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Abstract 

Ovarian cancer is the deadliest gynecologic cancer and the fifth leading cause of cancer 

deaths among U.S. women. Due to the lack of effective screening tests, preventive 

surgeries are a critical component of reducing the burden of ovarian cancer. Surgeries to 

prevent ovarian cancer are structured around the removal of the ovaries (bilateral 

oophorectomy) and fallopian tubes (bilateral salpingectomy). However, the long-term 

risks and benefits of preventive surgeries for ovarian cancer remain poorly understood. 

The objectives of this dissertation were (1) to examine the uptake of opportunistic 

salpingectomy (OS) and factors associated with an increased likelihood of OS, (2) to 

evaluate the prevalence and predictors of occult cancer at the time of OS and bilateral 

salpingo-oophorectomy (BSO), and (3) to examine the association between BSO and 

distribution of fat and lean body mass.  

 

For the first study, we utilized inpatient and outpatient claims from 48 million privately 

insured women between 2010 and 2017. We found that OS for ovarian cancer 

prevention has rapidly diffused into clinical practice with the speed of adoption bolstered 

by the release of recommendations from national societies. In 2010, OS accounted for 

<1% of all sterilization encounters and benign hysterectomies compared to 20% of all 

sterilization encounters and benign hysterectomies in 2017. The largest increase in OS 

for sterilization rates occurred in women <45 years, while the largest increase in 

hysterectomy and OS rates occurred in women 45-55 years. OS rates increased in all 

U.S. geographic regions, in both rural and urban areas, across all types of health plans, 

and in women with and without a family history of breast or ovarian cancer. 

 

For the second study, we utilized inpatient and outpatient claims from 538,471 privately 

insured women undergoing benign gynecologic surgery between 2010 and 2017. The 
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age-adjusted prevalence of occult cancer was 0.053% (95% CI: 0.047-0.059) overall and 

0.042% (95% CI: 0.014-0.048) after excluding women with a family history of and 

genetic susceptibility to breast or ovarian cancer. The prevalence was similar in women 

undergoing OS for sterilization and hysterectomy and BSO. Independent predictors of an 

occult cancer diagnosis at surgery included age, family history of and genetic 

susceptibility to breast or ovarian cancer, surgical indication, and pre-surgical 

comorbidities. No women with an occult cancer diagnosis developed peritoneal cancer 

after BSO. In women without an occult cancer diagnosis, 12 developed peritoneal 

cancer after BSO (age-adjusted incidence: 4.57 per 100,000 women).  

 

For the last study, we used data from a population-based cross-sectional survey of 

3,764 women with information on total and regional fat and lean body mass assessed 

using dual-energy x-ray absorptiometry (DXA) scans. We found that women with a 

history of BSO were more likely to have increased fat mass and decreased lean mass, 

particularly in the trunk and arms, compared to women without a history of BSO. The 

association between BSO and body composition was stronger in women who reported 

BSO <45 years and women with a normal body mass index at DXA scan. 

 

Overall, the results of this dissertation provide some of the first evidence showing a 

significant nationwide increase in the performance of OS for ovarian cancer prevention. 

Given the low prevalence of occult ovarian cancer in average-risk women and 

uncertainties regarding the efficacy of OS, whether OS for ovarian cancer prevention 

should be offered to all average-risk women warrants further investigation. In addition, 

our findings identify a subset of women who may benefit from additional monitoring after 

BSO. Collectively the results enhance our understanding of the risks and benefits of new 

and established preventive surgeries for ovarian cancer.  
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Background 

Ovarian cancer is one of the leading causes of cancer incidence and mortality in the 

U.S. and worldwide. In the U.S., approximately 21,750 new cases and 13,940 deaths 

from ovarian cancer are expected to occur in 2020, representing 8% and 5% of all new 

cases and deaths among women, respectively.1 Globally, ovarian cancer accounts for 

3% of all incident cancers and 4% of all cancer deaths among women.2 Ovarian cancer 

deaths are a leading cause of person-years of life lost in the U.S. with an estimated 

234,938 years lost in 2015 and contribute substantially to lost earnings.3   

 

Unlike breast, colon, and cervical cancers where well-accepted precursor lesions have 

been identified and extensively studied, this is not the case for ovarian cancer. As a 

result, there is no effective screening test for the early detection of ovarian cancer. 

