
 

 

 University of Groningen

Beyond risk-reducing salpingo-oophorectomy
Fakkert, Ingrid Elizabeth

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Fakkert, I. E. (2017). Beyond risk-reducing salpingo-oophorectomy: On breast cancer risk and bone health.
[Thesis fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/5f301bc6-f957-452e-9b37-50a51198ad83


Beyond risk-reducing 
salpingo-oophorectomy

On breast cancer risk and bone health

Ingrid Elizabeth Fakkert



ISBN:  978-94-034-0077-8 (printed version)
 978-94-034-0076-1 (digital version)

Cover design: Ilse Schrauwers, isontwerp.nl
Layout & printing: Ridderprint BV, Ridderkerk

© Copyright: Ingrid E. Fakkert, 2017
All rights reserved. No part of this thesis may be reproduced, stored in a retrieval system or 
transmitted in any form or by any means without prior permission of the author and the publisher 
holding the copyright of the published articles.

The research described in this thesis was supported by a Junior Scientific Masterclass MD/PhD 
grant of the Graduate School of Medical Sciences Groningen. Part of this research was supported 
with unrestricted grants provided by Amgen, Menarini, Nycomed and Willpharma. The funders 
had no role in study design, data collection and analysis, decision to publish or preparation of the 
chapters in this thesis.





Promotores
Prof. dr. M.J.E. Mourits
Prof. dr. G.H. de Bock

Copromotor
Dr. J.C. Oosterwijk

Beoordelingscommissie
Prof. dr. J.P. van den Bergh
Prof. dr. ir. F.E. van Leeuwen
Prof. dr. R.H. Sijmons



Paranimfen
Heleen F. Fakkert
Stefan M. Wierda





 Content

Chapter 1 General introduction 9

Part I: Risk-reducing salpingo-oophorectomy and breast cancer risk

Chapter 2 Breast cancer screening in BRCA1 and BRCA2 mutation 
carriers after risk-reducing salpingo-oophorectomy 
Breast Cancer Res Treat 2011;129:157-64

31

Chapter 3 Breast cancer incidence after risk-reducing salpingo-
oophorectomy in BRCA1 and BRCA2 mutation carriers 
Cancer Prev Res (Phila) 2012;5:1291-7

45

Part II: Risk-reducing salpingo-oophorectomy and bone health

Chapter 4 Bone mineral density and fractures after surgical 
menopause: a systematic review and meta-analysis 
BJOG 2017;124:1525-35

61

Chapter 5 Bone mineral density and fractures after risk-reducing 
salpingo-oophorectomy in women at increased risk for 
breast and ovarian cancer 
Eur J Cancer 2015;51:400-8

119

Chapter 6 Elevated bone turnover markers after risk-reducing 
salpingo-oophorectomy in women at increased risk for 
breast and ovarian cancer 
PLoS One 2017;12:e0169673

143

Chapter 7 Summary and general discussion 165

Chapter 8 Nederlandse samenvatting 185

Appendices References 194

Dankwoord 218

Curriculum vitae 222



8



9

General introduction



10

Chapter 1

This thesis entitled ‘Beyond risk-reducing salpingo-oophorectomy: on breast 
cancer risk and bone health’ aims to increase knowledge of the effects of 
premenopausal risk-reducing salpingo-oophorectomy (RRSO) on breast cancer 
risk and bone health in women with a hereditary increased risk of breast and 
ovarian cancer. This general introduction summarises theories and background 
literature on RRSO in women at hereditary increased risk for breast and ovarian 
cancer, discusses existing knowledge on the consequences of RRSO on breast 
cancer risk and bone health, and identifies knowledge gaps. Furthermore, an 
overview of the aims and outline of this thesis are given.

Risk-reducing salpingo-oophorectomy
RRSO is the surgical removal of the fallopian tubes and ovaries, to reduce ovarian 
cancer risk. RRSO at premenopausal age is advised to women at hereditary 
increased risk of ovarian cancer, particularly women with hereditary breast and 
ovarian cancer (HBOC) syndrome caused by germline mutations in the BRCA1 or 
BRCA2 genes.

Germline BRCA1 and BRCA2 mutations
Women with a germline mutation in one of the BRCA1 or BRCA2 genes have 
substantially higher breast and ovarian cancer risks compared to women from 
the general population. Worldwide, breast cancer is the most common cancer in 
women, with a cumulative lifetime risk (CLTR) of 12% at age 85 (1,2). In contrast, 
CLTRs for breast cancer in BRCA1/2 mutation carriers are estimated to be 60 - 
80% (3-7). CLTRs for contralateral breast cancer are elevated and related to age at 
diagnosis of the first breast cancer, the use of adjuvant systemic therapy, time 
since first breast cancer and family history (7-12).

Ovarian cancer is less common in the general population, being the 7th 
cancer in women worldwide (2). In developed countries, it is the most lethal 
gynaecological cancer (2). Of all ovarian cancers, 90% are from epithelial origin. 
Of these, 70% are high grade serous epithelial cancers (13). Ovarian, fallopian 
tube and peritoneal serous epithelial cancer were previously considered different 
disease entities. However, they have similar histology and clinical behaviour and 
it is now postulated that the majority has a common origin in the distal fallopian 
tubes (14,15). Other histological subtypes of epithelial ovarian cancer include 
clear-cell, endometrioid, and mucinous, which originate from endometrial, germ 
cell or transitional cell tissue (14,15). When ovarian cancer is mentioned in this 
thesis, this implies all types of non-uterine serous epithelial cancer and all other 
types of epithelial ovarian cancer.



11

General introduction

1
In the general Dutch population, CLTRs for ovarian cancer are a little over 1% at 
age 85, while for BRCA1 and BRCA2 mutation carriers CLTRs are estimated to be 
30 - 60% and 5 - 35% respectively (1,4-7). Mean age at ovarian cancer diagnosis is 
about 50 years in BRCA1 mutation carriers and 55 - 60 years in BRCA2 mutation 
carriers (16,17), while diagnosis before age 40 is rare (4,7). Most ovarian cancers 
in BRCA1/2 mutation carriers are high grade serous cancers (18). In 10 - 20% of 
ovarian cancers, germline BRCA1/2 mutations are found (19-24).

Reducing ovarian cancer risk in BRCA1 and BRCA2 gene mutation carriers
Up until 2009, BRCA1/2 mutation carriers in the Netherlands and other developed 
countries were offered ovarian cancer screening, with the aim of improving 
survival by diagnosing ovarian cancer at an early, curable stage. Screening 
consisted of annual pelvic examination, transvaginal ultrasound and serum 
tumour marker CA-125 testing (25). This screening protocol was proven to be 
ineffective (26-30). Many screening visits were necessary to detect a low number 
of ovarian cancers and interval cancers were common. Most importantly, 
both interval and screen detected cancers were advanced stage disease and no 
survival benefit of screening was observed (26-30). In contrast, RRSO is highly 
effective in reducing ovarian cancer risk. Two meta-analyses reported ovarian 
cancer risk reductions of 80% after RRSO in BRCA1/2 mutation carriers, although 
a residual risk of peritoneal cancer remained (31,32). Individual studies showed 
risk reductions up to 96%, associated with a younger mean age at RRSO (33,34). 
RRSO in BRCA1/2 mutation carriers reduces overall mortality up to 68% (32). The 
laparoscopic procedure of RRSO in BRCA1/2 mutation carriers was shown to be 
safe with low conversion and complication rates (35).

Therefore, since 2009, ovarian cancer screening has increasingly been 
discouraged. The most recent guideline recommends not to offer ovarian cancer 
screening to BRCA1/2 mutation carriers anymore (36). Currently, RRSO is advised 
to BRCA1 mutation carriers between age 35 and 40 and to BRCA2 mutation 
carriers between age 40 and 45, i.e. after childbearing is complete and before 
ovarian cancer incidence increases (4,36,37). Median age at natural menopause 
is 51 (38,39), thus RRSO in BRCA1/2 mutation carriers is advised between 6 and 16 
years before the expected age of natural menopause.

Other indications for RRSO
In women from HBOC families without germline BRCA1/2 mutations, breast 
and ovarian cancer risks can be estimated by various models, and estimated 
risks depend on tumour characteristics and number and age of onset of affected 
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family members (40-42). The most recent Dutch guideline advises not to perform 
RRSO without previous genetic testing, and in families without a detecTable 
BRCA1/2 mutation, to only perform RRSO in women who’s CLTR of ovarian cancer 
estimated by a clinical geneticist exceeds 10%. This is the case in women with two 
or more relatives with ovarian cancer (including one first-degree relative) and 
women carrying a Lynch syndrome mutation (36). However, recommendations 
for RRSO in women with Lynch syndrome are under debate, because ovarian 
cancer associated with Lynch syndrome is often diagnosed in an early stage 
with frequently endometroid or clear cell histology, thus surveillance aiming at 
early detection seems a reasonable alternative (43).

Long-term health consequences of RRSO
RRSO at premenopausal age induces acute menopause at an early age, which 
results in short- and long-term health consequences. In order to understand 
possible consequences of RRSO, differences between natural and surgical 
menopause are explained below.

Natural menopause and ovarian steroid hormones
In premenopausal women, functional ovaries produce steroid hormones, 
including oestrogens (oestradiol, oestrone and oestrone sulphate), progesterone 
and androgens (dehydroepiandrosterone [DHEA], androstenedione and 
testosterone) (44,45). The maturing follicle produces oestrogens, progesterone and 
androgens, and stromal cells produce androgens (44,45). In the late reproductive 
years, typically after age 40, menstrual cycles are mostly ovulatory, but begin 
to shorten (46,47). Levels of oestrogens remain within normal ranges, while 
progesterone levels in the luteal phase of the menstrual cycle decrease (46,48). 
During menopausal transition, also called perimenopause, at a median age of 47, 
menstrual cycle length becomes irregular, levels of oestrogens start to fluctuate, 
with hyper- and hypo-oestrogenic cycles, and luteal phase progesterone levels 
decrease (39,46,49-51). After several years of irregular menses, women experience 
permanent cessation of menses and secretion of oestrogens and progesterone 
by the ovaries permanently stops (46,52). Natural menopause in women with 
an intact uterus is defined as the permanent cessation of menstrual periods 
resulting from the loss of ovarian follicular activity and can be established 
after 12 months of amenorrhea for which there is no obvious other pathological 
or physiological cause (53). Median age at natural menopause is 51 years (38,39). 
Levels of androgens in women decline with aging from the early reproductive 
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years (54). After natural menopause, ovarian stromal cells continue to produce 
androgens and the age-related decline of levels of androgens is not affected by 
natural menopause (45,54,55). 

The adrenal glands also produce androgens (dehydroepiandrosterone 
sulphate, DHEA, androstenedione and testosterone) (44). Furthermore, 50% of 
testosterone production results from peripheral conversion of androstenedione 
by 17β-hydroxysteroid dehydrogenase in liver, adipose tissue and skin cells (44). 
The most potent androgen, dihydrotestosterone (DHT), is a product of peripheral 
conversion of testosterone by 5β-reductase in its target cells (44). Androgens can 
be converted to oestrogens in a reaction catalysed by the enzyme aromatase. In 
postmenopausal women, aromatase is primarily expressed in adipose tissue, skin 
fibroblasts, and in target tissues for oestrogens, such as breast, bone and brain 
cells (56). After natural menopause, levels of circulating oestrogens decrease, but 
target tissues locally produce oestrogens from circulating androgens (57).

Surgical menopause and ovarian steroid hormones
In contrast to gradual changes in ovarian steroid hormone levels during 
perimenopause and natural menopause, after surgical menopause, secretion 
of ovarian hormones is stopped acutely. As the indication for RRSO in BRCA1/2 
mutation carriers is posed before the ovarian cancer incidence rises, this is 
mostly before the age of perimenopause or natural menopause. After surgical 
menopause, circulating levels of oestrogens and androgens are lower than after 
natural menopause (58).

Health consequences after natural and surgical menopause
Changes in ovarian steroid hormone levels during menopause are associated 
with several symptoms and health effects. Vasovagal symptoms, behavioural 
changes and decreased sexual desire may occur from perimenopause until long 
after menopause. Health effects that may become apparent after a longer time 
after menopause are decreased bone health, urogenital atrophy, increased risk of 
cardiovascular disease, changed risks of various cancers and possibly cognitive 
decline (45,46,59). Because surgical menopause occurs at a younger age, is more 
acute, and ovarian steroid hormone production is stopped completely, it is 
generally assumed that symptoms and health effects associated with menopause 
appear more rapidly and severely after surgical compared to natural menopause 
(60). This hypothesis is supported by the finding that surgical menopause before 
age 45 is associated with increased mortality in the general population (61). 
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Although premenopausal RRSO is currently the only proven effective measure 
to reduce ovarian cancer risk, a knowledge gap remains regarding its long-term 
health consequences (62-64). Knowledge on these long-term health consequences 
can be used to improve patient education, targeted prevention and treatment, 
and to avoid overdiagnosis and overtreatment. This thesis will focus on long-
term consequences of RRSO on two health issues: breast cancer risk (Part I) and 
bone health (Part II).

Part I: Risk-reducing salpingo-oophorectomy and breast cancer risk
Breast cancer and ovarian steroid hormones
Normal breast development as well as breast cancer risk are associated with 
circulating levels of ovarian steroid hormones. Actual mechanisms of the effects 
of ovarian steroid hormones on breast tissue are not fully understood.

Normal breast development
Human breast tissue contains multiple glandular structures formed by 
dichotomous branching of multiple ducts arising from the nipple. These ducts 
are lined with luminal epithelial cells, surrounded by a layer of myoepithelial 
cells and a basement membrane. The stromal tissue between the glandular 
structures consists of fat and fibrous tissue (65-67). Until puberty, breast growth 
is isometric in relation to the body under the influence of growth hormone (GH) 
and insulin-like growth factor 1 (IGF-1) (68). During puberty, the breast undergoes 
its first phase of allometric growth due to increasing volumes of ducts and 
stromal tissue (65). The ductal network grows and divides into bundles of primary 
and secondary ducts, ending with end buds. From the end buds and ductal side 
branches, terminal duct lobulo-alveolar units (TDLUs) form. In non-pregnant 
women, breast epithelium undergoes small cyclical changes in proliferative and 
apoptotic activity (66). During pregnancy, the breast undergoes its second phase 
of allometric growth. More TDLUs are produced and reach full differentiation to 
synthesize and secrete milk for lactation (66,69). After pregnancy and lactation, 
the mammary gland regresses to a pre-pregnancy state (69). After menopause, 
the breast undergoes involution by increasing atrophy of glandular tissue and 
fibrosis of the stromal tissues (70).

Normal breast development and ovarian steroid hormones
Ovarian steroids mediate their effect on breast tissue by binding to nuclear 
oestrogen (ER), progesterone (PR) and androgen receptors (AR), that subsequently 
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bind specific DNA sequences within gene promoter regions and regulate 
transcription (65,66,71). Two ER subtypes (ERα and ERβ), two PR isoforms (PRA 
and PRB) and one AR have been observed (71-73). The main receptor mediating 
the effects of oestrogens on breast tissue is ERα (74). ERα and PR are expressed 
in 15-30% of the luminal epithelial cells, where most proliferation occurs (65,66). 
PR expression is regulated by oestrogens (75,76). In normal breast tissue, cells 
expressing a single hormone receptor are more common than cells expressing 
both ERα and PR (77). Both oestrogens and progesterone mainly promote 
proliferation of ERα and PR negative cells through paracrine signals from ERα 
and PR positive cells (78-80). However, a small proportion (< 0.5 – 2%) of ERα and 
PR positive cells have proliferative capacity (81). AR is expressed in luminal cells, 
stromal fibroblasts and adipocytes (71). Androgens act directly on breast tissue 
by binding AR or indirectly after aromatisation into oestrogens (71). In normal 
breast tissue, androgens inhibit growth.

Women without functional ERα do not show breast development in puberty 
(82). Epithelial proliferation rates of breast tissue are maximal during the luteal 
phase of the menstrual cycle, when both oestrogens and progesterone are being 
secreted by the corpus luteum, and relatively low during the follicular phase, 
when progesterone levels are at their lowest (65,83,84). It is hypothesized that 
postmenopausal regression of breast tissue is a consequence of unopposed 
androgen action, as circulation oestrogen levels decrease more than androgen 
levels (71).

Breast cancer and ovarian steroid hormones
Higher endogenous postmenopausal levels of oestrogens are associated with 
increased breast cancer risk (85,86). Several but not all studies find increased breast 
cancer risks for women with higher premenopausal levels of oestrogens (87-95). 
However, numbers of premenopausal breast cancers were low in most studies 
and associations might be different according to phase of the menstrual cycle and 
ERα/PR status of the breast cancer (87-95). It remains unclear if premenopausal 
levels of oestrogens are associated with postmenopausal breast cancer risk (88). 
Studies on endogenous progesterone levels describe either no association with 
breast cancer risk or a protective effect of higher levels (87,88,90,92,96). Higher 
endogenous levels of androgens were associated with increased breast cancer 
risk in both premenopausal and postmenopausal women in some, but not all 
studies (86,88-90,97).

Next to endogenous ovarian steroid hormones, exogenous hormones affect 
breast cancer risk. Several meta-analyses concluded that current and recent use 
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of combined oral contraceptives are associated with increased breast cancer 
risk. Ten years after cessation of oral contraceptive use, breast cancer risk is 
comparable to the breast cancer risk in never users (98,99). Studies on the effect 
of duration of use, different formulations of oral contraceptives and the risk of 
ERα positive and negative tumours were inconclusive (98-103).

Observational studies report an increased breast cancer risk after 
postmenopausal hormonal replacement therapy (HRT) with oestrogens only, 
but randomised controlled trials (RCT) report no significant relation with 
breast cancer risk or indicate a reduced risk (104-112). Postmenopausal HRT 
with oestrogen-progestogen is associated with increased breast cancer risk in 
both observational studies and RCTs (104-107,113-115). Breast cancer risk was not 
increased in women using exogenous androgens, but only few long-term studies 
are available (97).

Oestrogens may increase breast cancer risk by paracrine ERα dependent 
mechanisms through enhanced cell proliferation, which is associated with 
a high risk of errors in DNA replication and activation of proto-oncogenes and 
oncogenes (116). In addition, oestrogens might increase breast cancer risk by 
ERα independent mechanisms through DNA damage induced by metabolites 
of oestrogens (116). A more recent theory is the cancer stem cell theory, where 
only a small subset of cancer stem cells are believed to drive and sustain tumour 
growth. Breast cancer stem cells lack ERα and PR expression or express it at very 
low levels, but are hypothesized to be influenced via paracrine mechanisms 
(117). Progesterone stimulates proliferation of mammary stem cells in mice and 
there is growing evidence that it stimulates breast cancer stem cells and thus 
promotes breast cancer risk in humans (75). It is unclear if circulating androgens 
can increase breast cancer risk directly, or only indirectly after aromatisation to 
oestrogens (97).

Other breast cancer risk factors and ovarian steroid hormones
Reproductive factors associated with longer exposure to endogenous oestrogens, 
such as earlier age at menarche and older age at menopause, are associated 
with higher breast cancer risks (118,119). Obesity and adult weight gain are 
associated with an increased risk of postmenopausal breast cancer, which has 
mainly been attributed to high endogenous levels of oestrogens as a result of the 
aromatisation of androgens in peripheral fat tissue (120-126).

Women with a younger age at first pregnancy have a lower risk of ERα and PR 
positive breast cancer than women who are older at first pregnancy or nulliparous 
women (127,128). Several explanations for this finding were proposed, including 
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persistent alterations in systemic hormone levels, growth factors, stromal 
composition, hormone responsiveness, maintained differentiation of epithelial 
cells and decreased number of stem cells (129-131). Recent studies suggest that early 
pregnancy reduces the proportion of hormone receptor positive cells and induces 
decreased proliferation of stem and progenitor cells (129,132). Breastfeeding 
has been shown to reduce breast cancer risk independent from parity (133-137).  
Postulated mechanisms for this risk reduction include delayed reestablishment 
of ovulatory cycles, changes in levels of circulating oestrogens, prolactin and GH, 
and increased numbers of differentiated and decreased numbers of proliferative 
epithelial cells (118,135-137). There are indications that breast feeding particularly 
reduces ERα and PR negative breast cancer risk (136,137).

Women with higher breast density at mammography are at increased risk of 
breast cancer and higher breast density can mask breast cancer on mammograms 
(138-140). Breast density declines with age, and this decline is steeper at time of 
menopausal transition and after surgical menopause (141). However, studies on 
the relation between ovarian steroid hormone levels and breast density have been 
inconclusive, some reported a positive association between endogenous levels of 
oestrogens and breast density, but most concluded they were independent risk 
factors (142-146). 

Breast cancer in BRCA1/2 mutation carriers
Most invasive breast cancers in both the general population and BRCA1/2 
mutation carriers are invasive carcinoma of no special type (previously invasive 
ductal carcinoma) (147,148). BRCA1 associated breast cancers are often of the basal 
subtype (i.e. with a genetic expression profile similar to myoepithelial breast 
cells (149)), a higher mitotic index, higher grade and triple-negative (i.e. ER, PR 
and Human Epidermal growth factor Receptor 2 (HER2) negative) (148,150-152). 
BRCA2 associated breast cancers are often of the luminal type (i.e. with a genetic 
expression profile similar to luminal breast cells (153)) and ERα and PR positive 
(154,155). For BRCA1 associated breast cancer, the percentage of ERα and PR positive 
cancers increases with age, while for BRCA2, this percentage decreases (152,156). 
It is hypothesized that both in luminal and basal breast cancer, the cell of origin 
might be the same luminal progenitor cell that may either be ERα positive or 
negative (157). The eventual phenotype likely depends on genetic background 
and specific DNA mutations and germline BRCA1 mutations may pre-programme 
cancer cells to a basal-like phenotype (157,158).
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Breast cancer screening in BRCA1/2 mutation carriers
Breast cancer screening in BRCA1/2 mutation carriers consists of annual MRI and 
clinical breast examination from age 25, to which annual mammography is added 
from age 30 (159). MRI is important in this screening protocol, because sensitivity 
of mammography was lower in BRCA1/2 mutation carriers, in dense breasts, 
and in women younger than age 50 (160-162). Several large prospective studies 
reported that multimodality breast cancer screening with mammography 
and MRI, sometimes also adding ultrasound and clinical breast examination, 
is effective (160,163-179). The evidence on survival in BRCA1/2 mutation carriers 
screened with MRI and mammography is limited, but recent studies indicate 
improved metastasis free survival in BRCA1 and overall survival in BRCA2 
mutation carriers (180,181). To prevent first or second breast cancer, women with 
BRCA1/2 mutations may opt for risk-reducing mastectomy (RRM). RRM reduces 
breast cancer risk with about 90% for both first and contra-lateral breast cancer 
(182,183) and is associated with limited improved overall survival (184). RRM may 
also reduce fear of developing breast cancer and prevent breast cancer treatment 
related morbidity.

RRSO and breast cancer risk
Because levels of oestrogens and breast density are decreased after surgical 
menopause, and higher levels of oestrogens and breast density are both associated 
with increased breast cancer risk, breast cancer risk is likely to be reduced after 
RRSO. The acute cessation of ovarian progesterone and androgen production 
might add to this risk reduction. A decline in breast density after RRSO might 
also increase sensitivity of breast cancer screening by mammography. 

Breast cancer incidence after RRSO
A protective effect of surgical menopause on breast cancer risk in the general 
population was shown in several population based studies (185-187). For both 
BRCA1 and BRCA2 mutation carriers, a meta-analysis combining all studies 
on breast cancer risk after RRSO until 2009 reported a 50% risk reduction (31). 
Because most breast cancers in BRCA1 mutation carriers are ERα negative, while 
in BRCA2 mutation carriers ERα positive tumours are common (152), it has been 
hypothesized that RRSO has a different effect on breast cancer risk in BRCA1 
and BRCA2 mutation carriers (188). Three studies included in the meta-analysis 
studied breast cancer risk after RRSO for BRCA1 and BRCA2 mutation carriers 
separately, but they report inconclusive results and had limited power to identify 
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a possible difference due to low numbers of BRCA2 mutation carriers (31,189-191). 
A more recent prospective study showed a risk reduction in both BRCA1 and 
BRCA2 mutation carriers, however the risk reduction in BRCA2 mutation carriers 
(HR 0.36; 95% CI 0.16 - 0.82) appeared stronger than in BRCA1 mutation carriers 
(HR 0.63; 95% CI 0.41 - 0.96) (192). It was not known if reduced breast cancer risks 
after RRSO alter the effectiveness of multimodality breast cancer screening 
in BRCA1/2 mutation carriers. More recently, it was postulated that previously 
reported RRSO-induced breast cancer risk reductions were mainly the result of 
bias (193). This theory was not actual at the time our studies were performed and 
will be discussed in more detail in the discussion of this thesis.

Part II: Risk-reducing salpingo-oophorectomy and bone health
Bone health and ovarian steroid hormones 
Normal bone development as well as osteoporosis risk are strongly associated 
with circulating levels of ovarian steroid hormones and the underlying 
mechanisms are increasingly well understood.

Normal bone development
During childhood, bone is modelled by formation of new longitudinal and radial 
bone to achieve the final shape and size of the skeleton (194). During adulthood, 
bone is remodelled by resorption of old bone and formation and mineralisation of 
new bone, to maintain structure and strength. This is called bone turnover (194). 
Osteoclasts are responsible for bone resorption and osteoblasts for bone formation 
(195). After completion of their function, all osteoclasts undergo apoptosis after 
1 to 25 days, and most osteoblasts after 1 to 200 days. Some osteoblasts reside in 
the bone matrix and transit into osteocytes. Osteocytes are stellate cells that 
regulate bone formation and resorption in response to mechanical factors (195). 
Bone resorption and formation are linked in time and space (195). Bone resorption 
precedes bone formation and the process of resorption is faster, thus after a 
sudden increase in remodelling rate, there is a temporary imbalance (194).

Normal bone development and ovarian steroid hormones
Prior to menarche, longitudinal and radial growth of the skeleton is influenced by 
GH, IGF-1, thyroid hormones and glucocorticoids (196). After menarche, oestrogens 
stimulate rapid mineralisation of the skeleton and additional longitudinal and 
radial growth (197). Mechanisms of bone mass acquisition during puberty and 
relative roles of oestrogens and androgens are not fully understood (198). Levels of 
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oestrogens and GH are tightly related during puberty and oestrogens stimulate 
growth through increased pituitary GH secretion after stimulation of ERα and 
ERβ in the hypothalamus and anterior pituitary (199). Testosterone stimulates 
GH secretion after conversion to oestrogens, but DHT can increase growth 
velocity independent of the GH – IGF-1 axis (199). In late puberty, oestrogens 
induce epiphyseal closure, by accelerating growth plate senescence (194,196,199). 
During puberty bone mineral density (BMD) increases until peak bone mass is 
reached at the age of about 25 to 35 years (194,196,197). Timing of peak bone mass 
within individuals varies between skeletal sites and bone compartment, and 
between individuals depending on genetic and epigenetic factors, sex, timing 
of adolescent growth spurt and lifestyle factors (198). After acquiring peak bone 
mass, age-related bone loss occurs. Rate of bone loss increases in perimenopause. 
Postmenopausal women experience rapid bone loss for 8 to 10 years, because 
bone resorption increases more than bone formation after cessation of ovarian 
production of oestrogens (196,197). The lifetime changes in BMD are shown in 
Figure 1.1.

Figure 1.1: Hypothetical influence of RRSO at age 40 on femoral neck BMD
Curves for childhood BMD up to age 16 (200) and adult curves (201) are not from the same population and 
peak bone mass is achieved at a relatively young age in this curve. 
Abbreviations: BMD is bone mineral density; NM is natural menopause; RRSO is risk-reducing salpingo-
oophorectomy.

Postmenopausal bone loss is partially caused by deficiency of oestrogens (197). 
Oestrogens act directly on osteoblasts, osteoclasts, their precursors, and cells 
that modulate bone cell activity such as B-lymphocytes, by binding to ERα in the 
nucleus, on the cell membrane and in the cytosol, to regulate gene transcription 

Menopause

Osteoporosis
Percentile for BMD of NM women
BMD of NM woman
Hypothetical BMD of women with RRSO
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(195,196). Oestrogens promote osteoclast apoptosis and inhibit osteoblast 
and osteocyte apoptosis (196,197). In addition, oestrogens suppress receptor 
activation of nuclear factor kappa B ligand (RANKL) production in osteoblasts 
and B-lymphocytes. RANKL is required for osteoclast activation and survival 
(196,197,202). Also, oestrogens increase osteoprotegerin (OPG) production by 
osteoblasts, which neutralises RANKL (196,197). Deficiency of oestrogens leads to 
an increased RANKL/OPG ratio which favours bone resorption (197). Oestrogens 
modulate production of cytokines by bone marrow stromal mononuclear cells 
and osteoblasts that control osteoclast activity by paracrine action (197). Because 
bone loss starts in perimenopausal women, with often normal or high oestrogen 
levels and decreasing luteal phase progesterone levels, it is hypothesized 
that progesterone affects BMD as well (203). Progesterone might stimulate 
bone formation by osteoblasts, because progesterone stimulated osteoblast 
differentiation after oestrogen induction of PR in cell line studies (203). Markers 
of bone formation increased in perimenopausal women with ovulatory cycles 
compared to an-ovulatory cycles (203). Postmenopausal hormone therapy with 
oestrogen-progestin increased BMD more than oestrogen only preparations 
(204). Androgens affect bone cells directly by binding AR and indirectly after 
aromatisation to oestrogens (195). In vitro evidence suggests that testosterone 
and DHT act directly on osteoclast progenitors and mature osteoclasts to inhibit 
osteoclastogenesis and promote apoptosis. However, in mice with osteoclast-
specific AR deletions, there is no change in osteoclast number or bone mass (195).

Osteoporosis and ovarian steroid hormones
Osteoporosis is a condition of increased fracture risk due to enhanced bone 
fragility, characterised by low bone mass and micro-architectural deterioration 
(202). The association between the decline of levels of oestrogens due to 
menopause and an increased risk of osteoporosis is long known (205). In the 
Netherlands, 43.1 per 1000 women are estimated to have osteoporosis, compared 
to 7.5 per 1000 men (206). From age 50, the year prevalence of osteoporosis is 
approximately five times as high for women as for men (206). Before age 50, 
fracture incidence is greater in men than in women, while after age 50, fracture 
incidence is about 50% higher in women than in men (207,208). Higher levels of 
endogenous circulating oestrogens and testosterone are associated with higher 
BMD in postmenopausal women (209-213). BMD is lower in adolescent women 
using combined oral contraceptives, while BMD in adult premenopausal women 
is similar in women who do and do not use oral contraceptives (214,215). In peri- 
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and postmenopausal women oral contraceptive use maintains BMD (214,215). 
No overall associations were described for oral contraceptive use and fracture 
risk, however, fracture risk might be increased in several subgroups, including 
long-term users (216). Postmenopausal HRT with oestrogens only or oestrogen-
progestogen increased BMD and decreased fracture incidence (106,108,113,217-
219).

Other osteoporosis risk factors and ovarian steroid hormones
Although many factors related to exposure to endogenous ovarian steroid 
hormones have been proposed to affect osteoporosis risk, few studies provide 
consistent results. A later age at menarche does not seem to be an important 
risk factor for low BMD (220,221). In women that never used HRT, lower age at 
natural menopause is associated with lower BMD and higher fracture risk after 
controlling for other risk factors for osteoporosis (222). Low body mass index 
(BMI) is a risk factor for most fractures, while higher BMI is associated with lower 
fracture risk, although these associations are not linear and not applicable to all 
fracture sites (223). Parity is associated with decreased hip fracture risk, which 
might be explained by higher exposure to oestrogens during pregnancy (224). 
However, other explanations were proposed including pregnancy associated 
weight gain, increased bone formation or alter loading of the hip joint (224,225).

Fracture risk assessment related to T- and Z-scores
Osteoporosis is diagnosed by measurement of BMD by dual energy X-ray 
absorptiometry (DXA), as advised by the world health organisation (WHO) in 
1994 (226,227). Osteoporosis diagnosis is based on a T-score for BMD, representing 
the number of SDs an individual’s BMD differs from young adult mean BMD 
(peak bone mass). A T-score ≤ -1 and > 2.5 is considered osteopenia and a T-score 
of ≤ 2.5 is considered osteoporosis (226). However, these cut-offs are arbitrary 
and fracture risk increases gradually with decreasing BMD. Each SD decrease in 
BMD is associated with a two to three fold increase in fracture risk (228-230). 
Most fractures occur in persons with osteopenia, indicating an important role 
for other risk factors for fractures, next to BMD. Because BMD is strongly age-
related, international guidelines advise to use Z-scores when evaluating fracture 
risk in premenopausal women (231). Z-scores represent the number of SDs an 
individual’s BMD differs from the mean BMD for their age. Figure 1.2 shows the 
relations between BMD in g/cm2, T-scores and Z-scores.
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Figure 1.2: Relation of femoral neck BMD as measured by DXA, T-scores and Z-scores.
Data retrieved from Looker 1998 (201).
Abbreviations: BMD is bone mineral density; g/cm2 is grams per centimetre2.

Although BMD measurement by DXA is advised to diagnose osteoporosis, several 
other methods to evaluate bone health and estimate fracture risk are available. 
Bone turnover markers (BTMs) in blood and urine have been suggested to predict 
fracture risk independently of BMD (232). These BTMs are collagen breakdown 
products and other molecules released from osteoclasts and osteoblasts during 
the process of bone remodelling. Markers specific for bone formation include 
bone-specific alkaline phosphatase (BALP), osteocalcin (OC) and N-terminal 
propeptide of type 1 procollagen (PINP). Markers specific for bone resorption 
include N-telopeptide of type 1 collagen (NTX), C-terminal telopeptide of type 1 
collagen (CTX) and pyridinoline cross-links (232). The use of BTMs in individual 
patients in clinical practice is yet limited, due to a large random within-patient 
variability, biologic variability, and poor standardization of assays (232). Serum 
PINP and CTX have been identified as most promising BTMs for clinical use by 
the International Osteoporosis Foundation (IOF) and the International Federation 
of Clinical Chemistry and Laboratory Medicine (IFCC) (233).

Guidelines on fracture risk assessment and RRSO
Current Dutch guidelines advise to measure BMD and perform vertebral fracture 
assessment in patients with a fracture at age ≥ 50 or in patients > 60 with a fracture 
risk score of more than four points. Within this risk score, bilateral oophorectomy 

Osteopenia

Osteoporosis
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without HRT is considered a secondary cause of osteoporosis and is valued one 
point. Thus, systematic BMD measurement for women with surgical menopause 
is not advised, unless they have other risk factors for fractures (227). In addition, 
according to the Dutch guideline on hereditary ovarian cancer, women with 
RRSO and without a history of breast cancer can be prescribed HRT until the 
assumed age of natural menopause. BMD measurement can be performed in 
those women with RRSO before age 45 who do n0t use HRT (36).

RRSO and bone health
Because surgical menopause occurs at a younger age than natural menopause 
and ovarian steroid hormone production is stopped acutely and completely, it 
is likely that bone loss would occur at an earlier age and a faster rate than after 
natural menopause. This might lead to lower BMD and increased fracture risk in 
women after RRSO when compared to women of the same age without surgical 
menopause. In Figure 1.1, a dotted line represents the hypothetical course of BMD 
after surgical menopause. 

Bone health after RRSO
Several retrospective observational studies reported deterioration of bone 
health after RRSO (64,234-236). However, most of these studies were small with 
few events, did not measure BMD systematically in a consecutive sample and 
often lacked a reference population without RRSO. Michelsen et al. reported 
that 8% of women with RRSO were ‘told by their physician that they had 
osteoporosis’, compared to 3% of age-matched controls (p = 0.02) (234). Challberg 
et al. described that in 119 women with RRSO before the age of 48, women who 
had ≥ 24 months of deprivation of oestrogens had significantly more osteopenia 
and osteoporosis (16%) than women without deprivation of oestrogens (46%; p 
= 0.03) (235). Cohen et al. reviewed the medical files of 226 women with RRSO, 
of whom 152 had DXA results available (236).  Osteoporosis prevalence did not 
differ significantly between women with RRSO < age 50 (9%) or ≥ 50 (20%), while 
mean age in the RRSO ≥ 50 women was higher. Pezaro et al. described 61 women 
with premenopausal RRSO, of whom 35 reported to have a DXA scan of whom 
13 reported to be diagnosed with osteoporosis (64). To date, no studies on BTMs 
after RRSO in BRCA1/2 mutation carriers have been published. However, studies 
on BTMs after surgical menopause in the general population indicate that 
BTMs increase immediately after surgical menopause (237-239). Bone resorption 
markers increase faster than bone formation markers, but with time their ratios 
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normalise (237,238,240). Studies comparing BTMs in women with surgical and 
natural menopause provide conflicting results as some find increased BTMs 
after surgical menopause compared to natural menopause (241), while others 
find no differences (242,243).

Thus, although current literature supports the hypotheses of decreased BMD 
and increased fracture risk after RRSO, the published studies are liable to bias 
and do n0t provide solid comparisons to women without RRSO.

Outline of this thesis
This thesis aims to gain more knowledge on two specific consequences of RRSO: 
a possible positive effect on breast cancer incidence and a possible negative effect 
on bone health.

Part I: Risk-reducing salpingo-oophorectomy and breast cancer risk
After RRSO, breast cancer risk is reported to be reduced by 50% compared to high 
risk women without RRSO, and breast density is assumed to decrease. These 
factors are likely to influence the effectiveness of the individual breast cancer 
screening modalities, with probably a higher sensitivity for mammography and 
less need for MRI-screening. Therefore, in Chapter 2, the effectiveness of breast 
cancer screening in BRCA1 and BRCA2 mutation carriers after RRSO was studied 
in a retrospective cohort study. Sensitivity, specificity, positive and negative 
predictive value of MRI, mammography and clinical breast examination 
after RRSO were evaluated and compared to the effectiveness of breast cancer 
screening before RRSO described in literature.

In Chapter 2, breast cancer incidence was higher than expected after RRSO 
based on earlier findings and theories. Therefore, in Chapter 3, the observed 
breast cancer incidence after RRSO was compared to expected incidence, using 
previous breast cancer risk estimates in BRCA1 and BRCA2 mutation carriers in 
the Northern Netherlands and based on a hypothetical risk reduction of 50%.

Part II: Risk-reducing salpingo-oophorectomy and bone health
We hypothesized that after surgical menopause, BMD would decrease faster 
and fracture risk would increase more than after natural menopause. Therefore, 
in Chapter 4, current knowledge on bone health after surgical menopause was 
summarised in a systematic review and meta-analysis of BMD and fracture 
incidence, using studies that compared women after surgical menopause with 
age-matched women without surgical menopause. 
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Because a deteriorating effect of RRSO was described in several studies, a 
consecutive cohort of women that had undergone RRSO because of familial or 
hereditary elevated risks of ovarian cancer, were invited for measurement of 
BMD by DXA, blood sampling and a questionnaire on fracture incidence and 
risk factors for osteoporosis. Chapter 5 describes the findings of this study with 
respect to BMD and fracture incidence. As BMD changes slowly, and fractures are 
long-term complications of low BMD, it would be practical to have early markers 
that can predict osteoporosis and future fracture risk. Bone turnover markers 
have been shown to predict changes in BMD and fracture risk in the general 
population, so they might be potential predictive markers of osteoporosis and 
fractures in women with RRSO. In Chapter 6 the results of the analysis of bone 
turnover markers in the cohort of women 5 years after RRSO were described.

