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Long-term outcomes of hysterectomy with
bilateral salpingo-oophorectomy: a systematic
review and meta-analysis

Hend Hassan, MPhil; Isaac Allen, BSc; Eleni Sofianopoulou, PhD; Yvonne Walburga, PhD;
Clare Turnbull, PhD; Diana M. Eccles, PhD; Marc Tischkowitz, PhD; Paul Pharoah, PhD;
Antonis C. Antoniou, PhD
OBJECTIVE: This study aimed to provide an up-to-date systematic review of “the long-
term outcomes of bilateral salpingo-oophorectomy at the time of hysterectomy” and
perform a meta-analysis for the reported associations.
DATA SOURCES: Our study updated a previous systematic review by searching the
literature using PubMed, Web of Science, and Embase for publications between January
2015 and August 2022.
Introduction
Hysterectomy is one of the most
commonly performed gynecologic pro-
cedures with more than 600,000 women
undergoing hysterectomy each year1 in
the United States. In the United
Kingdom between 2004 and 2014, more
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STUDY ELIGIBILITY CRITERIA: Our study included studies of women who had a hys-
terectomy with bilateral salpingo-oophorectomy vs women who had a hysterectomy with
ovarian conservation or no surgery.
METHODS: The quality of the evidence was assessed using the Grading of Recom-
mendations, Assessment, Development and Evaluations. Adjusted hazard ratios were
extracted and combined to obtain fixed effect estimates.
RESULTS: Compared with hysterectomy or no surgery, hysterectomy with bilateral
salpingo-oophorectomy in young women was associated with decreased risk of breast
cancer (hazard ratio, 0.78; 95% confidence interval, 0.73e0.84) but with an increased
risk of colorectal cancer (hazard ratio, 1.27; 95% confidence interval, 1.10e1.47). In
addition, it was associated with an increased risk of total cardiovascular diseases,
coronary heart disease, and stroke with hazard ratios of 1.18 (95% confidence interval,
1.11e1.25), 1.17 (95% confidence interval, 1.10e1.25), and 1.20 (95% confidence
interval, 1.10e1.31), respectively. Compared with no surgery, hysterectomy with
bilateral salpingo-oophorectomy before the age of 50 years was associated with an
increased risk of hyperlipidemia (hazard ratio, 1.44; 95% confidence interval,
1.25e1.65), diabetes mellitus (hazard ratio, 1.16; 95% confidence interval,
1.09e1.24), hypertension (hazard ratio, 1.13; 95% confidence interval, 1.06e1.20),
dementia (hazard ratio, 1.70; 95% confidence interval, 1.07e2.69), and depression
(hazard ratio, 1.39; 95% confidence interval, 1.22e1.60). The evidence on the asso-
ciation with all-cause mortality in young women showed substantial heterogeneity be-
tween the studies (I2¼85%; P<.01).
CONCLUSION: Hysterectomy with bilateral salpingo-oophorectomy was associated with
multiple long-term outcomes. The benefits of the addition of bilateral salpingo-
oophorectomy to hysterectomy should be balanced against the risks.

Key words: all-cause mortality, anxiety, bilateral salpingo-oophorectomy, cancer,
cardiovascular diseases, dementia, depression, diabetes mellitus, hyperlipidemia,
hypertension, hysterectomy, parkinsonism
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than 100,000 premenopausal women
had a hysterectomy for benign in-
dications, and 32% of those women had
a concomitant bilateral salpingo-
oophorectomy (BSO).2 Hysterectomy is
indicated for various benign conditions,
such as fibroids, adenomyosis, and
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endometriosis. Many women who have
hysterectomy also have BSO, for no im-
mediate clinical indication but to pre-
vent ovarian cancer. The removal of the
ovaries leads to the sudden cessation of
estrogen release and the immediate start
of menopause, whereas hysterectomy
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Why was this study conducted?
This study aimed to provide an up-to-date systematic review of the long-term
outcomes of hysterectomy with bilateral salpingo-oophorectomy (BSO).

Key findings
Hysterectomy with BSO was associated with decreased risk of ovarian cancer and
breast cancer but an increased risk of colorectal cancer, thyroid cancer, renal
cancer, cardiovascular diseases (CVDs) and CVD risk factors.

What does this add to what is known?
Our findings show that hysterectomy with BSO at any age reduces the risk of
ovarian cancer and that hysterectomy with BSO at a young age is associated
with a reduced risk of breast cancer. Nevertheless, this risk reduction should
be balanced against the possible increase in the risk of CVD, colorectal
cancer, and all-cause mortality in young women. Furthermore, more evi-
dences on the efficacy of hormone replacement therapy in mitigating the
adverse effects of the premature cessation of estrogen are needed.

ajog.org Systematic reviews
alone is associated with premature
ovarian failure.3,4 Despite the reduction
in the incidence of ovarian cancer and
ovarian cancererelated mortality,5,6

women who undergo oophorectomy,
especially before menopause, are at risk
of unfavorable health outcomes. Most of
these surgeries are performed in women
at a general population-level risk of
ovarian cancer. Therefore, the reduction
in ovarian cancer risk should be
balanced against other long-term out-
comes. Evans et al7 conducted a sys-
tematic review of the health sequelae of
BSO at the time of hysterectomy in
January 2015, but the authors did not
perform a meta-analysis for the associ-
ations with the long-term outcomes.

Objectives
This study aimed to update the system-
atic review conducted by Evans et al7

and, when possible, conduct a meta-
analysis of the reported associations.

Methods
Institutional review board approval was
not needed before conducting this sys-
tematic review.

Search strategy
We searched the literature using
PubMed, Web of Science, and Embase
for relevant publications using the search
Descargado para Irene Ramírez (iramirez@bin
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terms described in Appendix S1. The
search was limited to studies published
in English between January 2015 and
August 2022. Retrieved studies were
saved into an Endnote Library for
deduplication using the method out-
lined by Bramer et al.8

Eligibility criteria
We included observational studies
comparing the incidence of long-term
outcomes between women who had a
hysterectomy with BSO and womenwho
had either hysterectomy with ovarian
conservation or no surgery. Long-term
outcomes of interest were mortality,
cancer, neuropsychiatric outcomes,
bone health, cardiovascular diseases
(CVDs), and CVD risk factors. We
excluded studies on hysterectomy with
BSO undertaken for cancer treatment or
for gender affirmation surgery, studies
focusing on women at high risk of
ovarian cancer, studies with <3 years of
follow-up, and studies on short-term
outcomes, such as sexual satisfaction,
pelvic pain, and reoperation outcomes.

Study selection
Titles and abstracts were screened in
Abstrackr9, a free online tool for ab-
stracts screening, by I.A. and H.H. Any
conflicts were resolved by Y.W. We
assessed the studies from the literature
JANUARY 2024 A
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search and the Evans et al’s7 systematic
review for inclusion in this review.

Data extraction
Data were extracted from the included
studies into a formatted Excel spread-
sheet as described in Appendix S2.When
the analysis was stratified by the indica-
tion for surgery, we chose the estimates
reported for benign indications. We
followed the Preferred Reporting Items
for Systematic Reviews and Meta-
Analyses guidelines for reporting sys-
tematic reviews.10

Assessment of Grading of
Recommendations Assessment,
Development, and Evaluations
The Grading of Recommendations,
Assessment, Development, and
Evaluations11e16 (GRADE) was used to
assess the quality of the evidence. The
GRADE ratings were made for each
outcome separately. Evidence was rated
as very low, low, moderate, or high and
could be downgraded because of the risk
of bias, imprecision, indirectness, or
inconsistency. More details on the
GRADE assessment are included in
Appendix S3, Table S1.