Currently available screening tests have high false-positive rates, lead to overtreatment, 

and are not associated with reductions in ovarian cancer incidence or mortality.4,5 An 

estimated 60% of ovarian cancer cases are thus diagnosed at the distant stage when 

cancer has already spread to areas outside of the ovaries, and the five-year survival for 

distant stage ovarian cancer is 29%.6 Furthermore, clinical symptoms of ovarian cancer 

are non-specific. They may include back pain, fatigue, bloating, constipation, and 

abdominal pain, making their use for early detection of disease difficult. Therefore, 

primary prevention is a critical component of reducing the morbidity and mortality from 

ovarian cancer. 

 

The strongest risk factors for ovarian cancer are a family history of breast or ovarian 

cancer and inherited mutations in breast and ovarian cancer susceptibility genes, 

BRCA1 and BRCA2.7-10 Factors that increase a woman’s exposure to reproductive 

hormones, such as early age at menarche and late age at menopause,11 and use of 
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hormone replacement therapy,12 are associated with an increased risk of ovarian cancer. 

Multiparity and breastfeeding reduce the risk of ovarian cancer.13 There is strong 

evidence that the use of oral contraceptives is associated with a reduced risk of ovarian 

cancer,14 but there are otherwise no modifiable risk factors for ovarian cancer. To date, 

surgical removal of the ovaries and fallopian tubes is the most effective primary 

prevention strategy for ovarian cancer.  

 

In recent years, a great deal of progress has been made to advance our understanding 

of the complex etiology and heterogeneity of ovarian cancer, and these advancements 

have significant implications for the surgical prevention of ovarian cancer. However, the 

adoption of novel preventive surgeries in clinical practice, the subset of patients most 

likely to benefit from preventive surgery, and the health outcomes of women who choose 

to undergo preventive surgery remain poorly understood. 

 

The Biology of Ovarian Cancers 

Most ovarian cancers are of epithelial origin and can be classified into two broad 

categories: type I and type II tumors. Type I tumors include low-grade serous carcinoma, 

low-grade endometrioid carcinoma, clear cell carcinoma, and mucinous carcinoma. 

These tumors typically present at an early stage (stage I), are indolent, and have a good 

prognosis. Type I tumors develop in a stepwise fashion from well-established precursor 

lesions, including endometriosis and borderline tumors. Precursor lesions are abnormal 

tissues that precede cancer and may be a risk factor for the cancer, a true precursor, or 

an in-situ component of the cancer.  

 

Endometriosis is associated with about 15%-50% of all clear cell and low-grade 

endometrioid carcinomas15,16 and women with endometriosis are two- to three-times 
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more likely to develop type I tumors compared to women without endometriosis.17,18 

About 60% of low-grade serous ovarian cancers arise in association with borderline 

tumors.19 Studies have shown that type I tumors are genetically stable and display a 

variety of somatic mutations, including KRAS, BRAF, PTEN, PIK3CA, CTNNB1, ARID1A 

and PP2R1A, but very rarely TP53.20-22 

 

Type II tumors include high-grade serous carcinoma, high-grade endometrioid 

carcinoma, malignant mixed mesodermal tumors, and undifferentiated carcinoma. These 

tumors typically present at advanced stages (stage II-IV), grow rapidly, and are very 

aggressive. High-grade serous carcinoma (HGSC) is the most common (70%-75% of all 

diagnoses) and lethal subtype of ovarian cancer.23,24 Accordingly, most research on 

ovarian cancer focuses on the prevention and treatment of HGSCs. HGSCs are 

genetically unstable and have frequent mutations in TP53, BRCA1, and BRCA2.25 Unlike 

type I tumors, precursor lesions of HGSC have not been well established, although 

recent studies have identified lesions in the fallopian tube as likely precursors. 