In Chapter 7 the findings of the previous chapters are summarised and 
discussed in the context of current literature and knowledge. Suggestions for 
clinical implications of our results and for future research are provided.
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Abstract
Background: Breast cancer screening is offered to BRCA1 and BRCA2 mutation 
carriers from the age of 25 years because of their increased risk of breast cancer. As 
ovarian cancer screening is not effective, risk-reducing salpingo-oophorectomy 
(RRSO) is offered after child bearing age. RRSO before menopause reduces the 
breast cancer risk as well as breast density. It can be questioned whether after 
premenopausal RRSO, the intensive breast cancer screening program needs 
modification.
Methods: We evaluated the effectiveness of breast cancer screening by clinical 
breast examination (CBE), mammography, and MRI in a population of 88 BRCA1 
and 51 BRCA2 mutation carriers who had RRSO before the age of 52. Sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) 
were calculated for each screening modality.
Results: During 422 women years, 14 breast cancers were diagnosed; 2 prevalent, 
10 screen detected and 2 interval breast cancers (12 in BRCA1 and 1 in BRCA2 
mutation carriers). Sensitivity, specificity, PPV, and NPV for the combined 
screening were 85.7%, 97.6%, 30.0%, and 99.8%, respectively. No tumours were 
found with CBE, MRI had a sensitivity of 60.0% and mammography of 55.6%. Off 
all the tumours, 60% were node positive.
Conclusion: Effectiveness of CBE and mammography was comparable to earlier 
findings. MRI screening seemed less effective than earlier findings. After RRSO, 
the breast cancer risk in BRCA1 and BRCA2 mutation carriers is still high enough 
to justify intensive breast cancer screening with MRI and mammography.
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Introduction
Breast cancer is the most common cancer in women and the lifetime risk 
of developing breast cancer for individual women in western countries is 
approximately 12 – 13% (1). Women with a family history of breast and/or ovarian 
cancer can have substantially higher risks (42). For women with a proven BRCA1 
or BRCA2 mutation, life time risk can reach up to 65 – 80% for breast cancer 
and 45% for ovarian cancer by the age of 70 (5,6). In the Northern Netherlands 
we found a cumulative breast cancer risk of 71.4% (95% CI 67 – 82%) for BRCA1 
mutation carriers and 87.5% (95% CI 82 – 93%) for BRCA2 mutation carriers by age 
of 70. For ovarian cancer these risks were 58.9% (95% CI 54 – 64%) and 34.5% (95% 
CI 25 – 44%), respectively (4).

Female mutation carriers are counselled on different risk reducing strategies, 
e.g. screening or prophylactic surgery. Prophylactic mastectomy strongly reduces 
the breast cancer risk, with about 90% at the age of 70 when conducted at the 
age of 38 years (183,244). Intensive breast cancer screening in mutation carriers 
consists of annual MRI, mammography, and clinical breast examination (CBE) 
and can reach a sensitivity of more than 90% in finding early stage breast cancer 
in mutation carriers (163,170,173,175,245). For ovarian cancer, it was recently 
shown that current screening protocols are ineffective in detecting early stage 
ovarian cancer in mutation carriers and the only effective strategy to prevent 
ovarian cancer death is a risk reducing salpingo-oophorectomy (RRSO), which is 
eventually chosen by approximately 70% of these women (27,28,246,247).

When this procedure is performed before the age of 50 years, the risk of breast 
cancer is also reduced, with up to 50%, depending on the timing of RRSO (31). 
Nevertheless, breast cancer screening before the age of 50 is indicated for women 
with a breast cancer risk that is three times higher than the population risk 
(159,248). BRCA1 and BRCA2 mutation carriers continue to receive the same three 
modality breast screening program after RRSO as they had before.

Intensive breast cancer screening combining MRI, mammography, and CBE 
was proven to be effective in women at high risk for breast cancer (163,170,173,175). 
One of the reasons that MRI was introduced in the screening program is that 
mammography is less effective in younger premenopausal women with higher 
breast density, as is the case in BRCA1/2 mutation carriers. We hypothesize that 
the breast cancer screening protocol might need adaptation in women after 
RRSO, because of the lower breast cancer incidence and the lower breast density 
after surgical menopause. The aim of this study is therefore to determine the 
effectiveness of breast cancer screening after RRSO in BRCA1/2 mutation carriers.



34

Chapter 2

Materials and methods
Study population
To determine the effectiveness of breast cancer screening in BRCA1/2 mutation 
carriers after RRSO, a retrospective cohort study was performed in BRCA1 
or BRCA2 mutation carriers who underwent a RRSO. All women who were 
younger than 52 years of age at RRSO (which is the mean age at menopause the 
Netherlands) were included. Results from subsequent breast cancer screening 
visits at the family cancer clinic from the University Medical Center Groningen 
(UMCG) between January 1995 and the end of September 2009 were analysed. 
Women needed to have at least one breast eligible for screening. Women with 
uni- or bilateral breast conserving therapy were included. The use of hormonal 
replacement therapy (HRT) was recorded and this was not an exclusion criterion. 
Women in whom ovarian cancer was diagnosed during RRSO were not included 
in the study.

Surveillance protocol
In our family cancer clinic, RRSO was initially an option from the age of 35 – 
40 years in BRCA1 mutation carriers and from the age of 40 – 45 years in BRCA2 
mutation carriers. As of 2007, counselling has moved toward a specific advice 
to have RRSO around the age of 40, because ovarian screening appeared not 
effective in reducing ovarian cancer death (27,28). However, the actual timing of 
this decision depends on many personal circumstances such as previous breast 
cancer, marital status, previous or planned pregnancies, and mental acceptance 
of this definitive procedure. The operative procedure is a day care surgical 
procedure, performed by laparoscopy (35).

As of 1995, annual clinical breast examination (CBE) by oncologic surgeons 
and nurse practitioners was performed together with annual mammography 
from the age of 25. From 1999, annual MRI was added to the protocol in a part 
of our population that participated in the MRISC study (163,164). After 2005 it is 
advised to screen BRCA1/2 mutation carriers with annual CBE and MRI from age 
25 till 60, to which mammography is added from age 30 onwards (159,248). At 
our centre, MRI and mammography imaging is ideally performed alternating, 
i.e. with a 6 month interval.
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Variables and endpoints
Information on date of birth, mutation status, personal oncologic history, date 
of RRSO, and HRT use were collected for all women. For previous breast cancers, 
we collected information about age at diagnosis and therapy. We reviewed every 
visit were CBE, mammography and/or MRI was performed. For all these visits, 
the reason for visiting (screening or interval visit due to signs or symptoms), 
the performed diagnostic procedures and the outcomes of these investigations 
were collected. The result of a CBE consult is considered possibly malignant in 
case of referral for further investigation. The results of mammography and MRI 
screening are scored in a standardized way, according to the Breast Imaging 
Reporting and Data System (BI-RADS) classification. BI-RADS categories vary 
between 0 and V and BI-RADS category III or higher are considered abnormal 
and indicate further analysis by ultrasound, MRI and/or tissue sampling (249-
251).

When additional diagnostic procedures were performed, the type of 
procedure and the findings were noted. Findings could be “no malignancy” 
(when no malignancy was found at the additional diagnostic procedures), 
“suspect for malignancy” (when more additional investigation was necessary), 
and "malignancy” (as confirmed by biopsy). For each new breast cancer, tumour 
size in millimetres and the presence or absence of lymph node metastases in the 
(sentinel) axillary lymph nodes were noted.

Data collection
All relevant data were retrieved from the patients’ hospital file. Physician’s letters, 
pathology reports, and imaging reports were used to collect detailed information 
about above mentioned variables and endpoints as defined below. Data from 
all consecutive screening visits after RRSO were entered into an SPSS database. 
Protection of the patient’s identity was guaranteed by a patient identification 
number. Those numbers were only retraceable to an individual woman when 
entered in the hospital database, which is only accessible for medical staff from 
the hospital, having a personal account. Complying with Dutch law, no further 
Institutional Review Board approval was needed.

Statistical analysis
Duration of follow-up was calculated for each woman. Follow-up time was 
calculated from the date of RRSO to the following endpoints: date of prophylactic 
mastectomy, date of ablation or date of last screening visit. Newly detected 
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malignancies were defined as prevalent, screen-detected, or interval cancers. 
Women were assigned to two groups, based on their mutation (BRCA1 or BRCA2). 
Characteristics of women are presented with median and range when they are 
continuous variables. For the other variables numbers are given and percentage 
for each mutation group. Differences between groups were calculated with the 
Kruskall Wallis test for continuous variables and χ2 tests for the percentages 
within mutation groups. To compare the three different screening modalities, we 
calculated the sensitivity, specificity, PPV, and NPV of each screening modality. 
For these four outcomes, 95% confidence interval (95% CI) was calculated with 
the Wilson score interval method. For MRI and mammography, calculations 
were made for BI-RADS III and IV as cut off point for a positive (suspect) test. 
Statistical analyses were performed using the software of SPSS 16.0 for Windows 
and the VassarStats website (252).

Results
Population characteristics
Of all the mutation carriers who were screened at the UMCG after RRSO during 
the study period, 139 women met our inclusion criteria; 88 (63.3%) BRCA1 mutation 
carriers and 51 (36.7%) BRCA2 mutation carriers (Table 2.1). BRCA1 mutation carriers 
had a median age at RRSO of 40.5 years (range 30–51 years) and BRCA2 mutation 
carriers had a median age of 42 years (range 33 – 51 years). Of all women, 18% 
had a history of breast cancer, BRCA1 mutation carriers more often than BRCA2 
mutation carriers (22.7% and 9.8%, respectively, p = 0.081). Of all women, BRCA1 
mutation carriers reported significantly more often breast cancer before and at 
the age of 45 years than BRCA2 mutation carriers (80.0% and 40.0%, respectively, 
p = 0.034).

Screening visits and events during follow-up
The total follow-up in this study was 5064 months (422 women years). The 
median follow-up was 24.0 months per woman (range 2 – 236 months). Women 
were censored because of preventive mastectomy (n = 32, 23.0%), breast cancer (n 
= 2, 1.4%), referral to another hospital (n = 7, 5.0%) or loss to follow-up (n = 10, 7.2%), 
the other women were still in screening after the end of our study (Table 2.2). 
In the women for whom screening ended after detection of breast cancer, one 
underwent mastectomy and one did not undergo further screening after being 
diagnosed with metastases after breast cancer in history.
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Table 2.1: Characteristics of the women at baseline (N = 139)

 BRCA1 (n = 88) BRCA2 (n = 51) Total (N = 139) Statistics
Age at RRSO in years
Median (range) 40.5 (30 – 51) 42.0 (33 – 51) 41.0 (30 – 51) p = 0.059
Previous breast cancer
  No 77.3% (68/88) 90.2% (46/51) 82.0% (114/139) p = 0.081
  Yes unilateral 15.9% (14/88) 9.8% (5/51) 13.7% (19/139)
    ≤ 45 years 85.7% (12/14) 40.0% (2/5) 73.7% (14/19) p = 0.034a

  Yes bilateral 6.8% (6/88) – 4.3% (6/139)
    ≤ 45 years 100% (6/6) – 100% (6/6)
Age at diagnosis first breast cancer in years (n = 25)
  Median (range) 40.0 (30 – 49) 46.0 (34 – 50) 41.0 (30 – 50) p = 0.143
Breast cancer therapy
  BCT unilateral 40.0% (8/20) 80.0% (4/5) 48.0% (12/25) p = 0.427
  Mast unilateral 40.0% (8/20) 20.0% (1/5) 36.0% (9/25)
  BCT bilateral 15.0% (3/20) – 12.0% (3/25)
  BCT and Mast 5.0% (1/20) – 4.0% (1/25)
HRT useb

  No 51.2% (41/80) 56.2% (27/48) 53.1% (68/128) p = 0.583
  Yes 48.8% (39/80) 43.8% (21/48) 46.9% (60/128)

ap < 0.05 is significant. Mann–Whitney U test for continuous variables, Pearsons’ χ2 test for proportions; 

bHormonal replacement therapy after RRSO.
Abbreviations: BCT is breast conserving therapy; Mast is mastectomy, if noted as BCT and Mast, 1 breast is 
treated with BCT and 1 with Mast.

Table 2.2: Follow-up

 BRCA1 (n = 88) BRCA2 (n = 51) Total (N = 139)
Follow-up in months
  Total 3621 1443 5064

  Median (range) 29.0 (2 – 236) 20.0 (2 – 143) 24.0 (2 – 236)
Prophylactic mastectomy 20.5% (18/88) 27.5% (14/51) 23.0% (32/139)
Screening ended after breast cancer 2.3% (2/88) – 1.4% (2/139)
Referral to other hospital 6.8% (6/88) 2.0% (1/51) 5.0% (7/139)
Lost to follow-up 9.1% (8/88) 3.9% (2/51) 7.2% (10/139)
Still in screening 61.4% (54/88) 66.7% (34/51) 63.3% (88/139)
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Malignancies after RRSO
In a total of 1,146 hospital visits, 1,191 screening modalities (CBE, MRI or 
mammography) were performed in 422 women years. During the total screening 
period, 14 new breast cancers were detected: 12 new tumours and 2 prevalent 
tumours, both within 6 months after RRSO. The median time between RRSO and 
detection of a new tumour was 16.5 months. Three patients with a new breast 
cancer had a history of breast cancer before RRSO. All of the 3 were contra-lateral 
new breast cancers, there were no local recurrences. In 6 of the 10 invasive 
cancers the lymph nodes were positive. One of the 2 interval cancers was node 
positive. Of the 14 women who were diagnosed with breast cancer after RRSO, 5 
used HRT. One of these breast cancers was an interval tumour.

Performance of the screening methods
The performance of the three screening modalities is summarized in Table 2.3. 
The overall sensitivity of the breast cancer screening program is 85.7%. Two 
tumours were interval cancers. No tumours were found by CBE (Table 2.3). This 
gives CBE a sensitivity of 0%, a specificity of 97.7%, a PPV of 0%, and a NPV of 
98.1. In 9 women with breast cancer after RRSO, mammography screening was 
conducted and 5 of the 9 cancers were identified by mammography. This gives 
mammography a sensitivity of 55.6%, a specificity of 98.4%, a PPV of 50.0%, and 
a NPV of 98.8%. In 10 women with breast cancer after RRSO MRI screening was 
conducted, 6 of these cancers were identified by MRI. This gives MRI a sensitivity 
of 60.0%, a specificity of 95.9%, a PPV of 35.3%, and a NPV of 98.5%.

Of the 2 interval tumours, the first (20 mm, node positive) was detected 
5 months after screening CBE. Mammography screening had not yet been 
performed. This was in 1999 and MRI was not yet part of the screening protocol 
at that time. Five years after diagnosis, this patient died of metastatic disease 
after a relapse in the mastectomy scar. The second interval cancer (11 mm, node 
negative) was detected by the patient herself 2 weeks after a negative CBE 
screening. MRI had not been conducted and the last mammography was 17 
months before the new tumour was found.
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Table 2.3: Performance of the screening tests

 Cancer present Cancer absent Total
CBE: 11 cancers (2 interval), 9 invasive, 2 DCIS
    Positive – 13 13

    Negative 11 559 570

    Total 11 572 583

  Sensitivity: 0% (95% CI 0 – 32%) PPV: 0% (95% CI 0 – 28%)
  Specificity: 97.7% (95% CI 96 – 99%) NPV: 98.1% (95% CI 97 – 99%)
Mammography BI-RADS ≥ III: 9 cancers (no interval), 7 invasive, 2 DCIS
    Positive 5 5 10

    Negative 4 316 320

    Total 9 321 330

  Sensitivity: 55.6% (95% CI 23 – 85%) PPV: 50.0% (95% CI 20 – 80%)
  Specificity: 98.4% (95% CI 96 – 99%) NPV: 98.8% (95% CI 97 – 100%)
MRI BI-RADS ≥ III: 10 cancers (no interval), 7 invasive, 3 DCIS
    Positive 6 11 17

    Negative 4 257 261

    Total 10 267 278

 Sensitivity: 60.0% (95% CI 27 – 86%) PPV: 35.3% (95% CI 15 – 61%)
 Specificity: 95.9% (95% CI 93 – 98%) NPV: 98.5% (95% CI 96 – 100%)
Total screening: 14 cancers (2 interval), 11 invasive, 3 DCIS
    Positive 12 28 40

    Negative 2 1149 1151

    Total 14 1177 1191

 Sensitivity: 85.7% (95% CI 56 – 98%) PPV: 30.0% (95% CI 17 – 47%)
 Specificity: 97.6% (95% CI 97 – 98%) NPV: 99.8% (95% CI 99 – 100%)

Abbreviations: DCIS is ductal carcinoma in situ; PPV is positive predictive value; NPV is negative predictive 
value.

Screening visits and additional investigation
Of the 139 women who attended screening after RRSO, 127 women had at least 
one screening CBE, 117 women had at least one screening mammography and 109 
women had at least one screening MRI (Table 2.4). The total number of screening 
investigations was highest for CBE (583), and lowest for MRI (278). CBE generated 
the least additional diagnostic procedures, 3% of the screening visits led to 
additional research. For MRI, 21% of the screening visits led to additional research 
and for mammography, 14% of the screening visits led to additional research. 
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In the study period, a total of 27 invasive diagnostic procedures (15 fine needle 
aspirations and 12 biopsies) were conducted, also most after MRI. Most additional 
diagnostic procedures were performed by using ultrasound (64 times).

Table 2.4: Screening visits and additional investigation

Screening modality Visits CBE Mammography MRI Ultrasound FNA Biopsy Total
  CBE (n = 127) 583 4 2 – 7 2 2 17

  Mammography (n = 117) 330 2 3 2 31 3 4 45

  MRI (n = 109) 278 5 4 5 27 10 6 57

Total 1191 11 9 7 64 15 12 118

Abbreviations: CBE is clinical breast examination, MRI is magnetic resonance imaging, FNA is fine needle 
aspiration.

While no new cancers where found with CBE, CBE was carried out as additional 
investigation 11 times. Of the tumours found during the screening period, 5 were 
palpable when CBE was carried out after suspect findings at mammography or 
MRI. In 3 of these cases, the women had had a negative CBE screening in the 
month before the suspect findings.

When screening consisted of MRI and mammography, 43 screening visits 
were needed to find one new breast cancer. When CBE was added to the screening, 
85 screening visits were needed to find one new breast cancer.

Discussion
In this group of 139 BRCA1/2 mutation carriers who had had RRSO at a 
premenopausal age and were under surveillance at our Family Cancer Clinic, 
14 breast cancers were detected in 14 women during 442 women years. There 
were 2 prevalent, 10 screen detected and 2 interval breast cancers. The program 
sensitivity was 85.7% and the specificity 97.5%. For the individual screening 
modalities, the sensitivity for CBE was 0% (95% CI 0 – 32.1%), for mammography 
55.6% (95% CI 22.7 – 79.9%), and for MRI 60.0% (95% CI 27.4 – 86.3%). Of all these 
cancers, 70% was high grade (III) and 60% of the tumours were node positive.

The program sensitivity of screening with MRI, mammography, and CBE was 
85.7% (95% CI 56.2 – 97.6%). Earlier studies on screening effectiveness in women at 
high risk of breast cancer found sensitivities varying from 91.1% to 97.7%, which 
seems to be higher (163,170,173,175). Only one study on the long-term effectiveness 
of the MRISC study found a total program sensitivity of 86.6% (164). The study 
population in these previous studies was more diverse, consisting of pre- and 
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postmenopausal women. Also, their studies contained mutation carriers, but also 
women at high risk for breast cancer without mutation. In our study, all women 
were postmenopausal after premenopausal RRSO and they were all mutation 
carriers. These factors may have contributed to the differences in effectiveness.

Both Kriege et al. and Rijnsburger et al. present results of the MRISC study. Of 
the 2,275 participants in these studies, 148 were from our family cancer clinic 
(164). Kriege et al. noted that 19% of the mutation carriers had RRSO in history 
(163). The amount of women analysed in both the MRISC study and our study is 
probably small.

A main factor that might have contributed to the lower sensitivity of 
our surveillance program is that we evaluated the program sensitivity of 
the screening over a period of 14 years (1995 – 2009) during which screening 
guidelines changed several times. MRI was offered from 1999 to a subset of 
women as part of the MRISC study, and as of 2005 it is offered to all women at 
high risk. One interval cancer was found in 1999. Excluding this tumour from 
the analysis, would increase the program sensitivity of our screening from 85.7% 
to 91.7%, which is in the range that can be expected. Another consideration is 
that the four series mentioned are prospective studies with a strict screening 
protocol in which every woman receives MRI, mammography, and CBE at 
regular intervals (163,170,173,175). In daily practice, many factors may influence 
the regularity of the screening visits. Planning MRI, mammography, and CBE 
on the first visit is sometimes difficult because of agenda and capacity issues, 
women do not always attend appointments, or there may be contra-indications 
for MRI scanning. It is reasonable to assume that the second interval cancer is 
related to “protocol deviances.” This interval cancer was detected by the patient 
herself, two weeks after a negative CBE screening, and her last mammography 
was 17 months before the new tumour was found. Though this woman was in 
screening from 2005 to 2007, she was not screened by MRI.

For the separate screening modalities, the sensitivity of 0% (95% CI 0 – 32.1%) 
for CBE found in our study was comparable to sensitivities of 9.1 – 17.8% found 
in other studies (163,170). In general, CBE is considered to have no additional 
benefit over mammography, whereas it does increase the false positive rate 
(253,254). When CBE was excluded from program sensitivity analyses, sensitivity 
did not change. This would mean exclusion of 538 CBE screening visits in which 
no new tumours were detected. Three of the new tumours found by imaging 
were palpable at diagnosis (CBE was conducted as additional research), while 
CBE screening within the month before diagnosis was negative. Also, CBE has 
proven to be useful in detecting loco-regional recurrences and contralateral 
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breast cancer in an early stage in women with breast cancer in history (e.g. after 
mastectomy, breast conserving therapy, and radiotherapy) (255). This indicates 
that CBE should not be eliminated from our post-RRSO screening protocol, 
especially in women with previous breast cancer.

The sensitivity of 55.6% (95% CI 22.7 – 79.9%) for mammography was not 
significantly different from sensitivities of 32 – 40% reported in previous studies 
(163,170,173,175). Long-term follow-up in the MRISC study revealed a sensitivity 
for mammography of 25% in BRCA1 mutation carriers (164). This is much lower 
than the sensitivity found in our study, while the majority of tumours we found, 
were also in BRCA1 mutation carriers. Due to the lower breast density after RRSO, 
we expected that the sensitivity of mammography in our population would be 
higher than in other high risk screening studies. The sensitivity of mammography 
we found was indeed higher than previously reported though the difference was 
not significant. This may be due to small numbers, or to the fact that about 47% 
of the women used HRT after RRSO, which is known to preserve breast density in 
postmenopausal women (256).

The sensitivity of 60.0% (95% CI 27 – 86%) for MRI in our study was lower 
(though not significantly) than the sensitivities for MRI reported in previous 
studies, ranging from 71.1 to 77.0% (163,170,175) and significantly lower than the 
sensitivity of 90.7% for MRI found by Kuhl et al. (173). It is reasonable to suppose that 
the effectiveness of MRI screening in daily practice is less than the performance 
of MRI screening in prospective trials. At our centre, MRI software, protocols, and 
scanners evolved in the past years. It is likely that MRI sensitivity will improve in 
the future along with experience and further improvement of MRI technology. 
Another issue is that, 2 of the 4 tumours that where false negative on MRI were 
full ductal carcinoma in situ (DCIS). Most tumours missed on MRI in the MRISC 
study were also DCIS, which indicates that MRI is significantly less reliable in 
detecting DCIS (254). This is illustrated by the fact that for invasive tumours only, 
MRI sensitivity in our study is 75%, which lowers to 60.0% (95% CI 27.4 – 86.3%) 
when DCIS are included. Rijnsburger et al. found an MRI sensitivity of 66.7% 
for BRCA1 mutation carriers and 69.2% for BRCA2 mutation carriers, which was 
significantly higher than the sensitivity of 25% they found for mammography. 
In addition, they showed that MRI enabled the detection of breast tumours in a 
more favourable stage than mammography. They suggest that MRI screening 
should be considered biannually in certain categories (164).

In our study, tumour size was also comparable to other studies, with 83.3% 
of the tumours after RRSO being smaller than 20 mm, compared to percentages 
ranging from 75 to 94% in other studies. However, 60% of the tumours in our 
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study were node positive, while others found percentages of 15.4 – 36.0% 
(163,170,173,175). These findings need further evaluation.

This is the first study on the effectiveness of breast cancer screening with 
CBE, mammography, and MRI, in BRCA1/2 mutation carriers who had undergone 
RRSO at premenopausal age, conducted in daily practice and not in the context 
of a clinical trial. It is an interesting finding that MRI sensitivity in this study 
was slightly lower than MRI sensitivity in earlier trials. The question is if this 
difference is caused by protocol deviances in general practice or by effects 
generated by RRSO. Also, mammography sensitivity seems to be higher after 
RRSO than before. This might be caused by lower breast density after RRSO, but 
this should be evaluated during long term follow-up. We used the number of new 
tumours detected by screening to evaluate the effectiveness of the surveillance 
program. Eventually, the purpose of screening is to increase survival after breast 
cancer. For evaluating the effect of survival, long term follow-up is needed. We 
continue to collect data of this study population in a prospective database.

To conclude, the sensitivity of three-modality breast cancer screening in 
BRCA1/2 mutation carriers after RRSO is lower than breast cancer screening 
before RRSO. It is the lower sensitivity of MRI that contributed largely to the lower 
sensitivity of the total screening program, while mammography sensitivity 
increases after RRSO. In our post RRSO population, CBE did not contribute to 
tumour detection. Our findings suggest that intensive breast cancer screening 
with both MRI and mammography should be continued in BRCA1/2 mutation 
carriers, after RRSO.
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Abstract
Background: Premenopausal risk-reducing salpingo-oophorectomy (RRSO) 
in BRCA1/2 mutation carriers effectively reduces ovarian cancer risk, but also 
reduces breast cancer risk. Breast cancer risk reductions up to 50% have been 
reported for both BRCA1 and BRCA2 mutation carriers, but recent prospective 
studies were not able to reproduce this finding for BRCA1 mutation carriers.
Methods: Breast cancer incidence after RRSO was assessed in a consecutive 
series of 104 BRCA1 and 58 BRCA2 mutation carriers. On the basis of data from our 
own centre, and assuming a 50% risk reduction through RRSO at premenopausal 
age, we expected to find 8 breast cancers (range 6 - 10) in this population for the 
reported screening period (532 women-years).
Results: In 162 carriers with a median age of 41 years at RRSO, 13 incident breast 
cancers were diagnosed. In BRCA1 mutation carriers, 12 incident breast cancers 
were found compared with 5 (range 3 – 6) expected and in BRCA2 mutation 
carriers 1 breast cancer was found compared with 3 (range 2 - 5) expected.
Conclusion: Breast cancer incidence after premenopausal RRSO is still high, 
especially in BRCA1 mutation carriers. Previously reported breast cancer risk 
reductions up to 50% were not confirmed. As a consequence, continued intensive 
screening for breast cancer is warranted in BRCA1 and BRCA2 mutation carriers 
after RRSO.
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Introduction
Women with a proven BRCA1 or BRCA2 mutation have a risk for developing 
breast cancer of 40% to 80% by the age of 70 (5,6). Ovarian cancer risk by the age 
of 70 is 40% for BRCA1 and 18% for BRCA2 mutation carriers (5,6). A study by van 
der Kolk and colleagues conducted at our centre found cumulative risks of breast 
cancer of 71% (95% confidence interval (CI) 67 – 82%) in BRCA1 and 88% (95% CI 
82 – 93%) in BRCA2 mutation carriers by the age of 70 (4). These risks were at 
the high end of the spectrum compared with other studies, especially for BRCA2 
mutation carriers. The authors hypothesized that this could be due to skewing 
towards testing in women affected with cancer, competing risks of mortality 
from ovarian cancer in BRCA1 mutation carriers, or missing of BRCA2 mutation 
families with lower cancer penetrance that fail to meet the age-related criteria 
for mutation testing (4).

BRCA1 and BRCA2 mutation carriers are counselled on different risk-reducing 
strategies, either screening or prophylactic surgery. Breast cancer screening 
with clinical breast examination (CBE), mammography, and MRI is effective 
in detecting early-stage breast cancer in mutation carriers (163,170,173,175). For 
ovarian cancer, current screening protocols are ineffective in detecting early-
stage ovarian cancer (27,28). Risk-reducing salpingo-oophorectomy (RRSO) is 
effective in reducing the risk of ovarian cancer (HR 0.21; 95% CI 0.12 – 0.39) (31). 
After counselling, RRSO is chosen by almost all BRCA1 and BRCA2 mutation 
carriers at our centre.

Besides reducing ovarian cancer risk, RRSO has been shown to reduce breast 
cancer risk in mutation carriers. A large meta-analysis found risk reductions of 
50% associated with RRSO in both BRCA1 and BRCA2 mutation carriers (BRCA1: HR 
0.47; 95% CI 0.35 – 0.64; BRCA2: HR 0.47; 95% CI 0.26 – 0.84 (31)). The effect of RRSO 
on breast cancer risk was suggested to be stronger in women at premenopausal 
age, as greater risk reductions were found in women who had surgery before the 
age of 40 to 50 years (190,257).

However, it has been suggested that the effect of RRSO differs between BRCA1 
and BRCA2 mutation carriers (188,258). In a study of Shah and colleagues (258), in 
51 BRCA1 and 41 BRCA2 mutation carriers, 11 new breast cancers were found, all 
within BRCA1 mutation carriers. The percentage of women with RRSO was equal 
in women who did and did not develop breast cancer (87% vs. 82%, p = 0.754) (258).
We aimed to study the incidence of breast cancer after RRSO at premenopausal 
age in BRCA1 and BRCA2 mutation carriers in the Northern Netherlands in a 
prospective cohort.
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Materials and Methods
Study population
All women with 1 or 2 breasts in situ, who were 51 years old or younger (mean 
menopausal age in the Netherlands (38)) at the time of RRSO, were consecutively 
selected from a prospective cohort of BRCA1/2 mutation carriers who were 
enrolled in the surveillance program for hereditary breast and ovarian cancer at 
the University Medical Center Groningen (UMCG; Groningen, The Netherlands) 
from September 1995 until January 2011. Women with previous breast cancer 
were included, when breast cancer screening continued on the remaining breast 
tissue. Women in whom ovarian cancer was found on the RRSO specimen were 
not included. Before this study, we analysed a previous version of this database 
(data up until 30 September, 2009) to determine the effectiveness of breast cancer 
screening after RRSO (Chapter 2; (259)).

RRSO protocol
RRSO is advised from the age of 35 to 40 years in BRCA1 mutation carriers and 
40 to 45 years in BRCA2 mutation carriers (159). However, patients are counselled 
individually, and actual timing of RRSO depends on personal circumstances 
such as previous breast cancer, family history of cancer, previous or planned 
pregnancies, and mental acceptance of this definitive procedure. The operative 
procedure is conducted by laparoscopy (35).

Breast cancer screening
Breast cancer screening in BRCA1/2 mutation carriers was done according to 
the Dutch guidelines, with annual complete breast examination (CBE), and 
mammography and MRI alternating by six months since 2008 (159). Before 2008, 
CBE was conducted biannually and MRI was conducted in women participating 
in the MRISC trial (MRI screening for breast cancer in women with familiar or 
genetic predisposition) (160).

Data collection
All BRCA1/2 mutation carriers who visit our Family Cancer Clinic are consecutively 
included in a prospective cohort. If these women met our inclusion criteria, we 
retrospectively retrieved relevant data from the patient files in the hospital. 
Physician’s letters, pathology reports, and imaging reports were used for data 
collection.
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Information on the type of mutation, date of birth, date of RRSO, and ever-use 
of hormonal replacement therapy after RRSO was collected. For previous breast 
cancers, age of diagnosis and conducted surgical procedure (breast-conserving 
therapy or mastectomy) were recorded. For breast cancers diagnosed after RRSO, 
age at diagnosis and pathologic features were recorded: tumour type according 
to the WHO classification, tumour size in millimetres, tumour grade (Elston–Ellis 
modification of Bloom–Richardson grading system), receptor status (oestrogen 
receptor [ER], progesterone receptor [PR], and HER2 receptor), presence of ductal 
carcinoma in situ (DCIS), and presence of lymph node metastases. Patient data 
were entered into an SPSS database. Protection of the patient’s identity was 
guaranteed by a patient-specific number. Those numbers were only retraceable 
to individual women when entered in the password-protected hospital database, 
which is only accessible for hospital employees who have a personal account. 
Complying with Dutch law, no further Institutional Review Board approval was 
needed.

Statistical analysis
To present the study population and characteristics of breast cancers discovered 
after RRSO, contingency tables were used. Breast cancers detected after RRSO 
could be prevalent, possibly prevalent or incident. Prevalent breast cancers 
were defined as breast cancers detected within six months after RRSO. Possibly 
prevalent breast cancers were defined as breast cancers detected more than 
six months after RRSO that we considered prevalent because the time after 
RRSO was shorter than the estimated growing time of the breast cancer. For 
all the invasive breast cancers diagnosed more than six months after RRSO, we 
estimated the duration of time a breast cancer had been growing and compared 
this with the time interval between RRSO and detection of breast cancer. To 
estimate this time, we used the formula for estimating tumour-doubling time 
in mutation carriers based on age at tumour diagnosis as presented by Tilanus-
Linthorst and colleagues: log2 (doubling time [years]) = −7.75 + 0.12 age (260). On 
the basis of the tumour-doubling time, we estimated the time a tumour was 
growing from the theoretical size at baseline of 5 mm (which is the assumed 
detection threshold for invasive breast cancer on MRI) to the size at detection 
(261,262). If this estimated time period was longer than the time period between 
RRSO and tumour detection, we considered a breast cancer possibly prevalent. 
Incident breast cancers were defined as breast cancers detected more than six 
months after RRSO and not possibly prevalent.
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Duration of follow-up was calculated for each woman from RRSO to diagnosis 
of incident breast cancer, to prophylactic mastectomy, to one year after the last 
screening visit, or to January 1, 2011. The analyses were conducted using the 
SPAW software package, version 18.0 for Windows (SPSS).

Breast cancers expected
To estimate the number of women who develop incident breast cancer after 
RRSO based on women’s’ ages at RRSO and their ages during follow-up, we used 
the penetrance curves for breast cancer in mutation carriers in our centre as 
published by Van der Kolk and colleagues and a 50% risk reduction for breast 
cancer expected after RRSO (BRCA1/2: HR 0.49; 95% CI 0.37 - 0.65; BRCA1: HR 0.47;
95% CI 0.35 – 0.64 and BRCA2: HR 0.47; 95% CI 0.26 – 0.84) (4,31).

Results
Population characteristics
We analysed the data of 162 women, 104 BRCA1 mutation carriers and 58 BRCA2 
mutation carriers (Table 3.1). At the time of RRSO, median age was 41 years (range 
30 – 51) for BRCA1 mutation carriers and 42 years (range 33 – 51) for BRCA2 mutation 
carriers (p = 0.013). At the time of RRSO, 25% of the BRCA1 mutation carriers and 
12% of the BRCA2 mutation carriers had a history of breast cancer (p = 0.066). 
After RRSO, hormonal replacement therapy was prescribed to 47% (68/146) of the 
women, all without previous breast cancer. Total follow-up in this study was 
6,389 months (532 women-years); 4,309 months (359 women-years), and 2,080 
months (173 women-years) for BRCA1 and BRCA2 mutation carriers, respectively.

Table 3.1: Characteristics of the women at baseline (N = 162)

BRCA1 (n = 104) BRCA2 (n = 58) Total (N = 162) Statistics
Age at RRSO in years

  Median (range) 40 (30 – 51) 42 (33 – 51) 41.0 (30 – 51) p = 0.013a

  ≤ 40 years 50% (52/104) 28% (16/58) 42% (68/162) p = 0.006a

Follow-up in months

  Total 4,309 2,080 6,389

  Median (range) 31 (3 – 228) 28 (2 – 159) 28 (2 – 228) p = 0.681
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Previous breast cancer

  No 75% (78/104) 88% (51/58) 80% (129/162) p = 0.066

  Yes unilateral 20% (21/104) 12% (7/58) 17% (28/162)

  Yes bilateral 5% (5/104) - 3% (5/162)

Age at onset of first breast cancer in years (n = 33)

  Median (range) 38 (29 – 49) 42 (32 – 50) 41.0 (29 – 50) p = 0.330

Breast cancer therapy

  BCT unilateral 39% (10/26) 71% (5/7) 46% (15/33) p = 0.403

  Mast unilateral 42% (11/26) 29% (2/7) 39% (13/33)

  BCT bilateral 15% (4/26) — 12% (4/33)

  BCT and Mast 4% (1/26) — 3% (1/33)

Hormonal replacement therapy use

  No 53% (49/92) 54% (29/54) 53% (78/146) p = 0.959

  Yes 47% (43/92) 46% (25/54) 47% (68/146)

ap < 0.05 is significant. Mann–Whitney U test for continuous variables, Fisher exact test for proportions.
Abbreviations: BCT: Breast is conserving therapy; Mast is mastectomy; if noted as BCT and Mast, 1 breast 
is treated with BCT and 1 with Mast.

Breast cancers after RRSO
During the post-RRSO screening period, 18 breast cancers in 18 women were 
detected (34/1,000 women-years). Of these, 16 were found in BRCA1 mutation 
carriers (45/1,000 women-years) and 2 in BRCA2 mutation carriers (12/1,000 
women-years).

Of the 18 breast cancers diagnosed after RRSO, 3 were found within six 
months after RRSO and were considered prevalent breast cancers. On the basis of 
tumour-doubling time calculations, we considered 2 breast cancers to be possibly 
prevalent (Table 3.2). Leaving out 3 prevalent breast cancers and 2 possibly 
prevalent breast cancers, there were at least 13 incident breast cancers (24/1,000 
women-years) during the study period, 12 in BRCA1 mutation carriers (33/1,000 
women-years) and 1 in a BRCA2 mutation carrier (6/1,000 women-years). Table 3.3 
illustrates the number of women expected to develop breast cancer compared 
with the number observed. Table 3.4 illustrates the characteristics of women 
who did and did not develop incident breast cancer after RRSO.

BRCA1 (n = 104) BRCA2 (n = 58) Total (N = 162) Statistics
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Table 3.2: Estimated growing time and time to diagnosis in individual breast cancers after RRSO  
(n = 15)a

Mutation

Age at 
detection of 
breast cancer

WHO 
tumour 
classification

Max. 
diameter 
(in mm)

Doubling 
time  
(in months)

Time to 
diagnosis 
(in 
months)

Estimated 
growing 
time (in 
months)

1 BRCA1 37 LC 7 1.2 54.8 1.8

2 BRCA1 38 DCIS n.d. n.d. 14.8 n.d.

3 BRCA1 45 IDC 25 2.4 27.4 19.1

4 BRCA1 45 IDC 14 2.4 12.6 10.6

5 BRCA1 43 IDC 3 2.0 7.2 -4.4

6 BRCA2 52 IDC 11 4.2 19.8 14.4

7 BRCA1 36 IDC 8 1.1 10.3 2.3

8 BRCA1 41 DCIS 13 1.7 12.4 n.d.

9 BRCA1 47 IDC 30 2.8 20.9 21.6b

10 BRCA1 55 IDC 16 5.4 228.4 27.2

11 BRCA1 42 IDC 9 1.8 42.5 4.7

12 BRCA1 53 IDC 11 4.6 48.3 15.7

13 BRCA1 52 GRCCC 11 4.2 95.5 14.4

14 BRCA1 41 IDC 20 1.7 6.7 10.2b

15 BRCA1 47 IDC 11 2.8 78.3 9.5

aExcluded were prevalent cancers found within 6 months of RRSO; bPossibly prevalent tumours based on 
tumour doubling time calculations
Abbreviations: GRCCC is glycogen rich clear cell carcinoma; IDC is invasive ductal carcinoma; LC is lobular 
carcinoma; n.d is no data, tumour doubling time was not calculated for DCIS.

Table 3.3: Number of women with incident breast cancer expected versus observed

Expected without 
RRSOa

Expected after 
RRSOb Observed

All women: n = 162, total follow-up 532 years

  Number of women with incident breast  
  cancer

16 8 (range 6 – 10) 13

      In 1,000 women years 30 15 24

BRCA1 mutation: n = 104, total follow-up 359 years

  Number of women with incident breast  
  cancer

10 5 (range 3 – 6) 12

      In 1,000 women years 28 14 33
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BRCA2 mutation: n = 58, total follow-up 173 years

  Number of women with incident breast  
  cancer

6 3 (range 2 – 5) 1

      In 1,000 women years 35 17 6

aEstimates based on the Van der Kolk penetrance curves (4); bRisk reduction: 50% [BRCA1/2: HR 0.49 (95% CI 
0.37 – 0.65), BRCA1: HR 0.47; 95% CI 0.35 – 0.63, and BRCA2: HR 0.47; 95% CI 0.26 – 0.84 (31).

