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Abstract

Objective: We examined the long-term effects of premenopausal bilateral oophorectomy (PBO)
with or without concurrent or preceding hysterectomy on physical and cognitive function and on
odds of chronic conditions.

Address correspondence to: Michelle M. Mielke, PhD, Department of Epidemiology and Prevention, Wake Forest University School
of Medicine, Winston-Salem, NC 27101. Phone: 336-716-9620; mmielke@wakehealth.edu.

Presented at a national meeting: Results from this study were presented as a poster at the Organization for the Study of Sex
Differences (OSSD) annual meeting May 7-11, 2023.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mielke et al. Page 2

Methods: We enrolled 274 women with PBO with or without concurrent or preceding
hysterectomy and 240 referents aged 55 and older who were residents of Olmsted County,

MN as of the PBO or index date. Chronic conditions were assessed via medical record

abstraction. Cognitive diagnoses were based on neurocognitive testing. A physical function
assessment included measures of strength and mobility. Multivariable regression models compared
characteristics for women with PBO <46 years, PBO 46-49 years, and referent women with
adjustments for age and other confounders.

Results: The clinical visits (median age=67) were a median of 22 years after the PBO or index
date. Of 274 women with PBO, 161 (59%) were <46 years at PBO and 113 (41%) were 46-49
years. Compared to referents, women with a history of PBO <46 years had increased odds of
arthritis (odds ratio [OR], 1.64; 95% confidence interval [CI], 1.06-2.55), asthma (OR, 1.74;

95% Cl, 1.03-2.93), obstructive sleep apnea (OR, 2.00; 95% CI, 1.23-3.26), and bone fractures
(OR, 2.86; 95% ClI, 1.17-6.98), and walked a shorter mean distance on a 6-minute walk test (b,
-18.43; P, 0.034). Compared to referents, women with a history of PBO at age 4649 years had
increased odds of arthritis (OR, 1.92; 95% CI, 1.16-3.18) and obstructive sleep apnea (OR, 2.21;
95% ClI, 1.33-3.66). There were no significant differences in cognitive status in women with PBO
compared to referents.

Conclusions: Women with a history of PBO with or without concurrent or preceding
hysterectomy, especially at age <46 years, have more chronic conditions in late mid-life compared
to referents.

Keywords
Premenopausal bilateral oophorectomy; Chronic conditions; Physical function; Aging

Introduction

Hysterectomy is the second most frequently performed surgical operation for women after
cesarean section. Historically, an estimated 23% of women aged 40-44 years and 45% of
women aged 45-49 years have undergone premenopausal bilateral oophorectomy (PBO)

at the time of hysterectomy for the prevention of subsequent ovarian cancer.12 PBO was
often performed in women at average risk of ovarian cancer. However, there is increasing
concern that PBO may have harmful long-term effects that may negate the benefit conferred
by protection from ovarian cancer,? particularly among women with an average baseline risk
of ovarian cancer, who are the majority of women undergoing this surgery. As a result of this
new evidence, the rates of PBO have started to decline, at least in some geographical areas.*

In addition to their reproductive function, the ovaries are important endocrine organs that
secrete hormones both before (primarily estrogen, progesterone, and testosterone) and after
menopause (primarily testosterone, and androstenedione). Disruption of the hypothalamic-
pituitary-ovarian axis due to removal of the ovaries is associated with an abrupt increase in
gonadotropins (luteinizing hormone and follicle-stimulating hormone). Thus, ovaries have
many important non-reproductive actions mediated via receptors spread throughout most
tissues and organs of the body including the brain, muscle, bone, blood vessels, heart, and
the gastrointestinal tract.> As a result, removal of the ovaries, especially before natural
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menopause, can contribute to significant endocrine disruption, affecting multiple organs

and systems throughout the body. Indeed, some studies suggest associations between PBO
and increased risk of cardiovascular disease,5- cognitive impairment or dementia, 1911 and
multimorbidity, a clinical marker of aging, compared to women with ovarian conservation.12
Notably, most studies found that the risk of these outcomes was greatest for women who
underwent PBO before the age of 46 years.3 Use of estrogen and/or progesterone therapy
among women who underwent PBO may attenuate some of these associations if used up to
the median age of natural menopause.