 

The origins of high-grade serous carcinoma: ovary vs. fallopian tube 

Historically it was believed that all HGSCs originated from the ovarian surface 

epithelium, primarily because the dominant cancer mass was found in the ovaries. One 

of the leading theories for the development of HGSCs is incessant ovulation.26 According 

to this theory, ovulation produces an acute pro-inflammatory environment exposing the 

surface of the ovary and fallopian tube to follicular liquid containing inflammatory 

cytokines and reactive oxygen species, thereby resulting in DNA damage.27,28 This 

theory has been bolstered by epidemiologic studies showing significant reductions in 

ovarian cancer risk related to oral contraceptives and parity, both of which suppress 

ovulation. Another theory posits that retrograde menstruation, a common condition in 
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women with intact fallopian tubes,29,30 can lead to the transport of inflammatory cells 

from the uterus through the fallopian tubes to the ovarian surface epithelium. It is 

hypothesized that inflammatory cells in menstrual blood may act synergistically with 

inflammation in the ovaries, occurring as a consequence of ovulation to promote 

carcinogenesis.31,32  

 

Despite significant research over the past three decades, no well-accepted precursor 

lesion for HGSC in the ovarian surface epithelium has been identified. However, the 

possibility of the fallopian tube epithelium as the source of ovarian cancer has recently 

gained widespread acceptance. In 2001, researchers examining the fallopian tubes of 

women with BRCA1/2 mutations undergoing prophylactic surgery noted lesions called 

serous tubal intraepithelial carcinomas (STICs) that closely resembled HGSCs.33 

Subsequent studies identified STICs in 6% to 10% of the fallopian tubes of women with 

BRCA1/2 mutations34,35 and detailed pathological examination using a standard protocol 

revealed STICs in the fallopian tubes of 50% to 70% of BRCA1/2 women with advanced-

stage HGSC.36-38 STICS have also been identified in women with HGSC and no known 

hereditary mutations.36 STICs have primarily been found in the fimbriated end of the 

fallopian tube. Firmbriae are the finger like projections at the end of the fallopian tube 

that are closest to the ovaries.  

 

Collectively, these findings suggest that ovarian cancers may originate from the fallopian 

tube epithelium and involve the ovaries secondarily. It is thought that cancer cells from 

STICs or early tubal HGSCs are implanted into the ovary therefore giving the impression 

that cancer originated in the ovary.39,40 Whole-exome sequencing analysis has identified 

a window of approximately seven years between the development of STICs in the 

fallopian tubes and initiation of ovarian cancer.41 Furthermore, earlier lesions that 



 

6 
 

precede STICs have also been identified, further supporting the fallopian tube as the site 

of origin of HGSCs. The best characterized of these early lesions are the p53 signature, 

which have been reported in 90% of STICs.42,43 Since not all HGSCs have fallopian tube 

involvement, it is hypothesized that some HGSCs may originate in the ovarian surface 

epithelium.44 

 

Although additional work is required to identify the origins of HGSCs definitively, it is 

evident that ovarian cancer is not a single disease, and only a small fraction of ovarian 

cancers may arise from the ovaries. This paradigm shift in our understanding has 

important implications for the prevention and early detection of ovarian cancer.   