Data synthesis
Most of the studies included in the sys-
tematic review (34 of 38) reported hazard
ratios (HRs) for the associations.Ofnote, 1
study reported an odds ratio, 1 study re-
ported a mean difference, and 2 studies
reported standardized incidence ratios.
Reported adjusted HRs were combined to
obtain fixed effect estimates using the
standard inverse-variance weighted meta-
analysis17 technique. The meta-analyses
were performed using the overall and
age-specific estimates reported by the
studies. We attempted to perform the
meta-analysis for the associations between
the outcomes and hysterectomy with BSO
performed before or after the age of 50
years. The age strata included in the <50
years analyses were “<50” years when
available; if not, we used “<45,” “<48,”
“<43,” “35e45,” and “<40” years. For
some of the outcomes, all the included
studies reported <45-year estimates; for
these outcomes, we reported that any as-
sociation is for women who had a
merican Journal of Obstetrics & Gynecology 45
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FIGURE
Search process

A diagram showing the summary of the search review process.
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hysterectomy with BSO before the age of
45years.Theage strata included in the>50
years analyses were “>50” years when
available; if not, we used “>55,” “>48”
“50e59,” or “55e65” years. The age at
surgery strata of “<35” or “>65” years
were not included for being restricted to
extremes of age. In addition, the age stra-
tum of “45e55” years was not included as
it overlaps with ages in the 2 prespecified
analysis groups. The exact age cutoff points
46 American Journal of Obstetrics & Gynecology
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used by each study are shown in all meta-
analysis plots (Appendix S4, Figures 1-16).
As hysterectomy alone is associated

with premature ovarian failure3,4 and the
anticipated outcomes are possibly linked
to the cessation of estrogen release, it is
possible that the associations would be
weaker when hysterectomy with BSO
was compared with hysterectomy alone
than compared with no surgery. In
contrast, when hysterectomy with BSO is
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compared with no surgery, there is a
possibility that any associations are
confounded by the indication for hys-
terectomy. Therefore, we performed
subgroup analyses and divided the
studies based on the reference category
used for comparison (hysterectomy or
no surgery). We assessed between study
heterogeneity in effect estimates using
the I2 statistic and chi-square test.12

When evidence of substantial heteroge-
neity (I2 of >50%)17 was found, we
repeated the meta-analysis after the
exclusion of the outlier studies. This was
applied to the age-stratified meta-ana-
lyses and the unstratified meta-analyses
(in the absence of age-stratified meta-
analysis for the same outcome). All the
analyses were performed using R
(version 4.1.0; R Foundation for Statis-
tical Computing, Vienna, Austria).18

Results
Study selection
The search strategy identified 4985 ref-
erences. After removing 1642 duplicates,
we identified 113 potentially relevant
studies. Among these studies, 21 met the
eligibility criteria.

Evans et al’s7 systematic review
included 34 studies, of which 12 met the
eligibility criteria for our review and an
additional 5 articles were identified from
hand searching the references (Figure).
Overall, 38 studies were included that
consisted of 12 prospective cohort
studies, 24 retrospective cohort studies, 1
case-control study, and 1 case-cohort
study.

Study characteristics
The sample sizes ranged from 2900 to
more than 5 million. Most studies
presented analyses stratified by the age
at surgery and the use of hormone
replacement therapy (HRT). Outcomes
studied were CVDs, hypertension,
diabetes mellitus, hyperlipidemia,
cancer, dementia, depression, parkin-
sonism, carpal tunnel syndrome, rest-
less leg syndrome, changes in fat and
lean body mass, bone fracture, all-
cause mortality, and cause-specific
mortalities (description of the
included studies is shown in Table 1).
The methods of selection of the study
de ClinicalKey.es por Elsevier en enero 24, 
sevier Inc. Todos los derechos reservados.

http://www.AJOG.org


TABLE 1
Description of the included studies

Study Year Outcome Population Sizea Design

Follow-up (y)

Measure Exposedb Unexposedc

Huo et al25 2022 Cancer American 3172 Retrospective
cohort

Median
(IQR)

18 (13.6e22.5) 17.8 (13.5e22.6)

Starlinger
et al41

2022 Carpal tunnel
syndrome

American 2479 Retrospective
cohort

Median
(IQR)d

7.1 (3.8e13.9) 7.0 (3.0e12.4)

Poorthuis
et al31

2022 Stroke and heart
disease

Chinese 272,884 Prospective
cohort

Mean 9.8

Cusimano
et al21

2022 Ovarian cancer Canadian 195,282 Retrospective
cohort

Median
(IQR)

17 (13e21) 16 (12e20)

Cusimano
et al55

2021 All-cause
mortality, cause-
specific mortality

Canadian 200,549 Retrospective
cohort

Median
(IQR)

12 (7e17)

Huo et al42 2021 Restless legs
syndrome

American 3306 Retrospective
cohort

Median
(IQR)

14.5 (10.3e19.1) 14.4 (10.4e19.3)

Wilson et al26 2021 Breast, colorectal,
thyroid and kidney
cancer

Australian 745,713 Retrospective
cohort

Max 27

Karia et al56 2021 Fat and lean body
mass

American 4209 Retrospective
cohort

Median
(IQR)

6 (2e10)e

16 (7e23)f

Madika et al37 2021 Hypertension French 44,189 Prospective
cohort

Median 16.4

Luo et al57 2021 Renal cell
carcinoma

American 144,599 Prospective
cohort

Mean 15.9

Tuesley et al58 2020 All-cause
mortality, cause-
specific mortality

Australian 666,588 Retrospective
cohort

Median 24.2

Chow et al24 2020 Breast cancer American 49,215 Retrospective
cohort

Median
(IQR)

1.80 (1.10e3.40) 1.80 (0.87e3.10)

Gottschau
et al22

2020 Breast cancer Danish 119,340 Retrospective
cohort

Median
(range)

13.3 (>0.0e39.0) 15.2 (>0.0e39.0)

Chiang et al34 2020 Diabetes mellitus Taiwanese 26,281 Retrospective
cohort

Median 7.1

Ding et al36 2018 Hypertension Taiwanese 26,338 Retrospective
cohort

Median 6.7

Guenego
et al28

2018 Thyroid cancer French 81,717 Prospective
cohort

Median Cases: 9.9
Noncases: 21.4

Li et al32 2018 Hyperlipidemia Taiwanese 28,587 Retrospective
cohort

Mean (SD) 7.06 (4.05) 5.96 (2.84)

Luo et al33 2017 Diabetes mellitus American 56,296 Prospective
cohort

Mean 13.4

Mytton et al2 2017 All-cause
mortality, IHD-
mortality,IHD,
cancer, suicide

English 113,679 Retrospective
cohort

Mean (SD) 6.20 (2.84)

Rocca et al29 2016 Multimorbidity American 3306 Retrospective
cohort

Median
(IQR)

14.5 (10.3e19.1)

Altman et al27 2016 Cancer Swedish 5,401,203 Retrospective
cohort

Mean (SD) 9.61 (7.20) 22.50 (12.30)

Hassan. Long-term outcomes of hysterectomy with bilateral salpingo-oophorectomy. Am J Obstet Gynecol 2024. (continued)
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TABLE 1
Description of the included studies (continued)

Study Year Outcome Population Sizea Design

Follow-up (y)

Measure Exposedb Unexposedc

Harrington
et al59

2016 DVT American 1979 Case-control NA NA

Falconer et al6 2015 Ovarian cancer Swedish 5,486,467 Retrospective
cohort

Mean (SD) 8.00 (6.60) 23.10 (12.40)

Chan et al5 2014 Ovarian or
peritoneal cancer

American 52,716 Prospective
cohort

Median
(range)

5.90 (0.25e19.00) 4.50 (0.25e19.00)

Gaudet et al19 2014 Cancer American 51,052 Prospective
cohort

Median
(range)

13.9 (0.01e16.72)

Appiah et al35 2014 Diabetes mellitus American 2046 Prospective
cohort

Mean (SD) 8.70 (1.90)

Parker et al52 2013 Cause specific,
all-cause
mortality

American 30,117 Prospective
cohort

Max 28

Jacoby et al23 2011 Cancer, hip
fracture,
cardiovascular

American 25,448 Prospective
cohort

Mean (SD) 7.60 (1.60)

Ingelsson
et al60

2010 Cardiovascular
diseases

Swedish 367,710 Retrospective
cohort

Median
(IQR)

10.4 (5.0e17.1)

Parker et al20 2009 Cancer, hip
fracture,
cardiovascular

American 29,380 Prospective
cohort

Max 24

Rivera et al61 2009 Cardiovascular
mortality

American 3474 Retrospective
cohort

Median
(range)

25.00 (0.01e53.80) 26.40 (0.18e55.10)

Rocca et al40 2008 Parkinsonism American 2912 Retrospective
cohort

Median
(range)

28.70 (0.15e55.70)

Rocca et al38 2008 Depression,
anxiety

American 2194 Retrospective
cohort

Median
(range)

23.70 (0.48e53.30)

Rocca et al39 2007 Cognitive
impairment or
dementia

American 3487 Retrospective
cohort

Median
(range)

25.1 (0.01-53.8) 26.5 (0.45-53.6)

