menopause (or of ovarian insufficiency for
women who also underwent hysterectomy).” '***

Outcomes and power considerations

Similar to other projects with a broad research agenda,
MOA-2 will support studies in several areas of medi-
cine. The sample size was determined by the size of the
population included in the REP, and the time window of
recruitment of women was designed to avoid overlap with
MOA-1. Therefore, the power to test specific hypotheses
varies depending on the outcome of interest. The power
will also vary with time; as of 2014, the median follow-up
was already longer than 14 years. For some outcomes, we
will need to wait for the cohorts to mature. On the other
hand, for some projects, we will be able to restrict the
sample to a smaller segment of the overall study, as was
done for the case—control study of adverse childhood or
adult experiences.”

STRENGTHS AND LIMITATIONS

Strengths

Some methodological features distinguish the MOA-2
study from several previous studies that addressed related
questions.* ™ First, information about menopause timing
and type and about preceding risk factors and conditions
present at the index date was abstracted from the medical
records included in a records-linkage system. Similarly,
the outcome conditions under study and the use of
oestrogen or other sex steroid hormones during follow-up
were electronically extracted from the REP indexes or
manually abstracted from the complete records, without

direct involvement of the women included in the study.
By avoiding the self-report of past events by the women,
recall bias was minimised. In addition, access to decades
of historical medical records before the index date elim-
inated the need to rely on the often limited informa-
tion recorded by the treating surgeon at the time of the
oophorectomy.

Second, women were followed continuously both
before and after the oophorectomy or index date. There-
fore, there was no time gap between the oophorectomy
and recruitment into the study (left censoring was mini-
mised by design). Third, because the data collection was
historical, women did not need to provide a study-spe-
cific informed consent but only a general research
authorisation (as per Minnesota legal requirements),
thus minimising non-participation (approximately 97%
participation of women in the REP)."" ¥ By contrast, the
planned future studies involving the in-person participa-
tion of a subset of women will require signed informed
consent.

Fourth, our referent women comprised a popula-
tion-based sample rather than women who underwent
hysterectomy with ovarian conservation.” * We chose
not to use hysterectomy with ovarian conservation as a
referent group because hysterectomy itself may modify
the risk of morbidity and mortality.® '****' * Fifth, infor-
mation about the use of oestrogen, progestogens, testos-
terone or other sex steroid therapies was based on written
prescriptions and clinical notes about use (rather than
simply on pharmacy records of dispensed medicines).
Sixth, our cohorts included all age and race/ethnicity
groups regardless of socioeconomic status (SES), insur-
ance status and healthcare delivery setting.'* Finally,
comparative analyses of results from MOA-1 and MOA-2
may be useful to address the effects of birth cohort and of
changes in surgical practice (eg, type of surgery or anaes-
thesia) or changes in clinical practice (eg, dose and route
of hormonal administration).

Limitations

First, the oophorectomies used to define our cohorts
took place over 20 years, from 1988 through 2007, and
surgical practices and oestrogen use have changed over
time. Second, our study focused on a single geographi-
cally defined US population, and the observed associ-
ations may differ in other populations in the USA and
worldwide. However, the demographic and socioeco-
nomic characteristics of our population are similar to
those of the upper Midwest and of a large segment of the
entire US population,” and replication of this study in
other populations in the USA and worldwide will allow
for useful comparisons.

Third, in using the REP indexes to detect chronic condi-
tions occurring before or after the index date, we may
underestimate the rates of certain conditions that are in
early clinical stage or do not uniformly come to medical
attention early, such as dementia and cognitive disorders.
Fourth, the ICD codes used to define the conditions are
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assigned during the course of routine medical care and
are subject to misclassification. We attempt to reduce the
risk of false-positive diagnoses by including only those
women who received at least two codes for a given condi-
tion separated by more than 30 days, as was done in other
studies.'® *

Fifth, women with ovarian cancer discovered only at
pathological examination of the removed ovaries were
included in the study because undetected ovarian cancer
may have occurred also in referent women. Sixth, SES is
probably a major confounder in analyses linking bilat-
eral oophorectomy to adverse medical outcomes and
multimorbidity. Given that income is not collected by the
care providers participating in the REP, in the analyses
reported so far, we have adjusted for SES by using race
and education.®? In future analyses, we plan to consider
adding an indirect measure of income to further reduce
any residual confounding by SES. We plan to link the
address of women at the index date with a census block
group in Olmsted County and to impute income using
the 2000 US census data. A similar strategy was used in a
recent study in the REP.*’

Seventh, analyses comparing women with bilateral
oophorectomy who received or did not receive adequate
hormonal treatment after the surgery may be confounded
by conditions that influenced the decision to treat or
not to treat (indications and counterindications). In the
absence of a randomised study, we will consider these
potential confounders in multivariable models.