 

Primary Prevention of Ovarian Cancer 

Risk factors for ovarian cancer are summarized in Table 1-1. Although some risk factors 

affect all ovarian cancer subtypes, there is significant heterogeneity in associations. Only 

parity and height are associated with all subtypes of ovarian cancer. Hormonal risk 

factors such as age at menarche, age at menopause, and hormone replacement therapy 

use have stronger associations with endometrioid and clear cell carcinomas and modest 

associations with HGSC.17,45,46 Use of oral contraceptives is associated with a reduced 

risk of all ovarian cancer subtypes except mucinous carcinoma. Family history of ovarian 

cancer and inherited mutations in breast and ovarian cancer susceptibility genes are the 

strongest risk factors for HGSCs.17  

 

The risk of ovarian cancer is four- and two-fold higher in women with a first-degree 

(mother, sister) and second-degree (grandmother, aunt) family history of ovarian cancer 

compared to women with no family history of ovarian cancer, respectively.8 It is 

estimated that 40% of ovarian cancer cases in women with a family history are due to 
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mutations in BRCA1/2; therefore, the United States Preventive Services Taskforce 

recommends that women with a family history of breast or ovarian cancer be referred for 

genetic counseling.10,47 Women with BRCA1 mutations have a 12-fold higher risk of 

ovarian cancer, while women with BRCA2 mutations have a five-fold higher risk of 

ovarian cancer compared to women with no genetic predisposition.48 About 20% of 

ovarian cancers, particularly HGSCs, are due to inherited mutations in BRCA1/2.49  

 

Primary prevention strategies for ovarian cancer are structured around the suppression 

of ovulation via oral contraceptive pills and surgical removal of the ovaries (bilateral 

oophorectomy), fallopian tubes (bilateral salpingectomy), or both (bilateral salpingo-

oophorectomy).  

 

Oral contraceptive pills 

Oral contraceptive pills have been consistently associated with a reduced risk of ovarian 

cancer. Compared to never users of oral contraceptive pills, the risk of ovarian cancer is 

reduced by 30% among ever users and this risk reduction persists for up to 30 years 

after cessation.14 However, oral contraceptive use is also linked to a two- to three-fold 

increased risk of vascular events such as venous thromboembolism and stroke in older 

women.50,51 Additionally, oral contraceptive use slightly increases breast cancer risk and 

is associated with an increased risk of cervical cancer.52,53 For both breast and cervical 

cancers, the risk is highest in current users and diminishes after cessation.  

 

It is important to note that studies examining the adverse effects of oral contraceptive 

pills have focused on older formulations. Over the last decade, significant changes in the 

formulations of oral contraceptives have occurred with reductions in estrogen dose and 
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introduction of new formulations of progestins. The effects of these new formulations on 

vascular events, and breast and cervical cancer risk have not been carefully examined.  

 

The Society of Gynecologic Oncology (SGO) recommends appropriate counseling 

regarding the side effects of oral contraceptive pills for ovarian cancer prevention in 

high- and average-risk women.54 However, the Centers for Disease Control and 

Prevention has concluded that the risk/benefit ratio of oral contraceptive pills for ovarian 

cancer prevention alone is uncertain.50   

  

Bilateral salpingo-oophorectomy 

Bilateral salpingo-oophorectomy (BSO) or the surgical removal of both the ovaries and 

fallopian tubes is the most effective primary prevention strategy for ovarian cancer. BSO 

has been widely adopted as a cornerstone of ovarian cancer prevention in women with a 

family history of ovarian cancer and those with BRCA1/2 mutations due to their elevated 

risk of ovarian cancer. BSO is frequently also performed in average-risk women for 

ovarian cancer prevention at the time of benign gynecologic surgery. 

 

BSO is associated with a 72%-92% reduction in ovarian cancer risk in BRCA1/2 

carriers55-59 and 93%-96% reduction in ovarian cancer risk in average-risk women59-61 

(Table 1-2). The residual risk of ovarian cancer after BSO is attributed to the failure to 

identify occult cancers at the time of surgery or the subsequent development of 

peritoneal cancer following surgery. The peritoneum is a thin layer of tissue that lines the 

abdomen and abdominal organs, and peritoneal cancers are considered a phenotypic 

variant of ovarian cancer. Peritoneal cancer is an aggressive disease with limited 

treatment options as it is not possible to surgically remove the peritoneum. The 

cumulative risk of peritoneal cancer after BSO is estimated to be between 1% and 11% 
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in BRCA1/2 carriers.62 The risk of peritoneal cancer after BSO in average-risk women 

has not been well-established.   