Table 3.4: Characteristics of women who did and did not develop incident breast cancer 
after RRSO

Women with incident breast 
cancer (n = 13)

Women without incident 
breast cancer (n = 149)

Mutation

  BRCA1 92% (12/13) 62% (92/149)

  BRCA2 8% (1/13) 38% (57/149)

Age at RRSO in years

  ≤ 40 years 54% (7/13) 41% (61/149)

  > 40 years 46% (6/13) 59% (88/149)

Follow-up after RRSO in months

  Median (range) 28 (2 – 218) 27 (7 – 228)

Previous breast cancer

  No 69% (9/13) 77% (115/149)

  Yesa 31% (4/13) 23% (34/149)
bEver-use of hormonal replacement therapy

  No 62% (8/13) 51% (73/142)

  Yes 38% (5/13) 49% (69/142)

aPrevalent and possibly prevalent cancers were considered previous breast cancer; 
bHT: Hormonal replacement therapy after RRSO.

Tumour characteristics
Of the 13 incident breast cancers detected after RRSO, 11 (86%) were invasive and 2 
(15%) were DCIS (Table 3.5). In 4 of 11 (36%) invasive cancers, axillary lymph nodes 
were positive. Histologic grade was higher in breast cancers from BRCA1 mutation 
carriers than from BRCA2 mutation carriers (70% grade 3 vs. none, respectively). 
Of the 11 invasive breast cancers, 9 (82%) were ER, PR, and HER2 negative (triple 
negative), all in BRCA1 mutation carriers.

Expected without 
RRSOa

Expected after 
RRSOb Observed
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Table 3.5: Characteristics of incident breast cancers detected after RRSO (n = 13)a

n (%) n (%)
Mutation Lymph node statusc

  BRCA1 12/13 (92) Negative 7/11 (64)

  BRCA2 1/13 (8) Positive 4/11 (36)

WHO tumour classification DCIS

  IDC 9/13 (69) Negative 7/13 (46)

  GRCCC 1/13 (8) Grade 1 —

  LC 1/13 (8) Grade 2 1/6 (17)

  DCIS 2/13 (15) Grade 3 5/6 (83)

Tumor sizeb Histologic gradec

  ≤ 10 mm 4/12 (33) Grade 1 1/11 (9)

  10 – 20 mm 7/12 (58) Grade 2 3/11 (27)

  > 20 mm 1/12 (8) Grade 3 7/11 (64)

ER statusc PR statusc

  Negative 9/11 (82) Negative 9/11 (82)

  Positive 2/11 (18)   Positive 2/11 (18)

HER2 statusc

  Negative 10/11 (91)

  Positive 1/11 (9)

aExcluded were prevalent and possibly prevalent cancers; bTumour size could not be measured in one DCIS 
case; cNot determined for DCIS.
Abbreviations: GRCCC is glycogen rich clear cell carcinoma; IDC is invasive ductal carcinoma; LC is lobular 
carcinoma; WHO is World health organization.

Discussion
In a consecutive group of 104 BRCA1 and 58 BRCA2 mutation carriers with RRSO at 
premenopausal age, breast cancer screening at our Family Cancer Clinic revealed 
18 breast cancers in 18 women during 532 women-years (34/1,000 women-years), 
of which, 13 were incident breast cancers (24/1,000 women-years). On the basis 
of breast cancer incidence curves and a 50% risk reduction associated with RRSO, 
we expected to find 8 (range 6 – 10) incident breast cancers (15/1,000 women-
years) (4,31). Several factors may have contributed to this difference in expected 
and observed breast cancer incidence after RRSO.
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An important finding is that 12 incident breast cancers developed in BRCA1 
mutation carriers compared with 5 (range 3 – 6) expected. For BRCA2 mutation 
carriers, 1 incident breast cancer developed compared with 3 (range 2 – 5) breast 
cancers expected. The risk reduction associated with RRSO might be smaller in 
BRCA1 than in BRCA2 mutation carriers. The same hypothesis was suggested 
by Shah and colleagues; they found nine new tumours after RRSO in 45 BRCA1 
mutation carriers and none in 35 BRCA2 mutation carriers (258). Kauff and 
colleagues also showed a significant breast cancer risk reduction for BRCA2 
mutation carriers but not for BRCA1 mutation carriers (BRCA1: HR 0.61; 95% CI 
0.30 – 122, BRCA2: HR 0.28; 95% CI 0.08 – 0.92) in a large prospective study with 
190 BRCA1 and 113 BRCA2 mutation carriers at risk for breast cancer after RRSO 
(189).

One explanation for this difference is that the effect of RRSO might be less 
marked in BRCA1 mutation carriers, because their breast cancers are often ER and 
PR negative (188,189). Of the invasive breast cancers found in BRCA1 mutation 
carriers in this study, 90% were ER and PR negative. Nevertheless, a protective 
effect of RRSO in BRCA1 mutation carriers has been shown in several studies 
(190,257).

Others suggested that RRSO might inhibit breast cancer growth in BRCA1 
mutation carriers at tumorigenesis: growth of ER and PR negative cells might 
be indirectly induced by paracrine signals from ER- and PR-positive cells that 
are influenced by oestrogen and progesterone (65,258). Thus, breast cancer risk 
reduction after RRSO may take longer to establish than the duration of follow-
up in this study, which may be a second explanation why we saw more breast 
cancers than expected.

Another explanation for finding more breast cancers than expected may be 
the intensification of the breast cancer screening regime since 2008, when MRI 
screening for all BRCA1/2 mutation carriers was introduced at our centre. Van der 
Kolks study contains information on breast cancer incidence up to March 2008. 
Before 2008, MRI screening was used in a small selection of women participating 
in the MRISC study. It is known that after introducing a new effective screening 
regimen, more breast tumours are found. Warner and colleagues found a higher 
incidence of breast cancer in the first three years after the introduction of MRI 
screening in BRCA1/2 mutation carriers and an overall higher incidence of DCIS 
(263). This effect has also been shown in the general population after introduction 
of the population-based breast cancer screening with mammography (1,264). 
This explanation is weakened by the fact that this effect was not seen in BRCA2 
mutation carriers.
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A fourth explanation might be that RRSO is chosen by women with especially 
high breast cancer risks. Although eventually RRSO is chosen by almost all 
mutation carriers at our centre, timing might be affected by family history and 
previous breast cancers. As can be seen in Table 3.4, of the women who developed 
breast cancer after RRSO, 54% were younger than 40 years and 31% had previous 
breast cancer, compared with 41% and 23% in the women who did not develop 
breast cancer.

A last explanation might be the use of hormonal replacement therapy after 
RRSO. In our study population, 47% of the women used hormonal replacement 
therapy after RRSO and this percentage was not higher in women with incident 
breast cancer. Although it has been shown that short-term use of hormonal 
replacement therapy does not negate the effect of RRSO and one study found 
an inversed relation in hormonal replacement therapy use and breast cancer 
incidence in BRCA1 mutation carriers, hormonal replacement therapy does 
increase the risk of new and recurrent breast cancer in women with previous 
breast cancer (265-268). On the contrary, a higher mortality was seen in women 
with bilateral oophorectomy before the age of 45 who did not use hormonal 
replacement therapy, compared with those women who did (61). Theoretically, it 
is plausible that hormonal replacement therapy use after RRSO partially negates 
the risk-reducing effect of RRSO, but bias might be introduced if hormonal 
replacement therapy is more often prescribed to women with less breast cancer 
in their family, or if survival is shorter in women who do not use hormonal 
replacement therapy. Our study sample is too small and follow-up too short to 
draw conclusions on this issue. The effects of hormonal replacement therapy 
after RRSO on the long-term breast cancer risk and survival should be monitored 
carefully.

We aimed to study the incidence of breast cancer after RRSO at premenopausal 
age. The strength of this study is that we used an algorithm that incorporates an 
estimate of growing time to exclude the effect of prevalent breast cancer on the 
incidence of new breast cancers after RRSO. Small sample size and short follow-
up limit the possibilities to identify risk factors for breast cancer after RRSO. 
Because menopausal status at RRSO was not known for all women, we chose to 
include all women with the age at RRSO of 51 years or younger, which can be a 
limitation. Although this is the mean age of menopause in the Netherlands, some 
of these women might have been postmenopausal at time of RRSO, either due to 
natural or chemotherapy-induced menopause. Furthermore, we estimated the 
amount of breast cancer after RRSO with breast cancer penetrance curves from 
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our own centre. An ideal design would be a randomized controlled design would 
be unethical.

To conclude, the breast cancer incidence after premenopausal RRSO is still 
high, especially in BRCA1 mutation carriers. We could not confirm the expected 
risk reduction as described by other authors. As a consequence, after RRSO, 
continued surveillance with mammography and MRI for breast cancer in BRCA1 
and BRCA2 mutation carriers is warranted.
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Abstract
Background: Oophorectomy is recommended to women at increased ovarian 
cancer risk. When performed at premenopausal age oophorectomy induces acute 
surgical menopause, with unwanted consequences.
Objective: To investigate bone mineral density (BMD) and fracture prevalence 
after surgical menopause.
Search strategy: A literature search on PubMed, Embase and Cochrane library 
through March 2016.
Selection criteria: Primary studies reporting on BMD, T-scores or fracture 
prevalence in women with surgical menopause and age-matched reference 
groups.
Data collection and analysis: Data was extracted on BMD (grams/cm2), T-scores 
and fracture prevalence in women with surgical menopause and reference 
groups. Quality was assessed by an adaptation of Downs and Black’s checklist. 
Random effects models were used to meta-analyse results of studies reporting 
on BMD or fracture rates.
Main results: Seventeen studies were included, comprising 43,386 women with 
surgical menopause. Ten studies provided sufficient data for meta-analysis. BMD 
after surgical menopause was significantly lower compared to premenopausal 
age-matched women (mean difference lumbar spine: -0.15 g/cm2; 95% CI -0.19 -
-0.11; femoral neck: -0.17 g/cm2; 95% CI -0.23 - -0.11) but not to women with natural 
menopause lumbar spine: -0.02 g/cm2; 95% CI -0.04 - 0.00; femoral neck: 0.04
g/cm2; 95% CI -0.09 - 0.16). Hip fracture rate was not increased after surgical 
menopause compared to natural menopause (HR 0.85; 95% CI 0.70 - 1.04).
Conclusions: No evident effect of surgical menopause was observed on BMD and 
fracture prevalence compared to natural menopause. However, available studies 
are prone to bias and need to be interpreted with caution.
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Introduction
Premenopausal oophorectomy may have several indications, such as benign or 
malignant ovarian tumours, risk-reducing salpingo-oophorectomy (RRSO) in 
women with hereditary increased ovarian cancer risks, or at time of elective 
hysterectomy. Especially for RRSO, benefits and adverse consequences of surgical 
menopause as induced by premenopausal oophorectomy need to be weighed 
carefully. In the past, oophorectomy was recommended to many premenopausal 
women during hysterectomy, mostly to reduce ovarian cancer risks and prevent 
ovarian surgery in the future (269). Nowadays, premenopausal RRSO is mainly 
advised to women at hereditary elevated risk of ovarian cancer, since there are 
no effective screening methods for ovarian cancer (270). RRSO in these women 
reduces ovarian cancer risk up to 96%, and mortality up to 76% (31,192,271) 

Premenopausal RRSO induces surgical menopause, leading to an earlier and 
acute start of menopause. After natural menopause bone mineral density (BMD) 
decreases and fracture prevalence increases. It is unclear whether surgical 
menopause enhances this effect (272). Many observational studies on BMD and 
fracture rate after surgical menopause have been conducted, researching women 
with therapeutic oophorectomy or RRSO. However, results reported in these 
studies are inconsistent regarding the nature and severity of the effect of surgical 
menopause on bone health. American and British guidelines on osteoporosis 
recommend fracture risk assessment in all women after age 65, and earlier for 
women with untreated premature menopause (273-276). British guidelines on 
familial breast cancer and on menopause advise hormonal replacement therapy 
(HRT) after RRSO and premature ovarian insufficiency (277,278). However, none 
of the current guidelines specifically address BMD and fracture risk assessment 
after surgical menopause, opposed to natural menopause regardless of age.

The aim of premenopausal oophorectomy is to increase life expectancy and 
reduce morbidity. Therefore, knowledge on long-term adverse consequences 
of surgical menopause becomes increasingly important, for both guidance 
and prevention purposes. Investigating this subject is challenging, since 
observational studies are prone to bias (e.g. due to age or HRT use). Randomised 
trials would offer more reliable results, but would raise ethical concerns. Thus 
far, no systematic reviews assessed the effect of surgical menopause on BMD and 
fracture prevalence.
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Objectives
This review aims to synthesize evidence on the effects of surgical menopause on 
BMD in grams/cm2 (g/cm2), T-scores and fracture prevalence, compared to age-
matched reference groups without oophorectomy.

Methods
A review protocol was predesigned based on recommendations of the Centre 
for Reviews and Dissemination and is available upon request (279). Results were 
reported according to PRISMA and MOOSE guidelines (280,281).

Eligibility criteria
Studies were eligible for inclusion if they fulfilled the following criteria: original 
studies; in women; reference group without oophorectomy; controlling for 
current age and HRT use; presenting data on bone-related outcomes; English 
abstracts and full-text available. To assure we included studies researching 
surgical menopause by premenopausal oophorectomy after peak bone mass, we 
selected studies using “surgical menopause” or “premenopausal oophorectomy” 
to describe the intervention group, and/or in which ≥ 75% of oophorectomised 
women were estimated to be between ages 30 and 52 at oophorectomy. Studies 
not providing age at oophorectomy were excluded, and so were studies on 
women with oophorectomy for specific conditions (e.g. transsexuality) or for 
malignancies, BMD level as eligibility criterion, BMD not measured by Dual 
Energy X-ray Absorptiometry (DXA) at lumbar spine (LS), femoral neck (FN) or 
hip, case reports and series, and meeting abstracts not published as full-text. 
Studies were included in meta-analyses when they provided mean BMD in g/
cm2 or T-scores and standard deviations (SD) or risk estimates for fractures and 
confidence intervals (CI). Publication date was not restricted.

Information sources and search strategy
Studies were identified by electronic searches in PubMed, Embase and Cochrane 
database (last search: March 1st, 2016) and manual searches of reference lists of 
included articles. The search strategy was developed with a professional librarian, 
combining terms related to oophorectomy and bone outcomes, restricting for 
studies in humans (Appendix S4.1).
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Study selection
Potentially relevant papers were independently screened by two reviewers (IEF 
and EMA or NT). Studies were excluded when titles and abstracts clearly not met 
eligibility criteria. Remaining studies were evaluated for full-text. Discrepancies 
were resolved by dialogue and if necessary by appeal to a third reviewer (GHB).

Data extraction
Data were extracted using data extraction forms developed for this review, 
based on the Cochrane Template (Appendix S4.2) (282). Data on study design, 
study population (in- and exclusion criteria, sample size), exposure (definition 
of, and indication for surgical menopause), outcome measures (BMD/T-scores/
fractures, measurement device, bones assessed) and methods applied to account 
for bias were extracted independently by two reviewers (IEF and EMA or NT). 
Discrepancies were resolved by dialogue and if necessary by appeal to GHB.

Risk of bias for individual studies
Study quality was assessed with an adapted version of the Downs and Black 
checklist (Appendix S4.2) (283,284). The following adaptations were made: question 
8 was removed; question 14 was replaced by: “Were patient groups similar with 
respect to baseline criteria (e.g. current age and/or age at menopause and/or 
time interval after menopause, BMI)?”; and question 19 replaced by: “Was the 
intervention (premenopausal oophorectomy) reliably established?” Maximum 
score on the adapted checklist was 31 points.

Statistical analysis and data synthesis
Studies were classified according to design (cross-sectional/longitudinal) 
and categorised according to outcomes (BMD [LS, FN or hip] in g/cm2, T-scores, 
fracture prevalence). When studies presented stratified patients characteristics 
or results, summary estimates were obtained for the total surgical menopause 
and reference groups by pooling information of subgroups. For studies presenting 
results for reference groups with and without hysterectomy, we only considered 
those without hysterectomy. For studies providing stratified results, only data 
controlled for current age were presented. For studies providing results stratified 
according to age at oophorectomy, only results for age categories between 30 
and 52 were included. We preferably used HRT adjusted estimates, but when not 
available, data for never users were reported. To explore impact of age and time 
interval after menopause on bone, available stratified results were presented in 
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a supplementary Table. Additionally, BMD presented by individual studies was 
plotted against these factors. For cross-sectional studies, mean time interval 
after menopause was used, while for longitudinal studies, all measurements 
were plotted.

For meta-analyses, pooled mean differences and SDs (for studies providing 
BMD in g/cm2 or T-scores for LS or FN/hip) and hazard ratios (HR) with 95% CI (for 
studies on fractures) were calculated with Review Manager Software version 
5.3. For longitudinal studies we included BMD at the longest follow-up. Random 
effects models were used to account for variability between studies.

Risk of bias across studies
Statistical heterogeneity was assessed using I2 and Tau2 statistics. To explore 
possible sources of heterogeneity, three sensitivity analyses were performed 
in order to account for: menopausal status of reference groups (premenopausal 
or natural menopause), study quality (Downs and Black score below or above 
median score) and differences in age at or time interval after menopause (similar 
or not). Publication bias was assessed by visual evaluation of funnel plots.

Results
The initial search yielded 4,888 citations (PubMed n = 2,303, Embase n = 2,585, 
Cochrane n = 0) including 1,075 duplicates (Figure 4.1). Titles and abstracts 
evaluation resulted in the exclusion of 3,748 studies. After full-text evaluation 
of 65 studies, 16 studies were included (285-300). Reviewing reference lists of 
included studies, yielded one additional study (301). Eleven studies provided 
sufficient data for meta-analysis including two studies by Hadjidakis et al and 
two by Chittacharoen et al. (285,286,288-291,294,296-298,301). After personal 
communication with Dr Hadjidakis, one study was excluded from meta-
analyses due to overlapping study populations (289). We were unable contact Dr 
Chittacharoen to assess overlap, therefore, both studies were included.

Study characteristics
Characteristics of included studies were summarised in Table S4.1. Ten studies 
reported BMD (285-293,301), three T-scores (292,294,301), and six fracture 
prevalence (295-300). Ten studies had cross-sectional (285-292,294,301) and seven 
longitudinal designs (293,295-299,302). All studies comprised a total of at least 
43,386 women with surgical menopause (range: 18 - 16345) and 437,958 reference 
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women (range: 20 - 408,424) with relevant data available. Inclusion criteria for 
study groups and adjustment for confounders varied among studies.

Risk of bias within studies
Downs and Black scores are summarised in Table S4.2. Median score was 18 
(range: 6 - 24) out of 31.

Figure 4.1: Flowchart of the inclusion process
*Two studies presented both BMD and T-scores.
Abbreviations: BMD is bone mineral density; DXA is Dual Energy X-ray Absorptiometry; HRT is hormonal 
replacement therapy.
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Overall impact of surgical menopause on BMD
Results of studies reporting on BMD in g/cm2 are summarised in Table 4.1. Two 
cross-sectional studies compared BMD in women with surgical menopause to 
premenopausal women; both observed lower BMD after surgical menopause 
(285,286). Six cross-sectional studies on BMD described reference groups with 
natural menopause (287-291,301). One study reported lower LS and FN BMD, and 
one higher FN BMD after surgical menopause (288,291). A third study reported 
higher BMD after surgical menopause compared to population based reference 
values (292). One longitudinal study did not report significant results (292).

Table 4.1: Outcomes of all included studies reporting on BMD in g/cm2

Study ID Study groups Outcome
Results (mean 
(SD))

Cross-sectional studies
Chittacharoen
1997, TH

Surgical menopause LS 0.98 (0.16)a*
Reference: Perimenopausal women 1.15 (0.15)
Surgical menopause FN 0.76 (0.13)a*
Reference: Perimenopausal women 0.93 (0.15)

Yasui
2007, JP 

Surgical menopause (n = 112) LS 0.97 (0.12) a*
Reference: Premenopausal women 1.06 (0.15)

Pansini
1995, IT

Surgical menopause LS 0.89 (0.13)
Reference: Spontaneous menopausal women 0.91 (0.15)

Kritz-
Silversteinb

1996, USA

Hysterectomy with bilateral oophorectomy LS 0.91 (ND)
Reference: Hysterectomy with conservation of 
one or both ovaries 

0.97 (ND)

Hysterectomy with bilateral oophorectomy Hip 0.78 (ND)
Reference: Hysterectomy with conservation of 
one or both ovaries 

0.81 (ND)

Chitacharoen
1999, TH

Surgical menopause LS 0.99 (0.16)*
Reference: NM 1.03 (0.15)
Surgical menopause FN 0.77 (0.15)*
Reference: NM 0.80 (0.11)

Hadjidakis
1999, GR

Surgical menopause LS 0.86 (0.14)
Reference: NM 0.88 (0.17)c

Surgical menopause FN 0.76 (0.13)
Reference: NM 0.78 (0.13)c

Ohtad

2002, JP
Oophorectomy LS 0.93 (0.11)
Reference: NM 0.96 (0.12)
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Hadjidakis
2003, GR

Surgical menopause LS 0.67 (0.10)
Reference: NM 0.67 (0.13)e

Surgical menopause FN 0.83 (0.12)*
Reference: NM 0.73 (0.12)e

Hayirlioglu
2006, TR

Surgical menopause LS 1.04*
BMD % 89.69

Reference: USA age-group BMD references ND
Surgical menopause FN 0.85*

BMD % 91.39
Reference: USA age-group BMD references ND

Longitudinal study
Kritz-
Silversteinb

2004, USA

Hysterectomy with bilateral oophorectomy at 
first assessment (1988 - 91)

LS 0.90 (ND)

Reference: Intact at first assessment 0.91 (ND)
Hysterectomy with bilateral oophorectomy at 
follow-up (1992 - 95)

0.90 (ND)

Reference: Intact at follow-up 0.91 (ND)
Hysterectomy with bilateral oophorectomy at 
first assessment

FN 0.65 (ND)

Reference: Intact at first assessment 0.65 (ND)
Hysterectomy with bilateral oophorectomy at 
follow-up

0.64 (ND)

Reference: Intact at follow-up 0.64 (ND)
Hysterectomy with bilateral oophorectomy at 
first assessment

Hip 0.80 (ND)

Reference: Intact at first assessment 0.79 (ND)
Hysterectomy with bilateral oophorectomy at 
follow-up

0.79 (ND)

Reference: Intact at follow-up 0.77 (ND)

a.Pooled estimates, original results stratified by years since menopause; bAdjusted for multiple factors, 
most commonly age, BMI, age at menopause or years since menopause and HRT (for details see table 
S4.1); cPooled estimates, original results stratified by matching criteria (age, years since menopause and 
both age and years since menopause); dEstimates for women with oophorectomy or NM < 3 years before 
enrolment, information for women with event > 3 years before enrolment was not extractable; ePooled 
estimates, original results stratified by age group and type of natural menopause (normal and premature/
early).
Abbreviations: BMD is bone mineral density; FN is femoral neck; LS: is lumbar spine; NM is natural 
menopause; SD is standard deviation.
*Report significant results. For pooled estimates, n is provided (if available), as it differs from N in Table 
S4.1.

Study ID Study groups Outcome
Results (mean 
(SD))
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Lumbar spine BMD
Overall meta-analysis of six studies on LS BMD, showed lower BMD after surgical 
menopause compared to reference groups irrespective of menopausal status 
(mean difference: -0.05 g/cm2; 95% CI -0.10 - -0.01; Figure S4.1).
In sensitivity analyses according to menopausal status of the reference groups, 
meta-analysis of two studies with premenopausal reference groups showed 
lower BMD in women with surgical menopause (mean difference: -0.15 g/cm2; 
95% CI -0.19 - -0.11; Figure 4.2). Meta-analysis of four studies with reference groups 
with natural menopause did not show a significant difference (mean difference: 
-0.02 g/cm2; 95% CI -0.04 - 0.00; Figure 4.2).
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Figure 4.2: Sensitivity meta-analysis of the effect of surgical menopause on BMD, T-scores 
and fracture rate according to menopausal status of the reference group
Abbreviations: LS is lumbar spine; BMD is bone mineral density; SD is standard deviation; IV is inverse 
variance; CI is confidence interval; df is degrees of freedom; FN is femoral neck.

Both studies with premenopausal reference groups had quality scores above 
median (Figure S4.2). In studies with reference groups with natural menopause, 
sensitivity analyses showed lower LS BMD after surgical menopause in two 
studies with quality scores below median and no significant difference in two 
studies with quality scores above median (Figure S4.2).

Sensitivity analyses show no significant differences in BMD in three studies 
including women with similar age at or time since surgical or natural menopause, 
but lower BMD after surgical menopause in two studies with a reference group 
with a higher age at or shorter time since natural menopause (Figure S4.3).

Femoral neck BMD
Overall meta-analysis of three studies on FN BMD showed no difference 
between women with surgical menopause and reference groups irrespective of 
menopausal status (mean difference: -0.03 g/cm2; 95% CI -0.17 - 0.11; Figure S4.1).
Sensitivity analyses according to menopausal status of the reference groups 
included one study with a premenopausal reference group reporting lower 
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BMD after surgical menopause (Figure 4.2). Sensitivity analysis of two studies 
with reference groups with natural menopause did not yield a significant result 
(Figure 4.2).

Sensitivity analyses show no significant differences in BMD in two studies 
including women with similar age at or time since surgical or natural menopause. 
One study with a reference group with a higher age at or shorter time since 
natural menopause showed higher BMD after surgical menopause (Figure S4.3).

Overall impact of surgical menopause on BMD T-scores
Three studies reported lower T-scores after surgical menopause, compared to 
respectively premenopausal women, women with natural menopause and 
population-based reference data (Table 4.2) (292,294,301). Meta-analysis of two 
studies on LS T-scores showed no significant difference after surgical compared 
to natural menopause (mean difference: -0.29; 95% CI -0.61 - 0.03; Figures 4.2 and 
S4.1).

Overall impact of surgical menopause on fracture prevalence
Of six studies reporting fracture prevalence (Table 4.2) (295-299,302), one reported 
increased fracture prevalence after surgical compared to natural menopause 
(299).

Three studies provided HRs, one relative risks, one standardized morbidity 
ratios and one fracture prevalence. Of three studies reporting HRs, two provided 
information on hip fracture rate only (296-298). Therefore, we performed a 
meta-analysis of HR for hip fracture. This meta-analysis revealed no significant 
difference in hip fracture rate after surgical compared to natural menopause (HR  
0.85; 95% CI 0.70 - 1.04; Figures 4.2 and S4.1).

Sensitivity analyses according to quality scores showed no significant 
differences, neither in two studies with a quality score below, nor in one 
study with a quality score above median (Figure S4.2). Sensitivity analyses for 
differences in age at and time since menopause were only possible for Vesco, 
2012, because the other studies had reference groups with hysterectomy before 
natural menopause (296-298).
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Table 4.2: Outcomes of all included studies reporting on other BMD-related outcomes and 
fracture rate

Study ID Study groups Outcome Results
Studies on T-scores in mean (SD)
Cross-sectional
Pansini
1995, IT

Surgical menopause T-score LS -1.68 (1.20)
Reference: Spontaneous 
menopausal women

-1.57 (1.30)

Özdemir
2009, TR

Surgical menopause T-score LS -1.87 (0.80)
Reference: NM -1.43 (1.23)
Surgical menopause T-score Hip -1.30 (0.87)*
Reference: NM -0.87 (0.98)

Hayirlioglu
2006, TR

Surgical menopause T-score LS -0.96*
T-score FN -0.64*

Reference: USA age-group BMD 
references

ND

Studies on fracture prevalence (95% CI)
Longitudinal studies
Banks
2009, UK

Surgical menopause RR hip fracture 1.20 (0.94 - 1.55)a

Reference: NM 1

Vescob

2012, USA
Surgical menopause (n = 433) HR hip fracture 0.87 (0.63 - 1.21)a

Reference: NM (n = 3683) 1

Surgical menopause (n = 433) HR wrist fracture 1.08 (0.76 - 1.54)a

Reference: NM (n = 3683) 1

Surgical menopause (n = 433) HR non-vertebral 
fracture

1.10 (0.92 - 1.31)a

Reference: NM (n = 3683) 1

Parkerc

2009, USA
Hysterectomy with bilateral 
oophorectomy

HR hip fracture 0.81 (0.56 - 1.17)a

Reference: Hysterectomy with 
ovarian conservation

1

Jacobyc,d

2011, USA
Hysterectomy with bilateral 
oophorectomy

HR hip fracture 0.86 (0.61 - 1.23)a

Reference: Hysterectomy with 
ovarian conservation

1

Johansson
1993, SE

Hysterectomy with bilateral 
oophorectomy

Prevalence radius/
humerus/
vertebral/ hip/tibial 
condyle fractures

38.9%*

Reference: Neither hysterectomy nor 
bilateral oophorectomy

21.0%



74

Chapter 4

Melton IIIc,e

1996, USA
Surgical menopause (age ED 35 - 44) SMR vertebral 

fractures
2.3 (0.8 - 4.9)

(age ED 45 - 49) 1.8 (0.9 - 3.4)
Reference: General Population of 
Rochester

1

Surgical menopause (age ED 35 - 44) SMR hip fractures 1.1 (0.1 - 4.0)
(age ED 45 - 49) 0.9 (0.2 - 2.3)

Reference: General Population of 
Rochester

1

Surgical menopause (age ED 35 - 44) SMR forearm 
fractures

2.0 (0.9 - 3.6)

(age ED 45 - 49) 1.3 (0.7 - 2.3)
Reference: General population of 
Rochester

1

aAdjusted for multiple factors, most commonly age, BMI, age at menopause or years since menopause 
and HRT (for details see Table S4.1); bIncluding only results for never HRT users; cIncluding only results for 
women with surgery at premenopausal age (< 52; n for subgroups not stated in the original study); dPooled 
estimates. Results originally presented stratified by age at menopause; eResults for subgroup with ED < 
age 35 are not presented (because it includes women with oophorectomy before peak bone mass). 
Abbreviations: CI 95% Confidence interval; ED is oestrogen deficiency; FN is femoral neck; HR is hazard 
ratio; LS is lumbar spine; NM is natural menopause; RR is relative risk; SD is standard deviation; SMR: is 
standardized morbidity r atio.
*Report significant results. For pooled estimates, n is provided (if available), as it differs from n in Table S4.1.

Studies with stratified results
One study presented hip fracture rates stratified by age at hysterectomy and did 
not observe a significant difference regardless of age at surgery (Table S4.3) (298).
Another study presented BMD stratified for age and age at natural menopause. 
LS BMD was lower after surgical compared to natural menopause after age 45 in 
women aged 45 - 50, but not in older women. FN BMD was never significantly 
lower after surgical compared to natural menopause (291).

Five studies stratified results for time interval after menopause. In two 
studies with premenopausal reference groups, no significant differences were 
observed for shorter time intervals after surgical menopause (≤ 3 years and up to 
6 months, respectively), but in women with longer time intervals after surgical 
menopause mean BMD was significantly lower (285,286). Pansini, 1995 described 
no significant differences in BMD or T-scores after surgical compared to natural 
menopause, regardless of time interval after menopause (301). Hadjidakis, 
1999 presented lower LS BMD after surgical menopause compared to natural 
menopause in women matched for age and both age and time interval after 
menopause. FN BMD was lower after surgical compared to natural menopause 

Study ID Study groups Outcome Results
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in women matched for age, but not in women matched for age and time interval 
after menopause (289). Özdemir, 2009 reported lower T-scores after surgical 
compared to natural menopause ≤ 5 years after menopause, but not > 5 years 
after menopause (294).

Relation between age and time interval after menopause and BMD
An overall decrease in LS and FN BMD was observed with increasing age and 
time interval after menopause (Figure S4.4). Visually, no evident differences 
between surgical and natural menopause were observed.

Risk of bias across studies
Visual evaluation of the funnel plots did not show any evidence of publication 
bias (Figure S4.5).

Discussion
Main findings
Within this systematic review and meta-analysis, LS and FN BMD were lower 
in women with surgical menopause compared to premenopausal age-matched 
women. When comparing age-matched women with surgical to natural 
menopause, no consistent differences were observed for either BMD or fracture 
rate.

Strengths and limitations
This is the first systematic review and meta-analysis addressing bone health 
after surgical menopause. Only studies reporting on LS and FN/hip BMD 
measured by DXA were included, which is the advised measure by international 
guidelines (226,227,273-276,303). The advantage of limiting our analyses to DXA 
are its clinical applicability, reliability and the reduction of heterogeneity. Studies 
using other measures to assess bone health were excluded and information on 
these assessments in included papers was not analysed. Still, these assessments 
might provide relevant information on bone health after surgical menopause.
The quality of this meta-analysis is hampered by the quality of the included 
studies. Quality scores were particularly low on external validity and internal 
validity/confounding, indicating that included studies are prone to bias. 
Furthermore, heterogeneity in meta-analysed studies on BMD and T-scores 
was high. We consider it appropriate to meta-analyse their results, because all 
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included studies aim to investigate the same effect and meta-analyses will 
provide information on the magnitude and sources of heterogeneity (304). 
Heterogeneity was taken into account by stratification into several subgroup 
analyses. Other possible strategies for overcoming heterogeneity would be 
meta-regression analysis or individual patient data meta-analysis. However, due 
to the small number of studies and the heterogeneity of the populations under 
study, this was not an option. For the same reason, assessment of publication 
bias across studies by testing funnel plot asymmetry was not applicable (282).

Interpretation

Studies on BMD with a premenopausal reference group
BMD was lower after surgical menopause compared to age-matched 
premenopausal women. This difference tended to be larger with a longer time 
interval after surgical menopause (285,286). Studies measuring BMD shortly after 
surgical menopause are unlikely to find a significant differences. In our meta-
analysis of two studies with premenopausal reference groups on the longest 
available follow-up, mean differences were approximately one SD (LS BMD: 
-0.15 g/cm2; FN BMD: -0.17 g/cm2) (285,286). A difference of one SD in BMD was 
associated with a twofold increase in age-specific fracture risk (228,230). When 
interpreting this relative increase, baseline fracture risks need to be considered, 
which are relatively low for women < 50 years (208).

Studies on BMD with a reference group with natural menopause
The reported directions and magnitudes of differences in BMD between women 
with surgical and natural menopause were inconsistent. Two studies reported 
lower BMD after surgical menopause (288,292) and one after natural menopause 
(291). Other studies did not report significant overall differences.
Studies with a reference group with natural menopause had diverse in- and 
exclusion criteria (Table S4.1), which was reflected by high heterogeneity in the 
meta-analyses.

Age at and time interval after menopause in reference groups varied widely 
among studies, and some did not provide information on it (287,288,290-293). Age 
at natural menopause is expected to be higher and time interval after natural 
menopause should be shorter than after surgical menopause, because appropriate 
reference women should not be postmenopausal before women with surgical 
menopause. Women with natural menopause experience a perimenopausal 
period with bone loss before natural menopause (305). The effect of surgical 
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menopause might be underestimated in studies with a reference group with 
younger or similar age at, or shorter or similar time interval after natural 
menopause (287-289,301). This hypothesis is supported by the findings from the 
sensitivity analyses according to age at and time since menopause on LS BMD.

In addition, of the studies including a reference group with higher age at 
and shorter time interval after natural menopause, studies in younger women 
showed lower BMD after surgical menopause compared to natural menopause, 
but studies in older women found similar or higher BMD after surgical 
menopause (291,293). This might indicate that an effect of surgical menopause on 
BMD becomes less relevant at older age.

Only studies that accounted for the use of HRT were included. Several studies 
excluded women using HRT which may have caused selection bias, because HRT 
was likely to be prescribed to women at high risk for bone loss or having low 
BMD (288-291,301). This may have caused overestimation of BMD in the surgical 
menopause group.

All studies retrospectively assessed oophorectomy status at inclusion and 
prospectively measured BMD. Most studies excluded women using medication, 
affecting bone (289-292,301). Since an effect of surgical menopause on bone 
is expected, physicians might be more concerned about bone loss and act 
preventively. This may have induced selection bias, as women at high risk for 
bone loss may have been excluded because they used medication affecting bone 
at inclusion.

Only studies measuring BMD by DXA were included, however, different 
devices were used (Hologic, Lunar and Norland). BMD values may vary 
significantly when measured by different devices, which could be a source of 
heterogeneity (306). Within studies all women were measured with the same 
device, so within studies this was not a source of bias.

Studies presenting on T-scores after surgical menopause presented 
comparable results to studies on BMD in g/cm2 and were vulnerable for the same 
types of bias.

Studies on fracture prevalence after surgical menopause
One of six studies reported higher fracture prevalence in women with surgical 
menopause (299). However, age varied widely between studies and some did not 
provide data on possible confounding factors (e.g. age, age at menopause, time 
interval after menopause and time of fracture). Furthermore, menopausal status 
was assessed retrospectively, which may have caused selection and recall bias. 
Additionally, when including women at the age of 65 – 70, survival bias is likely. 
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Fractures (especially hip/femoral) increase mortality in elderly (296,299,307). 
If surgical menopause increases fracture prevalence, it is possible that women 
with fractures due to surgical menopause have worse survival.

Within studies researching women with hysterectomy with and without 
oophorectomy, hysterectomy might affect age at menopause and thus BMD in 
a reference group with hysterectomy might be lower than in a reference group 
without hysterectomy (297,298,308).

Conclusion
These results suggest that directly after surgical menopause BMD decreases 
significantly, since women with surgical menopause have lower BMD than 
premenopausal age-matched references. However, after the age of natural 
menopause, BMD and fracture rate seem comparable for women with natural 
and surgical menopause. The results summarised in this systematic review 
and meta-analysis should be interpreted with caution, as included studies 
were prone to bias. Currently, available literature does not provide sufficient 
support for recommending systematic BMD screening solely because of surgical 
menopause. This review might guide further studies in this field to support 
optimal clinical management.

Suggestions for further research
To obtain reliable estimations of the effect of surgical menopause on bone, 
prospective inclusion of women with surgical menopause is preferred. An 
age-matched reference group allows to correct for the effect of age on bone. 
As surgical menopause is per definition before age of natural menopause, 
follow-up in the reference group starts at premenopausal age. Groups should 
not be selected on fracture history or use of medication affecting the bone. 
These factors can be considered in sensitivity analyses, as they may influence 
choice for oophorectomy. A time-to-event approach (e.g. time to fracture or to 
osteoporosis), or repeated measures for BMD, with a standardised DXA procedure 
could be adopted.
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Supplements
Appendices

Appendix S4.1: Search strategy for Pubmed and Embase

Pubmed

RRSO Bone outcomes

Mesh Title/abstract Mesh Title/abstract
“Ovariectomy”[Mesh] ovariectom*[tiab]

oophorectom*[tiab]
salpingooophorectom*[tiab]
(surgical*[tiab] AND 
menopause[tiab])
castrat*[tiab]) 

“Fractures, Bone”[Mesh]
“Osteoporosis”[Mesh]
“Bone Density”[Mesh]

fracture*[tiab]
(bone[tiab] AND 
density[tiab])
osteoporo*[tiab]
osteopeni*[tiab]

((“Ovariectomy”[Mesh] OR ovariectom*[tiab] OR oophorectom*[tiab] OR salpingooophorectom*[tiab] OR 
(surgical*[tiab] AND menopause[tiab]) OR castrat*[tiab]) 
AND 
(“Fractures, Bone”[Mesh] OR “Osteoporosis”[Mesh] OR “Bone Density”[Mesh] OR fracture*[tiab] OR 
(bone[tiab] AND density[tiab]) OR osteoporo*[tiab] OR osteopeni*[tiab]))
NOT
(animals[mesh] NOT humans[mesh])
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Embase

RRSO Bone outcomes

Emtree Title/abstract Emtree Title/abstract
‘ovariectomy’/exp
‘salpingooophorectomy’/
exp
‘castration’/exp

ovariectom*:ab,ti
salpingooophorectom*: 
ab,ti
oophorectom*:ab,ti
(surgical* NEXT/2 
menopause):ab,ti
castrat*:ab,ti

‘fracture’/exp
‘osteoporosis’/exp
‘osteopenia’/exp
‘bone density’/exp

fracture*:ab,ti
osteoporo*:ti,ab
osteopeni*:ti,ab
(bone NEXT/2 
density):ab,ti

(‘ovariectomy’/exp OR ‘salpingooophorectomy’/exp OR ‘castration’/exp OR ovariectom*:ab,ti OR 
salpingooophorectom*:ab,ti OR oophorectom*:ab,ti OR (surgical* NEXT/2 menopause):ab,ti OR castrat*:ab,ti) 
AND
 (‘fracture’/exp OR ‘osteoporosis’/exp OR ‘osteopenia’/exp OR ‘bone density’/exp OR fracture*:ab,ti OR 
osteoporo*:ti,ab OR osteopeni*:ti,ab OR (bone NEXT/2 density):ab,ti)
NOT 
(‘animal’/exp NOT ‘human’/exp)
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Appendix S4.2: Data collection form, including adapted Downs and 
Black Checklist

Data collection form      
Review title: Fractures and bone mineral density after surgical menopause

General Information
Study ID (surname of first author and year 
first full report of study was published e.g. 
Smith 2001):

Report ID: 
Report ID of other reports of this study:

Name of person extracting data: Date form completed (dd/mm/yyyy):

Title:

Authors:

Reference:

Corresponding author contact details:

Publication type (e.g. full report, abstract, letter):

Notes:
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Notes on using this data extraction form: 
•	 Be consistent in the order and style you use to describe the information for 

each report.
•	 Record any missing information as unclear or not described, to make it clear 

that the information was not found in the study report(s), not that you forgot 
to extract it. 