Finally, we intended to exclude women who underwent
bilateral oophorectomy because of high genetic risk of
ovarian cancer only when the risk was judged to be high
by the gynaecologist or was confirmed by genetic testing.
However, in the time period covered by the study, genetic
testing was rarely performed; therefore, we cannot
exclude that some of the women included did carry one
of the known high-risk genetic variants.

Author affiliations

'Division of Epidemiology, Department of Health Sciences Research, Mayo Clinic,
Rochester, Minnesota, USA

?Department of Neurology, Mayo Clinic, Rochester, Minnesota, USA

SWomen’s Health Research Center, Mayo Clinic, Rochester, Minnesota, USA
“Division of Biomedical Statistics and Informatics, Department of Health Sciences
Research, Mayo Clinic, Rochester, Minnesota, USA

SWomen’s Health Clinic, Division of General Internal Medicine, Mayo Clinic,
Rochester, Minnesota, USA

®Department of Surgery, Mayo Clinic, Rochester, Minnesota, USA

"Division of Reproductive Endocrinology and Infertility, Department of Obstetrics and
Gynecology, Mayo Clinic, Rochester, Minnesota, USA

®Department of Radiology, Mayo Clinic, Rochester, Minnesota, USA

Acknowledgements The authors would like to thank Ms Deborah C Olson for her
abstraction of information from medical records and Ms Robin M Adams for her
assistance in typing and formatting the manuscript.

Collaborators Information about the Rochester Epidemiology Project is available
through our website http://www.rochesterproject.org. Like other large cohort
studies nested within a records-linkage system, the use of the data is complex.
We encourage investigators interested in using the four cohorts to test specific
hypotheses to develop a collaboration with our research team. Queries should

be sent via email to Dr Rocca (rocca@mayo.edu) with a one-page outline of the
intended project.

Contributors WAR, CYS, BRG and LTS were involved in the conception and

design of the study. LGR collected a large segment of the data via medical record
abstraction. WAR, CYS and BRG conducted the data analyses. WAR drafted the
manuscript. All authors contributed to the interpretation of the data and provided
critical revisions of the manuscript. All authors also approved the final version to be
published.

Funding The MOA-2 study used the resources of the Rochester Epidemiology
Project, which is supported by the National Institute on Aging of the National
Institutes of Health (grants RO1 AG034676 and R0O1 AG052425). This study was also
supported by funds from the Mayo Clinic Research Committee (WAR). WAR was
partly supported by the National Institutes of Health (P50 AG044170, U01 AG006786
and P01 AG004875). VMM was partly supported by the National Institutes of Health
(P50 AG044170).

Disclaimer The content of this article is solely the responsibility of the authors and
does not necessarily represent the official view of the National Institutes of Health.

Competing interests None declared.

Ethics approval All study procedures and ethical aspects were approved by the
institutional review boards of both Mayo Clinic and Olmsted Medical Center.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Investigators interested in using the four cohorts to
test specific hypotheses can contact Dr Rocca via email (rocca@mayo.edu). The
correspondence should include a brief outline of the intended project (not longer
than a page).

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Rocca WA, Grossardt BR, de Andrade M, et al. Survival patterns
after oophorectomy in premenopausal women: a population-based
cohort study. Lancet Oncol 2006;7:821-8.

2. Rivera CM, Grossardt BR, Rhodes DJ, et al. Increased cardiovascular
mortality after early bilateral oophorectomy. Menopause
2009;16:15-23.

3. Rivera CM, Grossardt BR, Rhodes DJ, et al. Increased mortality
for neurological and mental diseases following early bilateral
oophorectomy. Neuroepidemiology 2009;33:32-40.

4. Rocca WA, Bower JH, Maraganore DM, et al. Increased risk of
cognitive impairment or dementia in women who underwent
oophorectomy before menopause. Neurology 2007;69:1074-83.

5. Rocca WA, Bower JH, Maraganore DM, et al. Increased risk of
parkinsonism in women who underwent oophorectomy before
menopause. Neurology 2008;70:200-9.

6. Rocca WA, Grossardt BR, Geda YE, et al. Long-term risk of
depressive and anxiety symptoms after early bilateral oophorectomy.
Menopause 2008;15:1050-9.

7. Vajaranant TS, Grossardt BR, Maki PM, et al. Risk of glaucoma after
early bilateral oophorectomy. Menopause 2014;21:391-8.

8. Rocca WA, Gazzuola-Rocca L, Smith CY, et al. Accelerated
accumulation of multimorbidity after bilateral oophorectomy: a
population-based cohort study. Mayo Clin Proc 2016;91:1577-89.