Studies of PBO with or without hysterectomy to date have primarily utilized passive
collection of outcomes through medical record abstraction, diagnostic codes, or hospital
records. As a result, it is not clear whether specific domains of physical function

or other aging-related measures are more affected than others. The current study was
conducted to measure outcomes requiring in-person assessment such as physical function
estimates, frailty, and functional scales. We hypothesized that the significant endocrine
disruption caused by premenopausal PBO with or without hysterectomy would contribute
to accelerated aging, as measured by a greater decline in physical and cognitive function,
and that these declines would be most pronounced among women who underwent PBO

at younger ages (<46 years). To test this hypothesis, we recruited women with a history
of PBO with or without concurrent or preceding hysterectomy and age-matched referent
women who were previously passively followed through medical record abstraction in the
Mayo Clinic Cohort Study of Oophorectomy and Aging-2 (MOA-2). Referent women in
the MOA-2 study were randomly selected from the general population and the majority
of women had not undergone any gynecologic surgery. This selection of referent women
allowed us to address the broad epidemiological question of the effects of PBO with or
without hysterectomy on long-term outcomes. In-person clinical visits collected objective
information on physical and cognitive function and body composition at a median age of 67
years of age.

METHODS
Study Sample

We utilized the existing infrastructure of the Rochester Epidemiology Project (REP) medical
records-linkage system and the established Mayo Clinic Cohort Study of Oophorectomy
and Aging-2 (MOA-2). The MOA-2 study passively identified all women who underwent
PBO with or without concurrent or preceding hysterectomy (defined as complete removal
of both ovaries or as a second unilateral oophorectomy) for a non-malignant indication
between 1988 and 2007 and age-matched referent women who had not undergone PBO
before the index date. All women gave consent to use their medical records for research.
The methods used to identify women who underwent PBO with or without hysterectomy
have been described previously.13 Details about the Olmsted County population have been
reported elsewhere.14-17 Briefly, the electronic indexes of the REP were searched for
surgical procedure codes for unilateral or bilateral oophorectomy assigned from January

1, 1988 through December 31, 2007. Women were excluded if they underwent PBO with
or without hysterectomy: 1) for ovarian cancer (primary or metastatic); 2) for the treatment
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of another estrogen-sensitive malignancy (usually breast cancer); or 2) for a high risk of
ovarian cancer as judged by the gynecologist or confirmed by genetic testing. The study was
approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards.

As of March 1, 2018, the start of the current in-person study, 1,522 of the 1,661 (91.6%)
women who underwent PBO with or without hysterectomy and 1,471 of 1,580 (93.1%)
referent women were alive. Women were eligible for the current study if they were: 1)
identified and passively followed in MOA-2; 2) aged 55 years and older at enrollment; 3)
more than six months post chemotherapy or major surgery requiring general anesthesia; and
4) willing and able to sign the informed consent. Women were ineligible if they: 1) were not
able to read or speak English; 2) were receiving hospice care; 3) did not have a residence
within approximately 200 miles of Rochester, MN due to the need for in-person clinic visits;
4) were found to have a malignancy on the pathology report after PBO; or 5) did not have a
clinical visit documented in the REP in the past 5 years.

We created one randomized list that included all women who underwent PBO with or
without hysterectomy and referent women, and we started recruitment from the top. Thus,
recruitment of women into the current study was not age-matched. We contacted 916 women
with a history of PBO with or without hysterectomy and 896 referent women for recruitment
(Fig 1). We enrolled 274 women (29.9% of those contacted) with a history of PBO and 240
referent women (26.8% of those contacted) in the present study (Figure 1).