Characteristics of included studies

Methods

Descriptions as stated in report/paper

Location in text or 
source (pg & ¶/fig/
table/other)

Aim of study           

Design (e.g. cross-sectional/
longitudinal, prospective/
retrospective)

          

Start date           

End date             

Duration of participation
(from recruitment to last 
follow-up)

          

Ethical approval needed/ 
obtained for study

□	 □	 □
Yes No Unclear

          

Notes:        
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Participants
Description
Include comparative information for 
each intervention or comparison group if 
available

Location in text or 
source (pg & ¶/fig/
table/other)

Inclusion criteria           
Exclusion criteria           
Informed consent obtained □	 □	 □

Yes No Unclear
          

Total population at start of 
study

          

Withdrawals and exclusions           
Race/Ethnicity           
Co-morbidities           
Other relevant 
sociodemographics

          

Subgroups measured           
Subgroups reported           
Notes:        

Study groups
Copy and paste table for each intervention and comparison group 

Surgical menopause group

Description as stated in report/paper

Location in text or 
source (pg & ¶/fig/
table/other)

Group name           
No. patients in group           
Definition of surgical menopause           
Indication surgical menopause           
Co-interventions (e.g. 
hysterectomy; chemotherapy, 
radiotherapy)

          

Age
Age at time of menopause
Years since menopause
Notes:        
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Control Group 1

Description as stated in report/paper

Location in text or 
source (pg & ¶/fig/
table/other)

Group name           
No. patients in group           
Definition control group           
Co-interventions (e.g. 
hysterectomy; chemotherapy, 
radiotherapy)

          

Age
Age at time of menopause
Years since menopause
Notes:        

Outcomes
Copy and paste table for each outcome.

Outcome 1

Description as stated in report/paper

Location in text or 
source (pg & ¶/fig/
table/other)

Outcome name      
Time points measured      

Time points reported           

Outcome definition (with 
diagnostic criteria if relevant)

          

Measurement device (e.g. DXA, 
QCT, questionnaire)

          

Unit of measurement (i.e. BMD 
in g/cm2, Z-score)

          

Is outcome/tool validated? □	 □	 □
Yes No Unclear

          

Imputation of missing data           

Notes:        
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Other
Study funding sources
(including role of funders)

          

Possible conflicts of interest
(for study authors)

          

Notes:        

Data and analysis
Copy and paste the appropriate table for each outcome, including additional tables 
for each time point and subgroup as required.

Dichotomous outcome 

Description as stated in report/paper

Location in 
text or source 
(pg & ¶/fig/
table /other)

Comparison           
Outcome           
Adjusted for           
Time point/Follow-
up (e.g. median, 
mean) 

          

Results Surgical menopause Comparison      
No. with 
event

Total in group No. with 
event

Total in group

                    
Control group 2
Control group 3

Any other results 
reported (e.g. odds 
ratio, risk difference, 
hazard ratio)

OR/RR/HR/Other (specify):      
Unadjusted Adjusted
Result 95%CI/

SD/
other:

p-value Result 95%CI/
SD/
other:

p-value

No. missing 
participants

               

Reasons missing                
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Statistical 
methods used and 
appropriateness 
of these (e.g. 
adjustment for 
correlation)

          

Reanalysis 
required? (specify, 
e.g. correlation 
adjustment)

□	 □	 □
Yes No Unclear

          

Reanalysis possible? □	 □	 □
Yes No Unclear

          

Reanalysed results           
Notes:        

Continuous outcome

Description as stated in report/paper

Location in 
text or source 
(pg & ¶/fig/
table/other)

Comparison           

Outcome           

Adjusted for           

Time point/
Follow-up (e.g. 
median, mean)

          

Post-
intervention or 
change from 
baseline?

          

Results Surgical menopause Comparison      

Mean SD (or other 
variance, 
specify) 

No. 
participants

Mean SD (or other 
variance, 
specify)

No. 
participants

                              
Control 
group 2
Control 
group 3

Description as stated in report/paper

Location in 
text or source 
(pg & ¶/fig/
table /other)
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Any other 
results reported 
(e.g. mean 
difference, CI P 
value)

          

No. missing 
participants

               

Reasons missing                

Statistical 
methods 
used and 
appropriateness 
of these (e.g. 
adjustment for 
correlation)

          

Reanalysis 
required? 
(specify)

□	 □	 □
Yes No Unclear

          

Reanalysis 
possible?

□	 □	 □
Yes No Unclear

          

Reanalysed 
results

          

Notes:        

Other information

Description as stated in report/paper

Location in text 
or source (pg 
& ¶/fig/table/
other)

Key conclusions of study 
authors

          

References to other relevant 
studies

          

Correspondence required for 
further study information 
(from whom, what and when)

     

Notes:        

Description as stated in report/paper

Location in 
text or source 
(pg & ¶/fig/
table/other)
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Assessment of the methodological quality of the study
Downs & Black checklist

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine

Reporting
1. Is the hypothesis/aim/objective of the 
study clearly described?

□

1

□

0

     

2. Are the main outcomes to be measured 
clearly described in the Introduction or 
Methods section?
If the main outcomes are first mentioned in 
the Results section, the question should be 
answered no.

□
1

□
0

     

3. Are the characteristics of the patients 
included in the study clearly described?
In cohorts studies and trials, inclusion and/
or exclusion criteria should be given. In 
case-control studies, a case-definition and 
the source for controls should be given.

□
1

□
0

     

4. Are the interventions of interest clearly 
described?
Treatments and placebo (where relevant) 
that are to be compared should be clearly 
described.

□
1

□
0

     

5. Are the distributions of principal 
confounders in each group of subjects to 
be compared clearly described?
Principal confounders: age (current), age at 
menopause, duration of menopause, BMI, 
use of HRT

□
2

□
1

□
0

     

6. Are the main findings of the study 
clearly described?
Simple outcome data (including 
denominators and numerators) should 
be reported for all major findings so that 
the reader can check the major analyses 
and conclusions. (This question does not 
cover statistical tests which are considered 
below).

□
1

□
0
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7. Does the study provide estimates of 
the random variability in the data for the 
main outcomes?
In non normally distributed data the 
inter-quartile range of results should be 
reported. In normally distributed data 
the standard error, standard deviation or 
confidence intervals should be reported. If 
the distribution of the data is not described, 
it must be assumed that the estimates used 
were appropriate and the question should 
be answered yes.

□
1

□
0

     

9. Have the characteristics of patients lost 
to follow-up been described?
This should be answered yes where there 
were no losses to follow-up or where losses 
to follow-up were so small that findings 
would be unaffected by their inclusion. This 
should be answered no where a study does 
not report the number of patients lost to 
follow-up.

□
1

□
0

10. Have actual probability values been 
reported (e.g. 0.035 rather than < 0.05) 
for the main outcomes except where the 
probability value is less than 0.001?

□
1

□
0

External validity
All the following criteria attempt to address the representativeness of the findings of the study and 
whether they maybe generalised to the population from which the study subjects were derived.
11. Were the subjects asked to participate 
in the study representative of the entire 
population from which they were 
recruited?
The study must identify the source 
population for patients and describe how 
the patients were selected. Patients would 
be representative if they comprised the 
entire source population, an unselected 
sample of consecutive patients, or a 
random sample. Random sampling is only 
feasible where a list of all members of the 
relevant population exists. Where a study 
does not report the proportion of the source 
population from which the patients are 
derived, the question should be answered as 
unable to determine.

□
1

□
0

□
0

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine
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12. Were those subjects who were 
prepared to participate representative of 
the entire population from which they 
were recruited?
The proportion of those asked who agreed 
should be stated. Validation that the 
sample was representative would include 
demonstrating that the distribution of 
the main confounding factors was the 
same in the study sample and the source 
population.

□
1

□
0

□
0

13. Were the staff, places, and facilities 
where the patients were treated, 
representative of the treatment the 
majority of patients receive?
For the question to be answered yes 
the study should demonstrate that the 
intervention was representative of that in 
use in the source population. The question 
should be answered no if, for example, the 
intervention was undertaken in a specialist 
centre unrepresentative of the hospitals 
most of the source population would 
attend.

□
1

□
0

□
0

Internal validity - bias
14. Were patient groups similar with 
respect to baseline criteria (e.g. current 
age and/or age at menopause and/or 
time since menopause, BMI)?
This question was added to the original 
Downs & Black checklist by IEF, to assess 
baseline comparability.

□
1

□
0

□
0

15. Was an attempt made to blind those 
measuring the main outcomes of the 
intervention?

□
1

□
0

□
0

16. If any of the results of the study were 
based on  “data dredging”, was this made 
clear?
Any analyses that had not been planned 
at the outset of the study should be clearly 
indicated. If no retrospective unplanned 
subgroup analyses were reported, then 
answer yes.

□
1

□
0

□
0

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine
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17. In trials and cohort studies, do the 
analyses adjust for different lengths of 
follow-up of patients, or in case-control 
studies, is the time period between the 
intervention and outcome the same for 
cases and controls?
Where follow-up was the same for all 
study patients the answer should be yes. 
If different lengths of follow-up were 
adjusted for by, for example, survival 
analysis the answer should be yes. Studies 
where differences in follow-up are ignored 
should be answered no.

□
1

□
0

□
0

18. Were the statistical tests used to 
assess the main outcomes appropriate?
The statistical techniques used must be 
appropriate to the data. For example non-
parametric methods should be uses for 
small sample sizes. Where little statistical 
analysis has been undertaken but where 
there is no evidence of bias, the question 
should be answered yes. If the distribution 
of the data (normal or not) is not described 
it must be assumed that the estimates used 
were appropriate and the question should 
be answered yes.

□
1

□
0

□
0

19. Was the intervention (premenopausal 
oophorectomy) reliably established?
This question was adapted by IEF to 
correspond to the current review. The 
question aims to identify studies that not 
correctly identified women as having had 
oophorectomy before natural menopause.

□
1

□
0

□
0

20. Were the main outcome measures 
used accurate (valid and reliable)?
For studies where the outcome measures 
are clearly described, the question should 
be answered yes. For studies which refer 
to other work or that demonstrates the 
outcome measures are accurate, the 
question should be answered yes.

□
1

□
0

□
0

Internal validity – confounding (selection bias)

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine
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21. Were the patients in different 
intervention groups (trials and cohort 
studies) or were the cases and controls 
(case-control studies) recruited from the 
same population?
For example, patients for all comparison 
groups should be selected from the 
same hospital. The question should be 
answered unable to determine for cohort 
and case-control studies where there is 
no information concerning the source of 
patients included in the study.

□
1

□
0

□
0

22. Were study subjects in different 
intervention groups (trials and cohort 
studies) or were the cases and controls 
(case control studies) recruited over the 
same period of time?
For a study which does not specify the time 
period over which patients were recruited, 
the question should be answered as unable 
to determine.

□
1

□
0

□
0

23. Were study subjectes randomised to 
intervention groups?
Studies which state that subjects were 
randomised should be answered yes except 
where method of randomisation would 
not ensure random allocation. For example 
alternate allocation would score no 
because it is predictable.

□
1

□
0

□
0

24. Was the randomised intervention 
assignment concealed from both patients 
and health care staff until recruitment 
was complete and irrevocable?
All non-randomised studies should be
answered no. If assignment was concealed
from patients but not from staff, it should
be answered no.

□
1

□
0

□
0

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine
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25. Was there adequate adjustment for 
confounding in the analyses from which 
the main findings were drawn?
This question should be answered no for 
trials if: the main conclusions of the study 
were based on analyses of treatment rather 
than intention to treat; the distribution 
of known confounders in the different 
treatment groups was not described; or the 
distribution of known confounders differed 
between the treatment groups but was 
not taken into account in the analyses. In 
non-randomised studies if the effect of the 
main confounders was not investigated 
or confounding was demonstrated but no 
adjustment was made in the final analyses 
the question should be answered as no. 

□
1

□
0

□
0

26. Were losses of patients to follow-up 
taken into account?
If the numbers of patients lost to follow-up 
are not reported, the question should be 
answered as unable to determine. If the 
proportion lost to follow-up was too small 
to affect the main findings, the question 
should be answered yes.

□
1

□
0

□
0

Power
27. Did the study have sufficient power to 
detect a clinically important effect where 
the probability value for a difference 
being due to chance is less than 5%?
Sample sizes have been calculated to detect 
a difference of x% and y%.

Size of the smallest intervention group

Notes:        

Power BMD/
T-
scores
N =

Fractures
N = 

A. < 70% <13 < 29821 □ 0

B. 70%-80% 13-16 29821 – 37931 □ 1

C. 80%-85% 16-18 37931 - 43392 □ 2

D. 85%-90% 19-21 43392 – 50779 □ 3

E. 90%-99% 21-37 507779 – 88646 □ 4

F. >99%  >37 > 88646 □ 5

Domain

Reviewers judgement
Location in text 
or source (pg 
& ¶/fig/table/
other)Yes Partially No

Unable to       
determine
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Supplementary figures

Figure S4.1: Overall meta-analysis of the effect of surgical menopause on BMD, T-scores and 
fracture rate
Abbreviations: LS is lumbar spine; BMD is bone mineral density; SD is standard deviation; IV is inverse 
variance; CI is confidence interval; df is degrees of freedom; FN is femoral neck.
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Figure S4.2: Sensitivity meta-analysis of the effect of surgical menopause on BMD, T-scores 
and fracture rate ccording to quality score assessed by Downs and Black checklist (below or 
above the median score of 18 out of 31 possible points)
Abbreviations: LS is lumbar spine; BMD is bone mineral density; SD is standard deviation; IV is inverse 
variance; CI is confidence interval; df is degrees of freedom; FN is femoral neck.



98

Chapter 4



99

BMD and fractures after surgical menopause

4
Figure S4.3: Sensitivity meta-analysis of the effect of surgical menopause on BMD, T-scores 
and fracture rate according to differences in age at or time interval after surgical or natural 
menopause
Abbreviations: LS is lumbar spine; BMD is bone mineral density; SD is standard deviation; IV is inverse 
variance; CI is confidence interval; df is degrees of freedom; FN is femoral neck.
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Figure S4.4: The relation between age and time interval after menopause and BMD
Abbreviations: LS is lumbar spine; BMD is bone mineral density; FN is femoral neck.
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Figure S4.5: Funnel plots for the overall meta-analyses on BMD, T-scores and fracture rate 
after surgical menopause 
Abbreviations: LS is lumbar spine; BMD is bone mineral density; SE is standard error; MD is meand 
difference; FN is femoral neck.
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Supplementary tables

Table S4.1: Characteristics of included studies

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device

BMD in g/cm2

Cross-sectional studies
Chittacharoen,
1997, TH

Women from Ramathibodi Hospital 
Excluded: HRT use, malignant or metabolic 
disease

Surgical menopause
Total hysterectomy and bilateral 
oophorectomy for benign tumours, 
endometriosis or pelvic abscess, 
random sample.

50 50.2 (6.7) ND 8.75
(3.9)

Study groups matched for 
mean age, body weight, 
height and BMI

Lunar DPX

Reference: Perimenopausal women
Irregular menstruation or 
amenorrhea for less than 12 months 
without risk factors for osteoporosis, 
e.g. smoking and family history of 
bone disease, matched to surgical 
menopause group.

50 49.0 (2.8) NA NA

Yasui, 
2007, JP

Women from outpatient clinic of obstetrics 
and gynaecology of Tokushima university 
hospital. Normal serum calcium, phosphate 
and alkalin phosphatase.
Excluded: medication use, including HRT, 
diseases known to affect bone or mineral 
metabolism, before entering the study, 
consumption of ‘Natto’ frequently or within 
a week prior to the study

Surgical menopausea

Bilateral oophorectomised for 
gynaecologic diseases such as benign 
ovarian tumor and regular menstrual 
cycles prior to surgery.

141 48.5 (5.2) 45.9 (5.7) 1 month –
10 years

Surgical menopause group 
categorised by time interval 
after menopause. BMI 
similar within study groups.

Hologic QDR 
2000

Reference: Premenopausal women
Being screened for gynaecological 
cancer with a recent history of 
regular menstruation (25 - 35 days 
per cycle).

32 47.9 (3.6) NA NA

Pansini, 
1995, IT

Spontaneous or surgical menopause whose 
age at menopause matched chronological 
age of premenopausal controls (results for 
premenopausal controls not reported).
Excluded: history of disorders, using 
medications, including HRT Radiographicaly 
confirmed aortic calcification, fractures or 
focal sclerosis of lumbar spine

Surgical menopause
Hysterectomy with bilateral 
oophorectomy, menstruating 
regularly before surgery.

67 52 (46 - 52) 48 (45 - 53) 3.4
(1.0 - 12.0)

Adjusted for age, BMI, 
estrone.

Hologic QDR 
1000

Reference: Spontaneous menopausal 
women 
12-144 months of amenorrhea.

160 51 (46 - 62) 48 (45 - 53) 3.0*
(1.0 - 12.0)

Kritz-
Silverstein, 
1996, USA

Caucasian, 60 - 89 years, upper-middle class 
community, ambulatory
Excluded: no (data on) hysterectomy, never 
menstruated

Hysterectomy with bilateral 
oophorectomy

164 74.7 (7.0) 46.8 (6.8) 28.0
(9.8)

Adjusted for: age, BMI, 
current estrogen use, years 
since menopause, prior oral 
contraceptive use, current 
smoking, thiazide use. Age 
at menopause of reference 
group defined as age at 
start of estrogen use or age 
49 for never users.

Hologic QDR 
1000

Reference: Hysterectomy with 
conservation of one or both ovaries

182 75.1 (6.8) 43.5 (7.0)* 31.6*
(8.3)
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Supplementary tables

Table S4.1: Characteristics of included studies

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device

BMD in g/cm2

Cross-sectional studies
Chittacharoen,
1997, TH

Women from Ramathibodi Hospital 
Excluded: HRT use, malignant or metabolic 
disease

Surgical menopause
Total hysterectomy and bilateral 
oophorectomy for benign tumours, 
endometriosis or pelvic abscess, 
random sample.

50 50.2 (6.7) ND 8.75
(3.9)

Study groups matched for 
mean age, body weight, 
height and BMI

Lunar DPX

Reference: Perimenopausal women
Irregular menstruation or 
amenorrhea for less than 12 months 
without risk factors for osteoporosis, 
e.g. smoking and family history of 
bone disease, matched to surgical 
menopause group.

50 49.0 (2.8) NA NA

Yasui, 
2007, JP

Women from outpatient clinic of obstetrics 
and gynaecology of Tokushima university 
hospital. Normal serum calcium, phosphate 
and alkalin phosphatase.
Excluded: medication use, including HRT, 
diseases known to affect bone or mineral 
metabolism, before entering the study, 
consumption of ‘Natto’ frequently or within 
a week prior to the study

Surgical menopausea

Bilateral oophorectomised for 
gynaecologic diseases such as benign 
ovarian tumor and regular menstrual 
cycles prior to surgery.

141 48.5 (5.2) 45.9 (5.7) 1 month –
10 years

Surgical menopause group 
categorised by time interval 
after menopause. BMI 
similar within study groups.

Hologic QDR 
2000

Reference: Premenopausal women
Being screened for gynaecological 
cancer with a recent history of 
regular menstruation (25 - 35 days 
per cycle).

32 47.9 (3.6) NA NA

Pansini, 
1995, IT

Spontaneous or surgical menopause whose 
age at menopause matched chronological 
age of premenopausal controls (results for 
premenopausal controls not reported).
Excluded: history of disorders, using 
medications, including HRT Radiographicaly 
confirmed aortic calcification, fractures or 
focal sclerosis of lumbar spine

Surgical menopause
Hysterectomy with bilateral 
oophorectomy, menstruating 
regularly before surgery.

67 52 (46 - 52) 48 (45 - 53) 3.4
(1.0 - 12.0)

Adjusted for age, BMI, 
estrone.

Hologic QDR 
1000

Reference: Spontaneous menopausal 
women 
12-144 months of amenorrhea.

160 51 (46 - 62) 48 (45 - 53) 3.0*
(1.0 - 12.0)

Kritz-
Silverstein, 
1996, USA

Caucasian, 60 - 89 years, upper-middle class 
community, ambulatory
Excluded: no (data on) hysterectomy, never 
menstruated

Hysterectomy with bilateral 
oophorectomy

164 74.7 (7.0) 46.8 (6.8) 28.0
(9.8)

Adjusted for: age, BMI, 
current estrogen use, years 
since menopause, prior oral 
contraceptive use, current 
smoking, thiazide use. Age 
at menopause of reference 
group defined as age at 
start of estrogen use or age 
49 for never users.

Hologic QDR 
1000

Reference: Hysterectomy with 
conservation of one or both ovaries

182 75.1 (6.8) 43.5 (7.0)* 31.6*
(8.3)
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Chittacharoen,
1999, TH

Excluded: endocrine metabolic disease 
affecting calcium and phosphorus 
metabolism,
BMD. smoking, HRT use

Surgical menopauseb 102 53.3 (7.3) ND 5.67
(4.8) 

ND Lunar DPX

Reference: NM 309 54.3 (6.0) ND 5.18
(5.1)

Hadjidakis,
1999, GR

Women from metabolic bone disease 
outpatient clinic.
Excluded: other risk factors for osteoporosis, 
taking medication affecting bone 
metabolism

Surgical menopause
Hysterectomy and oophorectomy 
because of uterine fibromas.

30 50.7 (7.6) 41.7 (5.1) 11.9
(5.4)

Two reference groups 
presented: matched for 
age or age and years since 
menopause. Study groups 
matched for BMI, dietetic 
and exercise lifestyle. 

Norland XR 26 
Mark II

Reference: NMa

For NM Age and YSM matched: No 
hormonal or other medical cause 
which could have accounted for early 
age at menopause.

60 51.7 (5.7) 43.3 (5.6) 8.4
(5.6)*

Ohtac,
2002, JP

Women from menopausal outpatient 
clinic. Excluded: malignant disease, bone or 
calcium metabolic disease, receiving drugs 
that are known to affect bone or calcium 
metabolism, including HRT

Oophorectomy
Oophorectomy less than three years 
before initiations of the study.

20 47.9 (6.8) ND 1.08
(0.7) 

Age, body size (BMI, 
height, weight), years 
since menopause/ 
oophorectomy, and 
hormonal status (E2 and 
FSH) were similar within 
study groups. 

Norland XR 26

Reference: NM
Amenorrhea for at least one year in 
women 40 years or older with NM 
less than three years before study 
entry.

20 50.9 (3.0) ND 1.16
(0.3)

Hadjidakis,
2003, GR

Women from metabolic bone disease 
outpatient clinic. 
Excluded: medication affecting bone 
metabolism, including ever received HRT 
and any hepatic, renal or neoplastic disease. 
Severe degenerative lesions of vertebra or 
aortic calcification

Surgical menopausea

Hysterectomy and bilateral 
oophorectomy for uterine myomas 
before 45.

210 45 - 70 41.0 (5.1) ND Study groups categorised 
in five year age-segments. 
Two reference groups 
presented: NM ≤ 45 or > 
45. BMI and risk factors for 
osteoporosis similar in all 
groups.

Norland XR 26 
Mark II

Reference: NMa

For women with NM ≤ age 45: 

did not present endocrine or 
other abnormality that could 
have accounted for premature 
menopause.

304 45 - 70 44.6 (6.0)* ND

Hayirlioglu,
2006, TR

NA Surgical menopause
Total hysterectomy with bilateral 
oophorectomy before menopause 
Patients to any of three bone 
measurement laboratories.
Excluded: any bone disease or 
receiving medications.

105 48.5 42.68 5.77 Age-group reference data 
used.

Lunar DPX L

Reference: USA age-group BMD 
references

NA ND ND ND

Longitudinal study
Kritz-
Silverstein,
2004, USA

Caucasian, 60 - 89 years, upper-middle class 
community, ambulatory
Excluded: no data on hysterectomy or 
oophorectomy, loss of follow-up, change 
in HRT use status between visits, never 
menstruated

Hysterectomy with bilateral 
oophorectomy

91 71.6 (8.8) 46.2 (7.8) 25.4
(11.4) 

Adjusted for: Age, BMI, age 
at menopause, estrogen 
use

Hologic QDR 
1000

Reference: Intact 234 71.1 (9.5) 48.1 (5.2)* 22.9
(10.7)

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device
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Chittacharoen,
1999, TH

Excluded: endocrine metabolic disease 
affecting calcium and phosphorus 
metabolism,
BMD. smoking, HRT use

Surgical menopauseb 102 53.3 (7.3) ND 5.67
(4.8) 

ND Lunar DPX

Reference: NM 309 54.3 (6.0) ND 5.18
(5.1)

Hadjidakis,
1999, GR

Women from metabolic bone disease 
outpatient clinic.
Excluded: other risk factors for osteoporosis, 
taking medication affecting bone 
metabolism

Surgical menopause
Hysterectomy and oophorectomy 
because of uterine fibromas.

30 50.7 (7.6) 41.7 (5.1) 11.9
(5.4)

Two reference groups 
presented: matched for 
age or age and years since 
menopause. Study groups 
matched for BMI, dietetic 
and exercise lifestyle. 

Norland XR 26 
Mark II

Reference: NMa

For NM Age and YSM matched: No 
hormonal or other medical cause 
which could have accounted for early 
age at menopause.

60 51.7 (5.7) 43.3 (5.6) 8.4
(5.6)*

Ohtac,
2002, JP

Women from menopausal outpatient 
clinic. Excluded: malignant disease, bone or 
calcium metabolic disease, receiving drugs 
that are known to affect bone or calcium 
metabolism, including HRT

Oophorectomy
Oophorectomy less than three years 
before initiations of the study.

20 47.9 (6.8) ND 1.08
(0.7) 

Age, body size (BMI, 
height, weight), years 
since menopause/ 
oophorectomy, and 
hormonal status (E2 and 
FSH) were similar within 
study groups. 

Norland XR 26

Reference: NM
Amenorrhea for at least one year in 
women 40 years or older with NM 
less than three years before study 
entry.

20 50.9 (3.0) ND 1.16
(0.3)

Hadjidakis,
2003, GR

Women from metabolic bone disease 
outpatient clinic. 
Excluded: medication affecting bone 
metabolism, including ever received HRT 
and any hepatic, renal or neoplastic disease. 
Severe degenerative lesions of vertebra or 
aortic calcification

Surgical menopausea

Hysterectomy and bilateral 
oophorectomy for uterine myomas 
before 45.

210 45 - 70 41.0 (5.1) ND Study groups categorised 
in five year age-segments. 
Two reference groups 
presented: NM ≤ 45 or > 
45. BMI and risk factors for 
osteoporosis similar in all 
groups.

Norland XR 26 
Mark II

Reference: NMa

For women with NM ≤ age 45: 

did not present endocrine or 
other abnormality that could 
have accounted for premature 
menopause.

304 45 - 70 44.6 (6.0)* ND

Hayirlioglu,
2006, TR

NA Surgical menopause
Total hysterectomy with bilateral 
oophorectomy before menopause 
Patients to any of three bone 
measurement laboratories.
Excluded: any bone disease or 
receiving medications.

105 48.5 42.68 5.77 Age-group reference data 
used.

Lunar DPX L

Reference: USA age-group BMD 
references

NA ND ND ND

Longitudinal study
Kritz-
Silverstein,
2004, USA

Caucasian, 60 - 89 years, upper-middle class 
community, ambulatory
Excluded: no data on hysterectomy or 
oophorectomy, loss of follow-up, change 
in HRT use status between visits, never 
menstruated

Hysterectomy with bilateral 
oophorectomy

91 71.6 (8.8) 46.2 (7.8) 25.4
(11.4) 

Adjusted for: Age, BMI, age 
at menopause, estrogen 
use

Hologic QDR 
1000

Reference: Intact 234 71.1 (9.5) 48.1 (5.2)* 22.9
(10.7)

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device
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T-scores for BMD
Cross-sectional study
Özdemir,
2009, TR

Women from menopause outpatient clinic 
of Meram medical faculty.
Excluded: women with oophorectomy after 
natural menopause, hormonal treatment 
and/or osteoporosis treatment, partial 
oophorectomy or bilateral oophorectomy 
after age 50, anti-diabetic or anti-
hypertensive treatment before menopause

Surgical menopause
Hysterectomy with oophorectomy for 
benign reasons between age 40 and 
50 before natural menopause.

94 52.7 (5.0) 46.76 (2.8) 4.86
(3.81)

BMI similar within study 
groups.

ND

Reference: NM
Amenorrhea for more than one year 
in women 40 years or older.

95 (4.8) 48.07 (3.0)* 5.28
(4.28)

Fracture prevalence
Longitudinal studies
Banks, 
2009, UK

Middle-aged women from national health 
service breast screening clinics in England 
and Scotland.
Excluded: HRT at recruitment, cancer prior 
to recruitment, unknown age of menopause 
because of hysterectomy without bilateral 
oophorectomy prior to natural menopause, 
missing data on menopausal status

Surgical menopause
Reported cessation of their periods as 
a result of bilateral oophorectomy.

11,299 ND ND ND Adjusted for age, region, 
socioeconomic status, 
BMI, smoking, alcohol 
consumption, strenuous 
physical activity, parity, 
oral contraceptives, 
medical history (heart 
disease, stroke, thrombosis, 
diabetes, thyroid disease 
rheumatoid disease, 
osteoarthritis), age at 
menopause

NA

Reference: NM
Reported cessation of their periods as 
a result of natural menopause.

408,424 ND ND ND

Vesco, 
2012, USA

White women > 65
Excluded: bilateral hip replacement 
or unable to walk alone, incomplete 
hysterectomy or menopause, 
postmenopausal oophorectomy, 
hysterectomy without oophorectomy, 
traumatic fractures 

Surgical menopause
Bilateral oophorectomy before 
menopause, with or without 
hysterectomy.

1,157 70.8 (4.9) 44.3 (7.4) ND Results presented 
separately for never HRT 
users.
Adjusted for age, weight, 
age at menopause, calcium 
intake, pack years smoking, 
number breastfed, self-
reported health status, 
benzodiazepine use, 
depth perception, contrast 
sensitivity

NA

Reference: NM 5,459 71.7 (5.4)* 48.9 (4.9)* ND

Parker, 
2009, USA

Nurses aged 30 - 55 with hysterectomy.
Excluded: unilateral or partial 
oophorectomy, unknown ovarian status 
at time of hysterectomy, oophorectomy 
before hysterectomy, unknown age at 
hysterectomy, prior stroke, breast cancer, 
gynaecologic cancer, lung cancer, colorectal 
cancer, hip fracture, pulmonary embolus, 
death

Hysterectomy with bilateral 
oophorectomy

16,345 51.9 (6.8) 46.8 (8.5) ND Adjusted for age, age at 
hysterectomy, diabetes, 
high blood pressure, 
hypercholestrolemia, family 
history of myocardial 
infarction  < age 60, tubal 
ligation, family history of 
breast or ovarian cancer, 
BMI, smoking, use of 
estrogen therapy, duration 
of oral contraceptive use, 
alcohol consumption, 
physical activity, 
acetylsalicylic acid use.

NA

Reference: Hysterectomy with 
ovarian conservation

13,035 50.3 (8.0)* ND ND

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device
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T-scores for BMD
Cross-sectional study
Özdemir,
2009, TR

Women from menopause outpatient clinic 
of Meram medical faculty.
Excluded: women with oophorectomy after 
natural menopause, hormonal treatment 
and/or osteoporosis treatment, partial 
oophorectomy or bilateral oophorectomy 
after age 50, anti-diabetic or anti-
hypertensive treatment before menopause

Surgical menopause
Hysterectomy with oophorectomy for 
benign reasons between age 40 and 
50 before natural menopause.

94 52.7 (5.0) 46.76 (2.8) 4.86
(3.81)

BMI similar within study 
groups.

ND

Reference: NM
Amenorrhea for more than one year 
in women 40 years or older.

95 (4.8) 48.07 (3.0)* 5.28
(4.28)

Fracture prevalence
Longitudinal studies
Banks, 
2009, UK

Middle-aged women from national health 
service breast screening clinics in England 
and Scotland.
Excluded: HRT at recruitment, cancer prior 
to recruitment, unknown age of menopause 
because of hysterectomy without bilateral 
oophorectomy prior to natural menopause, 
missing data on menopausal status

Surgical menopause
Reported cessation of their periods as 
a result of bilateral oophorectomy.

11,299 ND ND ND Adjusted for age, region, 
socioeconomic status, 
BMI, smoking, alcohol 
consumption, strenuous 
physical activity, parity, 
oral contraceptives, 
medical history (heart 
disease, stroke, thrombosis, 
diabetes, thyroid disease 
rheumatoid disease, 
osteoarthritis), age at 
menopause

NA

Reference: NM
Reported cessation of their periods as 
a result of natural menopause.

408,424 ND ND ND

Vesco, 
2012, USA

White women > 65
Excluded: bilateral hip replacement 
or unable to walk alone, incomplete 
hysterectomy or menopause, 
postmenopausal oophorectomy, 
hysterectomy without oophorectomy, 
traumatic fractures 

Surgical menopause
Bilateral oophorectomy before 
menopause, with or without 
hysterectomy.

1,157 70.8 (4.9) 44.3 (7.4) ND Results presented 
separately for never HRT 
users.
Adjusted for age, weight, 
age at menopause, calcium 
intake, pack years smoking, 
number breastfed, self-
reported health status, 
benzodiazepine use, 
depth perception, contrast 
sensitivity

NA

Reference: NM 5,459 71.7 (5.4)* 48.9 (4.9)* ND

Parker, 
2009, USA

Nurses aged 30 - 55 with hysterectomy.
Excluded: unilateral or partial 
oophorectomy, unknown ovarian status 
at time of hysterectomy, oophorectomy 
before hysterectomy, unknown age at 
hysterectomy, prior stroke, breast cancer, 
gynaecologic cancer, lung cancer, colorectal 
cancer, hip fracture, pulmonary embolus, 
death

Hysterectomy with bilateral 
oophorectomy

16,345 51.9 (6.8) 46.8 (8.5) ND Adjusted for age, age at 
hysterectomy, diabetes, 
high blood pressure, 
hypercholestrolemia, family 
history of myocardial 
infarction  < age 60, tubal 
ligation, family history of 
breast or ovarian cancer, 
BMI, smoking, use of 
estrogen therapy, duration 
of oral contraceptive use, 
alcohol consumption, 
physical activity, 
acetylsalicylic acid use.

NA

Reference: Hysterectomy with 
ovarian conservation

13,035 50.3 (8.0)* ND ND

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device
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Jacoby, 
2011, USA

Women with hysterectomy aged 50 79 at 
enrollment, who could not or did not want 
to participate in a dietary intervention study.
Excluded: expectation of not residing 
in the area for at least three years, 
predicted survival less than three years, 
inability to provide informed consent, 
unilateral or partial oophorectomy, 
unknown oophorectomy status, incident 
oophorectomy, previous cancer, family 
history of ovarian cancer

Hysterectomy with bilateral 
salpingo-oophorectomy

14,254 63.5 (7.3) ND ND Adjusted for age, race, 
educational level, medical 
insurance, current health 
care provider, parity, BMI, 
hormonal therapy use 
(duration/type), smoking, 
alcohol use, exercise, 
personal or family history 
of fracture

NA

Reference: Hysterectomy with 
ovarian conservation
Women who did not report on 
removal of any ovaries.

11,194 63.3 (7.4) ND ND

Johansson, 
1993, SE

Women aged 70 from Gothenburg.
Excluded: estrogen replacement therapy, 
cortisone, heparine, phenytoin, vitamin D, 
L-thyroxine, hyperthyroidism

Hysterectomy with bilateral 
oophorectomy

18 70 ND ND ND NA

Reference: Neither hysterectomy nor 
bilateral oophorectomy

236 70 ND ND

Melton III, (R)
1996, USA 

NA Surgical menopause
Patients from Mayo clinic and a 
small number of other providers. 
Bilateral oophorectomy for a 
benign ovarian condition, with or 
without hysterectomy. Excluded: 
unilateral oophorectomy, ovarian 
cancer, postmenopausal before 
oophorectomy, regular estrogen 
replacement for at least six months 
before oophorectomy.

163 ND 43.8 (18 56) ND Adjusted for estrogen use, 
by starting follow-up at age 
of estrogen deficiency.

NA

Reference: General population of 
Rochester

NA ND ND ND

aPooled estimates, information originally stratified by age or time interval after menopause; bsurgical 
menopause undefined; cEstimates refer to women with event (oophorectomy or NM) < 3 years before 
enrollment, information for women with event > 3 years before enrollment was not extractable
Abbreviations: BMD is Bone mineral density; DXA is dual-energy X-ray absorptiometry; NM is natural 
menopause; NA is not applicable; ND is not described, R is retrospective data collection; SD is standard 
deviation; YSM is years since menopause. 
*Significantly different (p < 0.05) compared to surgical menopause group.

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
(mean ± SD) Details of reported analysis

DXA 
measurement 
device
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Jacoby, 
2011, USA

Women with hysterectomy aged 50 79 at 
enrollment, who could not or did not want 
to participate in a dietary intervention study.
Excluded: expectation of not residing 
in the area for at least three years, 
predicted survival less than three years, 
inability to provide informed consent, 
unilateral or partial oophorectomy, 
unknown oophorectomy status, incident 
oophorectomy, previous cancer, family 
history of ovarian cancer

Hysterectomy with bilateral 
salpingo-oophorectomy

14,254 63.5 (7.3) ND ND Adjusted for age, race, 
educational level, medical 
insurance, current health 
care provider, parity, BMI, 
hormonal therapy use 
(duration/type), smoking, 
alcohol use, exercise, 
personal or family history 
of fracture

NA

Reference: Hysterectomy with 
ovarian conservation
Women who did not report on 
removal of any ovaries.

11,194 63.3 (7.4) ND ND

Johansson, 
1993, SE

Women aged 70 from Gothenburg.
Excluded: estrogen replacement therapy, 
cortisone, heparine, phenytoin, vitamin D, 
L-thyroxine, hyperthyroidism

Hysterectomy with bilateral 
oophorectomy

18 70 ND ND ND NA

Reference: Neither hysterectomy nor 
bilateral oophorectomy

236 70 ND ND

Melton III, (R)
1996, USA 

NA Surgical menopause
Patients from Mayo clinic and a 
small number of other providers. 
Bilateral oophorectomy for a 
benign ovarian condition, with or 
without hysterectomy. Excluded: 
unilateral oophorectomy, ovarian 
cancer, postmenopausal before 
oophorectomy, regular estrogen 
replacement for at least six months 
before oophorectomy.