Rocca et al62 2006 All-cause
mortality

American 2937 Retrospective
cohort

Median
(range)

25.00 (0.01e53.80) 26.40 (0.20e55.10)

Howard et al30 2005 Cardiovascular American 70,660 Prospective
cohort

Mean 5.1

Falkeborn
et al63

2000 Myocardial
infarction

Swedish 17,126 g Case-cohort Mean 8.9

Melton et al43 1996 Fracture American 436 Retrospective
cohort

Median 15.1

BSO, bilateral salpingo-oophorectomy; DVT, deep vein thrombosis; DXA, dual-energy x-ray absorptiometry; IHD, ischaemic heart disease; IQR, interquartile range; NA, not available; SD, standard
deviation.

a Number of women who had a hysterectomy and BSO and referent cohort in cohort studies and number of cases and controls in case-control and cross-sectional studies; b Exposed refers to women
who had a hysterectomy with BSO; c Unexposed refers to the reference group that is either hysterectomy alone or no surgery; d Time from study entry to the development of outcome; e Median time
since surgery in women who had their outcome assessment (DXA scan) below the age of 45 years; f Median time since surgery in women who had their outcome assessment (DXA scan) above the
age of 45 years; g Number of people who had a hysterectomy or oophorectomy. Comparisons are made to the general population.
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surgeries and outcomes in each study
are summarized in Table S2.
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TABLE 2
Meta-analysis results for the associations between hysterectomy and bilateral salpingo-oophorectomy and the
long-term outcomes

Outcome Reference Agea nb HR 95% CI I2c; P valued

Breast cancer Hysterectomy or no surgery Unstratified 8 0.90 0.87e0.94 74%; <.01

<45 7 0.78 0.73e0.84 49%;.07

>50 5 1.05 0.96e1.15 0%;.99

Hysterectomy Unstratified 6 0.90 0.86e0.94 81%; <.01

<45 5 0.75 0.69e0.82 56%;.06

>50 4 1.05 0.94e1.17 0%;.95

No surgery Unstratified 2 0.92 0.85e0.99 0%;.76

<45 2 0.86 0.75e0.98 0%; 1.00

>50 1 1.04 0.88e1.23 NA

Colorectal cancer Hysterectomy or no surgery Unstratified 6 1.09 1.00e1.18 78%; <.01

<45 5 1.27 1.10e1.47 72%; <.01

>50 4 1.25 1.04e1.51 0%;.98

Hysterectomy Unstratified 4 1.30 1.14e1.48 70%;.02

<45 4 1.52 1.26e1.83 46%;.14

>50 3 1.27 0.92e1.76 0%;.92

No surgery Unstratified 2 0.97 0.87e1.07 0%;.92

<45 1 0.97 0.77e1.22 NA

>55 1 1.24 0.99e1.56 NA

Thyroid cancer No surgery Unstratified 3 1.56 1.30e1.87 86%; <.01

Kidney cancer Hysterectomy or no surgery Unstratified 3 1.23 1.01e1.48 35%;.21

Hysterectomy 1 0.75 0.42e1.34 NA

No surgery 2 1.30 1.06e1.59 0%;.94

Ovarian cancer Hysterectomy or no surgery Unstratified 5 0.11 0.09e0.15 77%; <.01

Hysterectomy 3 0.14 0.09e0.20 85%; <.01

No surgery 2 0.09 0.06e0.14 57%;.13

All cancer risk Hysterectomy or no surgery Unstratified 5 0.94 0.90e0.98 47%;.11

<50 6 0.88 0.83e0.94 49%;.08

>50 4 0.93 0.90e0.97 0%;.39

Hysterectomy Unstratified 3 0.93 0.89e0.97 6%;.35

<50 3 0.86 0.80e0.93 0%;.53

>50 3 1.02 0.91e1.14 0%;.89

No surgery Unstratified 2 1.00 0.86e1.15 79%;.03

<50 3 0.95 0.83e1.08 72%;.03

>50 1 0.92 0.88e0.96 NA

CVD Hysterectomy or no surgery Unstratified 3 1.13 1.08e1.18 81%; <.01

<50 3 1.18 1.11e1.25 67%;.05

>50 3 1.04 0.96e1.12 45%;.16
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TABLE 2
Meta-analysis results for the associations between hysterectomy and bilateral salpingo-oophorectomy and the
long-term outcomes (continued)

Outcome Reference Agea nb HR 95% CI I2c; P valued

Hysterectomy Unstratified 1 0.99 0.90e1.09 NA

<50 1 0.98 0.84e1.15 NA

>50 1 1.03 0.86e1.23 NA

No surgery Unstratified 2 1.17 1.11e1.23 17%;.27

<50 2 1.22 1.14e1.30 0.0%;.73

>50 2 1.04 0.95e1.14 72%;.06

CVD mortality Hysterectomy or no surgery Unstratified 3 1.12 1.01e1.24 17%;.30

<50 3 1.24 1.08e1.43 0.0%;.95

>50 3 0.85 0.71e1.03 0.0%;.91

Hysterectomy Unstratified 1 1.19 1.02e1.39 NA

<50 1 1.24 1.03e1.50 NA

>50 1 0.82 0.54e1.24 NA

No surgery Unstratified 2 1.08 0.94e1.23 32%;.23

<50 2 1.25 1.01e1.54 0.0%;.75

>50 2 0.86 0.70e1.06 0.0%;.71

CHD Hysterectomy or no surgery Unstratified 5 1.16 1.10e1.23 0.0%;.40

<50 5 1.17 1.10e1.25 0.0%;.67

>50 3 1.21 1.05e1.39 0.0%;.67

Hysterectomy Unstratified 3 1.14 1.07e1.23 35%;.21

<50 3 1.18 1.09e1.28 0.0%;.43

>50 2 1.08 0.81e1.44 0.0%;.47

No surgery Unstratified 2 1.19 1.00e1.30 0.0%;.52

<50 2 1.17 1.06e1.29 0.0%;.42

>50 1 1.25 1.07e1.46 NA

Stroke Hysterectomy or no surgery Unstratified 4 1.15 1.08e1.24 5.0%;.37

<50 4 1.20 1.10e1.31 0.0%;.61

>50 3 1.08 0.93e1.25 0.0%;.43

Hysterectomy Unstratified 2 1.10 0.98e1.23 0.0%;.44

<50 2 1.17 0.97e1.41 0.0%;.80

>50 2 1.11 0.82e1.51 38%;.20

No surgery Unstratified 2 1.19 1.09e1.29 27%;.24

<50 2 1.21 1.10e1.33 39%;.20

>50 1 1.07 0.91e1.26 NA

Hypertension No surgery Unstratified 3 1.13 1.06e1.20 6.0%;.35

Hyperlipidemia No surgery Unstratified 2 1.40 1.29e1.53 32%;.23

<45 2 1.44 1.25e1.65 0.0%;.34

>45 2 1.29 1.14e1.45 0.0%;.52

Diabetes mellitus No surgery Unstratified 4 1.16 1.09e1.24 0.0%;.46
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TABLE 2
Meta-analysis results for the associations between hysterectomy and bilateral salpingo-oophorectomy and the
long-term outcomes (continued)

Outcome Reference Agea nb HR 95% CI I2c; P valued

Dementia No surgery Unstratified 2 1.36 0.99e1.85 0.0%;.39

<45 2 1.70 1.07e2.69 0.0%;.89

Depression No surgery Unstratified 2 1.39 1.22e1.60 0.0%;.40

<45 2 1.39 1.17e1.64 8.0%;.30

Anxiety No surgery Unstratified 2 1.31 1.13e1.52 77%;.04

<45 2 1.14 0.94e1.38 62%;.10

Hip fracture Hysterectomy Unstratified 2 0.87 0.72e1.03 0.0%;.71

<45 2 0.79 0.58e1.08 0.0%;.80

>50 2 0.76 0.49e1.18 0.0%;.69

All-cause mortality Hysterectomy or no surgery Unstratified 5 1.10 1.06e1.15 89%; <.01

<50 6 1.22 1.16e1.28 85%; <.01

>50 5 0.98 0.91e1.05 4.0%;.39

Hysterectomy Unstratified 4 1.11 1.06e1.15 92%; <.01

<50 4 1.22 1.16e1.29 90%; <.01

>50 3 1.02 0.93e1.11 0.0%;.45

No surgery Unstratified 1 1.07 0.90e1.27 NA

<50 2 1.19 1.07e1.33 68%;.08

>50 2 0.92 0.82e1.03 0.0%;.40

CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; NA, not applicable.

a Age at surgery; b Number of studies included in the meta-analysis; c The I2 statistic is the proportion of total statistical heterogeneity caused by true variation between studies rather than chance;
d The P value for the chi-square test to evaluate the null hypothesis that all studies are homogenous.
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Grading of Recommendations
Assessment, Development, and
Evaluations assessment
The GRADE assessments for the evi-
dence of association with each outcome
are shown in Table 3. Evidence for the
association between hysterectomy with
BSO and breast cancer (before or after
the age of 50 years) had a high GRADE
rating. The evidence for the association
with all-cause mortality (<50 and >50
years), coronary heart disease (CHD;
<50 years), and all-cancers risk (<50
years) was of moderate GRADE rating.
The evidence for the rest of the outcomes
was of low and very low GRADE.