To examine a possible participation bias, chi-square tests were used to compare eligible
women who did and did not enroll for the frequencies of eighteen Department of Health

and Human Services (DHHS) chronic conditions present in the medical record within five
years of the study initiation. The enrolled women with PBO were less likely to have a DHHS
code for hypertension (39% vs 52%, P = 0.002), cancer (10% vs 16%, P = 0.04), or chronic
kidney disease (10% vs 15%, P= 0.048) compared to women with PBO who declined to
enroll (Supplemental Digital Content 1). Among the referent women, those who enrolled
were less likely to have DHHS codes for chronic obstructive pulmonary disease (COPD;
2.6% vs 6.3%, P=0.048) or coronary artery disease (2.6% vs 6.7%, £=0.03) compared to
referent women who did not enroll (Supplemental Digital Content 2).

This study is a subsample of the original MOA-2 study. The sample size was designed

to measure differences in physical function scales, neuroimaging outcomes and cognitive
scales (to be reported elsewhere). The sample size was also determined by the cost of the
imaging tests. Although the current study is smaller than several of the previous passive data
collection studies, it is large when considering the in-person physical function assessments

Data Collection

At the time of the PBO with or without concurrent or preceding hysterectomy or index date,
the following variables were passively collected from the medical records: ovarian indication
for PBO and subsequent pathology, other gynecological surgeries (e.g., hysterectomy),
education, and smoking status. Income was assessed via census data. The in-person

study visit included self-reported demographics (age, race, marital status, education), a
medical history, smoking status, limited physical examination, blood collection, multiple
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questionnaires, a DEXA scan (dual energy x-ray absorptiometry), neurocognitive testing,
and a physical function assessment. The medical history included reproductive history,
assessment of symptoms or chronic medical conditions, and use of medications, including
estrogen therapy. Medical records were also abstracted to confirm medical diagnoses and
medication use.

The physical examination included the assessment of height and weight to calculate body
mass index (BMI); measurement of abdominal girth, hip circumference, and waist-hip

ratio; blood pressure; and pulse rate. DEXA scans (Lunar IDEXA, GE Healthcare Lunar,
Madison, WI) were utilized to measure spine bone mineral density (BMD), the ratio of trunk
to hip body fat (android/gynoid fat ratio), appendicular lean mass (ALM), and percent fat
mass.18

Physical function was assessed as the total meters walked in 6 minutes.1® Maximal

muscle strength of the upper and lower extremities was assessed using the Keiser A420
research grade exercise system (Keiser Inc., Fresno, CA). We determined the One-Repetition
Maximum (1RM) for the leg press as a measure of lower extremity strength, and the 1RM
for the chest press as a measure of upper body strength.20 Grip strength was assessed in the
dominant hand and measured with a Jamar electronic dynamometer (NK Biotechnical Corp.,
Minneapolis, MN). The Short Physical Performance Battery (SPPB), a validated measure of
functional performance comprising measures of standing balance, gait speed, and repeated
chair rise time, was also conducted.?!

The neurocognitive testing included 11 tests covering four cognitive domains. Tests of
memory included the Auditory Verbal Learning Test and Wechsler Memory Scale-Revised
Logical Memory and Visual Reproduction.22:23 An index of working memory was obtained
from the Letter-Number Sequencing and Spatial Span subtests of the Wechsler Memory
Scale, 3" Edition.24 Tests of language included the Boston Naming Test and Category
Fluency.25:26 Tests of attention/executive function included the Trail Making Test and

the Wechsler Memory Scale-Revised Digit Symbol subtest.27:28 Tests of visuospatial
function included the Wechsler Memory Scale-Revised Picture Completion and Block
Design subtests.2® In addition, the modified Mini-Mental State Exam was administered.
The study neuropsychologist utilized the individual test age-adjusted scaled scores for each
participant to determine the cognitive classification based on published criteria for MCI and
dementia.29:30

Statistical analyses

Demographic characteristics were summarized using medians and interquartile ranges or
frequencies and percentages. The associations between PBO with or without concurrent or
preceding hysterectomy and outcomes were examined using three comparisons: all women
with PBO versus referent women (n=274 vs n=240); women with Early PBO (<46 years)
versus referent women (n=161 vs n=240); and women with Late PBO (aged 46-49) versus
referent women (n=113 vs n=240). Logistic regression was used to compare binary or
categorical variables, and linear regression was used to compare continuous variables.
Multivariable linear and logistic regression models were used to compare characteristics or
comorbidities adjusting for age. Additionally, models examining systolic or diastolic blood
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pressure were adjusted for the use of antihypertensive medications. Sensitivity analyses
were performed to assess the effect of estrogen therapy among women who underwent