 

It is estimated that 300,000 BSOs are performed annually in the U.S.63 Women with 

BRCA1/2 mutations are counseled to undergo prophylactic BSO for ovarian cancer 

prevention after childbearing or between the ages of 35 and 40.64 However, prophylactic 

BSO accounts for a small percentage of the total number of BSOs performed annually in 

the U.S. Many average risk women undergo BSO at the time of hysterectomy for benign 

indications. Hysterectomy is the most common non-obstetric surgical procedure 

performed in the U.S., with approximately 500,000 performed annually.65-67 Over 90% of 

hysterectomies are performed for benign indications such as uterine fibroids, abnormal 

uterine bleeding, and endometriosis. In average-risk women, BSO may be performed at 

the time of hysterectomy as an opportunistic procedure for ovarian cancer prevention or 

benign indications of the ovaries such as ovarian cysts. It is estimated that BSO is 

performed in 33% to 50% of all benign hysterectomies among average-risk 

women.63,67,68 Despite its commonality in clinical practice, research on BSO has primarily 

focused on cancer risk reduction, and research on the long-term non-cancer effects of 

BSO is limited and inconsistent.  

 

Adverse health effects of bilateral salpingo-oophorectomy 

There is growing evidence that BSO increases the risk of many adverse health 

outcomes in average-risk women. BSO is associated with a two-fold increased risk of 

coronary heart disease and stroke,69,70 and two large prospective studies have linked 

BSO with an increased risk of cardiovascular disease mortality and overall 

mortality.61,71,72 In the Nurses Health Study, women with BSO had a 13% increased risk 

of overall mortality, and a 23% increased risk of coronary heart disease mortality 
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compared to women who underwent hysterectomy without BSO.72 Furthermore, BSO 

also appears to be associated with Alzheimer’s disease neuropathology and cognitive 

decline, although studies have yielded conflicting results.73-75 In all these studies, 

adverse effects of BSO were stronger in women who underwent surgery before the age 

of natural menopause and those who did not use estrogen therapy after surgery, 

indicating that the change in hormonal milieu after BSO may play a role.  

 

The ovaries are the primary source of endogenous estrogen in premenopausal women, 

and BSO before the age of natural menopause results in surgical menopause and 

abrupt cessation of endogenous estrogen. During natural menopause, there is gradual 

waxing and waning of ovarian hormones for up to 10 years.76,77 Moreover, in 

postmenopausal women with intact ovaries, the ovaries continue to produce small 

amounts of androgens into the eighth decade of life,78,79 and these androgens are 

peripherally converted to estrogen.80 The sudden impact of BSO on ovarian function 

may partly explain its deleterious effects in premenopausal women.  

 

While estrogen replacement therapy after BSO may mitigate some of the adverse health 

effects of BSO, the results of the Women’s Health Initiative Study released in 2002, 

which showed elevated risks of stroke and thromboembolic events in older 

postmenopausal women (mean age, 60 years) randomized to estrogen therapy 

compared to placebo, have led to a significant decline in hormone therapy use in the 

U.S.81-83 Based on nationally representative data, the prevalence of hormone 

replacement therapy in the U.S. declined from 22% in 1999-2002 to 12% in 2003-2004 

and further to 5% in 2009-2010.84 This decline has continued to occur despite data 

demonstrating that the benefits of hormone replacement therapy outweigh the risks in 

young postmenopausal women.85,86  
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Bilateral salpingo-oophorectomy and body composition 