163 ND 43.8 (18 56) ND Adjusted for estrogen use, 
by starting follow-up at age 
of estrogen deficiency.

NA

Reference: General population of 
Rochester

NA ND ND ND

aPooled estimates, information originally stratified by age or time interval after menopause; bsurgical 
menopause undefined; cEstimates refer to women with event (oophorectomy or NM) < 3 years before 
enrollment, information for women with event > 3 years before enrollment was not extractable
Abbreviations: BMD is Bone mineral density; DXA is dual-energy X-ray absorptiometry; NM is natural 
menopause; NA is not applicable; ND is not described, R is retrospective data collection; SD is standard 
deviation; YSM is years since menopause. 
*Significantly different (p < 0.05) compared to surgical menopause group.

Study ID Inclusion details Study groups N
Current Age 
(mean ± SD)

Age At 
Menopause 
(mean ± SD)

Years Since 
Menopause 
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Chapter 5

Abstract
Background: Risk-reducing salpingo-oophorectomy (RRSO) reduces ovarian 
cancer risk in BRCA mutation carriers. RRSO is assumed to decrease bone mineral 
density (BMD) and increase fracture risk more than natural menopause. We 
aimed to compare BMD and fracture incidence after premenopausal RRSO to 
general population data and identify risk factors for low BMD and fractures after 
RRSO.
Methods: In 212 women with RRSO at premenopausal age, BMD was measured 
by dual energy X-ray absorptiometry. Fractures and risk factors were assessed by 
self-administered questionnaire. Fracture incidence after RRSO was compared 
to general practitioner data by using standardized incidence ratios (SIRs). Risk 
factors for low standardized BMD-scores and fractures were identified by 
regression analyses.
Results: Median age at RRSO was 42 years (range 35 – 52) and duration of follow-
up 5 years (2 - 8). Standardized lumbar spine (Z = 0.01, p = 0.870) and femoral neck 
BMD (Z = 0.15, p = 0.019) were not lower than population BMD. Higher age at time 
of RRSO and use of hormonal replacement therapy were associated with higher, 
and current smoking with lower standardized BMD-scores. Sixteen women 
reported 22 fractures. Fracture incidence was not higher than expected from the 
general population (all fractures: 25 – 44 years: SIR 2.12; 95% CI 0.85 - 4.37; 45 - 64 
years: SIR 1.65; 95% CI 0.92 – 2.72).
Conclusion: Five years after RRSO, BMD and fracture incidence were not different 
than expected from the general population. Based on these data it appears safe 
not to intensively screen for osteoporosis within five years after RRSO, although 
prospective research on the long-term effects of RRSO on bone is warranted.
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Introduction
Breast and ovarian cancer risk is elevated in women with a family history of breast 
cancer (hereditary breast ovarian cancer, HBOC), especially in women carrying a 
germ line mutation in the BRCA1 and BRCA2 genes (5,42). These women often opt 
for risk-reducing salpingo-oophorectomy (RRSO) to reduce ovarian cancer risk, as 
ovarian cancer screening is not effective (28). RRSO reduces ovarian cancer risk 
by up to 96% (31). RRSO is advised in BRCA1 and BRCA2 mutation carriers at the 
age of 35 – 40 years and 40 – 45 years respectively (37). The median age at RRSO, 
which leads to acute oestrogen deprivation, is about 10 years earlier than natural 
menopause (38).

When ovarian oestrogen production declines during natural menopause, 
bone mineral density (BMD) decrease accelerates and fracture incidence 
increases (309). Reports on the effect of early and surgical menopause on BMD 
and fracture incidence are inconclusive. Several studies suggested that BMD was 
lower and fracture incidence higher after early natural and surgical menopause, 
than after natural menopause at normal age (310,311). Others found a transient 
effect on fracture incidence or no effect at all (295,296). Several studies reported 
a high risk of osteoporosis after RRSO; however, these studies were all prone to 
bias, due to retrospective study designs, selected study populations and in some 
cases lack of a control group (64,234-236).

This study aimed to compare BMD and fracture incidence after RRSO before 
menopausal age in an unselected consecutive series of BRCA1/2 mutation carriers 
and women with a family history of breast and ovarian cancer, to what can be 
expected from the general female population. The secondary aim was to identify 
risk factors for low BMD and fracture incidence after RRSO.

Patients and Methods
Study population and protocol
Since 1994, all women visiting the family cancer clinic at the University Medical 
Center Groningen are registered in a prospective database (312). Between 
February 2011 and May 2012, all BRCA1/2 mutation carriers and women with a 
positive family history of breast and ovarian cancer with RRSO at the age of ≤ 
52 were invited to attend osteoporosis and fracture screening if they were ≥ two 
years after RRSO. Women in whom ovarian cancer was detected at RRSO were 
excluded. Of the 254 invited women, 212 attended and gave written informed 
consent for the study (Figure 5.1). 
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Women were evaluated by a researcher, under supervision of a medical doctor, 
according to a standard protocol which included measurement of height, 
weight, a self-administered questionnaire, collection of blood samples, and 
BMD measurement. The institutional ethics review board considered this study 
extended standard care.

Figure 5.1: Flowchart on the recruitment and enrolment of participants eligible for 
osteoporosis and fracture screening after RRSO
Abbreviations: RRSO is risk-reducing salpingo-oophorectomy.

BMD measurement
BMD of the lumbar spine (LS; anterior-posterior projection at L1 – L4) and femoral 
neck (FN) were measured by dual energy x-ray absorptiometry (DXA) using a 
Hologic Discovery A densitometer (Hologic Inc., Bedford, MA). Vertebral fracture 
assessment (VFA) was performed with the same DXA machine as previously 
described (313).

Questionnaire
The questionnaire aimed at identifying history of bone fractures and risk 
factors for osteoporosis and low BMD. It was based on the clinical questionnaire 
used at the fracture and osteoporosis outpatient clinic at our centre (314). The 
questionnaire was sent to the patients before their osteoporosis and fracture 
screening visit. During the visit, missing or inconsistent answers were discussed 
by the researcher and the patient and corrected by the researcher if appropriate.
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Laboratory assessments
A non-fasting blood sample was collected between 9:00 a.m. and 4:30 p.m. 
Calcium and albumin were measured by colorimetric assay (Roche Modular P, 
Mannheim, Germany; inter-assay coefficient of variation (IA–CV) < 2.0% and 
< 1.8%; lower detection limit 0.05 mmol/L and 10 g/L for calcium and albumin 
respectively). Calcium was corrected for albumin levels with the following 
formula: Corrected calcium (mmol/L) = measured total calcium (mmol/L) + 0.02 
(41 – serum albumin [g/L]). Serum 25(OH)D3 was measured by isotope dilution-
online solid phase extraction liquid chromatography-tandem mass spectrometry 
(315). Method specifications were: level of quantification 4.0 nmol/L; IA-CV < 
14.1%; recovery 93 – 98%; linearity r2 = 0.9972. Accuracy was secured by the use 
of reference material from the National Institute of Standards & Technology 
(Gaithersburg, MD).

Study endpoints
Results of BMD measurement were expressed as BMD in grams/cm2 and 
standardized by using Z- and T-scores. Z-scores present the number of standard 
deviations (SD) from the mean bone mineral density in woman of the same 
age, T-scores present the number of SDs from the mean peak BMD as reached 
in women between 20 – 30 years of age (201,316). According to the World 
Health Organisation definition, “osteoporosis” is defined as a T-score of  ≤ -2.5; 
“osteopenia” as a T-score between -2.5 and -1.0; and “normal” as a T-score ≥ -1.0.

Fracture incidence after RRSO was evaluated by questionnaire. Fractures that 
were impossible based on clinical data were excluded. Aetiology of fractures was 
assessed to determine if they were fragility fractures, i.e. caused by low energy 
trauma. Low energy trauma was defined as a fall from standing position or a 
height of one meter or less (314).

To identify the prevalence of occult vertebral fractures, VFA data were used. 
Vertebral-shape deformities were classified using the Genant classification 
(grade 0: no deformities; grade 1: mild deformity, 20%–25% height decrease; grade 
2: moderate deformity, 25% – 40% height decrease; and grade 3: severe deformity, 
> 40% height decrease) (317). In patients with a relative height reduction of any 
vertebra of ≥ 20% on VFA and no known previous vertebral fracture at that site, 
an X-ray of the thoracic and lumbar spine was made for further evaluation. 
According to the Dutch guidelines, a vertebral fracture was defined as a height 
reduction of > 25% on lateral X-ray of the spine or of > 40% on VFA scans (227).
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Reference population
The standard Hologic reference databases for Caucasian women were used 
to calculate Z- and T-scores (201,316). For femoral neck references, data were 
retrieved from NHANES III (201). For lumbar spine, data were retrieved from a 
Hologic study on BMD in healthy American women (316).

Age-specific fracture incidence in Dutch women was obtained from a national 
survey on disease incidence in 4 general practices (318).

Statistical analysis
Analyses were conducted using IBM SPSS Statistics version 20 (IBM Corporation, 
Armonk, NY, USA). P-values < 0.05 were considered significant. Descriptive 
statistics were used to present patient characteristics using mean ± SD for 
parametric, median (range) for nonparametric, and number (%) for dichotomous 
data. 

To compare BMD in the study population to the reference population, mean 
BMD Z-scores for the total group were compared to the mean Z-score in a healthy 
reference population (i.e. Z = 0, SD = 1) by using unpaired one-sample t-test.

Fracture incidence after RRSO was compared to age-specific fracture incidence 
in the Dutch female population by using Standardized Incidence Ratios (SIRs). 
SIRs were calculated for first and all incident fractures after RRSO.

Multiple imputation was applied to impute missing values for: BMD LS Z-score 
(n = 1), long term use of glucocorticosteroids (i.e. 7.5 mg prednisolone or equivalent 
≥ 3 months; n = 1), corrected serum calcium (n = 2) and serum 25(OH)D3 (n = 1), 
using all variables included in the regression models. Ten imputed datasets were 
used in the regression analyses and results were combined according to Rubin’s 
rules (319).

Factors associated with BMD LS and FN Z-score were identified using linear 
univariate regression analyses. Factors individually characterizing the women 
who developed incident fractures after RRSO were identified using univariate 
logistic regression analysis. For the univariate analysis we selected factors 
from the questionnaire associated with breast cancer and clinical risk factors 
associated with fracture risk in the FRAX-tool (314,320). Multivariate regression 
analyses were performed with conditional stepwise backward inclusion of those 
variables with a p-value < 0.250 in univariate analysis. Multivariate analyses 
were corrected for ever use of anti-osteoporotic drugs (AOD) and calcium 
and vitamin D3 supplementation. Because fracture incidence was measured 
retrospectively, while questionnaire items and BMD were measured cross-
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sectionally, we analysed risk factors that we assumed to be constant for a longer 
period of time, such as ever smoking, but not current smoking.

Results
Study population
In a total of 212 women, median age at RRSO was 42 years (range 30 - 53) and 
median current age was 49 years (36 - 65; Table 5.1). Follow-up time from RRSO to 
screening was 5 years (2 - 25). Of the 18 (9%) women who reported the use of anti-
osteoporotic drugs after RRSO, 8 were using these drugs at the time of screening. 
Indications for AOD use are described in Table 5.1.

Bone mineral density 
BMD LS and FN Z-score were not lower than Z = 0 (mean Z score 0.01 ± 1.09, p = 
0.870 and mean Z-score 0.15 ± 0.93, p = 0.019, respectively; Table 5.2). Of all patients 
6% (n = 13) had osteoporosis according to T-score, 12 of the lumbar spine and 1 of 
the femoral neck. Mean Z-scores for women with osteoporosis were -1.8 ± 0.44 
and -0.08 ± 0.55 for lumbar spine and femoral neck respectively. Osteoporosis 
incidence was 9.2/1000 women-years.

Table 5.1: Demographics and main clinical features of the study population (N = 212)

Basic characteristics M M
Age in years 49 (36 – 65) 0 Ever use calcium supplement 63 (30) 0

Age at RRSO in years 42 (30 – 52) 0 Current use 46 (22)
Follow-up in years 5 (2 – 25) 0 Ever use vitamin D3 

supplement 
61 (29) 0

BMI in kg/m2 26 (18 – 54) 0 Current use 49 (23)
Menopausal status before 
RRSO 

0 Smoking – current 41 (19) 0

Premenopausal 177 (84) Alcohol consumption in units/
week

2 (0-35) 0

Regularly menstruating 94 (44) ≤ 7 units/week 174 (82)
Irregularly menstruating 29 (14) > 7 units/week 38 (18)
OCP use 54 (26) Long-term use GCSa 8 (4) 1

Postmenopausal 27 (13) Oncologic characteristics
Natural 11 (5) History of breast cancer 80 (38) 0

Chemotherapy induced 16 (8) Chemotherapy 60 (28) 0

Unknown: Hysterectomy 8 (4) Ever use AI 11 (5) 0
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Fracture before RRSO 64 (30) 0 Ever use tamoxifen 17 (8) 0

Parent with hip fracture 5 (2) Mutation status 0

Ever use AOD 18 (9) 0 BRCA1 121 (57)
Current use 8 (4) BRCA2 60 (28)

Indication AOD 0 HBOC 31 (15)
AI use 3 (1) Ever use HRT 100 (47) 0

GCS use 2 (1) Current use HRT 51 (24) 0

Prevention 3 (1) Lab
Osteoporosis 3 (1) Corrected serum calcium in 

mmol/Lb
2.3 (2.0 
– 2.5)

2

Osteopenia 5 (2) Serum 25(OH)D3 in nmol/L 64 (16 – 
151)

1

Fracture after RRSO 2 (1)

aUse of prednisone 7.5 mg or equivalent >3 months or >3 oral prednisolone courses per years; 
bCalcium was corrected for albumin levels with the following formula: Corrected calcium 
(mmol/L) = measured total Calcium (mmol/L) + 0.02 (41 − serum albumin [g/L]).
Abbreviations: M is missing, RRSO is risk-reducing salpingo-oophorectomy, BMI is body mass index, AI 
is aromatase inhibitor, HBOC is hereditary breast ovarian cancer, HRT is hormonal replacement therapy, 
GCS is glucocorticosteroid, AOD is anti-osteoporotic drugs.
Values are median (range) and No. (%).

In the multivariate linear regression model, older age at RRSO, higher BMI and 
current hormonal replacement therapy (HRT) use were positively associated with 
BMD LS Z-score, while no covariates were significantly negatively associated  
(Table 5.3). For BMD FN Z-score, longer duration of follow-up, higher BMI and ever 
use of HRT were positively associated, while current smoking was negatively 
associated (Table 5.3).

Incident fractures
Seventeen (8%) women reported 23 fractures after RRSO. One fracture was 
excluded, as clinical data described a cartilage defect, but not a bone defect. Of the 
remaining 22 fractures in 16 women, 19 were considered fragility fractures (Table 
5.2). Median follow-up to first fracture after RRSO was 5 years (1 - 15). Fracture 
incidence after RRSO was comparable to fracture incidence in the GP reference 
population (Table 5.4). In the multivariate analysis, alcohol consumption was 
positively associated with the occurrence of fractures after RRSO (Table 5.5).

Basic characteristics M M
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Table 5.2: Bone mineral density and fracture incidence after RRSO

Bone mineral density
Lumbar spine (n = 211)a Femoral neck (N = 212)

BMD in g/cm2 b 0.97 ± 0.12 0.79 ± 0.11
Z-score – total study population 0.01 ± 1.09 0.15 ± 0.93*

Women with a history of breast cancer -0.02 ± 1.00 0.011 ± 0.87
Women without a history of breast cancer 0.03 ± 2.24 0.18 ±0.039*
Women with age ≤ 52 years -0.02 ± 1.07 0.11 ± 0.93
Women with age > 52 years 0.09 ± 1.13 0.24 ± 0.94*

T-score -0.72 ± 1.11 -0.6 ± 0.96
Osteoporosis 13 (6)
Osteopenia 89 (42)
Normal BMD 110 (52)

Fractures
Questionnaire VFA (n = 206)
Women with fracture 16 (8) Other 

fractures
17 Height reduction > 20% 12 (6)

No. of fractures 22 Clavicle 2 Known abnormalities 5

Fragility fracturesc 19 Elbow 4 VF before RRSO 1

Vertebral 3 Pelvis 1 VF after RRSO 3

Hip - Ankle/
Foot

4 Sheuermann’s disease 1

Wrist 2 Toe/
finger

6 Height reduction > 25% on 
X-ray

0

aFor one woman no DXA of the lumbar spine was made because of the presence of ostheosynthesis material 
after scoliosis surgery; bFor three women, DXA scans were performed outside the UMCG: one scan before 
the start of strontiumranelate therapy, one a year before study entry and one because of logistics close to 
her hometown; cFragility fractures are fractures from a fall from standing position or a height < 1 metres
Abbreviations: RRSO is risk-reducing salpingo-oophorectomy; BMD is bone mineral density; VFA is 
vertebral fracture assessment; VF is vertebral fracture; RRSO is risk-reducing salpingo-oophorectomy 
Values are mean ± SD or no. (%); *p < 0.05 with one-sample t-test.

Basic characteristics M M
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Table 5.3: Uni- and multivariate linear regression analyses on Z-scores for bone mineral 
density of the lumbar spine and femoral neck

Univariate analysis Z-score 
lumbar spine

Multivariate analysis Z-score 
lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.02 0.01 0.101 0.06 0.02 < 0.001* 0.00 0.01 0.969
Follow-up (per year) 0.01 0.02 0.625 0.06 0.02 0.003* 0.04 0.02 0.043*

BMI (per kg/m2) 0.04 0.01 0.004* 0.05 0.01 < 0.001* 0.04 0.01 < 0.001* 0.04 0.01 < 0.001*
Postmenopausal before RRSO -0.24 0.23 0.287 -0.11 0.19 0.582
Fracture before RRSO 0.06 0.16 0.706 -0.07 0.14 0.601
Parent with hip fracture 0.97 0.49 0.047* -0.11 0.42 0.788
Smoking – current -0.23 0.19 0.234 -0.54 0.16 0.001* -0.52 0.15 0.001*
Alcohol per unit/wk 0.01 0.01 0.326 -0.01 0.01 0.655
Alcohol > 7 units/wk -0.04 0.20 0.856 -0.11 0.17 0.522
Long-term use GCSb 0.24 0.38 0.527 0.01 0.33 0.973
History of breast cancer -0.06 0.16 0.699 -0.07 0.13 0.608
Chemotherapy -0.08 0.17 0.644 -0.03 0.14 0.812
Ever use of AI -0.53 0.34 0.117 -0.11 0.29 0.700
Ever use of tamoxifen 0.13 0.28 0.634 0.14 0.24 0.563
Ever use of HRT 0.22 0.15 0.141 0.23 0.13 0.067 0.25 0.12 0.043*
Current use of HRT 0.33 0.17 0.056 0.76 0.19 < 0.001* 0.12 0.15 0.417
Corrected serum calcium -0.39 0.99 0.692 0.36 0.84 0.666
Serum 25(OH)D3 0.00 0.00 0.182 0.00 0.00 0.806

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent > 3 
months or > 3 oral prednisolone courses per years
Abbreviations: SE is standard error; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; AOD 
is anti-osteoporotic drugs.
*p  < 0.05.
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Table 5.3: Uni- and multivariate linear regression analyses on Z-scores for bone mineral 
density of the lumbar spine and femoral neck

Univariate analysis Z-score 
lumbar spine

Multivariate analysis Z-score 
lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.02 0.01 0.101 0.06 0.02 < 0.001* 0.00 0.01 0.969
Follow-up (per year) 0.01 0.02 0.625 0.06 0.02 0.003* 0.04 0.02 0.043*

BMI (per kg/m2) 0.04 0.01 0.004* 0.05 0.01 < 0.001* 0.04 0.01 < 0.001* 0.04 0.01 < 0.001*
Postmenopausal before RRSO -0.24 0.23 0.287 -0.11 0.19 0.582
Fracture before RRSO 0.06 0.16 0.706 -0.07 0.14 0.601
Parent with hip fracture 0.97 0.49 0.047* -0.11 0.42 0.788
Smoking – current -0.23 0.19 0.234 -0.54 0.16 0.001* -0.52 0.15 0.001*
Alcohol per unit/wk 0.01 0.01 0.326 -0.01 0.01 0.655
Alcohol > 7 units/wk -0.04 0.20 0.856 -0.11 0.17 0.522
Long-term use GCSb 0.24 0.38 0.527 0.01 0.33 0.973
History of breast cancer -0.06 0.16 0.699 -0.07 0.13 0.608
Chemotherapy -0.08 0.17 0.644 -0.03 0.14 0.812
Ever use of AI -0.53 0.34 0.117 -0.11 0.29 0.700
Ever use of tamoxifen 0.13 0.28 0.634 0.14 0.24 0.563
Ever use of HRT 0.22 0.15 0.141 0.23 0.13 0.067 0.25 0.12 0.043*
Current use of HRT 0.33 0.17 0.056 0.76 0.19 < 0.001* 0.12 0.15 0.417
Corrected serum calcium -0.39 0.99 0.692 0.36 0.84 0.666
Serum 25(OH)D3 0.00 0.00 0.182 0.00 0.00 0.806

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent > 3 
months or > 3 oral prednisolone courses per years
Abbreviations: SE is standard error; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; AOD 
is anti-osteoporotic drugs.
*p  < 0.05.
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Table 5.4: Comparison of fracture incidence observed after RRSO to fracture incidence 
expected after RRSO from general practitioner data using standardized incidence ratios 
(SIRs)

First incident fractures

Age in years
No. of 
womena

No. of women-
years

FI reference 
populationb Exp. Obs. SIR (95% CI)

25 – 44 139 557.38 5.7 3.2 5 1.56 (0.50 - 3.65)
45 – 64 158 807.56 10.7 8.6 11 1.28 (0.64 - 2.29)
65 – 74 1 0.33 25 0 0 -

All incident fractures
25 – 44 139 570.14 5.7 3.3 7 2.12 (0.85 - 4.37)
45 – 64 160 845.34 10.7 9.1 15 1.65 (0.92 - 2.72)
65 – 74 2 1.23 25 0 0 -

aNo. of women attributing to calculation of total no. of women-years per age group; bvan de Lisdonk et al, 
2008 (318).
Abbreviations: RRSO is risk-reducing salpingo-oophorectomy; No. is number; FI is fracture incidence/1000 
women-years; Exp. is expected number of fractures; Obs. is observed number of fractures; SIR is 
standardized incidence ratio; CI is confidence interval.

Table 5.5: Uni- and multivariate logistic regression on women who reported fractures after 
RRSO

Univariate analysis Multivariate analysisa

OR 95% CI p-value OR 95% CI p-value
Age (per year) 1.0 0.9 – 1.1 0.511
Age at RRSO (per year) 1.0 0.9 – 1.1 0.668
Duration of follow-up (per year) 1.1 1.0 – 1.3 0.051
BMI (per kg/m2) 1.0 0.9 – 1.1 0.847
Postmenopausal before RRSO 0.4 0.1 – 3.3 0.405
Fracture before RRSO 1.1 0.4 – 3.2 0.923
Parent with hip fracture - - -
Ever smoking 0.5 0.2 – 1.3 0.130
Alcohol (per unit/week) 1.1 1.0 – 1.1 0.179*

Alcohol >7 units/week 3.1 1.0 – 9.1 0.042* 3.1 1.0 – 9.2 0.014*
Long-term use GCSb 1.7 0.2 – 14.5 0.638
History of breast cancer 1.7 0.6 – 4.8 0.297
Chemotherapy 1.6 0.5 – 4.6 0.399
Ever use of AI 1.2 0.1 – 10.4 0.842
Ever use of tamoxifen 1.7 0.4 – 8.3 0.497
Ever use of HRT 0.7 0.2 – 1.9 0.423
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Z-score BMD lumbar spine 1.0 0.6 – 1.6 0.993
Z-score BMD femoral neck 1.0 0.6 – 1.7 0.974
Corrected serum calcium 1.6 0.0 – 

1167.0
0.896

Serum 25(OH)D3 1.0 1.0 – 1.0 0.892

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent  
> 3 months or > 3 oral prednisolone courses per years.
Abbreviations: CI is confidence interval; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; BMD 
is bone mineral density; AOD is anti-osteoporotic drugs.
*p < 0.05.

VFA outcomes
On VFA, 12 (6%) women had 13 relative vertebral height reductions of ≥ 20%. The 
affected vertebrae were: Th6, Th7 (n = 2), Th11 (n = 2), Th12 (n = 3), L1 (n = 3), L2 and 
L3. In five women, these vertebral deformities were diagnosed before study entry 
and were considered known vertebral fractures. Of the other seven women, 
four had a minimal deformity and three a moderate deformity according to the 
Genant classification on VFA. None of these seven women had height reductions 
of > 25% on X-ray, so none of the deformations detected with VFA fulfilled the 
Dutch definition of a vertebral fracture on X-ray (227).

Secondary causes of osteoporosis
Several women reported co-morbid diseases that may have contributed to a 
higher fracture risk according to the QFracture algorithm, either in medical 
history or at the time of study participation (321). Of all women, 37% (n = 79) 
reported one or more co-morbid diseases, of the women with fractures this was 
41% (n = 7, p = 0.728; Table S5.1).

Discussion
In an unselected consecutive series of 212 women with RRSO at age ≤ 52, after 
a median follow-up of five years, BMD was not lower (BMD LS Z-score: 0.01, p 
= 0.870 and BMD FN Z- score: 0.15, p =0.019) and fracture incidence was not 
higher (all fractures: 25 – 44 years: SIR 2.12; 95% CI 0.85 - 4.37; 45 - 64 years: SIR 1.65; 
95% CI 0.92 – 2.72) than what can be expected from an age-matched reference 
population.

Univariate analysis Multivariate analysisa
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These findings are in contrast to the common hypothesis that after RRSO 
BMD decreases and fracture incidence rises faster than after natural menopause. 
However, these are in line with the results of previous studies that failed to find 
an effect of early and surgical menopause on bone mineral density and fractures 
(296,297), and studies that found an effect of early or surgical menopause only in 
the first years after the procedure, which suggests that the effect of RRSO might 
eventually be overruled by chronological age (293,295).

However, an effect of RRSO on BMD or fracture risk in this study population 
cannot be completely excluded because of several reasons. Firstly, a large 
proportion of women had used bone protective medication, such as HRT (47%), 
tamoxifen (8%) and AOD (9%). This might have attenuated the effect of RRSO on 
both BMD and fracture incidence. HRT use was associated with higher BMD LS 
and FN Z-scores in multivariate analysis, which confirms the known protective 
effect of HRT on BMD (322). Secondly, a positive relation between age at RRSO and 
BMD Z-score was shown, which might indicate that BMD is lower in women who 
have RRSO at younger age. Thirdly, it is known that fracture incidence is relatively 
low at young age and increases significantly with older age (295). A long-term 
effect of RRSO on fracture risk at older age needs to be further investigated in 
a prospective longitudinal study. Lastly, changes in bone characteristics might 
increase fracture risk independently of actual BMD, such as structural changes 
in bone architecture and changes in bone loss rate. BMD measurement by 
DXA might not be sensitive enough to evaluate bone architecture and detect 
structural changes in bone after RRSO. It is possible that these changes are visible 
on more advanced techniques like quantitative computed tomography, which 
measures cortical and trabecular BMD separately or on DXA using trabecular 
bone score software (323,324). Also, a higher rate of bone loss has been shown to 
be associated with fracture risk independent of actual BMD and a higher rate 
of bone loss in surgical menopause compared to natural menopause has been 
reported by others (325,326). As BMD was measured cross-sectionally in this 
study, BMD before and after RRSO could not be compared in the same woman to 
calculate bone loss rates. Bone turnover marker measurement might be useful to 
estimate bone loss rate after RRSO (232). 

In addition, this study has several limitations. Questionnaires were used to 
assess fracture incidence and risk factors, which might have induced a risk of 
selective reporting. Fracture incidence was not systematically confirmed with 
hospital data. We considered a questionnaire a reliable tool to measure fracture 
incidence. Clinical confirmation was available for 16/22 fractures, which might 
be considered a limitation.
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Fracture incidence in the control population was assessed trough general 
practitioner (GP) reports, which might have resulted in under reporting of 
the actual fracture risk, as some fractures are directly seen at the emergency 
department. However, as almost all Dutch citizens are registered with a GP 
who records all their diagnoses, and because GPs function as the gatekeepers 
for specialized medical care, one can assume that GPs have the most complete 
file on the incidence of health problems in the general population. Moreover, 
within this study, GPs are trained for adequately registering health problems 
and quality of the registration was monitored (318). This was further supported 
by the finding that fracture incidence before RRSO was comparable to fracture 
incidence in the reference population (Table S5.2). 

To our knowledge, this study is the largest study on the effects of RRSO at 
premenopausal age on bone mineral density and fracture incidence. Participation 
rate was as high as 83%. Also, we are the first to measure BMD after RRSO in 
an unselected consecutive series of women with RRSO, which makes this study 
population representative for actual practice without selection bias.

In this study, women with RRSO at premenopausal age did not have lower BMD 
and higher fracture incidences compared to an age-matched control population. 
Based on these results, it cannot be advised to offer BMD measurements to all 
women after RRSO. Prospective research remains warranted to evaluate long-
term fracture incidence after RRSO.
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Supplements
Supplementary tables

Table S5.1: Quality control of fracture reference database by using expected and observed 
fracture incidence before RRSO

All incident fractures
Age in 
years

No. of 
womena

No. of women-
years

FI reference 
populationb Exp. Obs. SIR (95% CI)

0 – 4 212 1060 5 5.3 7 1.32 (0.53 - 2.72)
5 – 14 212 2120 25.7 54.5 52 0.95 (0.71 - 1.25)
15 – 24 212 2120 11.4 24 20 0.83 (0.51 - 1.29)
25 – 44 212 3497.22 5.7 19.9 22 1.11 (0.69 - 1.67)
45 – 64 73 277.75 10.7 3.0 5 1.67 (0.54 - 3.89)

aNo. of women attributing to calculation of total no. of women-years per age group; bvan de Lisdonk et al, 
2008 (318).
Abbreviations: RRSO is risk-reducing salpingo-oophorectomy; No. is number; FI is fracture incidence/1000 
women-years; Exp. is expected number of fractures; Obs. is observed number of fractures; SIR is 
standardized incidence ratio; CI is confidence interval.

Table S5.2: Comorbidities associated with elevated fracture risk in the QFracture algorithm 
for women with and without fractures after RRSO

Women with fractures 
after RRSO (n = 16)

Women without fracture 
after RRSO (n = 169) p-value

One or more comorbidities 7 (44) 72 (37) 0.577
Asthma/COPD 2 (13) 12 (6) 0.285
Any cancera 0 (0) 8 (4) 1.000
Cardiovascular disease 1 (6) 7 (4) 0.472
Dementia - - -
Epilepsy 1 (6) 5 (3) 0.379
Chronic liver disease 0 (0) 1 (1) 1.000
Parkinsons’ disease - - -
Reumatoid arthritis/SLE 0 (0) 2 (1) 1.000
Chronic renal disease - - -
Diabetes 0 (0) 5 (3) 1.000
Endocrine disorders 0 (0) 12 (6) 0.606
Gastro-intestinal 
malabsorption

0 (0) 7 (4) 1.000

Antidepressants use 3 (19) 36 (18) 1.000



136

Chapter 5

Table S5.3: Linear regression analyses on bone mineral density Z-score in women with and 
without a history of breast cancer

Linear regression analyses on bone mineral density Z-score in women with a history of breast 
cancer (n = 80)

Univariate analysis Z-score lumbar 
spine

Multivariate analysis 
Z-score lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.027 0.023 0.224 0.026 0.019 0.172
Follow-up (per year) 0.018 0.030 0.554 0.061 0.025 0.015* 0.050 0.024 0.041*
BMI (per kg/m2) 0.036 0.021 0.094 0.054 0.018 0.002* 0.050 0.017 0.041*
Postmenopausal before RRSO -0.014 0.267 0.958 0.165 0.230 0.473
Fracture before RRSO -0.293 0.252 0.245 -0.112 0.218 0.606
Parent with hip fracture 0.953 0.718 0.184 -0.265 0.623 0.670
Smoking – current -0.211 0.289 0.466 -0.495 0.243 0.042*
Alcohol per unit/wk 0.033 0.017 0.050 0.006 0.015 0.687
Alcohol > 7 units/wk 0.202 0.270 0.455 0.060 0.233 0.796
Long-term use GCSb 0.222 0.559 0.691 -0.226 0.513 0.660
History of breast cancer
Chemotherapy -0.065 0.257 0.801 0.076 0.221 0.730
Ever use of AI -0.536 0.323 0.097 -0.073 0.283 0.795
Ever use of tamoxifen 0.201 0.276 0.467 0.213 0.273 0.369
Ever use of HRT 0.191 0.317 0.547 0.058 0.273 0.831
Current use of HRT 0.393 0.466 0.399 -0.244 0.401 0.543
Corrected serum calcium 1.574 1.377 0.261 1.899 1.165 0.103
Serum 25(OH)D3 0.003 0.005 0.466 -0.001 0.004 0.778
Linear regression analyses on bone mineral density Z-score in women without a history of 
breast cancer (n = 131)
Age at RRSO (per year) 0.024 0.019 0.200 0.095 0.022 < 0.001* -0.013 0.016 0.416
Follow-up (per year) 0.008 0.034 0.826 0.059 0.029 0.039
BMI (per kg/m2) 0.041 0.018 0.021* 0.057 0.018 0.001* 0.036 0.015 0.017 0.039 0.015 0.008*
Postmenopausal before RRSO -0.746 0.444 0.093 -1.143 0.452 0.011* -0.630 0.375 0.093
Fracture before RRSO 0.255 0.213 0.232 -0.056 0.182 0.757
Parent with hip fracture 0.991 0.663 0.135 -0.010 0.569 0.986
Smoking – current -0.235 0.250 0.346 -0.569 0.207 0.006 -0.625 0.202 0.002*
Alcohol per unit/wk -0.008 0.021 0.696 -0.017 0.018 0.340
Alcohol > 7 units/wk -0.219 0.280 0.435 -0.232 0.236 0.326
Long-term use GCSb 0.259 0.521 0.620 0.170 0.444 0.702
History of breast cancer
Chemotherapy -0.132 1.149 0.908 -0.178 0.978 0.856
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Table S5.3: Linear regression analyses on bone mineral density Z-score in women with and 
without a history of breast cancer

Linear regression analyses on bone mineral density Z-score in women with a history of breast 
cancer (n = 80)

Univariate analysis Z-score lumbar 
spine

Multivariate analysis 
Z-score lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.027 0.023 0.224 0.026 0.019 0.172
Follow-up (per year) 0.018 0.030 0.554 0.061 0.025 0.015* 0.050 0.024 0.041*
BMI (per kg/m2) 0.036 0.021 0.094 0.054 0.018 0.002* 0.050 0.017 0.041*
Postmenopausal before RRSO -0.014 0.267 0.958 0.165 0.230 0.473
Fracture before RRSO -0.293 0.252 0.245 -0.112 0.218 0.606
Parent with hip fracture 0.953 0.718 0.184 -0.265 0.623 0.670
Smoking – current -0.211 0.289 0.466 -0.495 0.243 0.042*
Alcohol per unit/wk 0.033 0.017 0.050 0.006 0.015 0.687
Alcohol > 7 units/wk 0.202 0.270 0.455 0.060 0.233 0.796
Long-term use GCSb 0.222 0.559 0.691 -0.226 0.513 0.660
History of breast cancer
Chemotherapy -0.065 0.257 0.801 0.076 0.221 0.730
Ever use of AI -0.536 0.323 0.097 -0.073 0.283 0.795
Ever use of tamoxifen 0.201 0.276 0.467 0.213 0.273 0.369
Ever use of HRT 0.191 0.317 0.547 0.058 0.273 0.831
Current use of HRT 0.393 0.466 0.399 -0.244 0.401 0.543
Corrected serum calcium 1.574 1.377 0.261 1.899 1.165 0.103
Serum 25(OH)D3 0.003 0.005 0.466 -0.001 0.004 0.778
Linear regression analyses on bone mineral density Z-score in women without a history of 
breast cancer (n = 131)
Age at RRSO (per year) 0.024 0.019 0.200 0.095 0.022 < 0.001* -0.013 0.016 0.416
Follow-up (per year) 0.008 0.034 0.826 0.059 0.029 0.039
BMI (per kg/m2) 0.041 0.018 0.021* 0.057 0.018 0.001* 0.036 0.015 0.017 0.039 0.015 0.008*
Postmenopausal before RRSO -0.746 0.444 0.093 -1.143 0.452 0.011* -0.630 0.375 0.093
Fracture before RRSO 0.255 0.213 0.232 -0.056 0.182 0.757
Parent with hip fracture 0.991 0.663 0.135 -0.010 0.569 0.986
Smoking – current -0.235 0.250 0.346 -0.569 0.207 0.006 -0.625 0.202 0.002*
Alcohol per unit/wk -0.008 0.021 0.696 -0.017 0.018 0.340
Alcohol > 7 units/wk -0.219 0.280 0.435 -0.232 0.236 0.326
Long-term use GCSb 0.259 0.521 0.620 0.170 0.444 0.702
History of breast cancer
Chemotherapy -0.132 1.149 0.908 -0.178 0.978 0.856
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Ever use of AI
Ever use of tamoxifen
Ever use of HRT 0.278 0.211 0.186 0.340 0.177 0.055 0.342 0.170 0.044*
Current use of HRT 0.339 0.207 0.101 0.890 0.231 < 0.001* 0.163 0.177 0.359
Corrected serum calcium -1.859 1.368 0.174 -0.777 1.170 0.507
Serum 25(OH)D3 0.004 0.004 0.286 0.001 0.003 0.669

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent > 3 
months or > 3 oral prednisolone courses per years.
Abbreviations: SE is standard error; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; AOD 
is anti-osteoporotic drugs.
 *p < 0.05.

Table S5.4: Linear regression analyses on bone mineral density Z-score in women aged ≤ 52 
years and > 52 years

Linear regression analyses on bone mineral density Z-score in women aged ≤ 52 years (n = 148)
Univariate analysis Z-score lumbar 
spine

Multivariate analysis Z-score 
lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.029 0.022 0.187 0.073 0.023 0.001* -0.004 0.019 0.837
Follow-up (per year) 0.022 0.036 0.529 0.073 0.030 0.016*
BMI (per kg/m2) 0.039 0.015 0.009 0.053 0.014 < 0.001* 0.052 0.013 < 0.001* 0.053 0.012 < 0.001*
Postmenopausal before RRSO -0.224 0.494 0.651 0.017 0.424 0.968
Fracture before RRSO 0.055 0.194 0.774 0.015 0.168 0.929
Parent with hip fracture 1.005 0.539 0.062 0.142 0.472 0.764
Smoking – current -0.113 0.213 0.596 -0.566 0.178 0.001* -0.552 0.167 0.001*
Alcohol per unit/wk -0.001 0.017 0.942 -0.038 0.015 0.009*
Alcohol > 7 units/wk -0.344 0.241 0.153 -0.591 0.202 0.003*
Long-term use GCSb -0.031 0.417 0.941 -0.253 0.360 0.483
History of breast cancer -0.168 0.192 0.382 -0.132 0.166 0.426
Chemotherapy -0.241 0.212 0.254 -0.059 0.184 0.750
Ever use of AI -0.841 0.485 0.083 -0.406 0.423 0.337
Ever use of tamoxifen -0.053 0.370 0.885 -0.025 0.321 0.938
Ever use of HRT 0.374 0.177 0.035* 0.285 0.154 0.064 0.368 0.142 0.010*
Current use of HRT 0.420 0.185 0.023* 0.766 0.195 < 0.001* 0.147 0.162 0.367
Corrected serum calcium -1.318 1.171 0.260 0.847 1.016 0.405
Serum 25(OH)D3 0.002 0.004 0.575 0.001 0.003 0.817

Linear regression analyses on bone mineral density Z-score in women without a history of 
breast cancer (n = 131)

Univariate analysis Z-score lumbar 
spine

Multivariate analysis 
Z-score lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
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Ever use of AI
Ever use of tamoxifen
Ever use of HRT 0.278 0.211 0.186 0.340 0.177 0.055 0.342 0.170 0.044*
Current use of HRT 0.339 0.207 0.101 0.890 0.231 < 0.001* 0.163 0.177 0.359
Corrected serum calcium -1.859 1.368 0.174 -0.777 1.170 0.507
Serum 25(OH)D3 0.004 0.004 0.286 0.001 0.003 0.669

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent > 3 
months or > 3 oral prednisolone courses per years.
Abbreviations: SE is standard error; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; AOD 
is anti-osteoporotic drugs.
 *p < 0.05.