9. Rocca WA, Gazzuola Rocca L, Smith CY, et al. Bilateral
oophorectomy and accelerated aging: cause or effect? J Gerontol A
Biol Sci Med Sci 2017;72:1213-7.

10. Rocca WA, Yawn BP, St Sauver JL, et al. History of the Rochester
Epidemiology Project: half a century of medical records linkage in a
US population. Mayo Clin Proc 2012;87:1202-13.

11. St Sauver JL, Grossardt BR, Yawn BP, et al. Use of a medical
records linkage system to enumerate a dynamic population
over time: the Rochester Epidemiology Project. Am J Epidemiol
2011;173:1059-68.

12. St Sauver JL, Grossardt BR, Yawn BP, et al. Data resource profile:
the Rochester Epidemiology Project (REP) medical records-linkage
system. Int J Epidemiol 2012;41:1614-24.

10

Rocca WA, et al. BMJ Open 2017;7:€018861. doi:10.1136/bmjopen-2017-018861

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘€T YoJe uo jwod’fwg uadolwg//:dny woly papeojumoq 2 T0OZ J9qUSAON 0Z U0 T988T0-2T0Z-uadolwag/9eTT 0T Se paysignd isiy :uado NG


http://www.rochesterproject.org
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/S1470-2045(06)70869-5
http://dx.doi.org/10.1097/gme.0b013e31818888f7
http://dx.doi.org/10.1159/000211951
http://dx.doi.org/10.1212/01.wnl.0000276984.19542.e6
http://dx.doi.org/10.1212/01.wnl.0000280573.30975.6a
http://dx.doi.org/10.1097/gme.0b013e318174f155
http://dx.doi.org/10.1097/GME.0b013e31829fd081
http://dx.doi.org/10.1016/j.mayocp.2016.08.002
http://dx.doi.org/10.1093/gerona/glx026
http://dx.doi.org/10.1093/gerona/glx026
http://dx.doi.org/10.1016/j.mayocp.2012.08.012
http://dx.doi.org/10.1093/aje/kwq482
http://dx.doi.org/10.1093/ije/dys195
http://bmjopen.bmj.com/

8 Open Access

13. 25.

14.
15.

16.

17.

18.

19.
20.
21.
22.
23.

24.

St Sauver JL, Grossardt BR, Leibson CL, et al. Generalizability of
epidemiological findings and public health decisions: an illustration
from the Rochester Epidemiology Project. Mayo Clin Proc
2012;87:151-60.

Trabuco EC, Moorman PG, Algeciras-Schimnich A, et al. Association
of ovary-sparing hysterectomy with ovarian reserve. Obstet Gynecol
2016;127:819-27.

Nahas E, Pontes A, Traiman P, et al. Inhibin B and ovarian function
after total abdominal hysterectomy in women of reproductive age.
Gynecol Endocrinol 2003;17:125-31.

Lee DY, Park HJ, Kim BG, et al. Change in the ovarian environment
after hysterectomy as assessed by ovarian arterial blood flow indices
and serum anti-Mullerian hormone levels. Eur J Obstet Gynecol
Reprod Biol 2010;151:82-5.

St Sauver JL, Boyd CM, Grossardt BR, et al. Risk of developing
multimorbidity across all ages in an historical cohort study:
differences by sex and ethnicity. BMJ Open 2015;5:e006413.

Rocca WA, Boyd CM, Grossardt BR, et al. Prevalence of
multimorbidity in a geographically defined American population:
patterns by age, sex, and race/ethnicity. Mayo Clin Proc
2014;89:1336-49.

Goodman RA, Posner SF, Huang ES, et al. Defining and measuring
chronic conditions: imperatives for research, policy, program, and
practice. Prev Chronic Dis 2013;10:E66.

Cohen JW, Cohen SB, Banthin JS. The Medical Expenditure Panel
Survey: a national information resource to support healthcare cost
research and inform policy and practice. Med Care 2009;47:S44-50.
Bobo WV, Yawn BP, St. Sauver JL, et al. Prevalence of combined
somatic and mental health multimorbidity: patterns by age, sex, and
race/ethnicity. J Gerontol A Biol Sci Med Sci 2016;71:1483-91.
Gazzuola Rocca L, Smith CY, Grossardt BR, et al. Adverse
childhood or adult experiences and risk of bilateral oophorectomy: a
population-based case-control study. BMJ Open 2017;7:e016045.
Gazzuola Rocca L, Smith CY, Stewart EA, et al. Adverse childhood
experiences and adult abuse are predictors of hysterectomy and
oophorectomy. Maturitas 2017. Epub ahead of print.