Synthesis of results
Cancer outcomes
Hysterectomy with BSO was associated
with a substantial reduction in ovarian
cancer risk and ovarian cancererelated
mortality5,6,19e21 (HR, 0.11; 95%
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confidence interval [CI], 0.09e0.15;
I2¼77%). This analysis excluded the
study conducted by Mytton et al,2 which
reported a more than 4-fold increase in
the hazard of ovarian cancer in women
who had a hysterectomy with BSO.
However, the authors included ovarian
cancer cases occurring within the first
year after the surgery, and the excess
cancer cases were diagnosed within a few
weeks after the removal of the ovaries.
We conducted a second meta-analysis
after excluding 2 outlier studies, which
reduced the heterogeneity between the
studies (I2¼42%; P¼.18) and main-
tained the strong protective association
(HR, 0.16; 95% CI, 0.12e0.23).
The association between hysterec-

tomy with BSO and breast cancer was
reported in 8 studies.2,19,20,22e26

Compared with hysterectomy or no
surgery, hysterectomy with BSO before
the age of 45 years was associated with a
JANUARY 2024 A
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reduction in breast cancer risk (fixed
effect HR, 0.78; 95% CI, 0.73e0.84),
with moderate heterogeneity between
the studies (I2¼49%; P¼.07). There was
no association for women who had the
procedure after the age of 50 years (HR,
1.05; 95% CI, 0.96e1.15; I2¼0%). Of
note, 3 studies stratified the analysis by
the use of HRT in different age
groups22,23,25 but yielded conflicting re-
sults (Table S2). None of the studies
examined the association with estrogen
receptor subtypes of breast cancer.

Of note, 6 studies2,19,20,23,26,27 exam-
ined the association with colorectal
cancer. Compared with hysterectomy or
no surgery, hysterectomy with BSO was
associated with an increased risk of
colorectal cancer in women who had the
surgery before the age of 45 years and
after the age of 50 years, with HRs of 1.27
(95% CI, 1.10e1.47) and 1.25 (95% CI,
1.04e1.51), respectively. There was
merican Journal of Obstetrics & Gynecology 51
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TABLE 3
Assessment of GRADE

Outcome Age (y)a GRADE

Breast cancer <45 High

>50 High

Thyroid cancer Unstratified Very low

Kidney cancer Unstratified Low

Colon cancer <45 Very low

>50 Low

All cancer <50 Moderate

>50 Low

Cardiovascular diseases <50 Very low

>50 Very low

Coronary heart disease <50 Moderate

>50 Low

Stroke <50 Low

>50 Low

Diabetes mellitus Unstratified Low

Hypertension Unstratified Low

Hyperlipemia <50 Low

>50 Low

Dementia Unstratified Very low

Depression Unstratified Very low

Anxiety Unstratified Very low

Hip fracture <50 Low

>50 Low

All-cause mortality <50 Moderate

>50 Moderate

Very low: the true effect is probably markedly different from the estimated effect.

Low: the true effect might be markedly different from the estimated effect.

Moderate: the authors believe that the true effect is probably close to the estimated effect.

High: the authors have a lot of confidence that the true effect is like the estimated effect.

GRADE, Grading of Recommendations, Assessment, Development, and Evaluations.

a Age at surgery.
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evidence of substantial heterogeneity in
the analysis of younger women
(I2¼72%; P<.01), and the association
was mainly driven by Mytton et al.2 A
second meta-analysis was conducted af-
ter excluding Mytton et al,2 which yiel-
ded a weaker association with an HR of
1.11 (95% CI, 0.94e1.31) and showed
no evidence of heterogeneity. In addi-
tion, hysterectomy with BSO before the
age of 50 years was associated with an
increased risk of colorectal cancer
52 American Journal of Obstetrics & Gynecology
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mortality (HR, 1.78; 95% CI, 1.24e2.55;
I2¼0%).
Of note, 3 studies examined the as-

sociation between hysterectomy with
BSO vs no surgery and thyroid
cancer.26e28 The fixed effect HRwas 1.56
(95% CI, 1.30e1.87), but there was
substantial heterogeneity among the
studies (I2¼86%; P<.01). The meta-
analysis was repeated after excluding
the outlier study,28 and the association
was attenuated (HR, 1.17; 95% CI,
JANUARY 2024
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0.92e1.48) with no evidence of
heterogeneity.

Moreover, 3 of the studies examined
the association between kidney cancer
and hysterectomy or no surgery. Hys-
terectomy with BSO was associated with
an increased risk of kidney cancer (HR,
1.23; 95% CI, 1.01e1.48), with moder-
ate heterogeneity between the studies
(I2¼35%; P¼.21).

In addition, 6 studies2,19,20,23,26,29 re-
ported the association with the risk of
any cancer. The meta-analysis for the
association was conducted after
excluding the study conducted by Myt-
ton et al.2 The fixed effect HR for hys-
terectomy with BSO vs hysterectomy or
no surgery before the age of 50 years was
0.88 (95% CI, 0.83e0.94; I2¼49%;
P¼.08). Moreover, there was a small
reduction in the risk of any cancer in
womenwho had the surgery after the age
of 50 years (HR, 0.93; 95% CI,
0.90e0.97), with no evidence of
heterogeneity.
Cardiovascular diseases
In addition, 6 studies examined the as-
sociation of hysterectomy with BSO with
different CVDs.2,19,22,28e30 Based on the
meta-analysis of 3 studies,23,30,31

compared with hysterectomy or no sur-
gery, hysterectomy with BSO was asso-
ciated with the risk of total CVD in
women who had the surgery before the
age of 50 years (HR, 1.18; 95% CI,
1.11e1.25). We observed a substantial
heterogeneity between the studies
(I2¼67%; P¼.05). The outlier was the
only study that used hysterectomy as the
reference category. Excluding this study
yielded a somewhat stronger association
(HR, 1.22; 95% CI, 1.14e1.30), with no
evidence of heterogeneity. There was no
association between hysterectomy with
BSO and CVD in women who had the
surgery after the age of 50 (HR, 1.04;
95% CI, 0.96e1.12). Furthermore, hys-
terectomy with BSO was associated with
an increased risk of CVD mortality in
women who underwent the surgery
before the age of 50 years (fixed-effect
HR, 1.24; 95%CI, 1.08e1.43), but not in
older women.

Compared with hysterectomy or no
surgery, hysterectomy with BSO was
associated with an increased risk of CHD
de ClinicalKey.es por Elsevier en enero 24, 
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in women who had the surgery before
and after the age of 50 years with HRs of
1.21 (95% CI, 1.05e1.39; I2¼0%) and
1.17 (95% CI, 1.10e1.25; I2¼0%),
respectively. In addition, hysterectomy
with BSO was associated with an
increased risk of stroke in women who
had the surgery before the age of 50 years
(HR, 1.20; 95% CI, 1.10e1.31; I2¼0%),
but not in women who had the surgery
after the age of 50 years.
Cardiovascular risk factors
Compared with no surgery, hysterec-
tomy with BSO was associated with
hyperlipidemia in women who had the
surgery before and after the age of 45
years29,32 with fixed effect HRs of 1.29
(95% CI, 1.14e1.45) and 1.44 (95% CI,
1.25e1.65), respectively, and no evi-
dence of heterogeneity. However, one of
the studies27 showed that compared with
no surgery, hysterectomy alone was
associated with increased risk of hyper-
lipidemia in both older and younger
women.