PBO with or without hysterectomy and the impact of adjusting for BMI. In addition, we
repeated the analyses stratified by ovarian indication for the PBO to assess whether the
association between PBO and any of the outcomes (chronic conditions, physical function,
body composition measures) differed by ovarian indication. Statistical testing was conducted
at the conventional two-sided alpha=0.05 and results were not adjusted for multiple testing.
Analyses were conducted in SAS (version 9.4; Cary, NC).

Participant characteristics

Of the 274 women with a history of PBO, 161 (58.8%) underwent the PBO procedure before
the age of 46 years, 113 (41.2%) underwent the procedure between the ages of 46 and 49
years, 16 (5.8%) had a hysterectomy prior to the PBO, 9 (3.3%) did not have a hysterectomy
concurrent with or prior to the PBO, and 249 (90.9%) had a hysterectomy concurrently with
the PBO. There was no ovarian indication for 52.8% of women with Early PBO with or
without hysterectomy (aged <46 years) and for 76.1% of women with Late PBO with or
without hysterectomy (aged 4649 years). Women who underwent PBO had lower income
at the time of the PBO and were more like to be currently taking an antihypertensive and to
be obese compared to referent women at the time of the in-person clinic visit (Table 1). As
expected, women who underwent Early PBO were younger at the study visit compared to
women who underwent Late PBO (Table 1).

Associations between PBO with or without hysterectomy and chronic medical conditions

Compared to referent women, women with a history of PBO with or without hysterectomy
had greater odds of arthritis (OR, 1.74; 95% Cl, 1.19-2.53), COPD (OR, 2.69; 95% ClI,
1.03-7.05), and obstructive sleep apnea (OR, 2.06; 95% CI, 1.36-3.11) (Figure 2 and Table
2). In additional analyses, associations were stratified by age at PBO. Compared to referent
women, women with a history of Early PBO, had increased odds of arthritis (OR, 1.64;

95% ClI, 1.06-2.55), asthma (OR, 1.74; 95% CI, 1.03-2.93), obstructive sleep apnea (OR,
2.00; 95% ClI, 1.23-3.26), and bone fractures (OR, 2.86; 95% ClI, 1.17-6.98). Women with

a history of Late PBO had increased odds of arthritis (OR, 1.92; 95% CI, 1.16-3.18) and
obstructive sleep apnea (OR, 2.21; 95% Cl, 1.33-3.66) compared to referents. There were no
associations between PBO with or without hysterectomy and MCI ordementia.

Association between PBO with or without hysterectomy and physical function or body
composition

Women who underwent Early PBO with or without hysterectomy (b = -18.43, = 0.034),
but not Late PBO with or without hysterectomy (b = —8.65, = 0.336), walked a shorter
distance in the 6-minute walk test (Table 3). However, there were no associations between
PBO and total SPPB score or measures of muscle strength including 1RM chest and leg
press and grip strength. Overall, women who underwent PBO had a higher upper to lower
body fat ratio compared to referent women and this finding was driven by women who
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underwent Late PBO. In addition, women who underwent Late PBO, but not Early PBO,
had higher mean percent fat mass, android/gynoid fat ratio, ALM, and spine BMD.

Sensitivity analyses

We additionally assessed the effects of the use of estrogen therapy up to the age of

50 years among women with PBO with or without hysterectomy. Of the 274 women

who underwent PBO, 76 (27.7%) did not use estrogen therapy up to age 50 years,

including 51 of 161 (31.7%) who underwent PBO <46 years and 25 of 113 (22.1%)

who underwent PBO between the ages of 46-49 years. We excluded these 76 women

and repeated the analyses. Although some of the associations were slightly attenuated,
partially due to the smaller sample size, the results generally remained similar to those
from the primary analyses (Supplemental Digital Content 3 and Supplemental Digital
Content 4). In additional sensitivity analyses, we adjusted for BMI in all models, but the
results did not change. Lastly, we examined whether the association between PBO with or
without hysterectomy and any of the outcomes (chronic conditions, physical function, body
composition measures) differed by ovarian indications. We found no statistically significant
differences (all p-values>0.05), indicating that ovarian indication did not affect the observed
associations (data not shown).