Levine ME, Lu AT, Chen BH, et al. Menopause accelerates biological
aging. Proc Natl Acad Sci U S A 2016;113:9327-32.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Evans EC, Matteson KA, Orejuela FJ, et al. Salpingo-oophorectomy
at the time of benign hysterectomy: a systematic review. Obstet
Gynecol 2016;128:476-85.

Rocca WA, Faubion SS, Stewart EA, et al. Salpingo-oophorectomy
at the time of benign hysterectomy: a systematic review. Obstet
Gynecol 2017;129:202-3.

Mahal AS, Rhoads KEF, Elliott CS, et al. Inappropriate oophorectomy
at time of benign premenopausal hysterectomy. Menopause
2017;24:947-53.

Farquhar CM, Sadler L, Harvey SA, et al. The association of
hysterectomy and menopause: a prospective cohort study. BJOG
2005;112:956-62.

Parker WH, Broder MS, Chang E, et al. Ovarian conservation at the
time of hysterectomy and long-term health outcomes in the Nurses'
Health Study. Obstet Gynecol 2009;113:1027-37.

Parker WH, Feskanich D, Broder MS, et al. Long-term mortality
associated with oophorectomy compared with ovarian
conservation in the Nurses' Health Study. Obstet Gynecol
2013;121:709-16.

Gierach GL, Pfeiffer RM, Patel DA, et al. Long-term overall and
disease-specific mortality associated with benign gynecologic
surgery performed at different ages. Menopause 2014;21:592-601.
Jacoby VL, Grady D, Wactawski-Wende J, et al. Oophorectomy vs
ovarian conservation with hysterectomy: cardiovascular disease, hip
fracture, and cancer in the Women's Health Initiative Observational
Study. Arch Intern Med 2011;171:760-8.

Duan L, Xu X, Koebnick C, et al. Bilateral oophorectomy is not
associated with increased mortality: the California Teachers Study.
Fertil Steril 2012;97:111-7.

Phung TK, Waltoft BL, Laursen TM, et al. Hysterectomy,
oophorectomy and risk of dementia: a nationwide historical cohort
study. Dement Geriatr Cogn Disord 2010;30:43-50.

Hebert PL, Geiss LS, Tierney EF, et al. Identifying persons

with diabetes using Medicare claims data. Am J Med Qual
1999;14:270-7.

Finney Rutten LJ, Wilson PM, Jacobson DJ, et al. A population-
based study of sociodemographic and geographic variation in HPV
vaccination. Cancer Epidemiol Biomarkers Prev 2017;26:533-40.

Rocca WA, et al. BMJ Open 2017;7:€018861. doi:10.1136/bmjopen-2017-018861

11

“ybuAdoo Aq parosroid 1sanb Aq 120z ‘€T YoJe uo jwod’fwg uadolwg//:dny woly papeojumoq 2 T0OZ J9qUSAON 0Z U0 T988T0-2T0Z-uadolwag/9eTT 0T Se paysignd isiy :uado NG


http://dx.doi.org/10.1016/j.mayocp.2011.11.009
http://dx.doi.org/10.1097/AOG.0000000000001398
http://dx.doi.org/10.1080/gye.17.2.125.131
http://dx.doi.org/10.1016/j.ejogrb.2010.02.037
http://dx.doi.org/10.1016/j.ejogrb.2010.02.037
http://dx.doi.org/10.1136/bmjopen-2014-006413
http://dx.doi.org/10.1016/j.mayocp.2014.07.010
http://dx.doi.org/10.5888/pcd10.120239
http://dx.doi.org/10.1097/MLR.0b013e3181a23e3a
http://dx.doi.org/10.1093/gerona/glw032
http://dx.doi.org/10.1136/bmjopen-2017-016045
http://dx.doi.org/10.1016/j.maturitas.2017.08.001
http://dx.doi.org/10.1073/pnas.1604558113
http://dx.doi.org/10.1097/AOG.0000000000001592
http://dx.doi.org/10.1097/AOG.0000000000001592
http://dx.doi.org/10.1097/AOG.0000000000001828
http://dx.doi.org/10.1097/AOG.0000000000001828
http://dx.doi.org/10.1097/GME.0000000000000875
http://dx.doi.org/10.1111/j.1471-0528.2005.00696.x
http://dx.doi.org/10.1097/AOG.0b013e3181a11c64
http://dx.doi.org/10.1097/AOG.0b013e3182864350
http://dx.doi.org/10.1097/GME.0000000000000118
http://dx.doi.org/10.1001/archinternmed.2011.121
http://dx.doi.org/10.1016/j.fertnstert.2011.10.004
http://dx.doi.org/10.1159/000314681
http://dx.doi.org/10.1177/106286069901400607
http://dx.doi.org/10.1158/1055-9965.EPI-16-0877
http://bmjopen.bmj.com/