Compared with no surgery, hysterec-
tomy with BSO was associated with
increased risk of diabetes mellitus in 4
studies29,33e35 (HR, 1.16; 95% CI,
1.09e1.24; I2¼0%), unstratified by age
at surgery. Of note, 1 study33 repeated
the analysis but compared with hyster-
ectomy alone stratified by the age at
surgery and the use of HRT. There was
no association in women younger or
older than the age of 45 years, and the
use of HRT did not change the associa-
tion. In addition, in the analysis by
Appiah et al,35 the comparison between
unadjusted survival curves for the
development of diabetes mellitus for
women with hysterectomy alone and
womenwith hysterectomy with BSOwas
not statistically significant (P¼.73).

Finally, the meta-analysis of 3
studies29,36,37 with unstratified estimates
showed that compared with no surgery,
hysterectomy with BSO was associated
with increased risk of hypertension (HR,
1.13; 95% CI, 1.06e1.20; I2¼6%).
Neuropsychiatric outcomes
The meta-analysis of 2 cohorts from the
Mayo Clinic showed increased risk of
depression29,38 and dementia29,39 in
women who had the surgery before the
age of 45 years with HRs of 1.70 (95%
Descargado para Irene Ramírez (iramirez@bin
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CI, 1.07e2.69) and 1.39 (95% CI,
1.22e1.60), respectively. In addition,
these studies reported increased risk of
anxiety,29,38 with substantial heteroge-
neity (I2¼77%; P¼.04). Of note, 1
study showed that compared with no
surgery, hysterectomy with BSO in
premenopausal women was associated
with increased risk of parkinsonism
(HR, 2.29; 95% CI, 1.33e3.95).40 In
addition, compared with no surgery,
hysterectomy with BSO before the age
of 50 years was associated with an
increased risk of carpal tunnel syn-
drome41 (HR, 1.65; 95%CI, 1.20e2.25)
and restless leg syndrome42 (HR, 1.44;
95% CI, 1.08e1.92).
Musculoskeletal outcomes
In 1 study, compared with no surgery,
hysterectomy with BSO before the age of
45 years was associated with an increased
risk of osteoporosis (HR, 1.51; 95% CI,
1.06e2.15).29 In an analysis stratified by
HRT use, the association was only sig-
nificant in the non-HRTusers (HR, 3.99;
95% CI, 1.29e12.34), P-value .02.29

The meta-analysis of 2 studies20,23

that evaluated the association with hip
fracture did not provide evidence of as-
sociation for any of the age groups.
Melton et al’s43 estimated standardized
incidence ratios (SIR) for the association
between hysterectomy with BSO and
hip, forearm, and vertebral fractures.
There was no increase in the risk of hip
fractures or distal forearm fractures, but
there was an increase in the risk of
vertebral fractures (SIR, 1.90; 95% CI,
1.30e2.80).
All-cause mortality
Compared with hysterectomy or no
surgery, hysterectomy with BSO was
associated with an increased risk of all-
cause mortality in women who had the
surgery before the age of 50 years (HR,
1.22; 95% CI, 1.16e1.28), but there was
substantial heterogeneity between the
studies (I2¼85%; P<.01). Heterogeneity
remained significant in subgroup ana-
lyses by reference category with I2 esti-
mates of 90% for the hysterectomy
reference category and 68% for the no
surgery reference category. We per-
formed another meta-analysis after the
exclusion of Mytton et al,2 which re-
ported the strongest positive association,
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and Jacoby et al,23 which reported a
protective association. This meta-analysis
yielded an HR of 1.19 (95% CI,
1.12e1.25), with lower heterogeneity
between the studies (I2¼59%; P¼.06). In
contrast, there was no association with
all-cause mortality in women who had
the surgery after the age of 50 years (HR,
0.98; 95% CI, 0.91e1.05; I2¼4%).

Comment
Principal findings
Compared with hysterectomy alone or
no surgery, hysterectomy with BSO was
associated with substantial reductions
in ovarian cancer risk in all age groups
and breast cancer risk in young
women.2,5,6,14e16 In contrast, hysterec-
tomy with BSO was associated with
increased risks of colorectal cancer, renal
cancer, and potentially thyroid cancer.
Overall, hysterectomy with BSO was
associated with a reduction in the com-
bined risk of all cancers in women below
the age of 50 years and to a lesser extent
in older women. Furthermore, hyster-
ectomy with BSO was associated with an
increased risk of total CVD, CHD, and
stroke in women younger than 50 years.
In addition, compared with no surgery,
hysterectomy with BSO was associated
with an increased risk of hyperlipidemia,
diabetes mellitus, and hypertension,
regardless of the age at surgery, and
associated with dementia and depression
in women younger than 45 years. There
was an increase in the risk of all-cause
mortality in young women, but there
was substantial heterogeneity between
the study estimates.

Age at surgery is an effect modifier for
the associations between hysterectomy
with BSO and the long-term outcomes,
especially for the association with breast
cancer and CVD.

Evidence was conflicting regarding the
efficacy of HRT in modifying the re-
ported associations. It is possibly caused
by the reduced power of the studies after
stratification by age at surgery and HRT
as the studies that stratified by the “use of
HRT” had smaller sample sizes.

The difference in HRT formulations,
doses, and durations of use between
included studies are also likely to limit
power.
merican Journal of Obstetrics & Gynecology 53
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Strengths and limitations
This systematic review added 26 studies
with more than 7 million women to the
previously published one.7 In addition,
we performed meta-analyses for the as-
sociations with the long-term outcomes,
which allowed us to observe more asso-
ciations because of combining smaller
studies. Unlike Evans et al’s7 systematic
review, our analysis showed that hyster-
ectomy with BSO in young women is
associated with decreased risk of breast
cancer and total cancer and an increased
risk of colorectal cancer. Moreover, we
noticed an increased risk of colorectal
cancer in older women. In addition, we
examined the association with other
outcomes, including hyperlipidemia,
diabetes mellitus, hypertension, thyroid
cancer, and renal cancer.

We excluded studies, including
women who had a hysterectomy with
BSO, to treat cancer to minimize con-
founding by the indication for surgery.
The meta-analyses were based on
adjusted HRs, aimed at minimizing the
effect of confounders. Themeta-analyses
were stratified by the age at surgery.Most
of the age-stratified meta-analyses did
not show evidence of significant het-
erogeneity between the studies.

One of the limitations is that there was
a small number of studies for each
outcome of interest and many meta-
analyses were based only on 2 or 3
studies, which did not allow the assess-
ment of the effect of publication bias.

Quality of the evidence, confounding,
and bias
The high-quality evidence suggests a
clear reduced risk of breast cancer for
women who had the BSO before the age
of 45 years and no associationwith breast
cancer for womenwho had the BSO after
the age of 50 years. Moderate quality
evidence suggests a reduced risk of all
cancers and an increased risk of CHD
and all-cause mortality in women who
had BSO before the age of 50 years. In
addition, moderate GRADE evidence
indicates no association with all-cause
mortality in women who had BSO after
the age of 50 years. For the other out-
comes, the quality of evidence was low or
very low.
54 American Journal of Obstetrics & Gynecology
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Several factors could confound the
reported associations. The most impor-
tant factors are age, parity, and comor-
bidities. All studies were adjusted for age.
The adjustment for parity would be
more crucial when the comparison is
against no surgery as hysterectomy most
often takes place after family comple-
tion.44 Not adjusting for parity could
confound the associations with breast
cancer, neuropsychiatric outcomes, and
bone health. Of note, 519,20,22,23,26 of 8
studies on the association with breast
cancer risk adjusted for parity. However,
the included studies reported a similar
association with breast cancer, regardless
of adjusting for parity. For neuropsy-
chiatric outcomes,29,38e40 none of the
studies adjusted for parity, and in all the
studies, the comparison was against no
surgery. The association between parity
and brain function is controversial.
Some studies reported that higher parity
is associated with lower brain age,45

improved memory, and protection
against Alzheimer disease,46,47 whereas
others reported the opposite.48,49 For
bone health, it is thought that because of
the changes in calcium metabolism
during pregnancy parity would be asso-
ciated with a reduction in bone mineral
density. However, repeated evidence
showed higher hip bone mineral den-
sity50 and lower risk of hip fracture in
parous women.51 Thus, it is unlikely that
the reported associations with osteopo-
rosis29 and vertebral fracture43 are
confounded by parity. Women who had
a hysterectomy with BSO tended to have
a higher prevalence of comorbidities, for
example, diabetes mellitus and hyper-
tension at baseline, than women who
had no surgery29 or hysterectomy alone.2