Animal studies have consistently shown an association between oophorectomy and 

increased adiposity, however, epidemiologic studies confirming these associations have 

yielded conflicting results. Oophorectomized mice have decreased energy expenditure, 

increased levels of systemic inflammation, and increased abdominal fat accumulation 

compared to non-oophorectomized mice.87-90 These changes in mice are ameliorated by 

estrogen therapy. Epidemiologic studies assessing the effects of BSO on adiposity have 

relied on less precise measures of adiposity such as body weight, body mass index 

(BMI) and waist circumference, or surrogate measures of body composition such as 

skinfold thickness and bioelectrical impedance analysis.91-95 A longitudinal study of 

middle-aged women found that the annual rate of change of BMI for women with BSO 

was higher compared to women with natural menopause (0.21 kg/m2 vs. 0.08 kg/m2) 

and women with BSO had three-fold higher odds of severe obesity (BMI ≥35 kg/m2) 

compared to women with natural menopause.93,94 A cross-sectional study found that 

women who underwent BSO had higher BMI and higher mean skinfold thickness 

compared to women with no surgery. This study also found that the increase in BMI and 

skinfold thickness was most pronounced in women who underwent BSO before the age 

of natural menopause.91,92 Another study examining weight gain in women with BRCA1/2 

mutations found no difference in body weight in women who underwent BSO compared 

to those who did not.95  

 

An essential but underexplored limitation of studies examining the association between 

BSO and adiposity has been a reliance on measures of adiposity that don’t discriminate 

between fat mass and lean mass. This is important because even among women with 

the same weight or BMI, total and regional distribution of fat and lean body mass may 

vary significantly, which could have different implications for overall health.  
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Excess fat mass, particularly in the abdominal region, has been linked to metabolic 

abnormalities, including insulin resistance, hypertension, elevated triglyceride levels, and 

diabetes, which can increase the risk of cardiovascular disease.96,97 While adequate lean 

mass is beneficial for overall health,98,99 and loss of lean mass or sarcopenia is 

associated with physical disability and overall mortality.100,101 Additionally, emerging 

evidence suggests that sarcopenia with obesity may be associated with higher levels of 

metabolic disorders and mortality in older adults compared to sarcopenia or obesity 

alone.98 To our knowledge, no studies have comprehensively examined the association 

of BSO with objectively measured lean mass and whole-body composition. 

 

Hormonal changes that occur during natural menopause induce systemic inflammation 

and increase levels of pro-inflammatory cytokines such as IL-1, IL-6, and TNF-, which 

are implicated in the gain of fat mass and loss of lean mass.102,103  These biologic 

changes appear to be accelerated in women who undergo BSO before the age of 

natural menopause due to the abrupt decline of ovarian hormones after surgery.102 

Therefore, it is plausible that BSO-related changes in fat and lean body mass potentially 

contribute to the increased incidence of cardiovascular disease and overall mortality in 

premenopausal women reported by prior studies. An explicit understanding of changes 

in fat and lean body mass after BSO may inform targeted interventions and improve the 

health of the many women who undergo BSO each year. 

 

Bilateral salpingectomy 

Our new understanding of the role of the fallopian tubes in ovarian carcinogenesis has 

led to the consideration of opportunistic salpingectomy (OS) or the surgical removal of 

the fallopian tubes at the time of benign gynecologic surgery as a novel ovarian cancer 

prevention strategy. The promise of OS is substantiated by prior studies that have 
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demonstrated a 33% reduction in ovarian cancer risk in women undergoing tubal 

ligation, a procedure that involves cutting, blocking, or tying the fallopian tubes for 

contraception, compared to women with no surgery.104 The strongest reductions in risk 

after tubal ligation are observed for endometrioid and clear cell carcinomas rather than 

HGSCs. Although the underlying mechanism remains unclear, it has been hypothesized 

that the obstruction of the fallopian tubes prevents retrograde menstruation of 

endometrial tissue, the precursor of endometrioid and clear cell carcinomas.   