Table S5.4: Linear regression analyses on bone mineral density Z-score in women aged ≤ 52 
years and > 52 years

Linear regression analyses on bone mineral density Z-score in women aged ≤ 52 years (n = 148)
Univariate analysis Z-score lumbar 
spine

Multivariate analysis Z-score 
lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) 0.029 0.022 0.187 0.073 0.023 0.001* -0.004 0.019 0.837
Follow-up (per year) 0.022 0.036 0.529 0.073 0.030 0.016*
BMI (per kg/m2) 0.039 0.015 0.009 0.053 0.014 < 0.001* 0.052 0.013 < 0.001* 0.053 0.012 < 0.001*
Postmenopausal before RRSO -0.224 0.494 0.651 0.017 0.424 0.968
Fracture before RRSO 0.055 0.194 0.774 0.015 0.168 0.929
Parent with hip fracture 1.005 0.539 0.062 0.142 0.472 0.764
Smoking – current -0.113 0.213 0.596 -0.566 0.178 0.001* -0.552 0.167 0.001*
Alcohol per unit/wk -0.001 0.017 0.942 -0.038 0.015 0.009*
Alcohol > 7 units/wk -0.344 0.241 0.153 -0.591 0.202 0.003*
Long-term use GCSb -0.031 0.417 0.941 -0.253 0.360 0.483
History of breast cancer -0.168 0.192 0.382 -0.132 0.166 0.426
Chemotherapy -0.241 0.212 0.254 -0.059 0.184 0.750
Ever use of AI -0.841 0.485 0.083 -0.406 0.423 0.337
Ever use of tamoxifen -0.053 0.370 0.885 -0.025 0.321 0.938
Ever use of HRT 0.374 0.177 0.035* 0.285 0.154 0.064 0.368 0.142 0.010*
Current use of HRT 0.420 0.185 0.023* 0.766 0.195 < 0.001* 0.147 0.162 0.367
Corrected serum calcium -1.318 1.171 0.260 0.847 1.016 0.405
Serum 25(OH)D3 0.002 0.004 0.575 0.001 0.003 0.817

Linear regression analyses on bone mineral density Z-score in women without a history of 
breast cancer (n = 131)

Univariate analysis Z-score lumbar 
spine

Multivariate analysis 
Z-score lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
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Linear regression analyses on bone mineral density Z-score in women aged >52 years (n = 64)

Age at RRSO (per year) 0.034 0.041 0.406 -0.052 0.034 0.126
Follow-up (per year) -0.007 0.034 0.829 0.046 0.028 0.096
BMI (per kg/m2) 0.043 0.032 0.171 0.009 0.027 0.722
Postmenopausal before RRSO -0.460 0.304 0.130 -0.333 0.255 0.192
Fracture before RRSO 0.070 0.308 0.821 -0.277 0.252 0.271
Parent with hip fracture 0.922 1.144 0.420 -1.057 0.942 0.262
Smoking – current -0.577 0.425 0.175 -0.404 0.353 0.253
Alcohol per unit/wk 0.035 0.023 0.123 0.045 0.018 0.013* 0.045 0.018 0.013*
Alcohol > 7 units/wk 0.504 0.339 0.137 0.753 0.269 0.005*
Long-term use GCSb 1.745 1.117 0.120 1.390 0.835 0.096
History of breast cancer 0.061 0.286 0.830 -0.039 0.237 0.869
Chemotherapy 0.116 0.288 0.688 -0.070 0.239 0.768
Ever use of AI -0.322 0.488 0.508 0.084 0.405 0.836
Ever use of tamoxifen 0.309 0.429 0.472 0.282 0.355 0.427
Ever use of HRT 0.010 0.345 0.977 0.378 0.281 0.179
Current use of HRT 0.369 0.818 0.652 0.835 0.670 0.212
Corrected serum calcium 1.405 1.819 0.440 -0.809 1.497 0.589
Serum 25(OH)D3 0.008 0.006 0.152 < 0.001* 0.005 0.997

aAdjusted for AOD/calcium/vitamin D3 supplement use;  bUse of prednisone 7.5 mg or equivalent > 3 
months or > 3 oral prednisolone courses per years.
Abbreviations: SE is standard error; RRSO is risk-reducing salpingo-oophorectomy; BMI is body mass 
index; AI is aromatase inhibitor; HRT is hormonal replacement therapy; GCS is glucocorticosteroids; AOD 
is anti-osteoporotic drugs.
*p < 0.05.

Univariate analysis Z-score lumbar 
spine

Multivariate analysis 
Z-score lumbar spinea Univariate analysis Z-score femoral neck Multivariate analysis Z-score femoral necka

β SE p-value β SE p-value β SE p-value β SE p-value
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Linear regression analyses on bone mineral density Z-score in women aged >52 years (n = 64)

Age at RRSO (per year) 0.034 0.041 0.406 -0.052 0.034 0.126
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Alcohol per unit/wk 0.035 0.023 0.123 0.045 0.018 0.013* 0.045 0.018 0.013*
Alcohol > 7 units/wk 0.504 0.339 0.137 0.753 0.269 0.005*
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Ever use of tamoxifen 0.309 0.429 0.472 0.282 0.355 0.427
Ever use of HRT 0.010 0.345 0.977 0.378 0.281 0.179
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Abstract
Background: Risk-reducing salpingo-oophorectomy (RRSO) reduces ovarian 
cancer risk in BRCA1/2 mutation carriers. Premenopausal RRSO is hypothesized 
to increase fracture risk more than natural menopause. Elevated bone turnover 
markers (BTMs) might predict fracture risk. We investigated BTM levels after 
RRSO and aimed to identify clinical characteristics associated with elevated 
BTMs.
Methods: Osteocalcin (OC), procollagen type I N-terminal peptide (PINP) and 
serum C-telopeptide of type I collagen (sCTx) were measured in 210 women ≥ 2 
years after RRSO before age 53. BTM Z-scores were calculated using an existing 
reference cohort of age-matched women. Clinical characteristics were assessed 
by questionnaire.
Results: BTMs after RRSO were higher than age-matched reference values: median 
Z-scores OC 0.11, p = 0.003; PINP 0.84, p < 0.001; sCTx 0.53, p < 0.001 (compared to Z = 
0). After excluding women with recent fractures or BTM interfering medication, 
Z-scores increased to 0.34, 1.14 and 0.88, respectively. Z-scores for OC and PINP 
were inversely correlated to age at RRSO. No correlation was found with fracture 
incidence or history of breast cancer. 
Conclusions: Five years after RRSO, BTMs were higher than age-matched reference 
values. Since elevated BTMs might predict higher fracture risk, prospective 
studies are required to evaluate the clinical implications of this finding.
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Introduction
Women from families with a high incidence of breast and ovarian cancer 
(hereditary breast and ovarian cancer; HBOC) have increased risks of both these 
cancers, especially women with a germline mutation in the BRCA1 or BRCA2 
genes (4,5). Risk-reducing salpingo-oophorectomy (RRSO) is advised to all BRCA1 
and BRCA2 mutation carriers between age 35 - 40 and 40 - 45 respectively (37,312). 
It is hypothesized that surgical menopause as induced by premenopausal RRSO 
increases fracture risk more than natural menopause, because of earlier age at 
menopause and acute and complete cessation of ovarian hormone production 
(234,297). 

Current practice to identify women at risk of developing fractures 
is measurement of bone mineral density (BMD) by Dual-Energy X-ray 
absorptiometry (DXA) (227). Previous studies on BMD and fracture incidence 
after surgical menopause provided conflicting conclusions, as some suggested 
lower BMD and higher fracture incidence (234,235,327), while others did not find 
a difference compared to age-matched controls (296,328). Assessment of bone 
turnover by measuring bone turnover marker (BTM) levels after RRSO may be 
a useful addition to BMD measurement. BTMs may provide information on the 
influence of RRSO on both bone formation and resorption (232). Furthermore, 
BTMs in blood or urine might predict fracture risk independently of BMD (232,329).

It has been shown that BTMs increase rapidly within one month after surgical 
menopause and remain increased until at least one year after surgery (237-239,330). 
Bone resorption marker levels seem to increase faster than bone formation 
markers (237,238,240,330), but after several months to years, their ratios appear 
to normalise (237-240,330). Studies comparing BTMs after surgical and natural 
menopause report conflicting results; one study showed increased resorption 
marker levels after surgical menopause compared to natural menopause, while 
others found no differences in BTMs between the groups (241-243). Therefore, we 
compared BTMs in a group of women ≥ 2 years after RRSO at premenopausal age 
to age-matched reference values. Furthermore, we aimed to identify factors that 
characterize women with elevated BTMs after premenopausal RRSO.

Methods
Study population and protocol
At the University Medical Center Groningen family cancer clinic, all women 
with HBOC or BRCA1/2 mutations have been registered since 1994 (312). Between 
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February 2011 and May 2012, all women with HBOC or BRCA1/2 mutations who 
had undergone RRSO before the age of 53 at least two years before, were invited 
for osteoporosis screening. Women filled in a questionnaire and were screened 
according to a protocol including measurement of height, weight, collection 
of blood samples, and BMD measurement. Results on standard diagnostic 
procedures for osteoporosis in this study were described elsewhere (328). Two 
women were excluded from the current analyses because their BTMs were not 
measured. All women gave written informed consent for inclusion in the study.

The institutional ethics review board of the UMCG stated that the study did 
not fall under the scope of the Medical Research Involving Human Subjects Act as 
the study was considered as a part of standard care. A waiver for ethical approval 
was provided. IGW, IEF, MJEM, EMA, JL and EV provided individual patient care 
and were involved in data collection for this study. These authors had access to 
identifying patient data during data collection as they were involved in patient 
care. The other authors had no access to the identifying patient data.

Reference data for BTM levels were retrieved from an existing local reference 
cohort of 350 healthy Dutch women. Menopausal status of reference women 
aged ≤ 50 years was not known. Reference women aged > 50 were ≥ 5 years 
postmenopausal with serum 25(OH)D3 (25OHD) levels > 50 nmol/L and LS and hip 
BMD T-score > -2.5.

Laboratory assessments
Non-fasting blood samples were obtained between 9:00 a.m. and 4:30 p.m. 
Serum samples were stored within 1 hour after collection at -20°C until analysis. 
Calcium and albumin were measured by colorimetric assay (Roche Modular P, 
Mannheim, Germany; inter-assay coefficient of variation (IE–CV) < 2.0% and 
< 1.8%; lower detection limit 0.05 mmol/L and 10 g/L for calcium and albumin 
respectively). Phosphate was measured by photometric UV assay (Roche Modular 
P, Mannheim Germany; IE-CV < 2.6%; lower detection limit 0.1 mmol/L). Serum 
25OHD was measured by isotope dilution-online solid phase extraction liquid 
chromatography-tandem mass spectrometry (315). Method specifications were: 
level of quantification 4.0 nmol/L; IE-CV < 14.1%; recovery 93 – 98%; linearity r2 = 
0.997. Accuracy was secured by the use of reference material from the National 
Institute of Standards & Technology (Gaithersburg, MD). Serum 25OHD was 
considered low when < 50 nmol/L between October and April and < 75 nmol/L 
between April and October. Thyroid stimulating hormone (TSH) was measured 
by electrochemiluminescence immunoassay (Roche Modular E; Mannheim, 
Germany; IE-CV < 2.3%; lower detection limit 0.005 mU/L). PTH was measured by 
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immunoluminometric assay (Cobas e 601, Roche; Mannheim, Germany; IE-CV < 
3.2%, lower detection limit 0.040 pg/L).

Bone turnover was assessed by measurement of the levels of bone formation 
markers osteocalcin (OC), intact procollagen type I N-terminal propeptide (PINP) 
and bone resorption marker serum C-telopeptide of type I collagen (sCTx).

OC was measured by immunoradiometric assay (BioSource Europe S.A, 
Nivelles, Belgium; IE-CV 9.4%). OC levels were expressed in µg/L and Z-scores 
to correct for the influence of age. PINP levels were measured by using a 
radioimmunoassay (Orion Diagnostica, Espoo, Finland; IE-CV 9.0%) PINP 
levels were expressed in in µg/L and Z-scores. sCTX was measured by Electro-
chemiluminescence immunoassay (Elecsys 2010; Roche, Mannheim, Germany; 
IE-CV 10.8%). sCTx levels were expressed in pg/ml and Z-scores.

Clinical measurements
Fractures and risk factors for osteoporosis were assessed by questionnaire, based 
on the questionnaire used at our fracture and osteoporosis outpatient clinic 
(314). The questionnaire was sent to the women before the visit and missing or 
inconsistent answers were discussed and corrected if indicated during the visit.

BMD of the lumbar spine (LS; anterior-posterior projection at L1 – L4) 
and femoral neck (FN) were measured by DXA using a Hologic Discovery A 
densitometer (Hologic Inc., Bedford, MA). BMD was expressed in grams per 
cm2, BMD Z-scores and T-scores. BMD Z-scores present the number of standard 
deviations (SD) that an individual’s BMD differs from the mean BMD in a cohort 
of white age-matched women. T-scores present the numbers of SD from the mean 
peak BMD in women aged 20 - 30 years.  Z- and T-scores were retrieved from the 
Hologic DXA machine and calculated using the standard reference databases for 
Hologic in the Netherlands were used (201,316). A T-score ≤ -2.5 was considered as 
osteoporosis, based on the lowest T-score of either LS or FN.

Statistical analysis
Results were expressed as median (inter quartile range [IQR: 25th and 75th 
percentile]) for continuous data and as number (%) for dichotomous data. BTM 
Z-scores were used to correct for the influence of age on bone turnover marker 
levels. A BTM Z-score represents the number of SDs an individual’s BTM level 
differs from the mean BTM level in a cohort of age-matched women. Z-scores were 
calculated by the following formula: (BTM value of individual patient – mean 
BTM value / SD of matched 10-year reference cohort. The difference between 
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PINP and sCTx Z-scores was calculated to determine the relative difference in 
bone formation and resorption. To compare BTMs after RRSO with BTMs in age 
matched controls, median Z-scores for BTMs were compared with a hypothetical 
median Z-score of 0 in the general population using Wilcoxon’s signed-rank test. 
Medians were used as BTM Z-scores did not follow a normal distribution in our 
study cohort.

To identify factors associated with elevated BTM Z-scores, linear univariate 
and multivariate regression analyses were performed. Women with recent 
fractures (i.e. within 12 months before BTM level measurement) or BTM affecting 
medication (current use of HRT or aromatase inhibitors (AI) or ever use of anti-
osteoporotic drugs (AOD)) were excluded from the regression analyses, because 
these factors are supposed to strongly affect BTMs and therefore could mask 
relations between BTM levels and other independent variables. Factors included 
for univariate regression analyses were study population specific characteristics 
(e.g. factors related to RRSO and history of breast cancer), bone related 
characteristics and factors associated with BTMs in literature. Dichotomous 
variables with N ≥ 5 for each option were included. Multivariate regression 
analyses were performed with manual conditional stepwise backward inclusion 
of variables that had a p-value < 0.25 in univariate analysis. Comparison of BTM 
Z-scores between women that were included versus those that were excluded 
from regression analyses was done by using the Mann-Whitney U test, Chi 
Square Test or Fisher’s Exact Test when applicable.

Statistical analyses were performed with IBM SPSS Statistics 20 software 
(SPSS, Chicago, III). p-values < 0.05 were considered significant.

Results
Study population
Of the 254 women eligible for inclusion, 212 women agreed to participate (Figure 
6.1). Two women were excluded because blood sampling and thus measurement 
of BTMs was not possible. The median age at time of study participation was 
44 years (IQR 41 - 49 years; Table 6.1). Median age at RRSO was 42 years (38 - 46) 
and median time since RRSO was 5 years (4 - 8). Of all women, 75 (36%) had a 
history of fractures, 21 (10%) had fractures at adult age and 16 (8%) had one or 
more fractures after RRSO. Details on fracture type in women before and after 
RRSO are provided in Table S6.1.

For the regression analyses 75 women were excluded because of recent 
fractures (n = 6) and/or BTM affecting medication (n = 71). Compared to the women 
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included for regression analyses, these excluded women were significantly 
younger at the time of the study and at time of RRSO, had lower BMIs, had lower 
absolute BMD in grams/cm2 but not BMD Z-score for both LS and FN and had 
higher calcium and phosphate levels (Table S6.2).

Bone formation markers OC and PINP
Median OC level for all women was 13.0 ng/ml (IQR 9.8 - 15.3). Median OC 
Z-score was 0.11 (-0.65 - 1.34; Figure 6.2), which was significantly higher than the 
theoretical median Z-score of 0 in the reference cohort (p = 0.003). Median OC 
Z-score in women included for regression analysis was significantly higher than 
in the women excluded for regression analysis (Figure 6.2). Results for univariate 
analyses are shown in Table 6.2. In multivariate analysis, OC Z-scores were 
higher in women who were younger at time of RRSO (β -0.098 per year), had 
lower femoral neck BMD Z-score (β -0.425 per SD) and had higher corrected serum 
calcium (β 5.573 per mmol/L) and phosphate levels (β 3.193 per mmol/L; Table 6.3).

Figure 6.1: Flowchart of the inclusion process
Abbreviations: RRSO is risk-reducing salpingo-oophorectomy; BTM is bone turnover marker; HRT is 
hormone replacement therapy; AI is aromatase inhibitor; AOD is anti-osteoporotic drugs.
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Table 6.1. Study population characteristics (N = 210)

Basic characteristics Lifestyle characteristics
Age in years 44 (41-49) Exercise 169 (81)
Age at RRSO in years 42 (38-46) Sports 133 (63)
Time since RRSO in years  5 (4-8) Current smoking 40 (19)
BMI in kg/m2 25.9 (22.9-29.5) Alcohol consumption in 

units/week 
2.5 (0-6)

Parity 2 (1.8-3.0) > 7 units/week 38 (18)
Menopausal status before RRSO Drug use

Premenopausal 176 (84) Ever use HRT 100 (48)
Postmenopausal 26 (12) Current use 51 (24)
Hysterectomy 8 (4) Ever use AI 11 (5)

Oncologic characteristics Current use 4 (2)
Mutation status Ever use tamoxifen 15 (7)

BRCA1 121 (58) Current use -
BRCA2 58 (28) Ever use AOD 18 (9)
HBOCa 31 (15) Current use 8 (4)

History of breast cancer 78 (37) Current use of GCS 19 (9)
Chemotherapy 59 (28) Longterm use of GCSc,d 8 (4)
Radiotherapy 49 (23) Current use of calcium 34 (16)

Bone related characteristics Current use of vitamin D3 34 (16)
History of fractures 75 (36) Current use of multivitamin 26 (12)

Fracture at adult ageb 21 (10) Laboratory measurements 
Fracture after RRSO 16 (8) Corrected calcium in mmol/

Lc,e
2.26 (2.22-2.30)

Recent fracture 6 (3) Serum 25OHD in nmol/L 65 (50-82)
BMD LS in g/cm2c 0.97 (0.88-1.06) Low 25OHDf 91 (43)

LS Z-score 0.00 (-0.85-0.85) Phosphate in mmol/L 1.10 (0.98-1.20)
BMD FN in g/cm2 0.78 (0.71-0.84) PTH in pmol/Lc 4.8 (4.0-6.1)

FN Z-score 0.10 (-0.60-0.80) TSH in mE/Lc 1.55 (1.11-2.21)
Osteoporosis (T-score ≤ -2.5) 13 (6)

aHBOC women had RRSO because of family history of breast or ovarian cancer, 15 had breast cancer, 23 
had negative BRCA testing in the family, two were negative and one was not tested for their familial 
BRCA mutation, four had no BRCA testing and BRCA status of the family was unknown, bAdult age is ≥ 20; 
cMissing values for: BMD LS n = 1, long-term use of GCS n = 1, Corrected calcium n = 1, PTH n = 4, TSH n = 
26; dUse of prednisone 7.5 mg or equivalent > 3 months or > 3 oral prednisolone courses per years; eCalcium 
was corrected for albumin levels with the following formula: Corrected calcium (mmol/L) = measured 
total Calcium (mmol/L) + 0.02 (41 – serum albumin [g/L]); fLow for season: < 50 nmol/L October - April; < 75 
nmol/L April – October.
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Abbreviations: IQR is interquartile range (i.e. 25th percentile – 75th percentile); RRSO is risk-reducing 
salpingo-oophorectomy; BMI is body mass index; HBOC is hereditary breast ovarian cancer; BMD is 
bone mineral density; LS is  lumbar spine; FN is femoral neck; HRT is hormonal replacement therapy; AI 
is aromatase inhibitor; AOD is anti-osteoporotic drugs; GCS is glucocorticosteroids; PTH is parathyroid 
hormone; TSH is thyroid stimulating hormone.
Values in median (IQR) or No. (%)

Figure 6.2: Levels of Osteocalcin, PINP and sCTx after RRSO in all women (N = 210), excluded 
women with recent fractures or currently using HRT or AI or ever using AOD (n = 75) and 
women included for regression analyses (n = 135).
ap < 0.05; median Z-scores are compared to a median Z-score of 0.
Box-and whisker plots (Tukey): boxes indicate medians with interquartile ranges; + indicate means; 
whiskers indicate 1.5 times the interquartile distances; ● indicate outliers.
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Table 6.2: Determinants related to BTM Z-scores as assessed by univariate linear regression 
analyses after exclusion of women with recent fractures, ever AOD use and current HRT or 
AI use (n = 135)

Z-score OC Z-score PINP Z-score sCTx Z-score PINP-sCTx
β SE p-value β SE p-value β SE p-value β SE p-value

Basic characteristics
Age > 50 -0.732 0.317 0.023* -1.430 0.306 < 0.001* -0.573 0.247 0.022* -0.857 0.280 0.003*
Age at RRSO (per year) -0.092 0.032 0.004* -0.157 0.031 < 0.001* -0.058 0.025 0.022* -0.099 0.028 0.001*
Time since RRSO (per year) -0.132 0.051 0.011* -0.122 0.052 0.021* -0.044 0.041 0.276 -0.078 0.046 0.097
BMI (per kg/m2) -0.057 0.027 0.038* -0.019 0.028 0.502 -0.038 0.021 0.080 0.019 0.025 0.454
Parity -0.047 0.135 0.728 -0.265 0.136 0.054 -0.078 0.105 0.459 -0.187 0.120 0.123
Postmenopausal before 
RRSO

-0.943 0.454 0.040* -0.926 0.461 0.047* -0.473 0.357 0.188 -0.453 0.412 0.274

Oncologic characteristics
History of breast cancer -0.132 0.331 0.689 -0.161 0.338 0.634 -0.186 0.257 0.471 0.025 0.297 0.933
Chemotherapy -0.213 0.349 0.541 -0.244 0.356 0.494 -0.295 0.271 0.278 0.051 0.313 0.870
Radiotherapy -0.204 0.372 0.585 -0.288 0.379 0.449 -0.011 0.290 0.970 -0.277 0.333 0.407
Bone related characteristics
Fracture at adult agea 0.079 0.548 0.885 -0.757 0.555 0.175 0.111 0.427 0.795 -0.868 0.485 0.076
Fracture after RRSO 0.669 0.727 0.359 1.116 0.738 0.133 0.386 0.567 0.497 0.730 0.650 0.263
LS Z-score -0.456 0.141 0.002* -0.377 0.144 0.010* -0.362 0.109 0.001* -0.015 0.132 0.909
FN Z-score -0.531 0.171 0.002* -0.315 0.179 0.080 -0.280 0.136 0.041* -0.035 0.159 0.825
Osteoporosis (T-score ≤ -2.5) -0.263 0.648 0.685 -0.006 0.661 0.993 0.216 0.505 0.670 -0.222 0.580 0.703

Lifestyle characteristics
Exerciseb -0.044 0.423 0.917 -0.345 0.430 0.424 0.335 0.328 0.310 -0.680 0.374 0.071
Sports 0.123 0.328 0.708 -0.239 0.334 0.475 0.224 0.255 0.380 -0.464 0.291 0.114
Current smoking -0.012 0.423 0.978 0.228 0.431 0.597 -0.451 0.327 0.171 0.679 0.374 0.072
Alcohol consumption in 
units/week

-0.023 0.029 0.428 -0.019 0.030 0.527 0.004 0.023 0.859 -0.023 0.026 0.381

> 7 units/week -0.218 0.422 0.607 -0.091 0.431 0.833 0.044 0.329 0.893 -0.135 0.379 0.721

Drug use
Past use of HRT 0.598 0.337 0.078 1.010 0.337 0.003* 0.493 0.262 0.062 0.516 0.302 0.090
Ever use of tamoxifen -0.270 0.684 0.694 -0.428 0.698 0.541 -0.733 0.530 0.169 0.305 0.613 0.619
Current use of GCS -0.114 0.530 0.829 -0.305 0.540 0.573 0.339 0.412 0.412 -0.645 0.472 0.174
Current use of calcium 0.440 0.463 0.344 0.138 0.474 0.771 -0.075 0.362 0.836 0.213 0.416 0.609
Current use of vitamin D3 0.504 0.473 0.289 0.163 0.485 0.738 0.066 0.370 0.860 0.097 0.426 0.820
Current use of multivitamin -0.057 0.455 0.900 -0.769 0.460 0.097 -0.387 0.353 0.274 -0.381 0.406 0.350
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Table 6.2: Determinants related to BTM Z-scores as assessed by univariate linear regression 
analyses after exclusion of women with recent fractures, ever AOD use and current HRT or 
AI use (n = 135)

Z-score OC Z-score PINP Z-score sCTx Z-score PINP-sCTx
β SE p-value β SE p-value β SE p-value β SE p-value

Basic characteristics
Age > 50 -0.732 0.317 0.023* -1.430 0.306 < 0.001* -0.573 0.247 0.022* -0.857 0.280 0.003*
Age at RRSO (per year) -0.092 0.032 0.004* -0.157 0.031 < 0.001* -0.058 0.025 0.022* -0.099 0.028 0.001*
Time since RRSO (per year) -0.132 0.051 0.011* -0.122 0.052 0.021* -0.044 0.041 0.276 -0.078 0.046 0.097
BMI (per kg/m2) -0.057 0.027 0.038* -0.019 0.028 0.502 -0.038 0.021 0.080 0.019 0.025 0.454
Parity -0.047 0.135 0.728 -0.265 0.136 0.054 -0.078 0.105 0.459 -0.187 0.120 0.123
Postmenopausal before 
RRSO

-0.943 0.454 0.040* -0.926 0.461 0.047* -0.473 0.357 0.188 -0.453 0.412 0.274

Oncologic characteristics
History of breast cancer -0.132 0.331 0.689 -0.161 0.338 0.634 -0.186 0.257 0.471 0.025 0.297 0.933
Chemotherapy -0.213 0.349 0.541 -0.244 0.356 0.494 -0.295 0.271 0.278 0.051 0.313 0.870
Radiotherapy -0.204 0.372 0.585 -0.288 0.379 0.449 -0.011 0.290 0.970 -0.277 0.333 0.407
Bone related characteristics
Fracture at adult agea 0.079 0.548 0.885 -0.757 0.555 0.175 0.111 0.427 0.795 -0.868 0.485 0.076
Fracture after RRSO 0.669 0.727 0.359 1.116 0.738 0.133 0.386 0.567 0.497 0.730 0.650 0.263
LS Z-score -0.456 0.141 0.002* -0.377 0.144 0.010* -0.362 0.109 0.001* -0.015 0.132 0.909
FN Z-score -0.531 0.171 0.002* -0.315 0.179 0.080 -0.280 0.136 0.041* -0.035 0.159 0.825
Osteoporosis (T-score ≤ -2.5) -0.263 0.648 0.685 -0.006 0.661 0.993 0.216 0.505 0.670 -0.222 0.580 0.703

Lifestyle characteristics
Exerciseb -0.044 0.423 0.917 -0.345 0.430 0.424 0.335 0.328 0.310 -0.680 0.374 0.071
Sports 0.123 0.328 0.708 -0.239 0.334 0.475 0.224 0.255 0.380 -0.464 0.291 0.114
Current smoking -0.012 0.423 0.978 0.228 0.431 0.597 -0.451 0.327 0.171 0.679 0.374 0.072
Alcohol consumption in 
units/week

-0.023 0.029 0.428 -0.019 0.030 0.527 0.004 0.023 0.859 -0.023 0.026 0.381

> 7 units/week -0.218 0.422 0.607 -0.091 0.431 0.833 0.044 0.329 0.893 -0.135 0.379 0.721

Drug use
Past use of HRT 0.598 0.337 0.078 1.010 0.337 0.003* 0.493 0.262 0.062 0.516 0.302 0.090
Ever use of tamoxifen -0.270 0.684 0.694 -0.428 0.698 0.541 -0.733 0.530 0.169 0.305 0.613 0.619
Current use of GCS -0.114 0.530 0.829 -0.305 0.540 0.573 0.339 0.412 0.412 -0.645 0.472 0.174
Current use of calcium 0.440 0.463 0.344 0.138 0.474 0.771 -0.075 0.362 0.836 0.213 0.416 0.609
Current use of vitamin D3 0.504 0.473 0.289 0.163 0.485 0.738 0.066 0.370 0.860 0.097 0.426 0.820
Current use of multivitamin -0.057 0.455 0.900 -0.769 0.460 0.097 -0.387 0.353 0.274 -0.381 0.406 0.350
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Laboratory measurements
Corrected calciumc 5.436 2.237 0.016* 3.241 2.314 0.164 1.173 1.781 0.511 2.068 2.037 0.312
Serum 25OHD 0.011 0.007 0.091 0.005 0.007 0.453 0.007 0.005 0.175 -0.002 0.006 0.748
Low 25OHDd -0.553 0.320 0.087 -0.250 0.330 0.450 -0.412 0.250 0.101 0.162 0.290 0.577
Phosphate 3.166 1.084 0.004* 1.890 1.130 0.097 1.017 0.867 0.243 0.873 0.999 0.384
PTH 0.076 0.076 0.319 -0.010 0.079 0.897 0.064 0.060 0.287 -0.074 0.069 0.282
TSH -0.011 0.139 0.940 -0.052 0.142 0.715 0.007 0.105 0.945 -0.059 0.126 0.638

aAdult age is ≥ 20; b≥ 30 minutes of exercise a day; cCalcium was corrected for albumin levels with the 
following formula: Corrected calcium (mmol/L) = measured total calcium (mmol/L) + 0.02 (41 – serum 
albumin [g/L]); dLow for season: < 50 nmol/L October - April; < 75 nmol/L April – October.
Abbreviations: BTM is bone turnover marker; OC is osteocalcin, PINP is  procollagen type I N-terminal 
propeptide; sCTx is serum C-telopeptide of type I collagen; SE is standard error;  RRSO is risk-reducing 
salpingo-oophorectomy, BMI is body mass index;  LS is lumbar spine; FN is femoral neck;  HRT is hormonal 
replacement therapy; AI is aromatase inhibitor; GCS is glucocorticosteroids; PTH is parathyroid hormone; 
TSH is thyroid stimulating hormone.
p-values were calculated using univariate linear regression analysis.*p < 0.05.

Table 6.3: Determinants related to BTM Z-scores as assessed by multivariate linear 
regression analyses

Multivariate analysis on Z-score OC 
(n = 134)

Multivariate analysis on Z-score 
PINP (N = 135)

Multivariate analysis on Z-score sCTx 
(n  = 134)

Z-score PINP - sCTx 
(N = 135)

 β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) -0.098 0.029 0.001* -0.157 0.030 < 0.001*    -0.099 0.028 0.001*
Time since RRSO (per year)    -0.121 0.048 0.012*       
LS BMD Z-score       -0.373 0.107 0.001*    
FN BMD Z-score -0.531 0.158 0.001*          
Past use of HRT       0.565 0.250 0.025*    
Corrected calciuma 5.573 2.024 0.007*          
Phosphate 3.193 1.002 0.002*

aCalcium was corrected for albumin levels: Corrected calcium (mmol/L) = measured total calcium 
(mmol/L) + 0.02 (41 – serum albumin [g/L])
Abbreviations: BTM: is bone turnover marker; OC is osteocalcin, PINP is procollagen type I N-terminal 
propeptide; sCTx is serum C-telopeptide of type I collagen; SE is standard error; RRSO is risk-reducing 
salpingo-oophorectomy, LS is lumbar spine; FN is femoral neck; HRT is hormonal replacement therapy
p-values were calculated using multivariate linear regression analysis with manual conditional stepwise 
backward inclusion of variables that had a p-value < 0.25 in univariate analysis. 
*p < 0.05.

Z-score OC Z-score PINP Z-score sCTx Z-score PINP-sCTx
β SE p-value β SE p-value β SE p-value β SE p-value
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Laboratory measurements
Corrected calciumc 5.436 2.237 0.016* 3.241 2.314 0.164 1.173 1.781 0.511 2.068 2.037 0.312
Serum 25OHD 0.011 0.007 0.091 0.005 0.007 0.453 0.007 0.005 0.175 -0.002 0.006 0.748
Low 25OHDd -0.553 0.320 0.087 -0.250 0.330 0.450 -0.412 0.250 0.101 0.162 0.290 0.577
Phosphate 3.166 1.084 0.004* 1.890 1.130 0.097 1.017 0.867 0.243 0.873 0.999 0.384
PTH 0.076 0.076 0.319 -0.010 0.079 0.897 0.064 0.060 0.287 -0.074 0.069 0.282
TSH -0.011 0.139 0.940 -0.052 0.142 0.715 0.007 0.105 0.945 -0.059 0.126 0.638

aAdult age is ≥ 20; b≥ 30 minutes of exercise a day; cCalcium was corrected for albumin levels with the 
following formula: Corrected calcium (mmol/L) = measured total calcium (mmol/L) + 0.02 (41 – serum 
albumin [g/L]); dLow for season: < 50 nmol/L October - April; < 75 nmol/L April – October.
Abbreviations: BTM is bone turnover marker; OC is osteocalcin, PINP is  procollagen type I N-terminal 
propeptide; sCTx is serum C-telopeptide of type I collagen; SE is standard error;  RRSO is risk-reducing 
salpingo-oophorectomy, BMI is body mass index;  LS is lumbar spine; FN is femoral neck;  HRT is hormonal 
replacement therapy; AI is aromatase inhibitor; GCS is glucocorticosteroids; PTH is parathyroid hormone; 
TSH is thyroid stimulating hormone.
p-values were calculated using univariate linear regression analysis.*p < 0.05.

Table 6.3: Determinants related to BTM Z-scores as assessed by multivariate linear 
regression analyses

Multivariate analysis on Z-score OC 
(n = 134)

Multivariate analysis on Z-score 
PINP (N = 135)

Multivariate analysis on Z-score sCTx 
(n  = 134)

Z-score PINP - sCTx 
(N = 135)

 β SE p-value β SE p-value β SE p-value β SE p-value
Age at RRSO (per year) -0.098 0.029 0.001* -0.157 0.030 < 0.001*    -0.099 0.028 0.001*
Time since RRSO (per year)    -0.121 0.048 0.012*       
LS BMD Z-score       -0.373 0.107 0.001*    
FN BMD Z-score -0.531 0.158 0.001*          
Past use of HRT       0.565 0.250 0.025*    
Corrected calciuma 5.573 2.024 0.007*          
Phosphate 3.193 1.002 0.002*

aCalcium was corrected for albumin levels: Corrected calcium (mmol/L) = measured total calcium 
(mmol/L) + 0.02 (41 – serum albumin [g/L])
Abbreviations: BTM: is bone turnover marker; OC is osteocalcin, PINP is procollagen type I N-terminal 
propeptide; sCTx is serum C-telopeptide of type I collagen; SE is standard error; RRSO is risk-reducing 
salpingo-oophorectomy, LS is lumbar spine; FN is femoral neck; HRT is hormonal replacement therapy
p-values were calculated using multivariate linear regression analysis with manual conditional stepwise 
backward inclusion of variables that had a p-value < 0.25 in univariate analysis. 
*p < 0.05.

Z-score OC Z-score PINP Z-score sCTx Z-score PINP-sCTx
β SE p-value β SE p-value β SE p-value β SE p-value
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Median PINP level for all women was 52.1 ng/ml (IQR 38.1 - 71.8). Median Z-score 
was 0.84 (-0.35 - 2.13; Figure 6.2), which was significantly higher than the 
theoretical median Z-score of 0 in the reference cohort (p < 0.001). Median PINP 
Z-score in women included for regression analysis was significantly higher 
than in the women excluded for regression analysis (Figure 6.2). In multivariate 
analysis, PINP Z-scores were higher in women who were younger at the time of 
RRSO (β -0.157 per year) and had a shorter time since RRSO (β -0.121 per year; Table 
6.3).

Bone resorption marker sCTx
Median sCTx level for all women was 246 pg/ml (IQR 160 - 133).Median Z-score of 
0.53 (-0.33 - 1.45; Figure 6.2), which was significantly higher than the hypothetical 
median Z-score of 0 in the reference cohort (p < 0.001). Median sCTx Z-score in 
women included for regression analysis was significantly higher than in the 
women excluded for regression analysis (Figure 6.2). In multivariate analysis, 
sCTx Z-scores were higher in women who had lower lumbar spine Z-scores  
(β-0.373 per SD) and used HRT in the past (β 0.565 for users compared to non-
users; Table 6.3).

Difference between Z-scores for PINP and sCTx
The median difference between Z-scores for PINP and sCTx for all women was 
0.27 (-0.48 - 1.14) (Figure 6.3). This difference was similar in the women that were 
in- and excluded for regression analyses. Younger age at RRSO was correlated 
with an increasing positive difference between PINP and sCTx Z-score.

Discussion
Within this consecutive series of 210 women that underwent RRSO before age 
53, with a median time after RRSO of 5 years, OC, PINP and sCTx levels were 
significantly higher than age-matched reference values. After excluding women 
with recent fractures and those using BTM affecting medication, Z-scores for 
bone formation markers were higher in women with younger age at time of 
RRSO. No significant correlation was found between BTM Z-scores and history of 
fractures or breast cancer.

Our finding that BTMs after RRSO were higher than age-matched reference 
values is partially in line with the results of Morgante et al. (242), who reported 
higher plasma OC and urinary deoxypyridoline levels in women with surgical 
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menopause compared to age-matched premenopausal women, but not to age-
matched women with natural menopause. In univariate regression analyses, 
Z-scores for all BTMs were significantly higher in women aged ≤ 50 years 
compared to women aged > 50, which is in line with the finding that BTM levels 
after surgical menopause differ more from premenopausal then from natural 
menopausal women. Also partially in line with our results, are the observations 
of Ohta et al. (241) who reported higher serum levels of type I carboxy-terminal 
pyridinoline cross-linked telopeptide within three years after surgical 
menopause compared to natural menopause, but not after three years and not 
for other bone resorption markers. In this study, women more than three years 
after surgical menopause appeared to be older and had a longer time interval 
after menopause than our study population. Garcia-Perez et al. (243) showed 
similar levels of serum OC and urinary N-telopeptide of type I collagen in women 

Figure 6.3: Difference in Z-scores for PINP and sCTx after RRSO in all women (N = 210), 
excluded women with recent fractures or currently using HRT or AI or ever using AOD (n = 
75) and women included for regression analyses (n = 135)
ap < 0.05; difference in Z-scores are compared to a median difference of 0.
Box-and whisker plots (Tukey): boxes indicate medians with interquartile ranges; + indicate means; 
whiskers indicate 1.5 times the interquartile distances; ● indicate outliers.
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with surgical and natural menopause, but in that study women with natural 
menopause were significantly older than women with surgical menopause, thus 
it cannot be ruled out that women with surgical menopause had a higher bone 
turnover than women after natural menopause matched for age. 