It is possible that not adjusting for
comorbidities confounded some of the
associations, in particular, the strongest
associations with mortality,2 colorectal
cancer,2 and dementia,39 which were not
adjusted for comorbidities or other life-
style factors.
Detection bias, misclassification bias,

and informative censoring might have
influenced some of the results. Detection
bias could occur as women with a pre-
vious history of surgery (hysterectomy
with or without BSO) might seek more
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medical attention than women with no
surgery. Thus, it is likely that detection
bias affected the results more when
comparison was made against no sur-
gery, for example, in studying the asso-
ciations with cardiovascular risk factors
(hypertension, diabetes mellitus, hyper-
lipidemia)29,32,34,36 or neuropsychiatric
outcomes,29,38,39 in which the evidence
was available only compared with no
surgery. Misclassification of the surgery
type could have happened when surgery
was self-reported, for example, in the
Nurses’ Health Study,19,52 the Women’s
Health Initiative,23,30,33 and the Cancer
Prevention Study II.19 Although most
likely it was a nondifferential misclassi-
fication, it could have reduced the power
of these studies to detect associations
with cardiovascular outcomes, hip frac-
ture, cancer, and all-cause mortality.
Finally, survival analysis applied in most
of the studies assumes noninformative
censoring. Nevertheless, it is possible
that censoring because of death was
informative.

Comparison against hysterectomy
alone or no surgery
There is evidence suggesting that hys-
terectomy on its own is associated with
premature ovarian failure.3,4 In a cohort
study, Moorman et al3 compared the
incidence of ovarian failure between
women with hysterectomy alone and
women with intact uteri. Ovarian failure
was defined by follicle-stimulating hor-
mone (FSH) levels of �40 IU/L. Hys-
terectomy alone was associated with
almost 2 times the risk of ovarian failure
(HR, 1.92; 95% CI, 1.29e2.96).3

Another prospective cohort study
showed that women with hysterectomy
alone reach menopause (defined by FSH
level) 4 years earlier thanwomenwith no
hysterectomy.4 Therefore, it is expected
that the studied associations would be
stronger when the comparison is against
no surgery. For example, studies on the
association with diabetes mellitus re-
ported a increased risk of diabetes mel-
litus when hysterectomy with BSO was
compared with no surgery, but not when
compared with hysterectomy alone.32,34

Finally, for the association with bone
health, compared with no surgery,
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hysterectomy with BSO was associated
with increased risk of osteoporosis.
Conversely, there was no association in
the meta-analysis for the effect of hys-
terectomy with BSO vs hysterectomy
alone and hip fracture. In addition, when
the comparison was made against no
surgery, it is possible that some of the
associations were confounded by the
indication for the hysterectomy. For
instance, in the association with thyroid
cancer, both hysterectomy with BSO and
hysterectomy alone were associated with
an increased risk of thyroid cancer.
However, even without hysterectomy,
uterine fibroids (the most common
indication for hysterectomy) was asso-
ciated with increased risk thyroid can-
cer.28 The key clinical question when the
ovaries are removed at the time of hys-
terectomy is the association with the
long-term outcomes against hysterec-
tomy alone. These estimates would be
more appropriate for counseling women
who are having hysterectomy, as these
women would be more concerned about
the extra risk caused by removing the
ovaries as well.

Heterogeneity between the studies
For most of the outcomes, the meta-
analysis of the age-unstratified esti-
mates showed evidence of substantial
heterogeneity. In contrast, in most of the
age-stratified meta-analyses performed,
there was no evidence of substantial
heterogeneity between the studies. There
was substantial heterogeneity between
studies in colorectal cancer (age at sur-
gery <45 years), CVD (age at surgery
<50 years), and thyroid cancer meta-
analyses, and this was addressed by
excluding the outlier studies in each
analysis. In the colorectal cancer (age at
surgery <45 years) meta-analysis, the
outlier study, which reported the stron-
gest association, was Mytton et al,2

which was a retrospective cohort study
using routinely collected data. The study
did not control for a range of variables
that were adjusted for in the other
studies, for example, body mass index
(BMI), physical activity, or alcohol
intake. In the CVD (age at surgery <50
years) meta-analysis, the outlier study
was Jacoby et al.23 Unlike the other 2
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studies included in the CVD meta-
analysis, Jacoby et al23 did not find evi-
dence for association. The study had the
shortest follow-up time and was the only
study comparing the association against
hysterectomy. For the thyroid cancer
meta-analysis, the strongest association
was reported by Guenego et al.28 The
analysis adjusted for multiple covariates
that could confound the association, for
example, age, smoking status, history of
thyroid disease, and BMI. All the studies
included in the thyroid cancer meta-
analysis had a long follow-up of more
than 20 years.
In addition, there was substantial

heterogeneity in the anxiety and all-
cause mortality (age at surgery <50
years) meta-analyses. Only 2 studies
were included in the meta-analysis for
the association with anxiety.29,38 Both
studies were on women from the 2 in-
dependent Mayo Clinic cohorts. How-
ever, the method of ascertainment of the
outcome was different. The study that
showed the strongest association ascer-
tained the diagnosis of anxiety via tele-
phone interviews and the other retrieved
the diagnosis from medical records. Not
all patients with anxiety seek medical
help; hence, fewer cases could be iden-
tified from medical records, and this
could have limited the power of the study
to detect possible association. For all-
cause mortality, we repeated the meta-
analysis after the exclusion of the
outlier studies, but heterogeneity be-
tween the studies remained substantial.
The study2 that reported the strongest
positive association did not adjust for
lifestyle covariates, such as BMI, physical
activity, or alcohol intake, whereas the
study that reported a protective associa-
tion18 had the shortest follow-up time
(5 years).
Recently, there has been an increased

interest in bilateral risk-reducing sal-
pingectomy as a method of preventing
ovarian cancer. This is based on the hy-
pothesis that most high-grade serous
ovarian tumors arise originally from the
fallopian tubes.53,54 However, bilateral
salpingectomy provides less protection
compared with BSO,6 as salpingectomy
compared with no surgery is associated
with an approximate 30% risk reduction
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in ovarian cancer,6 whereas salpingo-
oophorectomy is associated with more
than 80% risk reduction. Salpingectomy
alone would not affect estrogen pro-
duction and thus may mitigate the long-
term outcomes associated with pre-
menopausal oophorectomy identified in
the current review. However, additional
studies are required to assess the long-
term outcomes of salpingectomy and
the balance of harms and benefits of
salpingo-oophorectomy at the time of
hysterectomy.

Conclusion and implications
Hysterectomy with BSO at any age
reduced the risk of ovarian cancer, and
hysterectomy with BSO at a young age
was associated with a reduced risk of
breast cancer. Nevertheless, this risk
reduction should be balanced against the
possible increase in the risk of CVD,
colorectal cancer, and all-cause mortality
in young women. HRT after hysterec-
tomy with BSO is expected to mitigate
the adverse effects of premature estrogen
deprivation but more evidence on the
efficacy of HRT is needed.

Furthermore, more studies with bet-
ter adjustment for confounders are
needed to ascertain the associations with
CVD, neuropsychiatric outcomes, oste-
oporosis, and all-cause mortality. -
REFERENCES

1. Wu JM, Wechter ME, Geller EJ, Nguyen TV,
Visco AG. Hysterectomy rates in the United
States, 2003. Obstet Gynecol 2007;110:
1091–5.
2. Mytton J, Evison F, Chilton PJ, Lilford RJ.
Removal of all ovarian tissue versus conserving
ovarian tissue at time of hysterectomy in pre-
menopausal patients with benign disease: study
using routine data and data linkage. BMJ
2017;356:j372.
3. Moorman PG, Myers ER, Schildkraut JM,
Iversen ES, Wang F, Warren N. Effect of hys-
terectomy with ovarian preservation on ovarian
function. Obstet Gynecol 2011;118:1271–9.
4. Farquhar CM, Sadler L, Harvey SA,
Stewart AW. The association of hysterectomy
and menopause: a prospective cohort study.
BJOG 2005;112:956–62.
5. Chan JK, Urban R, Capra AM, et al. Ovarian
cancer rates after hysterectomy with and
without salpingo-oophorectomy. Obstet Gyne-
col 2014;123:65–72.
6. Falconer H, Yin L, Grönberg H, Altman D.
Ovarian cancer risk after salpingectomy: a
merican Journal of Obstetrics & Gynecology 55
de ClinicalKey.es por Elsevier en enero 24, 
sevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-9378(23)00441-6/sref1
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref1
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref1
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref1
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref2
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref3
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref3
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref3
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref3
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref4
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref4
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref4
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref4
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref5
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref5
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref5
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref5
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref6
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref6
http://www.AJOG.org