DISCUSSION

In this community-based study, we comprehensively assessed the relationship between PBO
with or without concurrent or preceding hysterectomy and chronic conditions, cognitive
status, and physical function among women at a median age of 67 years. Women who
underwent PBO with or without hysterectomy had increased odds of arthritis, COPD, and
obstructive sleep apnea compared to women who did not. When stratified by age at PBO,
women who underwent Early PBO had increased odds of arthritis, asthma, bone fractures,
and obstructive sleep apnea and walked fewer meters on average in a 6-minute walk test.
These results further emphasize that PBO with or without hysterectomy performed for a
benign gynecologic condition or for ovarian cancer prevention, especially before the age of
46 years, is associated with increased odds of multiple chronic conditions.

Previous studies, including the larger passively followed MOA-2 study from which the
women were recruited, have reported associations between PBO and an increased risk

of cardiovascular disease,5-9 stroke,® arthritis,12 asthma,12 COPD3! and the accelerated
accumulation of multiple chronic conditions and a multimorbidity score.12 Compared to the
larger MOA-2 study, results were similar in this subset of women recruited for an in-person
visit, including the greater odds of several of these conditions for women who underwent
Early PBO. Although there was a trend, we did not find significant associations between
PBO with or without hysterectomy and odds of hypertension, hyperlipidemia, or diabetes,
likely due to the smaller sample size. These results suggest that the participants in the
present study are representative of the larger passively-followed MOA-2 cohort.12.13

Although we did not find an association between PBO with or without hysterectomy and
osteoporosis, Early PBO was associated with increased odds of bone fractures. A potential
explanation for the lack of association with osteoporosis is the high percent of women with

Menopause. Author manuscript; available in PMC 2024 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Mielke et al.

Page 8

PBO who took estrogen therapy up to the age of 50 years. Bone density is not the only
determinant of bone fragility, and fractures may occur even in women with normal bone
density if the bone quality is compromised.

PBO has been associated with an increased risk of cognitive impairment and
dementia.10.11.32-36 | the current study, we did not find an association between PBO with
or without hysterectomy and a diagnosis of MCI or dementia. One potential explanation
is the younger age of our cohort compared to previous studies because the prevalence of
cognitive impairment greatly increases with age. Recent studies of younger women have
suggested that PBO may be associated with subjective cognitive decline3” or with lower
performance in specific cognitive domains including scene memory, working memory, or
attention/executive function.11:38 Future research in this cohort will assess the association
between PBO with or without hysterectomy and specific cognitive domains or subjective
cognitive complaints.

Previous studies examining the relationship between PBO and physical function yielded
conflicting results. Two studies reported that women who underwent PBO, mainly before
the age of 45 years, self-reported more physical function limitations, had greater declines

in gait speed, and an increased risk of disability.3940 However, self-reported PBO was not
associated with a greater risk of pre-frailty or frailty over 18 years of follow-up in the
Study of Osteoporotic Fractures.*? Our results are more consistent with the first two studies
because women who underwent PBO with or without hysterectomy before the age of 46
years walked shorter distances in the 6-minute walk test.

Both BMI and fat mass have been shown to increase after PBO, and lean mass to decrease,
with an earlier age of PBO associated with a greater change.#243 In the present study,

we found higher fat mass among women who underwent Late PBO with or without
hysterectomy, but not Early PBO with or without hysterectomy, compared to referent
women. A possible explanation is the higher body weight among the women with Late
PBO compared to Early PBO.