Several factors were significantly correlated with BTMs in multivariate 
analyses. Most importantly, there was an inverse correlation between age at 
RRSO and BTM Z-scores for OC and PINP. This might indicate that every years 
a woman is younger at time of RRSO, is associated with significantly higher 
bone formation marker levels after correction for chronological age. To our 
knowledge, this association was not investigated in previous studies. The 
finding might indicate a more profound effect of RRSO on bone turnover when 
surgery is performed at a younger age. Also, there was a positive correlation 
between OC Z-scores and corrected serum calcium levels, which is in contrast 
with earlier findings (331,332) and a positive correlation between OC levels and 
phosphate levels, which is in line with some (331), but not all earlier findings 
(332). PINP Z-scores were negatively correlated with time since RRSO, which 
might indicate that with a longer time interval after RRSO BTMs will normalize 
to age-appropriate values. Higher OC and sCTx Z-scores were correlated with 
lower BMD, which indicates that high bone turnover is associated with bone loss 
after RRSO. This was seen before for OC (242) and sCTx (237). 

Last, we found a correlation between past HRT use and higher sCTx Z-score, 
which is in line with earlier findings that after cessation of HRT use, sCTx 
levels increase significantly (333). In contrast, current HRT use is associated 
with a significant increase in BMD and decrease in BTMs (334,335). In our study 
population, the 24% of the included women using HRT had significantly lower 
BTM Z-scores and were excluded for regression analysis. Although, HRT is 
effective in improving BMD and preventing fractures, prescribing HRT after the 
age of natural menopause is not advised in BRCA mutation carriers with RRSO 
after the age of natural menopause (336).

Treatment with AI increases bone turnover and decreases BMD (337), and 
women using AI often receive AOD for prevention, thus we excluded these 
women from the regression analyses. Of the women included for regression 
analyses, 53 (39%) had a history of breast cancer, but this was not correlated 
with BTMs. There were no women with clinical symptoms of bone metastases. 
However, because of the exclusion of a significant number of breast cancer 
patients from the regression analyses, we cannot exclude an effect of history of 
breast cancer on BTMs.
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The median difference between Z-scores for PINP and sCTx reflects the difference 
in formation and resorption of collagen relative to age-matched controls. This 
difference can be considered as a marker for absolute bone turnover. We found 
a median difference of 0.12 (-0.64 - 1.15), which was significantly higher than 0 
in the reference population. There was an inverse relation between age at RRSO 
and the difference between Z-score for PINP and sCTx. The clinical implications of 
this finding are unknown; however it does not suggest an imbalance favouring 
bone resorption after RRSO.  As there are no earlier studies that have reported on 
this difference between PINP and sCTx Z-scores, there is a need for more studies 
on the clinical interpretation of findings on the relative difference between these 
markers.

Strengths of this study are the unselected sample that is representative of a 
patient population with surgical menopause due to RRSO, and the large study 
population compared to earlier studies. Furthermore, BTMs were presented 
as Z-scores to increase comparability with other studies, as was advised by 
Vasikaran et al. (232) . Limitations of the study are that we were not able to fully 
correct for several factors that influence BTMs, such as diurnal variation and the 
timing of food intake. As it is known that BTMs decrease during the afternoon 
and after ingestion of a meal (232), not correcting for these factors could have 
attenuated elevated BTMs. The percentage of women with surgical menopause 
in the reference cohort was unknown, but the prevalence of surgical menopause 
in the general population is low. In addition, women with RRSO before age 
53 were assumed to be premenopausal before RRSO, but some reported to be 
postmenopausal at that time. Women who were postmenopausal before RRSO 
had lower OC and PINP Z-scores in univariate analyses. Both factors might have 
caused underestimation of the effect of RRSO on BTMs.

The clinical implications of BTM elevation after RRSO are unknown, but 
elevated BTMs have been shown to predict elevated fracture risk in longitudinal 
population studies, independent of BMD (232,329). This might tone down the 
reassuring findings of our previous study in this study population, which 
showed that BMD and fracture incidence after RRSO were comparable to 
population data (328). Although we did not find a correlation between BTMs and 
fracture incidence in this cross-sectional study, longitudinal studies are needed 
to evaluate the long-term clinical implications of elevated BTMs after RRSO.

In conclusion, this study shows that after a median time of 5 years after 
premenopausal RRSO, BTMs are elevated compared to age-matched reference 
values, especially in women with RRSO at younger age. In this cross-sectional 
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study, no relation between elevated BTMs and fracture incidence was shown. 
However, as elevated BTMs predict elevated fracture risk in the general 
population, prospective studies are required to evaluate the long-term clinical 
implications of elevated BTMs after RRSO.
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Supplements
Supplementary tables

Table S6.1: Details on fractures reported in the study population (N = 210)

 Before RRSO After RRSO
Women reporting fractures - No. (%) 64 (30) 16 (8)

Fractures – Total (No). 105 23

Fracture types - No. (%)   
Hip 0 0

Wrist 16 (15) 2 (9)
Vertebra 4 (4) 3 (13)
Nose 6 (6) 0

Clavicle 2 (2) 2 (9)
Rib 5 (5) 0

Sternum 1 (1) 0

Arm 10 (10) 1 (4)
Elbow 6 (6) 3 (13)
Hand 4 (4) 1 (4)
Pelvis 1 (1) 1 (4)
Leg 9 (9) 0

Knee 1 (1) 0

Ankle/foot 17 (16) 4 (17)
Toe/finger 23 (22) 6 (26)
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Table S6.2: Characteristics of the women who were in- and excluded for regression analysis 
on BTMs after RRSO

Included women  
(n = 135) Excluded women (n = 75) p-value

Included women  
(n = 135)

Excluded women 
(n = 75) p-value

Basic characteristics Lifestyle characteristics
Age in years 50 (47 - 54) 46 (42 - 50) < 0.001* Exercise 111 (82) 58 (77) 0.392
Age at RRSO in years 44 (40 - 47) 39 (36 - 42) < 0.001* Sports 79 (59) 54 (72) 0.052
Time since RRSO in years 5 (4 - 8) 6 (4 - 8) 0.728 Current smoking 24 (18) 16 (21) 0.530
BMI in kg/m2 26.2 (23.3 - 30.0) 24.8 (22.3 - 29.1) 0.030* Alcohol consumption in units/week 3 (0-6) 2 (0-6) 0.926
Parity 2 (1 - 3) 2 (2 - 3) 0.862 > 7 units/week 24 (18) 14 (19) 0.873
Menopausal status before RRSO  0.137 Drug use

Premenopausal 109 (81) 67 (89) Ever use HRT 46 (34) 54 (72) < 0.001*
Postmenopausal 20 (15) 6 (8) Current use N/A 51 (68) N/A
Hysterectomy 6 (4) 2 (3) Ever use AI 4 (3) 7 (9) 0.058

Oncologic characteristics Current use N/A 4 (5)
Mutation status  0.153 Ever use tamoxifen 8 (6) 7 (9) 0.358

BRCA1 72 (53) 49 (65) Current use - -
BRCA2 39 (29) 19 (25) Ever use AOD N/A 18 (24) N/A
HBOC 24 (18) 7 (9) Current use N/A 8 (11) N/A

History of breast cancer 53 (39) 25 (33) 0.394 Current use of GCS 14 (10) 5 (7) 0.370
Chemotherapy 42 (31) 17 (23) 0.192 Longterm use of GCSb,c 4 (3) 4 (5) 0.396
Radiotherapy 34 (25) 15 (20) 0.395 Current use of calcium 19 (14) 15 (20) 0.264

Bone related characteristics Current use of vitamin D3 18 (13) 16 (21) 0.132
History of fractures 43 (32) 32 (43) 0.117 Current use of multivitamin 20 (15) 6 (8) 0.151

Fracture at adult agea 13 (10) 8 (11) 0.810 Laboratory measurements
Fracture after RRSO 7 (5) 9 (12) 0.073 Corrected calcium in mmol/Lb,d 2.27 (2.23 - 2.32) 2.23 (2.19 - 2.29) 0.003*
Recent fracture N/A 6 (8) N/A Serum 25OHD in nmol/L 64 (49 - 83) 66 (54 - 79) 0.431

BMD LS in g/cm2 b 0.95 (0.86 - 1.04) 0.99 (0.90 - 1.08) 0.029* Low 25OHDe 64 (47) 27 (36) 0.110
LS Z-scoree -0.10 (-0.90 - 0.83) 0.10 (-0.70 - 0.90) 0.371 Phosphate in mmol/L 1.13 (1.04 - 1.21) 1.00 (0.88 - 1.12) < 0.001*

BMD FN in g/cm2 0.76 (0.69 - 0.83) 0.80 (0.73 - 0.88) 0.017* PTH in pmol/Lb 5.2 (4.1 - 6.4) 4.55 (3.87 - 5.60) 0.050
FN Z-score 0.00 (-0.60 - 0.70) 0.20 (-0.40 - 0.80) 0.329 TSH in mE/Lb 1.54 (1.09 - 2.21) 1.59 (1.19 - 2.21) 0.371

Osteoporosis (T-score ≤ -2.5) 9 (7) 4 (5.3) 0.775

aAdult age is ≥ 20; bMissing values for: BMD LS n = 1, longterm use of GCS n = 1, Corrected calcium n = 1, PTH 
n = 4, TSH n = 26; cUse of prednisone 7.5 mg or equivalent > 3 months or > 3 oral prednisolone courses per 
years; dCalcium was corrected for albumin levels with the following formula: Corrected calcium (mmol/L) 
= measured total calcium (mmol/L) + 0.02 (41 – serum albumin [g/L]); eLow for season: <50 nmol/L October 
- April; <75 nmol/L April – October.
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Table S6.2: Characteristics of the women who were in- and excluded for regression analysis 
on BTMs after RRSO
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BMI in kg/m2 26.2 (23.3 - 30.0) 24.8 (22.3 - 29.1) 0.030* Alcohol consumption in units/week 3 (0-6) 2 (0-6) 0.926
Parity 2 (1 - 3) 2 (2 - 3) 0.862 > 7 units/week 24 (18) 14 (19) 0.873
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Premenopausal 109 (81) 67 (89) Ever use HRT 46 (34) 54 (72) < 0.001*
Postmenopausal 20 (15) 6 (8) Current use N/A 51 (68) N/A
Hysterectomy 6 (4) 2 (3) Ever use AI 4 (3) 7 (9) 0.058

Oncologic characteristics Current use N/A 4 (5)
Mutation status  0.153 Ever use tamoxifen 8 (6) 7 (9) 0.358

BRCA1 72 (53) 49 (65) Current use - -
BRCA2 39 (29) 19 (25) Ever use AOD N/A 18 (24) N/A
HBOC 24 (18) 7 (9) Current use N/A 8 (11) N/A

History of breast cancer 53 (39) 25 (33) 0.394 Current use of GCS 14 (10) 5 (7) 0.370
Chemotherapy 42 (31) 17 (23) 0.192 Longterm use of GCSb,c 4 (3) 4 (5) 0.396
Radiotherapy 34 (25) 15 (20) 0.395 Current use of calcium 19 (14) 15 (20) 0.264

Bone related characteristics Current use of vitamin D3 18 (13) 16 (21) 0.132
History of fractures 43 (32) 32 (43) 0.117 Current use of multivitamin 20 (15) 6 (8) 0.151

Fracture at adult agea 13 (10) 8 (11) 0.810 Laboratory measurements
Fracture after RRSO 7 (5) 9 (12) 0.073 Corrected calcium in mmol/Lb,d 2.27 (2.23 - 2.32) 2.23 (2.19 - 2.29) 0.003*
Recent fracture N/A 6 (8) N/A Serum 25OHD in nmol/L 64 (49 - 83) 66 (54 - 79) 0.431

BMD LS in g/cm2 b 0.95 (0.86 - 1.04) 0.99 (0.90 - 1.08) 0.029* Low 25OHDe 64 (47) 27 (36) 0.110
LS Z-scoree -0.10 (-0.90 - 0.83) 0.10 (-0.70 - 0.90) 0.371 Phosphate in mmol/L 1.13 (1.04 - 1.21) 1.00 (0.88 - 1.12) < 0.001*

BMD FN in g/cm2 0.76 (0.69 - 0.83) 0.80 (0.73 - 0.88) 0.017* PTH in pmol/Lb 5.2 (4.1 - 6.4) 4.55 (3.87 - 5.60) 0.050
FN Z-score 0.00 (-0.60 - 0.70) 0.20 (-0.40 - 0.80) 0.329 TSH in mE/Lb 1.54 (1.09 - 2.21) 1.59 (1.19 - 2.21) 0.371

Osteoporosis (T-score ≤ -2.5) 9 (7) 4 (5.3) 0.775

aAdult age is ≥ 20; bMissing values for: BMD LS n = 1, longterm use of GCS n = 1, Corrected calcium n = 1, PTH 
n = 4, TSH n = 26; cUse of prednisone 7.5 mg or equivalent > 3 months or > 3 oral prednisolone courses per 
years; dCalcium was corrected for albumin levels with the following formula: Corrected calcium (mmol/L) 
= measured total calcium (mmol/L) + 0.02 (41 – serum albumin [g/L]); eLow for season: <50 nmol/L October 
- April; <75 nmol/L April – October.

Abbreviations: IQR is interquartile range (i.e. 25th percentile – 75th percentile); RRSO is risk-reducing 
salpingo-oophorectomy; BMI is body mass index; HBOC is hereditary breast ovarian cancer; BMD is 
bone mineral density; LS is lumbar spine, FN is femoral neck; HRT is hormonal replacement therapy; AI 
is aromatase inhibitor; AOD is anti-osteoporotic drugs; GCS is glucocorticosteroids; PTH is parathyroid 
hormone; TSH is thyroid stimulating hormone.
Values in median (IQR) or No. (%). Comparisons by Mann-Whitney U test for non-parametric data and Chi 
Square or Fisher’s Exact Test for dichotomous or categorical data. 
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This thesis aims to increase knowledge on the effects of risk-reducing salpingo-
oophorectomy (RRSO) on breast cancer risk and on bone health. Because RRSO 
is currently the only effective option to reduce ovarian cancer risk in BRCA1/2 
mutation carriers, and because the procedure is most effective when performed 
at premenopausal age, knowledge on its long-term health effects is needed 
for adequate pre-operative counselling and post-operative follow-up and 
interventions.

This chapter contains a summary of the main findings of the studies included 
in this thesis, and a general discussion on these findings in their context of older 
and more recent literature. Strengths and limitations of the described studies 
in relation to their results and conclusions will be discussed. Subsequently, the 
implications for clinical care in women at increased risk of ovarian cancer who 
have to consider RRSO, and women who had RRSO in the past, are discussed. 
Lastly, knowledge gaps and areas for further research will be presented.

Summary
In premenopausal women, RRSO induces surgical menopause by acute elimination 
of ovarian steroid hormone production. Because surgical menopause decreases 
breast cancer risk in the general population (58,85,118,185-187), it is likely that also 
in BRCA1/2 mutation carriers, breast cancer risk decreases after premenopausal 
RRSO. Because after natural menopause bone mineral density (BMD) decreases 
and fracture risk increases (197,338), it is likely that after premenopausal RRSO, 
BMD will decrease faster at a younger age than after natural menopause, which 
will lead to higher fracture risk at older age.

Part I: Risk reducing salpingo-oophorectomy and breast cancer risk
In part I, the usefulness of breast cancer screening related to breast cancer 
incidence after RRSO in BRCA1/2 mutation carriers was explored. 

BRCA1/2 mutation carriers are advised to opt for either intensive breast cancer 
screening with MRI, mammography and clinical breast examination, or for risk 
reducing mastectomy (RRM)(37). Breast cancer risk after RRSO has been reported 
to reduce with 50% (31). In addition, breast density decreases after surgical 
menopause (141). These factors may affect effectiveness and usefulness of breast 
cancer screening after RRSO. Therefore, after premenopausal RRSO, intensive 
breast cancer screening might need modification. In Chapter 2 we evaluated 
the effectiveness of intensive breast cancer screening in 88 BRCA1 and 51 BRCA2 
mutation carriers after RRSO before 52 years of age. In 422 women years, 14 breast 



167

Summary and general discussion

7

cancers were diagnosed: 2 prevalent, 10 screen detected and 2 interval cancers. 
No tumours were found with clinical breast examination. Sensitivity for MRI 
was 60% and for mammography 56%. Sensitivity for clinical breast examination 
and mammography were comparable to earlier findings, but MRI screening 
seemed less sensitive. We observed that breast cancer incidence after RRSO at 
premenopausal age remained high.

Breast cancer incidence in Chapter 2 seemed higher than expected and we 
hypothesized that this could be explained by a relatively high breast cancer 
incidence in BRCA1/2 mutation carriers in the northern Netherlands, or different 
effects of RRSO on breast cancer risk in BRCA1 compared to BRCA2 mutation 
carriers (4,188,189). Therefore, in Chapter 3 we compared observed breast cancer 
incidence after RRSO in 104 BRCA1 and 58 BRCA2 mutation carriers with RRSO 
before age 52 to expected incidence, based on regional reference data and 
assuming a 50% risk reduction. In 532 women-years, 13 incident breast cancers 
were observed, compared to 8 (range 6 - 10) expected (BRCA1: 12 observed, 5 [range 
3 – 6] expected; BRCA2: 1 observed, 3 [range 2 – 5] expected).

The previously suggested breast cancer risk reduction of 50% after RRSO could 
not be confirmed in our cohort. Because also others have challenged the evidence 
on a RRSO-induced breast cancer risk reduction and it is postulated that previously 
reported risk reductions are the result of bias, this issue is inconclusive. Thus, 
we concluded that continued intensive breast cancer screening is warranted in 
BRCA1/2 mutation carriers after RRSO.

Part II: Risk-reducing salpingo-oophorectomy and bone health
Part II explores the effect of surgical menopause due to premenopausal RRSO on 
bone health.

Chapter 4 is a systematic review and meta-analysis on BMD and fractures 
after surgical menopause. Seventeen studies were included on BMD or fracture 
prevalence, in age-matched women with and without surgical menopause. BMD 
after surgical menopause was lower compared to premenopausal women (mean 
difference lumbar spine: -0.15 g/cm2; 95% CI -0.19 - -0.11, femoral neck: -0.17 g/cm2; 
95% CI -0.23 - -0.11) but not to women with natural menopause (lumbar spine: 
-0.02 g/cm2; 95% CI -0.04 - 0.00; femoral neck: 0.04 g/cm2; 95% CI -0.09 - 0.16). Hip 
fracture rate was not increased after surgical compared to natural menopause 
(HR 0.85; 95% CI 0.70 - 1.04). However, included studies were heterogeneous in 
design and prone to bias, thus an effect of surgical menopause on BMD and 
fracture risk after menopausal age could not be excluded.
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Chapter 5 aimed to compare BMD and fracture incidence after premenopausal 
RRSO to general population data, and to identify risk factors for low BMD and 
fractures after RRSO. In 212 women with median age at RRSO of 42 (35 - 52) years 
and median time after RRSO of 5 (2 - 8) years, BMD measured by dual-energy 
X-ray absorptiometry (DXA) was compared to age-matched reference values 
by using DXA-provided BMD Z-scores. Fracture incidence after RRSO assessed 
with a questionnaire was compared to general practitioner (GP) data by using 
standardised incidence ratios (SIRs). Lumbar spine and femoral neck BMD 
Z-scores (Z = 0.01, p = 0.870; Z = 0.15, p = 0.019) after RRSO were not lower than 
population BMD (Z = 0). Higher age at RRSO and use of hormonal replacement 
therapy (HRT) were associated with higher, and current smoking with lower 
BMD Z-scores. Fracture incidence was not higher than in the general population 
(age 25 - 44: SIR 2.12; 95% CI 0.85 - 4.37, age 45 - 64: SIR 1.65; 95% CI 0.92 - 2.72).

To identify women at risk for fractures, alternative ways for BMD measurement 
have been suggested, such as measurement of serum bone turnover markers 
(BTMs). Elevated BTMs might predict fracture risk independently of BMD 
(232). Chapter 6 describes BTM levels after RRSO and aimed to identify clinical 
characteristics associated with elevated BTMs. BTMs for bone formation 
(osteocalcin [OC] and procollagen type I N-terminal peptide [PINP]) and for 
bone resorption (serum C-telopeptide of type I collagen [sCTx] were measured 
in 210 women ≥ 2 years after RRSO at age ≤ 52 and compared to an existing age-
matched reference cohort by using Z-scores. BTMs after RRSO were higher than 
age-matched reference values (median Z-scores OC 0.11, p = 0.003; PINP 0.84, p 
< 0.001; sCTx 0.53, p < 0.001 [compared to Z = 0]). After excluding women with 
recent fractures or BTM interfering medication, respective Z-scores increased to 
0.34, 1.14 and 0.88. OC and PINP Z-scores were inversely correlated to age at RRSO. 
No correlation was observed with fracture incidence or history of breast cancer.

These results suggest that after premenopausal RRSO, BMD is lower compared 
to age-matched premenopausal women, but this BMD difference seems to 
attenuate with age and time after RRSO. These data don’t support intensive 
follow-up on BMD for all women with RRSO. However, BTMs five years after 
RRSO remain elevated and elevated BTMs might predict increased fracture risk. 
Prospective longitudinal research is required to evaluate the long-term clinical 
implications of elevated BTMs after RRSO.

General discussion
Because RRSO induces acute menopause at young age, a broad range of symptoms 
and health effects associated with natural menopause occur more severely and 
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at younger age. These symptoms and health effects are likely to affect quality of 
life and potentially life expectancy after RRSO and are thus possible indications 
for follow-up, prevention and therapy. Of the broad range of RRSO-induced short- 
and long-term symptoms and health effects, this research focusses on the effects 
of RRSO on breast cancer risk and bone health.

Part I: Risk-reducing salpingo-oophorectomy and breast cancer risk
Breast cancer risk after RRSO
In 2009, in a meta-analysis it was concluded that RRSO reduced breast cancer risk 
in BRCA1/2 mutation carriers by approximately 50% (31). However, in our study 
in Chapter 3, more new breast cancers were detected after RRSO than expected 
given this 50% risk reduction, especially in BRCA1 mutation carriers. For BRCA2 
mutation carriers, fewer breast cancers were observed than expected, however 
the number of women and the number of incident breast cancers were low. A 
different effect of RRSO-induced depletion of ovarian steroid hormones on breast 
cancer risk in BRCA1 and BRCA2 mutation carriers was hypothesized before, 
because most breast cancers in BRCA1 mutation carriers are hormone receptor 
negative, while BRCA2 mutation carriers most often have hormone receptor 
positive tumours (188). The findings in Chapter 3 support the hypothesis that 
RRSO affects breast cancer risk differently in BRCA1 and BRCA2 mutation carriers. 
Other contemporary studies provided inconsistent results. A large prospective 
study in BRCA1/2 mutation carriers in the United Kingdom and Ireland reported 
no overall breast cancer reduction after RRSO, but did report a risk reduction for 
contralateral breast cancer in BRCA2 mutation carriers in women with RRSO 
before age 45 (7). Several other studies after the meta-analysis of Rebbeck et 
al. confirmed a 50% breast cancer risk reduction after RRSO for both first, ipsi- 
and contralateral breast cancer, in both BRCA1 and BRCA2 mutation carriers 
(34,192,339-341). In 2015, Heemskerk et al. evaluated existing evidence on breast 
cancer risk after RRSO and concluded that previously reported risk reductions 
were likely the result of bias (193). After conducting a more advanced analysis 
aiming at maximal bias correction, they could not confirm a reduction of breast 
cancer risk after RRSO (193). Also no effect of RRSO on contralateral breast cancer 
risk was found by this unbiased analysis (342). A recent large prospective study 
with adequate bias correction did not report an overall risk reduction after 
RRSO, but observed a reduced risk of breast cancer before age 50, only in BRCA2 
mutation carriers (343).

Differences in the effect of oestrogens on the aetiology of hormone receptor 
positive and negative breast cancers are also supported by the finding that other 
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breast cancer risk factors associated with higher levels of oestrogens, such as BMI, 
HRT use and reproductive factors, were mainly associated with an increased risk 
of ERα and/or PR positive breast cancer, while for triple negative breast cancer, 
risk associations are often less clear (122,128,344-346). However, current theories 
on the development of breast cancer support the contradicting hypothesis that 
oestrogens are important in the tumorigenesis of ERα negative breast cancers. 
ERα negative breast cancer might develop under the influence of paracrine ERα 
dependent mechanisms or toxic effects of metabolites of oestrogens on ERα 
negative progenitor or stem cells in breast tissue (116,117,157,347). Recent studies 
suggested that BRCA1 associated basal-like breast cancer originates from luminal 
progenitor cells, which can be either ERα negative or positive (157,348). Earlier it 
has been suggested that ERα expression is high in BRCA1 associated breast cancer 
during development but decreases during tumour progression (349). The latter 
hypothesis is supported by data indicating in breast cancer development, ERα 
and PR expression decrease with progression from in situ to invasive carcinoma 
(350,351).

Methodological considerations
Breast cancer risk after RRSO would ideally be studied after random allocation of 
RRSO to healthy BRCA1/2 mutation carriers, irrespective of family history or age. 
This would result in similar baseline mean breast cancer risks for women with 
and without RRSO. However, a randomised design is unethical and unfeasible, 
because RRSO is currently the only safe strategy to prevent ovarian cancer and 
related mortality in BRCA1/2 mutation carriers. Thus, breast cancer risk after RRSO 
can only be studied in observational studies, with a high risk of selection bias, as 
described by Heemskerk et al (193). In Chapter 3 we aimed to study breast cancer 
risk after RRSO at premenopausal age in BRCA1 and BRCA2 mutation carriers in 
the Northern Netherlands in a prospective cohort, and our study design was 
liable to similar types of bias as described by Heemskerk et al (193).

The first type of bias that is likely to influence the results of studies on breast 
cancer risk after RRSO is cancer-induced testing bias. Women with a proven BRCA1/2 
mutation and ovaries in situ, may have opted for genetic testing for two reasons: 
1) because they had breast cancer and genetic testing was performed either for 
the complete BRCA1 and BRCA2 genes, or for a known familial BRCA1/2 mutation 
or 2) because they considered risk reducing surgery and surveillance for a known 
familial BRCA1/2 mutation, when they were unaffected with cancer themselves. 
This is likely to result in a different selection of mutation carriers with RRSO, who 
have their DNA-result before RRSO when they are asymptomatic, and mutation 
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carriers without RRSO with DNA-testing after breast cancer diagnosis. This 
might lead to an overestimation of breast cancer risk in women without RRSO 
and thus an overestimation of the RRSO-induced breast cancer risk reduction. 
This cancer-induced testing bias can be avoided by starting follow-up at time 
of genetic testing and exclude women with breast cancer before genetic testing 
(193). In Chapter 3, the expected breast cancer incidence was based on penetrance 
curves for the northern Netherlands high risk families, including index cases 
who are likely to have had breast cancer before genetic testing (4), which might 
have caused overestimation of the number of breast cancers expected and thus 
overestimation of the RRSO-induced breast cancer risk reduction. However, we 
did not observe a RRSO-induced breast cancer risk reduction and cancer-induced 
testing bias does not explain that breast cancer risk after RRSO in Chapter 3 was 
higher than expected. 

The second type of bias that might be of influence is immortal person-time 
bias. Immortal person-time refers to the period that women must have survived 
event-free to become eligible for the exposure, in this case RRSO. Women with 
breast cancer before RRSO, but after genetic testing, will be allocated to the non-
RRSO group. Immortal person-time bias may occur when the person-time before 
RRSO is not allocated to the non-RRSO group, which will lead to less observation 
time in this group, increased breast cancer rates, and overestimation of breast 
cancer risk reduction after RRSO. Immortal person-time bias can be avoided by 
allocating the person-time before RRSO in the RRSO group to the non-RRSO group 
(193). This bias is unlikely to be applicable in Chapter 3, because follow-up for 
women in the study of van der Kolk et al. ended at time of RRSO, which results in 
allocation of follow-up until RRSO to the non-RRSO group (4).

Women with RRM are censored at time of RRM because at that moment 
the increased breast cancer risk ends. This censoring might be informative, 
because RRM might be chosen by women at an extra high risk of breast cancer, 
for example due to a positive family history for breast cancer at young age. 
This informative censoring might lead to biased estimations when women 
with higher breast cancer risks choose RRM before RRSO and women with a 
relatively low breast cancer risk opt for RRSO without RRM (193). Breast cancer 
risk reduction after RRSO may then incorrectly be attributed to RRSO, while it 
actually is a consequence of informative censoring for RRM. This type of bias 
may be hard to avoid, and it is unknown how much it affected our results. In 
our family cancer clinic, RRM was chosen more often and earlier after genetic 
testing in 1) women under 50, 2) those having a mother with breast cancer or 3) 
those having a personal history of breast cancer (352). This might indicate that 
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informative censoring was of influence in our study, but it does not explain why 
we did not find a breast cancer risk reduction after RRSO.

Another bias is introduced in Chapter 3 by including women with breast 
cancer before RRSO. This may induce confounding, because adjuvant systemic 
therapy after breast cancer reduces contralateral breast cancer risk. If more 
women with a history of breast cancer opt for RRSO, breast cancer risk after 
RRSO may be reduced due to adjuvant systemic therapy as well as a possible 
RRSO effect. If a reported RRSO-induced breast cancer risk reduction is not 
corrected for the possible influence of adjuvant systemic therapy, this will cause 
overestimation of the actual risk reduction due to RRSO. This type of confounding 
can be avoided by excluding women with breast cancer before genetic testing or 
perform separate analyses for women with and without breast cancer before 
RRSO (193). Of all women with RRSO in Chapter 3, 20% had a previous breast 
cancer. As adjuvant systemic therapy would enlarge an observed risk reduction 
after RRSO, it is unlikely that this type of bias explains our results.

The types of bias mentioned described above might have been present in our 
studies, but are likely to cause an overestimation of RRSO-induced breast cancer 
risk reduction Thus they provide no explanation for our findings in Chapter 3, 
were we could not confirm a RRSO-induced breast cancer risk reduction. Because 
ovarian steroid hormones might influence breast cancer risk in BRCA1 mutation 
carriers in a paracrine way or through direct toxic effects of metabolites of 
oestrogens (65,116), sources of bias that might have caused underestimation of 
a risk reduction in BRCA1 mutation carriers were explored in Chapter 3. Median 
follow-up time in our study was 28 months, which might be too short to observe 
a risk reduction in BRCA1 mutation carriers. If the growth rate of prevalent 
tumours decreases after RRSO, this might cause overestimation of newly 
diagnosed breast cancer after RRSO by delaying the growth velocity of prevalent 
tumours. However, although a less aggressive breast cancer phenotype after 
RRSO was suggested, breast cancer growth rate seemed similar in women 
with and without RRSO (353). Breast cancer incidence in Chapter 3 might also 
be increased compared to breast cancer incidence in the reference population 
due to the introduction of MRI screening for BRCA1/2 mutation carriers in 2008, 
while follow-up in our reference study ended in March 2008 (4,159). Breast cancer 
incidence was higher after the introduction of MRI screening in BRCA1/2 mutation 
carriers and after introduction of population-based breast cancer screening with 
mammography (1,263,264). Furthermore, as with RRM, RRSO may also be chosen 
by women at particularly high risk of breast cancer, because RRSO is tended to 
be chosen more often by women who also opt RRM, by women with a personal 
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history of breast cancer and by women with a family history of breast cancer 
(354-356). Lastly, 47% of included women used HRT, which may have reversed the 
achieved breast cancer risk reduction. Several studies reported no adverse effect 
of short-term HRT on breast cancer risk after RRSO, however, no studies on long-
term HRT use or with long-term follow-up are available (357). Thus, although our 
results are in line with other studies not observing a RRSO-induced breast cancer 
risk reduction, it cannot be ruled out that this risk reduction is underestimated 
in Chapter 3 due to sources of bias and confounding that cause overestimation of 
breast cancer risk after RRSO compared to before RRSO.

In Chapter 2, breast cancer screening with MRI, mammography and clinical 
breast examination was evaluated in women after RRSO. The overall screening 
protocol was less sensitive in detecting breast cancer than in previously published 
studies. This difference might be caused by a difference in screening sensitivity 
between a protocoled study setting, were MRI and mammography are always 
performed alternating every six months, and a clinical practice setting, were 
physician, hospital and patient related factors influence timing and uptake of 
screening visits. However, it can also be a consequence of altered breast cancer 
risk and breast density after RRSO. To evaluate the isolated effect of RRSO on 
screening sensitivity, MRI and mammography screening should be performed 
every six months adherent to current guidelines, which can be achieved by 
performing breast cancer surveillance in an intervention study setting or by 
excluding women in whom screening was not performed according to protocol 
from observational studies.

We observed that none of the breast cancers that occurred during breast 
cancer surveillance after RRSO were detected primarily by CBE. This is in line 
with other studies on the effectiveness of CBE in screening of women with 
hereditary increased breast cancer risk and it has been hypothesized in studies 
that do observe an additional cancer yield by CBE, this might rather be a reflection 
of relative poor performance of mammography and MRI than a reflection of the 
discriminative power of CBE (358).

Clinical implications
Literature on breast cancer risk reduction after RRSO provides inconsistent 
conclusions. Recent studies indicate that the previously reported breast cancer 
risk reduction of 50% probably is an overestimation and this is in line with our 
findings in the first part of this thesis. However, individual studies indicated 
that there might be a risk reducing effect when RRSO is performed at younger 
age, especially in BRCA2 mutation carriers (7,343). In line with these observations, 
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it was proposed to update the Dutch guideline on breast cancer with the advice 
to counsel BRCA1/2 mutation carriers on an uncertain effect of RRSO on breast 
cancer risk and to perform RRSO primarily for ovarian cancer risk reduction (36). 
Furthermore, as breast cancer risk remains significantly elevated after RRSO, 
and effectiveness of the intensive screening is similar before and after RRSO, 
there is currently no reason to modify breast cancer surveillance schemes after 
RRSO. However, as none of the incident breast cancers in Chapter 2 were detected 
with clinical breast examination and it’s sensitivity is generally low, MRI or 
mammography should always be performed during a breast cancer screening 
visit for BRCA1/2 mutation carriers (359,360).

Future perspectives
Due to recent publications, serious doubt has arisen on the presence and size of an 
RRSO-induced breast cancer risk reduction. More knowledge on this subject can 
be achieved by observing breast cancer incidence during a longer follow-up after 
RRSO and in larger study populations, for example by performing individual 
patient data meta-analysis on existing cohorts and collecting prospective data 
in international collaborations. In addition, breast cancer risk reduction for 
separate histological breast cancer subtypes and for individual BRCA1 and BRCA2 
mutations need to be studied in more detail. Other subjects for investigation are 
the influence of age at RRSO on breast cancer risk reduction and the long-term 
effects of HRT on breast cancer risk in BRCA1/2 mutation carriers. Furthermore, 
a pilot study suggested that breast cancer in BRCA1/2 mutation carriers detected 
more than one year after RRSO has a less aggressive phenotype than breast cancer 
in age-matched BRCA1/2 mutation carriers without RRSO (353). If this finding can 
be replicated in larger studies, this might indicate a reason for adaptation of 
breast cancer screening after RRSO after longer follow-up. Another interesting 
new development is that currently, a national prospective study is investigating 
the effect of risk-reducing salpingectomy with delayed oophorectomy on quality 
of life, with ovarian cancer incidence as secondary outcome (361). If this strategy 
proves effective in improving quality of life, the next, and most important step 
will be to prove that salpingectomy with delayed oophorectomy is as safe as 
RRSO at the recommended age. Only then, oophorectomy can be delayed until 
age of natural menopause. In that case its effect on breast cancer risk reduction 
is expected to become minimal.
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Part II: Risk-reducing salpingo-oophorectomy and bone health
Bone health after RRSO
Chapter 4, summarises literature on BMD and fracture prevalence after surgical 
menopause in the general population, while Chapters 5 and 6 study BMD, 
fractures and BTMs in women with RRSO because of hereditary increased 
risk of ovarian cancer. In Chapter 4, BMD was lower in women with surgical 
menopause compared to age-matched premenopausal women. This is in line 
with the findings in Chapter 5 that women with longer follow-up after RRSO 
have higher BMD Z-scores and in Chapter 6 that women aged 50 years or younger 
have higher BTM Z-scores than women older than 50 years. It seems plausible 
that BMD is lower and BTMs are higher shortly after RRSO, because age-matched 
controls are still pre- or perimenopausal. However, the clinical relevance of 
relatively low BMD and high BTMs at this young age is unknown. A difference 
of one SD in BMD, as shown in the meta-analysis for pre- and perimenopausal 
reference groups, in Chapter 4 was associated with two to three fold increase of 
absolute fracture risk, which is in line with the SIR for fractures of 2.12 in women 
aged 25 - 44 in Chapter 4 (228-230). Although this SIR increase was not significant, 
this might be explained by the low number of fractures in our study and an 
associated lack of power. However, fracture incidence in women younger than 
50 is generally low and it is unclear if a two to three fold increase in fracture risk 
is of clinical relevance in this age-category (208). 

Although the individual studies on BMD after surgical compared to natural 
menopause that were included in Chapter 4 present inconclusive results, 
overall meta-analyses did not show a difference in BMD and fracture rate after 
surgical compared to natural menopause. Combined with the finding that 
BMD is significantly lower after surgical menopause compared to pre- and 
perimenopausal age-matched controls, we concluded that the effect of surgical 
menopause on BMD might attenuate after age of natural menopause. This is in 
line with our results in Chapter 5, where we observed higher femoral neck BMD 
Z-scores after longer follow-up after RRSO and in Chapter 6 where we observed 
lower PINP Z-scores after longer time since RRSO. Furthermore, SIRs for fractures 
after RRSO decreased from 2.12 in women aged 25 - 44 to 1.65 in women aged 45 
- 64. In contrast, in Chapter 1, we hypothesized that after surgical menopause 
through premenopausal RRSO, BMD is likely to decrease and fracture risk to 
increase stronger than after natural menopause, due to the acute and complete 
cessation of ovarian steroid hormone production at young age. We were not 
able to confirm this hypothesis, which might be explained by the influence 
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of many other factors that affect BMD. The effects of factors like chronological 
age, comorbidities, use of medication that either slows or increases bone loss, 
and lifestyle factors (e.g. smoking, alcohol consumption, exercise, exposure to 
sunlight) might mediate or overrule the effects of RRSO on BMD after the age 
of natural menopause. Women at hereditary increased risk for cancer opting for 
RRSO might adopt healthier behaviour than women from the general population, 
which may have a positive effect on bone health. This is supported by the finding 
from a study on cardiovascular disease after RRSO, in which women with RRSO 
reported to perform more physical activities and to smoke less (362). Although 
we have knowledge on physical activities and smoking in women with RRSO, 
we have no knowledge on these variables in the reference populations, thus 
we cannot evaluate this theory. In addition, falling is an important risk factor 
for fractures in postmenopausal women, but our study population is relatively 
young and falling is mainly a problem of the elderly (363).

Since the publication of Chapter 5, two studies on BMD after RRSO were 
published and concluded that osteoporosis risk after RRSO was increased 
(364,365). Hibler et al. described bone loss in the observational arm of an 
intervention study with zoledronic acid therapy after RRSO, sponsored by 
Novartis Pharmaceuticals (364). They describe outcomes of BMD measurements 
before RRSO and 9 and 18 months after RRSO. The 52 women with a lumbar spine 
BMD measurement 18 months after RRSO had a mean Z-score of -0.22, compared 
to 0.33 in 78 women measured at baseline, which was a significant decrease (364). 
Although statistic test results for comparisons with women without RRSO were 
not provided, lumbar spine BMD Z-scores after 18 months seem to be lower than 
a mean Z-score of 0 in the general population (364). These findings are in contrast 
with our results in Chapter 5, for which various explanations can be proposed. 
Firstly, follow-up the study of Hibler et al. is 18 months, while in Chapter 5 median 
time after RRSO is five years with a minimum of two years. An initial effect of 
RRSO on BMD might be attenuated after longer follow-up due to the effect of 
other risk factors. Also, Hibler et al. exclusively describe women not using HRT 
or anti-osteoporotic drugs, and exclude women with various comorbidities, 
which are all factors that might have attenuated the effect of RRSO on BMD in 
Chapter 5. Furthermore, they only describe BMD 18 months after RRSO for 67% of 
the women measured at baseline, which might have induced bias. Garcia et al. 
described results of BMD measurements in 99 out of 225 women with RRSO and 
conclude that incidence of osteopenia and osteoporosis are high (365). However, 
similar to the study of Hibler et al. and several older studies on bone health after 
RRSO, Garcia et al. did not measure BMD systematically in all women with RRSO 
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and they provided no comparison to BMD in women without RRSO. These are 
both factors that we addressed in Chapters 5 and 6 by inviting all women with 
RRSO known at our centre and providing statistical analyses on BMD, fracture 
incidence and BTMs compared to population data.