Systematic reviews ajog.org
nationwide population-based study. J Natl
Cancer Inst 2015;107:dju410.
7. 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.
8. Bramer WM, Giustini D, de Jonge GB,
Holland L, Bekhuis T. De-duplication of data-
base search results for systematic reviews in
EndNote. J Med Libr Assoc 2016;104:240–3.
9. Wallace BC, Small K, Brodley CE, Lau J,
Trikalinos TA. Deploying an interactive machine
learning system in an evidence-based practice
center: abstrackr. Proc ACM Int Health Inform
Symp 2012:819–24.
10. Page MJ, McKenzie JE, Bossuyt PM, et al.
The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ
2021;372:n71.
11. Yeh YT, Li PC,WuKC, et al. Hysterectomies
are associated with an increased risk of osteo-
porosis and bone fracture: a population-based
cohort study. PLoS One 2020;15:e0243037.
12. Guyatt GH, Oxman AD, Vist G, et al. GRADE
guidelines: 4. Rating the quality of evidence—
study limitations (risk of bias). J Clin Epidemiol
2011;64:407–15.
13. Guyatt GH, Oxman AD, Kunz R, et al.
GRADE guidelines 6. Rating the quality of evi-
dence—imprecision. J Clin Epidemiol 2011;64:
1283–93.
14. Guyatt GH, Oxman AD, Kunz R, et al.
GRADE guidelines: 7. Rating the quality of evi-
dence—inconsistency. J Clin Epidemiol
2011;64:1294–302.
15. Guyatt GH, Oxman AD, Kunz R, et al.
GRADE guidelines: 8. Rating the quality of evi-
dence—indirectness. J Clin Epidemiol 2011;64:
1303–10.
16. Guyatt GH, Oxman AD, Montori V, et al.
GRADE guidelines: 5. Rating the quality of evi-
dence—publication bias. J Clin Epidemiol
2011;64:1277–82.
17. Higgins JPT, TJ, Chandler J, et al, editors.
Cochrane Handbook for Systematic Reviews of
Interventions version 6.2; updated 2021. Avail-
able at: https://training.cochrane.org/
handbook. Accessed August 30, 2022.
18. R Core Team. R: A language and environ-
ment for statistical computing. 2021. Available
at: https://www.R-project.org/. Accessed
August 30, 2022.
19. Gaudet MM, Gapstur SM, Sun J, Teras LR,
Campbell PT, Patel AV. Oophorectomy and
hysterectomy and cancer incidence in the Can-
cer Prevention Study-II Nutrition Cohort. Obstet
Gynecol 2014;123:1247–55.
20. Parker WH, Broder MS, Chang E, et al.
Ovarian conservation at the time of hysterec-
tomy and long-term health outcomes in the
nurses’ health study. Obstet Gynecol 2009;113:
1027–37.
21. Cusimano M, Ferguson S, Moineddin R,
et al. Ovarian cancer incidence and death in
average-risk women undergoing bilateral oo-
phorectomy at benign hysterectomy. Am J
Obstet Gynecol 2022;226:220.e1–26.
56 American Journal of Obstetrics & Gynecology
Descargado para Irene Ramírez (iramirez@bin

2024. Para uso personal exclusivamente. No 
22. Gottschau M, Kjær SK, Settnes A, et al.
Ovarian removal at or after benign hysterectomy
and breast cancer: a nationwide cohort study.
Breast Cancer Res Treat 2020;181:475–85.
23. 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.
24. Chow S, Raine-Bennett T, Samant ND,
Postlethwaite DA, Holzapfel M. Breast cancer
risk after hysterectomy with and without sal-
pingo-oophorectomy for benign indications. Am
J Obstet Gynecol 2020;223:900.e1–7.
25. Huo N, Smith CY, Gazzuola Rocca L,
Rocca WA, Mielke MM. Risk of de novo cancer
after premenopausal bilateral oophorectomy.
Am J Obstet Gynecol 2022;226:539.e1–16.
26. Wilson LF, Tuesley KM, Webb PM, Dixon-
SuenSC, Stewart LM, Jordan SJ. Hysterectomy
and risk of breast, colorectal, thyroid, and kidney
cancer - an Australian data linkage study. Can-
cer Epidemiol Biomarkers Prev 2021;30:
904–11.
27. Altman D, Yin L, Falconer H. Long-term
cancer risk after hysterectomy on benign in-
dications: population-based cohort study. Int J
Cancer 2016;138:2631–8.
28. Guenego A, Mesrine S, Dartois L, et al.
Relation between hysterectomy, oophorectomy
and the risk of incident differentiated thyroid
cancer: the E3N cohort. Clin Endocrinol (Oxf)
2019;90:360–8.
29. Rocca WA, Gazzuola-Rocca L, Smith CY,
et al. Accelerated accumulation ofmultimorbidity
after bilateral oophorectomy: a population-
based cohort study. Mayo Clin Proc 2016;91:
1577–89.
30. Howard BV, Kuller L, Langer R, et al. Risk of
cardiovascular disease by hysterectomy status,
with and without oophorectomy: the Women’s
Health Initiative Observational Study. Circulation
2005;111:1462–70.
31. Poorthuis MHF, Yao P, Chen Y, et al. Risks
of stroke and heart disease following hysterec-
tomy and oophorectomy in Chinese premeno-
pausal women. Stroke 2022;53:3064–71.
32. Li PC, Tsai IJ, Hsu CY, et al. Risk of hyper-
lipidemia in women with hysterectomy-a retro-
spective cohort study in Taiwan. Sci Rep
2018;8:12956.
33. Luo J, Manson JE, Urrutia RP, Hendryx M,
LeBlanc ES, Margolis KL. Risk of diabetes after
hysterectomy with or without oophorectomy in
postmenopausal women. Am J Epidemiol
2017;185:777–85.
34. Chiang CH, Chen W, Tsai IJ, et al. Diabetes
mellitus risk after hysterectomy: a population-
based retrospective cohort study. Medicine
(Baltimore) 2021;100:e24468.
35. Appiah D,Winters SJ, HornungCA. Bilateral
oophorectomy and the risk of incident diabetes
in postmenopausal women. Diabetes Care
2014;37:725–33.
36. Ding DC, Tsai IJ, Hsu CY, Wang JH, Lin SZ,
Sung FC. Risk of hypertension after
JANUARY 2024
asss.sa.cr) en National Library of Health and Social Security 
se permiten otros usos sin autorización. Copyright ©2024. El
hysterectomy: a population-based study. BJOG
2018;125:1717–24.
37. Madika AL, MacDonald CJ, Gelot A, et al.
Hysterectomy, non-malignant gynecological
diseases, and the risk of incident hypertension:
the E3N prospective cohort. Maturitas
2021;150:22–9.
38. Rocca WA, Grossardt BR, Geda YE, et al.
Long-term risk of depressive and anxiety
symptoms after early bilateral oophorectomy.
Menopause 2018;25:1275–85.
39. Rocca WA, Bower JH, Maraganore DM,
et al. Increased risk of cognitive impairment or
dementia in women who underwent oophorec-
tomy before menopause. Neurology 2007;69:
1074–83.
40. Rocca WA, Bower JH, Maraganore DM,
et al. Increased risk of parkinsonism in women
who underwent oophorectomy before meno-
pause. Neurology 2008;70:200–9.
41. Starlinger J, Schrier VJMM, Smith CY, et al.
Risk of de novo severe carpal tunnel syndrome
after bilateral oophorectomy: a population-
based cohort study. Menopause 2021;28:
1026–36.
42. Huo N, Smith CY, Gazzuola Rocca L,
Rocca WA, Mielke MM. Association of pre-
menopausal bilateral oophorectomy with rest-
less legs syndrome. JAMA Netw Open 2021;4:
e2036058.
43. Melton LJ 3rd, Crowson CS, Malkasian GD,
O’Fallon WM. Fracture risk following bilateral oo-
phorectomy. J Clin Epidemiol 1996;49:1111–5.
44. Cooper R, Hardy R, Kuh D. Timing of
menarche, childbearing and hysterectomy risk.
Maturitas 2008;61:317–22.
45. Ning K, Zhao L, Franklin M, et al. Parity is
associated with cognitive function and brain age
in both females and males. Sci Rep 2020;10:
6100.
46. Henderson VW, Guthrie JR, Dudley EC,
Burger HG, Dennerstein L. Estrogen exposures
and memory at midlife: a population-based
study of women. Neurology 2003;60:1369–71.
47. Fox M, Berzuini C, Knapp LA. Cumulative
estrogen exposure, number of menstrual cycles,
and Alzheimer’s risk in a cohort of British
women. Psychoneuroendocrinology 2013;38:
2973–82.
48. Beeri MS, Rapp M, Schmeidler J, et al.
Number of children is associated with neuro-
pathology of Alzheimer’s disease in women.
Neurobiol Aging 2009;30:1184–91.
49. Heys M, Jiang C, Cheng KK, et al. Life long
endogenous estrogen exposure and later
adulthood cognitive function in a population of
naturally postmenopausal women from South-
ern China: the Guangzhou Biobank Cohort
Study. Psychoneuroendocrinology 2011;36:
864–73.
50. Song SY, Kim Y, Park H, Kim YJ, Kang W,
Kim EY. Effect of parity on bone mineral density:
a systematic review and meta-analysis. Bone
2017;101:70–6.
51. Wang Q, Huang Q, Zeng Y, et al. Parity and
osteoporotic fracture risk in postmenopausal
women: a dose-response meta-analysis of
de ClinicalKey.es por Elsevier en enero 24, 
sevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-9378(23)00441-6/sref6
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref6
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref7
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref7
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref7
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref7
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref8
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref8
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref8
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref8
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref9
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref9
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref9
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref9
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref9
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref10
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref10
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref10
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref10
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref11
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref11
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref11
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref11
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref12
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref12
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref12
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref12
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref13
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref13
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref13
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref13
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref14
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref14
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref14
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref14
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref15
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref15
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref15
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref15
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref16
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref16
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref16
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref16
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://www.R-project.org/
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref19
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref19
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref19
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref19
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref19
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref20
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref20
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref20
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref20
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref20
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref21
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref21
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref21
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref21
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref21
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref22
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref22
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref22
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref22
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref23
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref24
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref24
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref24
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref24
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref24
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref25
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref25
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref25
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref25
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref26
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref27
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref27
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref27
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref27
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref28
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref28
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref28
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref28
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref28
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref29
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref29
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref29
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref29
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref29
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref30
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref30
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref30
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref30
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref30
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref31
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref31
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref31
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref31
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref32
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref32
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref32
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref32
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref33
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref33
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref33
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref33
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref33
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref34
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref34
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref34
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref34
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref35
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref35
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref35
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref35
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref36
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref36
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref36
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref36
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref37
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref37
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref37
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref37
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref37
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref38
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref38
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref38
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref38
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref39
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref39
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref39
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref39
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref39
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref40
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref40
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref40
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref40
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref41
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref41
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref41
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref41
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref41
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref42
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref42
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref42
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref42
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref42
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref43
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref43
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref43
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref45
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref45
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref45
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref46
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref46
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref46
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref46
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref47
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref47
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref47
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref47
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref48
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref48
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref48
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref48
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref48
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref49
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref49
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref49
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref49
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref50
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref51
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref51
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref51
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref51
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref52
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref52
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref52
http://www.AJOG.org