The series of events linking PBO to somatic aging and to the development of chronic
conditions remains unknown. However, it has been hypothesized that the premature or early
loss of ovarian hormones may affect aging processes at the cellular, tissue, organ, or system
level (e.g., inflammation, accumulation of senescent cells, protein aggregation, epigenetic
alterations, or mitochondrial dysfunction).12

A strength of the study includes the comprehensive in-person assessments on women

with a medical-record documented history of PBO with or without hysterectomy. In
addition, the women in the original MOA-2 study were a representative sample from a
geographically-defined population, thus reducing possible selection biases. We compared
women who underwent PBO with or without concurrent or preceding hysterectomy to
referent women from the general population. Therefore, the majority of our referent women
had not undergone any gynecologic surgery as of the index date. Limitations should also

be considered. First, the study design was cross-sectional so causality cannot be inferred.
Longitudinal studies of PBO and cognitive and functional decline are needed. Second,
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the overall participation rate was low and there was some evidence of participation bias,
with healthier women enrolled more frequently into the PBO and referent groups. This

bias would lead to conservative estimates. Third, the study included women residing in
Olmsted County, Minnesota, and most were White. Results may not be generalizable to
other populations with different socioeconomic or racial and ethnic characteristics. Fourth,
we had limited power to examine some of the associations and to adjust for some potential
additional confounders. The number of comparisons could also have led to some type 1
errors. Fifth, it is possible that the underlying indication for the PBO with or without
hysterectomy could contribute to adverse outcomes instead of the PBO itself. We note

that none of the women recruited had PBO due to a malighancy. Moreover, we conducted
additional analyses to assess whether the association between PBO and any of the outcomes
(chronic conditions, physical function, body composition measures) differed by ovarian
indications (none vs benign) and found it did not. However, it is still possible that other
factors related to the choice to undergo surgery could have contributed to the results. Sixth,
most women who underwent PBO with or without hysterectomy took estrogen therapy up to
the age of 50 years. Although the numbers were too small to stratify analyses by estrogen
therapy, the exclusion of the 76 women without estrogen therapy up to age 50 did not
substantially change the results. It is possible that some of the associations reported in other
studies, but not observed in this study, were due to a lower percentage of use of estrogen
therapy. Last, it is possible that some women sought care outside of the REP medical care
providers and thus escaped the passive follow-up. Women were not eligible for the in-clinic
visit if they did not have a residence within approximately 200 miles of Rochester, MN.
Moreover, all women had medical records in the REP within 5 years of the clinical visit. The
REP currently covers 27 counties in Southeastern Minnesota and West Central Wisconsin.

CONCLUSION

Women with a history of PBO with or without concurrent or preceding hysterectomy have
more chronic medical conditions and subtle physical function changes in late mid-life
compared to referent women without PBO. Notably, most of the findings were stronger
among women who underwent Early PBO with or without hysterectomy. These results,
highlighting potential negative long-term effects of PBO, are important for women with
benign or no ovarian indications at average genetic risk of ovarian cancer to weigh in
their consideration of a PBO with or without hysterectomy. Longitudinal studies with
extended follow-up are needed to assess whether additional differences in cognitive and
physical function emerge at older ages. In addition, patient registries are needed to study
the trajectories of clinical course after PBO because it is possible that chronic conditions
develop at different times with variable effects of estrogen therapy, aging, and other factors.
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FIG. L.
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109 deceased
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48 did not attempt to recruit
due to study completion

655 declined
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CONSORT diagram. PBO, premenopausal bilateral oophorectomy with or without
concurrent or preceding hysterectomy.

Menopause. Author manuscript; available in PMC 2024 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Mielke et al. Page 14

All PBO vs Referent Early PBO (PBO Age <46 years) vs Referent Late PBO (PBO Age = 46 years) vs Referent
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FIG. 2.

Odds ratios of chronic conditions associated with premenopausal bilateral oophorectomy
(PBO) with or without concurrent or preceding hysterectomy, early PBO, and late PBO,
adjusted for age. Cl, confidence interval; COPD, chronic obstructive pulmonary disease;
IHR, irregular heart rhythm; MCI, mild cognitive impairment; PBO, premenopausal bilateral
oophorectomy; TIA, transient ischemic attack.
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