Methodological considerations
Our studies on BMD, fractures and BTMs after RRSO addressed several 
limitations present in older literature on bone health after RRSO. In contrast to 
previous studies on bone health after RRSO, we included a large consecutive 
study population, performed a systematic prospective data collection on BMD 
and BTMs, and provided a comparison to population data for BMD, BTMs and 
fractures. As a consequence, our study was the first to study a large population 
of women after RRSO, was more representative and selection bias was reduced. 
However, also our design had limitations, some of which were in line with 
limitations of older studies on BMD and fractures after surgical menopause in 
the general population that were described in Chapter 4.

Age is an important determinant of bone health. Therefore, in Chapter 4, 
only studies that corrected for the effect of age were included. In Chapters 5 and 
6, we used age-matched reference data for BMD, fractures and BTMs to correct 
for the effect of age. In Chapter 4 several studies matched for age at surgical 
and natural menopause, which seems incorrect, as surgical menopause is per 
definition before natural menopause. Because natural menopausal women also 
experience perimenopause with associated bone loss, this design might cause 
underestimation of the effect of surgical menopause. In Chapters 5 and 6, we 
use population based reference data, so age at natural menopause is likely to be 
higher than age at RRSO. A limitation of our project, and most studies included in 
Chapter 4, is that surgical menopause or RRSO status was assessed retrospectively. 
In Chapter 4, studies often excluded women using HRT or anti-osteoporotic drugs, 
which could result in exclusion of high risk women. Although in Chapters 5 and 6 
we did not exclude women using HRT or anti-osteoporotic drugs, women might 
have refused BMD measurement because they were already under treatment 
for osteoporosis. In addition, a large proportion of the study population had 
used bone protective medication, such as HRT (47%), tamoxifen (8%) and anti-
osteoporotic drugs (9%), which might have attenuated the effect of RRSO on BMD 
and fracture incidence. 

In addition, other choices made in the study design for Chapters 5 and 6, 
might have affected the possibility of finding a significant difference in bone 
health in women with and without RRSO. We selected women with RRSO before 
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age 53 and assumed they were premenopausal before RRSO. However, 13% of 
the included women reported to be postmenopausal before RRSO, either due 
to chemotherapy or natural menopause. Women who were postmenopausal 
before RRSO did not have differences in BMD Z-score, but they did have lower OC 
and PINP Z-scores than women who were premenopausal at the time of RRSO. 
Although the percentage of women who were postmenopausal before RRSO was 
small, including these women might have caused underestimation of the effect 
of surgical menopause on RRSO. Furthermore, we included women at least two 
years after RRSO, because it is generally assumed that a minimum of two years 
is needed to measure a reliable change in BMD (366). However, women in our 
study population were relatively young with a median age of 49. This might 
have been too early to see an effect of RRSO on fracture rate, because it is known 
that fracture incidence is relatively low at young age and increases with aging 
(295). 

In Chapters 5 and 6, we compared results of our measurements of BMD, 
fracture rate and BTMs to existing reference data. Although this method 
provided us with the opportunity to compare our results to population based 
age-matched women, it also had several limitations. LS BMD reference data were 
retrieved from healthy women without oophorectomy, but unselected for age at 
menopause (316). Reference data for FN BMD were population based and were 
likely to include women with a normal range in age and duration of menopause, 
but might have also included women with surgical menopause (201). In several 
studies, observed BMD was higher than reference data retrieved from DXA 
scanners (364,367). If this was similar for BMD before RRSO in Chapter 5, this 
might have caused an underestimation of the effect of RRSO on BMD. Fracture 
incidence was assessed by questionnaires and VFA, while fracture incidence 
in the general population was assessed trough GP registrations. Women 
retrospectively might forget to mention fractures in a questionnaire or mention 
fractures that were not confirmed with radiology. Offering VFA to all included 
women, might have caused overestimation of vertebral fractures compared to 
GP data. In GP registrations, data on fractures diagnosed by other physicians 
might be incomplete. However, we observed that fracture incidence before RRSO 
was comparable to fracture incidence from GP data. Although knowledge on 
clinical characteristics of the BTM reference cohort in Chapter 6 is limited, it is 
from the same geographical region as our study population, which makes them 
more likely to be similar than the international BMD cohorts. Menopausal status 
of women aged ≤ 50 years was not known and women aged > 50 were ≥ 5 years 
postmenopausal, so distribution of age at menopause in this reference cohort 
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might be different from the general population. Also, the percentage of women 
with surgical menopause was unknown. These difficulties can be prevented by 
using an age-matched reference cohorts from the same population with more 
baseline information available, so both baseline characteristics and study 
observations can be compared. This can be achieved by including a prospective 
age-matched reference cohort that can be followed together with the RRSO 
cohort.

We were not able to fully correct for several factors that influence BTMs, 
such as diurnal variation and the timing of food intake. As it is known that 
BTMs decrease during the afternoon and after ingestion of a meal (232), not 
correcting for these factors could have attenuated elevated BTMs. Furthermore, 
as BTM levels are influenced by the use of several medications used to prevent 
osteoporosis and fractures (HRT, anti-osteoporotic drugs), medications used 
by women with breast cancer (aromatase inhibitors) and the occurrence of 
fractures, BTMs cannot be measured reliably in a relatively large proportion of 
women at risk for osteoporosis after RRSO.

We did not observe significant differences in BMD and fracture incidence 
after RRSO compared to population based reference data, however BTMs were 
significantly higher. Increased BTM levels might indicate elevated bone loss 
and increased fracture risk (232). It might be that after RRSO, changes in bone 
characteristics might increase fracture risk independently of actual BMD, such 
as structural changes in bone architecture and changes in bone loss rate, as 
represented by BTMs. BMD measurement by DXA might not be sensitive enough 
to evaluate bone architecture and detect structural changes in bone after RRSO. 
It is possible that these changes are visible on more advanced techniques like 
quantitative computed tomography, which measures cortical and trabecular 
BMD separately or on DXA using trabecular bone score software (323,324). 
However, BTMs might also be elevated by other causes, of which bone metastases 
after breast cancer might be relevant in our study population (368). Although we 
were not aware of any bone metastases in women with elevated BTMs in our 
study population, long-term follow-up is needed to determine the meaning of 
elevated BTMs after RRSO, especially in women with a history of breast cancer.

Clinical implications
The findings in part II of this thesis do not support the hypothesis that overall 
BMD is decreased and fracture risk increased in women five years after surgical 
menopause due to RRSO compared to age-matched women with natural 
menopause. However, our results do indicate that never users of HRT and women 
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who were relatively young at time of RRSO have lower BMD and higher BTMs 
than age-matched women. HRT can be prescribed after RRSO up until age of 
natural menopause, but many women with RRSO will not be eligible for HRT, 
as a consequence of breast cancer in history. Age at natural menopause seems 
to have only small effects on fracture risk in older women, and it is unknown 
if these effects are stronger for surgical menopause (295,369). Offering BMD 
measurement to women with RRSO at young age without HRT can be considered. 
However, because the aim of BMD measurement is to select women at increased 
risk for fractures eligible for preventive therapy and there is no consistent 
proof of a significant effect of surgical menopause on fracture risk at older age, 
systematic screening should be offered with caution, to prevent overdiagnosis, 
associated anxiety and overtreatment. 

During the osteoporosis screening visit at our outpatient clinics, many 
women asked practical questions considering HRT use and discontinuation, 
peritoneal cancer screening and preventive measures for long-term effects of 
RRSO. In addition, several women stated that follow-up care after RRSO was 
limited. This leaded to the implementation of a RRSO outpatient clinic, to counsel 
women before and after RRSO and to provide long-term follow-up if necessary.

Future perspectives
Fracture incidence increases with age, with a peak incidence of hip fractures 
between age 75 and 79 (207,208,370). Women in our study were relatively young 
with a median age of 49 and sample sizes might have been too small to detect 
a significant difference in fracture incidence. Furthermore, the median follow-
up of five years after RRSO was relatively short.  The remaining question is if 
premenopausal RRSO will be an important risk factor for fractures at older age 
or if other risk factors including chronological age will attenuate the effects. 
To obtain reliable estimates of the effect of premenopausal RRSO on bone, 
prospective inclusion of women with RRSO and longitudinal follow-up of BMD 
and fracture incidence is preferred. An age-matched reference group of women 
with RRSO from the same geographical region allows to correct for the effect 
of age on bone. Furthermore, such a reference group provides the opportunity 
to compare comorbidities and lifestyle factors that might influence on bone 
health in women with and without RRSO. HRT can be used until age of natural 
menopause, and although it is known that fracture risk remains decreased 
several years after discontinuation, it is unknown if this effects lasts with longer 
time after discontinuation (219).The long-term protective effects of HRT can be 
evaluated in a longitudinal study. The relevance of other potential risk factors 
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for fractures that are specific for BRCA1/2 mutation carriers, including breast 
cancer treatment, can be studied in more the detail in a larger study population 
with longer follow-up. Because surgical menopause is by definition before age of 
natural menopause, follow-up in the reference group starts at premenopausal 
age. No restrictions for fracture history or use of medication affecting the 
bone should be applied. A time-to-event approach (e.g. time to fracture or to 
osteoporosis), or repeated measures for BMD, with a standardised DXA procedure 
could be adopted. Furthermore, other measures to assess bone health, such as 
BTM measurement and QCT can be included, to identify the most sensitive 
measure to identify women at risk for fractures. Other long-term health effects 
of RRSO, such as cardiovascular disease, menopausal symptoms and quality of 
life should also be evaluated.

Furthermore, BTMs remain elevated after a median follow-up of five years 
after RRSO in our study population. For these women, re-evaluation in a research 
setting after several years should be warranted, to explore if these elevated BTMs 
indeed indicate elevated fracture risk later on, or if they will normalise after age 
of natural menopause.

Concluding remarks
RRSO is currently the only proven effective option to reduce ovarian cancer 
risk in BRCA1/2 mutation carriers. The procedure improves life expectancy, but 
introduces several unwanted side effects. Although previous studies indicate a 
strong breast cancer risk reduction after RRSO, this thesis, together with other 
very recent studies, show that the observed risk reduction is likely the effect 
of bias. It is currently unsure if and how strong breast cancer risk after RRSO is 
reduced. Although a breast cancer risk reduction was suggested in BRCA2, but not 
BRCA1 mutation carriers, this is not supported by the hypotheses on the molecular 
effects of oestrogens on tumorigenesis of breast cancer. Thus, intensive breast 
cancer screening remains warranted after RRSO as long as the effect of RRSO on 
breast cancer risk is unclear. However, further research in large multinational 
cohorts with longer follow-up might indicate particular subgroups of BRCA1 or 
BRCA2 mutation carriers that do benefit from a breast cancer risk reduction after 
RRSO.

The results of our clinical studies on BMD, fractures and BTMs after RRSO 
were reassuring and did not indicate a need for intensive clinical follow-up 
or intervention. These findings were supported by the conclusions from our 
systematic review and meta-analysis on BMD and fractures after surgical 
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menopause in the general population. However, because long-term consequences 
of RRSO on bone health are unknown and BTMs remained elevated five years 
after RRSO compared to premenopausal controls, longitudinal long-term follow-
up in a research setting is advised. Knowledge gained by long-term follow-up 
studies can be used to better inform and guide women in the difficult choices of 
choosing and timing RRSO and guide clinicians in counselling and advising for 
the long-term consequences.
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In dit proefschrift worden de gevolgen van risico-reducerende salpingo-
oophorectomie (RRSO) op borstkankerrisico en botgezondheid onderzocht. RRSO 
is een operatieve eileider- en eierstokverwijdering die, mits tijdig uitgevoerd, 
bijzonder effectief is om het eierstokkankerrisico te verlagen. RRSO wordt 
geadviseerd aan vrouwen met een erfelijk verhoogd eierstokkankerrisico, met 
name door kiembaanmutaties in de BRCA1- en BRCA2-genen.

Vrouwen met een BRCA1/2- mutatie hebben een risico van 60 - 80% om voor 
de leeftijd van 85 jaar borstkanker te ontwikkelen, tegenover 12% voor een 
gemiddelde vrouw in Nederland (1-7). Voor eierstokkanker is dit risico ongeveer 
30 - 60% voor BRCA1-mutatiedraagsters en 5 - 35% voor BRCA2-mutatiedraagsters, 
tegenover iets meer dan 1% voor een gemiddelde vrouw in Nederland (1,4-7). Om 
deze risico’s te verlagen zijn verschillende maatregelen mogelijk. Borstkanker 
kan vroeger worden opgespoord met intensieve borstkankerscreening en kan 
worden voorkómen door preventieve mastectomie. Eierstokkankerscreening is 
niet effectief om de diagnose vroeger te stellen en sterfte aan eierstokkanker 
te verminderen (25-30). RRSO is dat wel; het verlaagt het eierstokkankerrisico 
met 80 tot 96%, met een sterkere risicoverlaging indien uitgevoerd op jongere 
leeftijd, vóór de incidentie stijgt (31-34). Op grond van de leeftijdsspecifieke 
incidentie wordt BRCA1-mutatiedraagsters geadviseerd om tussen de leeftijd van 
35 - 40 jaar RRSO te ondergaan en BRCA2-mutatiedraagsters tussen de 40 - 45 jaar, 
nadat eventuele kinderwens vervuld is (4,36,37). Door dit advies ondergaan veel 
BRCA1/2-mutatiedraagsters RRSO vóór de leeftijd van de natuurlijke menopauze 
van gemiddeld 51 jaar (38,39).

Functionerende eierstokken produceren hormonen, waaronder oestrogenen, 
progesteron en androgenen (44,45). In de perimenopauze, rond de leeftijd 
van 47 jaar, gaan vrouwen onregelmatiger menstrueren, schommelen 
oestrogenenconcentraties sterk en daalt het progesteron (39,46,49-51). De 
natuurlijke menopauze is gedefinieerd als het moment waarop een vrouw 
gedurende twaalf maanden niet meer heeft gemenstrueerd. Dit gaat gepaard 
met het volledig stoppen van de ovariële oestrogenen- en progesteronproductie 
(46,52,53). De productie van androgenen daalt geleidelijk met het ouder worden, 
de menopauze heeft hier geen invloed op (45,54,55). Androgenen kunnen met het 
enzym aromatase worden omgezet in oestrogenen en dit is na de menopauze de 
belangrijkste bron van oestrogenen (57). Doordat bij RRSO de eierstokken worden 
verwijderd, stopt de ovariële hormoonproductie acuut en raakt een vrouw in 
een acute (chirurgische) menopauze. Na een chirurgische menopauze zijn de 
uiteindelijke oestrogenen- en androgenenconcentraties in bloed lager dan na 
een natuurlijke menopauze (59).
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Door veranderende hormoonconcentraties in de natuurlijke perimenopauze 
en menopauze treden klachten op, zoals opvliegers, nachtzweten, en 
verminderde libido. Daarnaast is er op lange termijn een veranderd risico op 
verschillende vormen van kanker, een hoger risico op hart-en-vaatziekten, 
botontkalking, urogenitale atrofie en mogelijk dementie (46,47,60). Omdat 
na een chirurgische menopauze door RRSO de ovariële hormoonproductie 
acuut en volledig wegvalt, op relatief jonge leeftijd, is de verwachting dat de 
bovengenoemde gezondheidseffecten eerder en in ernstiger mate optreden. Deze 
gezondheidseffecten beïnvloeden kwaliteit van leven en levensverwachting 
en zijn mogelijke aanknopingspunten voor interventies na RRSO. Binnen 
het spectrum van RRSO-geïnduceerde gezondheidseffecten, onderzoekt dit 
proefschrift borstkankerrisico en botgezondheid.

Deel I: Risico-reducerende salpingo-oophorectomie en borstkanker-
risico
Ovariële hormonen beïnvloeden proliferatie van borstklierweefsel door binding 
met oestrogeen (ER), progesteron (PR) en androgeenreceptoren (AR) (65,66,71).
Vrouwen in de algemene populatie met een chirurgische menopauze hebben 
een lagere kans op borstkanker dan leeftijdsgenoten (58,85,118,185-187). In een 
meta-analyse uit 2009 werd geschat dat RRSO het borstkankerrisico in BRCA1/2-
mutatiedraagsters halveert (31). Ook wordt na chirurgische menopauze de 
borstdensiteit lager (141). Dit is geassocieerd met een lager borstkankerrisico 
en een beter te beoordelen mammografie (138-140). Deel I van dit proefschrift 
onderzoekt de effectiviteit en opbrengst van borstkankerscreening na RRSO in 
BRCA1/2-mutatiedraagsters.

Het borstkankerscreeningprotocol is gelijk voor BRCA1/2-mutatiedraagsters 
met of zonder RRSO. Ten tijde van dit proefschrift werd intensieve 
borstkankerscreening met jaarlijks MRI en klinisch borstonderzoek vanaf 
de leeftijd van 25 jaar en jaarlijks mammografie vanaf 30 jaar geadviseerd 
(37). Bij een lager borstkankerrisico en lagere borstdensiteit na RRSO zou dit 
screeningsprotocol aangepast kunnen worden. In  Hoofdstuk 2 werd de effectiviteit 
van borstkankerscreening na RRSO op premenopauzale leeftijd geëvalueerd in 88 
BRCA1- en 51 BRCA2-mutatiedraagsters. In 422 vrouwjaren werden 14 borstkankers 
gediagnosticeerd, waarvan 2 prevalent (i.e. waarschijnlijk reeds aanwezig vóór 
RRSO), 10 screenings-gedetecteerd en 2 interval. Geen van deze tumoren werd 
gevonden met klinisch borstonderzoek. De sensitiviteit voor MRI-screening 
was met 60% lager, de sensitiviteit voor mammografie-screening met 56% 
vergelijkbaar en de volledige screening minder sensitief dan in eerdere studies. 
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Deze verschillen kunnen samenhangen met een veranderd borstkankerrisico 
en borstdensiteit na RRSO, maar zouden ook verklaard kunnen worden doordat 
eerdere studies MRI en mammografie in een geprotocolleerde setting aanboden, 
waarbij ze alternerend elk half jaar werden aangeboden, terwijl onze studie 
is verricht in de klinische praktijk, waarbij ziekenhuis- en patiëntgerelateerde 
factoren de timing en effectiviteit van de screeningsbezoeken beïnvloedden.

In Hoofdstuk 2 leek de opbrengst van borstkankerscreening na RRSO hoog. 
Mogelijke verklaringen waren een relatief hoog borstkankerrisico in BRCA1/2-
mutatiedraagsters in Noord-Nederland of een ander effect van RRSO op het 
borstkankerrisico in BRCA1- dan in BRCA2-mutatiedraagsters (4,188,189). Daarom 
werd in Hoofdstuk 3 de geobserveerde borstkankerincidentie na RRSO op 
premenopauzale leeftijd in 104 BRCA1- en 58 BRCA2-mutatiedraagsters vergeleken 
met de verwachte borstkankerincidentie op basis van regionale referentiedata 
en de halvering van het borstkankerrisico na RRSO. In 532 vrouwjaren 
werden 13 incidente borstkankers geobserveerd tegenover 8 (spreiding 6-10) 
verwachte borstkankers. In BRCA1-mutatiedraagsters werden 12 borstkankers 
geobserveerd tegenover 5 (3-6) verwachte en in BRCA2-mutatiedraagsters 1 
tegenover 3 (2-5) verwachte borstkankers. De eerder gerapporteerde halvering 
van het borstkankerrisico na RRSO kon in deze studie niet worden bevestigd. 
Sindsdien hebben meerdere studies een minder sterke risicoreductie van RRSO 
op borstkanker incidentie gevonden. De huidige hypothese is dat een groot 
deel van de eerder door anderen gerapporteerde risicoreductie het gevolg is van 
selectiebias (7,193). Sommige vormen van selectiebias die aanwezig waren in 
eerdere studies, zouden ook een rol kunnen spelen in Hoofdstuk 3, maar deze 
veroorzaken een overschatting van de risicoreductie en zijn dus geen verklaring 
voor onze bevinding dat een risicoreductie niet werd bevestigd.

Studies die corrigeren voor de meeste vormen van selectiebias suggereren 
wel dat RRSO op jongere leeftijd het risico op borstkanker verlaagt, met name 
in BRCA2-mutatiedraagsters (7,343). Een verschil in risicoreductie tussen 
BRCA1- en BRCA2-mutatiedraagsters lijkt aanwezig in Hoofdstuk 3. Dit verschil 
zou verklaard kunnen worden door een verschillend effect van daling in 
oestrogenen-concentraties na RRSO voor BRCA1- en BRCA2-mutatiedraagsters, 
omdat BRCA1-gerelateerde borstkanker vaak geen hormoonreceptoren heeft 
(‘triple negatief’), en BRCA2-gerelateerde borstkanker wel (188). Deze hypothese 
wordt ondersteund door observaties dat andere risicofactoren die samenhangen 
met oestrogenen, zoals lichaamsgewicht, hormonale suppletie therapie (HST) en 
reproductieve factoren, geassocieerd zijn met een verhoogd risico op ER- en/of 
PR-positieve borstkanker, maar dat deze associaties voor ER- en/of PR-negatieve 
borstkanker minder duidelijk zijn (122,128,344-346). 
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Deze hypothese wordt echter niet ondersteund door huidige theorieën over 
het ontstaan van borstkanker, waarin oestrogenen ook belangrijk zijn in 
de ontwikkeling van ER-negatieve borstkanker, omdat ER-positieve cellen 
de groei van ER-negatieve cellen beïnvloeden met paracriene signalen 
(116,117,157,347). Ook laten recente studies zien dat hormoonreceptornegatieve 
BRCA1-gerelateerde borstkanker en hormoonreceptorpositieve borstkanker 
waarschijnlijk ontstaan uit dezelfde voorlopercellen, die zowel ER-positief als 
negatief kunnen zijn (157,348). Oudere studies laten zien dat ER-expressie hoog is 
tijdens de ontwikkeling van BRCA1-gerelateerde borstkanker, maar verminderd 
gedurende tumorprogressie (349). Omdat deze hypothese een effect van RRSO 
op BRCA1-gerelateerde borstkanker niet uitsluit, werden in Hoofdstuk 3 ook 
oorzaken geëxploreerd van onderschatting van een risicoreductie in BRCA1-
mutatiedraagsters. Borstkankerincidentie na RRSO kan overschat zijn, wanneer 
RRSO de borstkanker-groei vertraagt en prevalente tumoren worden gezien als 
nieuwe tumoren. Door introductie van MRI-screening in de periode dat RRSO 
actiever werd geadviseerd, kan de borstkankerincidentie relatief zijn gestegen, 
doordat borstkanker eerder wordt opgespoord (159,263). Mogelijk wordt RRSO 
meer gekozen door vrouwen met een relatief hoog risico op borstkanker, 
aangezien RRSO vaker wordt gekozen door vrouwen met een voorgeschiedenis 
van borstkanker of belaste familieanamnese met borstkanker (354-356). Ook 
gebruikte 47% van de studiepopulatie HST, wat mogelijk een risicoreductie 
teniet kan doen. Hoewel voor korte-termijn-HST-gebruik geen verminderde 
risicoreductie werd gezien, zijn geen lange-termijn-studies beschikbaar (357). 
Zolang over het effect van RRSO op borstkankerrisico geen consensus is, blijft 
intensieve borstkankerscreening na RRSO aangewezen.

Deel II: Risico-reducerende salpingo-oophorectomie en botgezondheid
Na de natuurlijke menopauze daalt de botdichtheid en stijgt het fractuurrisico 
(197,338). Het is aannemelijk dat na een chirurgische menopauze door RRSO, de 
botdichtheid sterker en eerder daalt dan na een natuurlijke menopauze. Dit kan 
leiden tot een lagere botdichtheid en hoger fractuurrisico op oudere leeftijd. 
In deel 2 van dit proefschrift wordt het effect van premenopauzale RRSO op 
botgezondheid onderzocht.

Hoofdstuk 4 is een systematische review en meta-analyse van botdichtheid en 
fracturen na chirurgische menopauze in de algemene populatie. Studies werden 
geïncludeerd wanneer zij botdichtheid en/of fractuurprevalentie in vrouwen 
met en zonder chirurgische menopauze vergeleken en rekening hielden met de 
invloed van leeftijd en HST op botgezondheid. Botdichtheid in vrouwen met een 
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chirurgische menopauze was lager dan in premenopauzale leeftijdsgenoten, 
met een gemiddeld verschil voor de lumbale wervelkolom van -0.15 g/cm2 (95% 
CI -0.19 - -0.11) en voor de femurhals van -0.17 g/cm2 (95% CI -0.23 - -0.11). De 
botdichtheid van vrouwen met een chirurgische menopauze was vergelijkbaar 
met leeftijdsgenoten met een natuurlijke menopauze, met een verschil voor de 
lumbale wervelkolom van -0.02 g/cm2 (95% CI -0.04 - 0.00) en voor de femurhals 
van 0.04 g/cm2 (95% CI -0.09 - 0.16). De heupfractuurincidentie was vergelijkbaar 
in vrouwen met een chirurgische en natuurlijke menopauze, met een hazard 
ratio van 0.85 (95% CI 0.70 - 1.04). Geïncludeerde studies verschilden sterk in 
studieopzet en -populatie en waren gevoelig voor bias. Hierdoor kon een lange-
termijn-effect van chirurgische menopauze op botdichtheid en fractuurrisico 
niet worden uitgesloten.

Het doel van Hoofdstuk 5 was om botdichtheid en fractuurincidentie na 
RRSO op premenopauzale leeftijd te vergelijken met de algemene populatie en 
risicofactoren voor lage botdichtheid en fracturen na RRSO te identificeren. In 
212 vrouwen met een mediane leeftijd ten tijde van RRSO van 42 jaar (30 – 52) 
en met een gemiddelde tijd ná RRSO van 5 jaar (2 – 25), werd de botdichtheid 
gemeten en vergeleken met leeftijd- en geslachtspecifieke referentiewaarden 
met behulp van Z-scores (201,316). Z-scores geven het aantal standaarddeviaties 
(SD) weer dat iemands botdichtheid afwijkt van de gemiddelde botdichtheid in 
vrouwen van dezelfde leeftijd. Fractuurincidentie werd geïnventariseerd met 
een vragenlijst en vergeleken met de leeftijdsspecifieke fractuurincidentie in een 
Nederlandse huisartsenstudie met gestandaardiseerde incidentie ratio’s (SIRs) 
(318). Botdichtheid -Z-scores voor de lumbale wervelkolom (Z = 0.01, p = 0.870) 
en femurhals (Z = 0.15, p = 0.019) na RRSO waren niet lager dan in de algemene 
populatie (Z = 0). Oudere leeftijd bij RRSO en HST-gebruik waren geassocieerd 
met hogere Z-scores en roken was geassocieerd met een lagere Z-score. De 
fractuurincidentie na RRSO was niet hoger dan in de algemene populatie (leeftijd 
25 – 44 jaar SIR 2.12; 95% CI 0.85 - 4.37, 45 – 64 jaar SIR 1.65; 95% CI 0.92 - 2.72).

Naast botdichtheidmeting, zijn andere methoden ontwikkeld om vrouwen met 
een hoog fractuurrisico te herkennen, zoals meting van botombouwparameters 
in bloed en urine. Botombouwparameters zijn afbraakproducten van bot of 
producten die door botvormende en –afbrekende cellen worden uitgescheiden. 
Ze zijn representatief voor het evenwicht tussen de botaanmaak en –afbraak, 
ofwel de botturnover. Verhoogde botombouwparameters zouden een hoog 
fractuurrisico vroegtijdig kunnen voorspellen, onafhankelijk van botdichtheid 
(232). Het doel van Hoofdstuk 6 was botombouwparameters na RRSO te beschrijven 
en klinische kenmerken geassocieerd met verhoogde botombouwparameters 
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te identificeren. Botombouwparameters voor botaanmaak (osteocalcine [OC] 
en procollageen type I N-terminale peptide [PINP]) en voor botafbraak (serum 
C-telopeptide van type I collageen [sCTx]) werden gemeten in 210 vrouwen met 
RRSO op pre-menopauzale leeftijd twee of meer jaar geleden. Z-scores werden 
berekend op basis van een bestaand referentiecohort. Botombouwparameters 
na RRSO op premenopauzale leeftijd waren hoger dan leeftijdsgecorrigeerde 
referentiewaarden (mediane Z-scores OC 0.11, p = 0.003; PINP 0.84, p < 0.001; 
sCTx 0.53, p < 0.001 [vergeleken met Z = 0]). Na exclusie van vrouwen met recente 
fracturen of botombouwparameter-beïnvloedende medicatie, waren deze 
respectievelijke Z-scores nog steeds hoger (0.34, 1.14 en 0.88). Lagere leeftijd bij 
RRSO was geassocieerd met hogere OC en PINP Z-scores. Er was geen correlatie 
tussen botombouwparameter-Z-scores en fractuurincidentie of borstkanker in 
de voorgeschiedenis.

Uit Hoofdstuk 4 blijkt dat botdichtheid lager is na chirurgische menopauze 
dan in premenopauzale leeftijdsgenoten, maar niet dan in postmenopauzale 
leeftijdsgenoten. Dit komt overeen met bevindingen in Hoofdstuk 5, waar 
femurhalsbotdichtheid-Z-scores lager zijn in vrouwen bij wie RRSO langer 
geleden is en SIRs voor fracturen hoger in vrouwen tussen de 25 en 44 dan voor 
vrouwen tussen de 45 en 64. Ook in Hoofdstuk 6 zijn botombouwparameter-Z-
scores hoger in vrouwen jonger dan 50 dan in vrouwen ouder dan 50 en PINP-
Z-scores lager in vrouwen bij wie RRSO langer geleden is. In Hoofdstuk 5 waren 
botdichtheid en fractuurincidentie na RRSO vergelijkbaar met populatiedata, 
terwijl botombouwparameters in Hoofdstuk 6 significant verhoogd waren.

Op basis van onze bevindingen lijkt het aannemelijk dat kort na RRSO de 
botdichtheid sterk daalt en botombouwparameters stijgen ten opzichte van 
leeftijdsgenoten, die op dat moment pre- en perimenopauzaal zijn. In Hoofdstuk 
4 is het verschil in botdichtheid tussen vrouwen met chirurgische menopauze en 
pre- en perimenopauzale leeftijdsgenoten ongeveer één SD, wat geassocieerd is 
met een verdubbeling tot verdrievoudiging van het fractuurrisico (228-230). Dit 
komt overeen met een SIR van 2.12 in vrouwen tussen de 25 en 44. De klinische 
relevantie van deze bevinding is onduidelijk, omdat de fractuurincidentie 
in vrouwen jonger dan 50 laag is en een verdubbeld tot verdrievoudigd risico 
absoluut gezien laag kan zijn (208). Daarnaast vonden wij dat het effect van 
chirurgische menopauze minder relevant wordt na de leeftijd van de natuurlijke 
menopauze. Dit is in tegenstelling tot de hypothese dat op de lange termijn de 
botdichtheid lager en het fractuurrisico hoger zijn in vrouwen met RRSO, dan 
in leeftijdsgenoten met een natuurlijke menopauze. Mogelijke verklaringen 
voor deze discrepantie zijn dat, ná de leeftijd van de natuurlijke menopauze, 
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de effecten van andere factoren op botgezondheid, zoals chronologische 
leeftijd, co-morbiditeit en leefstijlfactoren, sterker zijn dan de effecten van een 
premenopauzale RRSO Ook is het mogelijk dat vrouwen na RRSO gezonder, 
‘botversterkend gedrag’ vertonen (bijvoorbeeld lichaamsbeweging, calciumrijke 
voeding, minder roken), omdat zij anticiperen op achteruitgang van de 
botgezondheid.

Onze bevindingen zijn in contrast met andere studies naar botgezondheid 
in vrouwen met RRSO, die allen concluderen dat het risico op botontkalking na 
RRSO sterk verhoogd is (64,234,236,327,364,365). Echter, deze studies zijn vaak 
klein, de botdichtheid is meestal niet systematisch gemeten, RRSO is vaak kort 
geleden en er is niet altijd een vergelijking met vrouwen zónder RRSO; factoren 
die in Hoofdstuk 5/6 wel allemaal zijn meegenomen. Ook worden in andere 
studies vrouwen die HST of andere anti-osteoporotische medicatie gebruiken 
geëxcludeerd. Het effect van RRSO op botgezondheid kan ook onderschat zijn, 
omdat vrouwen met chirurgische menopauze in Hoofdstuk 4 en na RRSO in 
Hoofdstuk 5/6 retrospectief werden geïncludeerd, waardoor vrouwen die al 
behandeld werden voor osteoporose ervoor konden kiezen niet deel te nemen. 
Ook was de bovengrens voor RRSO op premenopauzale leeftijd in Hoofdstuk 
5/6 relatief hoog met 52 jaar en gaf 13% van de geïncludeerde vrouwen aan al 
postmenopauzaal te zijn voorafgaand aan de RRSO. Jongere leeftijd bij RRSO 
was geassocieerd met lagere botdichtheid-Z-scores en hogere botombouw-
parameter-Z-scores. Voor botdichtheid zijn referentiedata gebruikt zoals 
aangeleverd door de DEXA-scanner, terwijl in eerdere studies botdichtheid in de 
studiepopulatie hoger bleek dat in de DEXA-referentiepopulatie (201,316,364,367). 
Botombouwparametermetingen worden beperkt doordat niet volledig 
gecorrigeerd is voor beïnvloedende factoren zoals dag/nacht-variatie en timing 
van voedselinname. Doordat botombouwparameters dalen in de middag en na 
inname van een maaltijd, kunnen botombouwparameters na RRSO onderschat 
zijn (232). Desondanks zijn in Hoofdstuk 6 botombouwparameters significant 
verhoogd, wat kan wijzen op botverlies en een verhoogd fractuurrisico. Er kan echter 
ook sprake zijn van een andere oorzaak van botombouwparameterverhoging, 
zoals nog niet gediagnosticeerde botmetastasen na borstkanker (368).
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Conclusie
Tijdige RRSO is op dit moment de enige bewezen effectieve optie om het risico op 
ovariumcarcinoom in BRCA1/2-mutatiedraagsters te verlagen, maar veroorzaakt 
ook verschillende andere gewenste en ongewenste gezondheidseffecten. 
Hoewel in het verleden een halvering van het borstkankerrisico na RRSO werd 
gerapporteerd, kan dit in deel I van dit proefschrift en andere recente studies 
niet worden gereproduceerd. Tegenwoordig wordt aangenomen dat een groot 
deel van de eerder geobserveerde risicoreducties het gevolg is van bias. Hoewel 
er aanwijzingen zijn voor een risicoreductie van borstkanker in BRCA2-, maar 
niet in BRCA1-mutatiedraagsters, is dit niet in overeenstemming met de recente 
theorieën over de rol van oestrogenen in het ontstaan van borstkanker. Zolang 
het effect van premenopauzale RRSO op het borstkankerrisico onduidelijk blijft, 
blijft intensieve borstkankerscreening na RRSO geïndiceerd en moeten vrouwen 
worden voorgelicht over het onzekere effect van RRSO op borstkankerrisico. 
Verder onderzoek in grote multinationale cohorten met lange follow-up zal 
mogelijk subgroepen binnen de BRCA1/2-mutatiedraagsters identificeren die wel 
profiteren van een reductie van het borstkankerrisico na RRSO.

De bevindingen in deel II van dit proefschrift onderschrijven de hypothese dat 
botdichtheid verlaagd is en fractuurrisico verhoogd in alle vrouwen met RRSO 
na een mediane follow-up van vijf jaar niet. Wel blijven botombouwparameters 
verhoogd vijf jaar na RRSO en dit kan wijzen op een verhoogd fractuurrisico. 
Ook lijken vrouwen die nooit HST hebben gebruikt en vrouwen die jonger zijn 
bij RRSO, een lagere botdichtheid en hogere botombouwparameters hebben 
dan leeftijdsgenoten. Omdat de lange-termijn-effecten van premenopauzale 
RRSO op botgezondheid niet bekend zijn en botombouwparameters verhoogd 
zijn vijf jaar na, is een longitudinale studie van dit cohort nodig om de klinische 
betekenis van deze bevindingen te onderzoeken. Kennis uit dergelijke studies is 
noodzakelijk om vrouwen die voor de moeilijke keuze van RRSO staan goed te 
informeren en hen en hun artsen te voorzien van goede adviezen met betrekking 
tot leefstijl en follow up, voor de korte en langere termijn.
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Joes, ik had nooit bedacht dat het hebben van schoonfamilie zo leuk kon zijn, ik heb 
waarschijnlijk veel geluk gehad. Bedankt voor jullie oneindige belangstelling, 
gezelligheid en het feit dat jullie altijd voor ons klaar staan!

Lieve ouders, Anton en Ria, zonder jullie zou ik nooit gekomen zijn waar ik nu 
ben. Bedankt voor jullie praktische en mentale steun, onbegrensd vertrouwen 
en altijd een fijne plek om thuis te komen! Rob en Heleen, ik vind het mooi om 
te zien hoe wij alle drie volstrekt andere kanten op gegaan zijn (verstandig van 
jullie) en hoe goed jullie terecht aan het komen zijn. Eda en Freek, wat fijn dat 
jullie al zo lang bij ons gezin horen, het is altijd leuk met z’n achten. Heleen, 
ik vind het hartstikke fijn dat jij mijn paranimf bent, maar nu eerst samen op 
vakantie!

Cézanne en Casanova, in mijn eerste jaar als promovendus zijn jullie bij mij 
komen wonen en sindsdien is thuiskomen elke dag een feestje, bedankt!

Lieve Stefan, van de elf jaar die wij nu samen zijn, hebben we een groot deel 
doorgebracht met promoveren, maar gelukkig ook met zoveel méér. Dank zij jouw 
hulp, ondersteuning en altijd pragmatische oplossingen heb ik dit proefschrift 
kunnen afronden en daarom is het niet meer dan logisch dat jij mijn paranimf 
bent. Bedankt voor alles en tot altijd!
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Appendices

Curriculum Vitae
Ingrid Fakkert werd op 9 oktober 1988 geboren in Zwolle. In 2006 behaalde ze 
haar VWO diploma aan de Rijksscholengemeenschap Steenwijk. Ditzelfde jaar 
begon zij met de studie Geneeskunde aan de Rijksuniversiteit Groningen. Tijdens 
haar Bachelor heeft zij succesvol het Bachelor Honours traject van de Junior 
Science Masterclass Groningen doorlopen. Tijdens dit Honours traject kwam zij 
voor het eerst in aanraking met de onderzoeksgroep van prof.dr. M.J.E. Mourits 
en prof. dr. G.H. de Bock, waar zij in 2008 startte met een proefproject. Daarna 
volgde bij dezelfde groep een stage Wetenschap die uitmondde in een eerste 
publicatie. In 2011 startte zij met een MD/PhD-traject onder leiding van prof. dr. 
M.J.E. Mourits, prof. dr. G.H. de Bock en dr. J.C. Oosterwijk, met als onderwerp 
de lange termijn gevolgen van de risico-reducerende salpingo-oophorectomie 
in vrouwen met een erfelijk verhoogd risico op mamma- en ovariumcarcinoom. 
Tijdens dit MD/PhD-traject combineerde zij coschappen in het Medisch Centrum 
Leeuwarden en het Universitair Medisch Centrum Groningen met het doen van 
onderzoek. In juli 2014 behaalde zij haar artsexamen en is zij gaan werken als arts-
assistent niet in opleiding bij de afdeling klinische genetica van het Universitair 
Medisch Centrum Groningen. Sinds april 2016 werkt zij als wetenschappelijk 
onderzoeker bij prof. dr. N. Hoogerbrugge bij de afdeling humane genetica van 
het Radboudumc te Nijmegen, waar zij onderzoek doet naar het verbeteren van 
de herkenning van patiënten met erfelijke kanker. Zij woont samen met Stefan 
Wierda in Utrecht.
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