ajog.org Systematic reviews
prospective studies. Osteoporos Int 2016;27:
319–30.
52. Parker WH, Feskanich D, Broder MS, et al.
Long-term mortality associated with oophorec-
tomy compared with ovarian conservation in the
nurses’ health study. Obstet Gynecol 2013;121:
709–16.
53. Labidi-Galy SI, Papp E, Hallberg D, et al.
High grade serous ovarian carcinomas
originate in the fallopian tube. Nat Commun
2017;8:1093.
54. Lee Y, Miron A, Drapkin R, et al.
A candidate precursor to serous carcinoma that
originates in the distal fallopian tube. J Pathol
2007;211:26–35.
55. Cusimano MC, Chiu M, Ferguson SE, et al.
Association of bilateral salpingo-oophorectomy
with all cause and cause specific mortality:
Descargado para Irene Ramírez (iramirez@bin
2024. Para uso personal exclusivamente. No 
population based cohort study. BMJ 2021;375:
e067528.
56. Karia PS, Joshu CE, Visvanathan K. Asso-
ciation of oophorectomy and fat and lean body
mass: evidence from a population-based sam-
ple of U.S. women. Cancer Epidemiol Bio-
markers Prev 2021;30:1424–32.
57. Luo J, Rohan TE, Neuhouser ML, et al.
Hysterectomy, Oophorectomy, and Risk of
Renal Cell Carcinoma. Cancer Epidemiol Bio-
markers Prev 2021;30:499–506.
58. Tuesley KM, Protani MM, Webb PM, et al.
Hysterectomy with and without oophorectomy
and all-cause and cause-specific mortality.
Am J Obstet Gynecol 2020;223:723.e1–16.
59. Harrington LB, Weiss NS, Wiggins KL, et al.
Prior hysterectomy and oophorectomy and
incident venous thrombosis risk among post-
JANUARY 2024 A
asss.sa.cr) en National Library of Health and Social Security 
se permiten otros usos sin autorización. Copyright ©2024. El
menopausal women: a population-based, case-
control study. Menopause 2016;23:143–9.
60. Ingelsson E, Lundholm C, Johansson AL,
Altman D. Hysterectomy and risk of cardio-
vascular disease: a population-based cohort
study. Eur Heart J 2011;32:745–50.
61. Rivera CM, Grossardt BR, Rhodes DJ, et al.
Increased cardiovascular mortality after early bilat-
eral oophorectomy. Menopause 2009;16:15–23.
62. Rocca WA, Grossardt BR, de Andrade M,
Malkasian GD, Melton LJ 3rd. Survival patterns
after oophorectomy in premenopausal women:
a population-based cohort study. Lancet Oncol
2006;7:821–8.
63. Falkeborn M, Schairer C, Naessén T,
Persson I. Risk of myocardial infarction after
oophorectomy and hysterectomy. J Clin Epi-
demiol 2000;53:832–7.
merican Journal of Obstetrics & Gynecology 57
de ClinicalKey.es por Elsevier en enero 24, 
sevier Inc. Todos los derechos reservados.

http://refhub.elsevier.com/S0002-9378(23)00441-6/sref52
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref52
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref53
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref53
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref53
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref53
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref53
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref61
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref61
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref61
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref61
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref62
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref62
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref62
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref62
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref54
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref54
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref54
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref54
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref54
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref44
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref44
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref44
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref44
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref44
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref63
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref63
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref63
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref63
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref55
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref55
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref55
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref55
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref56
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref56
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref56
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref56
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref56
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref57
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref57
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref57
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref57
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref58
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref58
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref58
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref59
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref59
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref59
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref59
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref59
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref60
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref60
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref60
http://refhub.elsevier.com/S0002-9378(23)00441-6/sref60
http://www.AJOG.org

	Long-term outcomes of hysterectomy with bilateral salpingo-oophorectomy: a systematic review and meta-analysis
	Outline placeholder
	Introduction
	Objectives
	Methods
	Search strategy
	Eligibility criteria
	Study selection
	Data extraction
	Assessment of Grading of Recommendations Assessment, Development, and Evaluations
	Data synthesis

	Results
	Study selection
	Study characteristics
	Grading of Recommendations Assessment, Development, and Evaluations assessment
	Synthesis of results
	Cancer outcomes
	Cardiovascular diseases
	Cardiovascular risk factors
	Neuropsychiatric outcomes
	Musculoskeletal outcomes
	All-cause mortality

	Comment
	Principal findings
	Strengths and limitations
	Quality of the evidence, confounding, and bias
	Comparison against hysterectomy alone or no surgery
	Heterogeneity between the studies
	Conclusion and implications


	References