 

Unlike tubal ligation, OS involves the complete removal of the fallopian tubes, including 

the fimbriae, the finger-like projections at the end of the fallopian tube that harbor STICs, 

the presumed precursor of most HGSCs.  An added advantage of OS is the retention of 

ovarian function and prevention of surgical menopause in premenopausal women.  

 

Evidence from three epidemiologic studies among women in the general population 

suggests an association between OS and reduced ovarian cancer risk. The results of 

these studies are summarized in Table 1-3. Overall, OS was associated with a 42%-65% 

reduction in ovarian cancer risk compared to no surgery.105-107 However, these studies 

are subject to indication bias as OS was performed for specific indications such as pelvic 

inflammatory disease and endometriosis, which are also associated with ovarian cancer 

risk. Additionally, the studies were underpowered to examine the impact of OS on 

ovarian cancer risk by tumor subtype and lacked long-term clinical outcome data to 

assess whether OS was associated with adverse health outcomes. 

 

Studies evaluating the short-term impact of OS on ovarian function have found no 

detrimental effects, although these studies have been conducted in small and selected 
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samples.108-110 The effects of OS on long-term ovarian function, menopausal symptoms, 

and premature menopause are not well understood.  

 

The overall effectiveness of OS for ovarian cancer prevention ultimately depends on the 

proportion of ovarian cancers that originate in the fallopian tubes, which is currently 

unknown. Studies evaluating the prevalence of preoperatively unrecognized or occult 

cancer, which tend to be early stage cancers, have indicated a prevalence of 3.7% in 

BRCA1/2 carriers and 0.5% in high-risk non carriers after prophylactic BSO.58,111-115 

However, the prevalence of occult cancer after OS and among average-risk women has 

not been well characterized. A better understanding of the prevalence of and risk factors 

for occult cancer at the time of OS may provide additional evidence to support the utility 

of OS for ovarian cancer prevention and identify subgroups of average-risk women who 

would benefit the most from OS.  

 

Adoption of bilateral salpingectomy in clinical practice 

Despite limited data on overall efficacy and long-term outcomes, some national societies 

now recommend OS for ovarian cancer prevention in average-risk women. In 2013, the 

Society of Gynecologic Oncology released a clinical practice statement supporting the 

use of OS for ovarian cancer prevention in average-risk women at the time of benign 

hysterectomy or in place of tubal ligation for sterilization.116 The American College of 

Obstetricians and Gynecologists came out with a similar recommendation in 2015, which 

was reaffirmed in 2019.117 High-risk women are still advised to undergo BSO due to their 

elevated lifetime risk of ovarian cancer, however, interval OS as a temporary measure 

until the age of natural menopause followed by removal of the ovaries after menopause 

has been proposed as an alternative strategy for premenopausal high-risk women.  

 



 

15 
 

The uptake and frequency of OS in the U.S. has not been adequately described and the 

effect of national recommendations on OS uptake has not been evaluated. Studies 

examining trends in OS have been limited by the exclusion of data from outpatient 

settings.118,119 Given the shift in the standard of care to outpatient surgery, analyses that 

are limited to inpatient settings provide an incomplete view of overall trends. Additionally, 

limiting analyses of uptake to inpatient populations may provide biased results as 

inpatient populations may be sicker and not representative of women who undergo 

preventive surgeries. Studies that have included outpatient surgeries have focused on 

small geographic regions, significantly limiting their generalizability.120,121  

 

Current Knowledge Gaps 

BSO has become the standard-of-care for ovarian cancer prevention in high-risk women, 

and it is commonly performed during benign hysterectomy in average-risk women. 

Although BSO decreases ovarian cancer risk, it causes early menopause, which has 

been linked to adverse health outcomes. Weight gain after BSO has been reported in 

prior studies; however, a comprehensive assessment of the association between BSO 

and body composition, including total and regional fat and lean body mass, has not been 

undertaken. Low lean mass and the combination of low lean mass and high fat mass are 

associated with metabolic syndrome, physical disability, and mortality. Given the 

adverse health effects of BSO, OS has emerged as a novel and alternative ovarian 

cancer prevention strategy in average-risk women. The use of OS for ovarian cancer 

prevention has been bolstered by studies that have challenged the traditional view of 

ovarian carcinogenesis, suggesting that many ovarian cancers arise in the fallopian 

tubes. While OS has the added benefit of avoiding early menopause, little is known 

about its adoption in clinical practice, and the predictors and prevalence of occult 
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cancers in average-risk women undergoing OS and BSO have not been well-

characterized. 

 

Summary of Dissertation Aims and Potential Impact 

Given the lack of effective screening tests for ovarian cancer, preventive surgeries are 

an important component of reducing the morbidity and mortality from ovarian cancer. 

While there have been significant advancements in understanding the heterogeneity and 

complex etiology of ovarian cancer, the risks and benefits of preventive surgeries remain 

poorly understood. This dissertation aims to clarify the potential benefit of OS, a novel 

ovarian cancer prevention strategy, and examine a potential adverse effect of BSO, a 

common and well-established ovarian cancer prevention strategy.  

 

The first study evaluates the national uptake of OS at the time of benign hysterectomy 

and tubal sterilization and examines patient characteristics associated with an increased 

likelihood of OS. The second study seeks to quantify the prevalence of occult cancers 

and factors independently associated with an occult cancer diagnosis at the time of 

benign OS and BSO. The third study examines the association between BSO and total 

and regional distribution of fat and lean body mass.  

 

The results of this dissertation will shed light on areas that have limited evidence and 

inform efforts to optimize primary prevention strategies for ovarian cancer. The data 

would be of great value for women and their healthcare providers as they face the 

decision of preventive surgeries for ovarian cancer and improve follow-up care for 

women who elect to undergo these surgeries.  
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Chapter 1 Tables 

Table 1-1. Risk factors for ovarian cancer 

Risk Factor All Invasive 
Ovarian Cancer 

Subtype(s) with Strongest 
Association 

Family history of ovarian cancer  Serous 
BRCA1/BRCA2 mutations  Serous 
Hormone replacement therapy  Endometrioid, clear cell 
Height  All subtypes 
Later age at menopause  Endometrioid, clear cell 
Early age at menarche  Clear cell 
Parity  All subtypes 
Oral contraceptive use  Serous, endometrioid, clear cell 

 indicates increased risk,  indicates decreased risk.  
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Table 1-2. Risk-reduction after bilateral salpingo-oophorectomy 
Patient Population Study RR Ovarian 

Cancer (95% CI)* 
RR Overall 

Mortality (95% CI)* 

High-risk women 
(BRCA1/BRCA2 carriers) 

Finch et al 201455 0.20 (0.13-0.30) 0.23 (0.13-0.39) 
Finkelman et al 201256 0.08 (0.04-0.16) -- 
Domchek et al 201057 0.28 (0.12-0.69) 0.40 (0.26-0.61) 

Finch et al 200658 0.20 (0.07-0.58) -- 
Rutter et al 200359 0.29 (0.12-0.73) -- 

Average-risk women 
Jacoby et al 201160 0.07 (0.02-0.22) 0.98 (0.87-1.10) 
Parker et al 200961 0.04 (0.01-0.09) 1.17 (1.02-1.35) 
Rutter et al 200359 0.05 (0.01-0.22) -- 

Abbreviations: RR, relative risk; CI, confidence interval. *Relative risk among those with bilateral salpingo-
oophorectomy compared to those without bilateral salpingo-oophorectomy.  
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Table 1-3. Risk-reduction after bilateral salpingectomy 
Patient Population Study RR Ovarian 

Cancer (95% CI)* 

Average-risk women 
Lessard-Anderson et al 2014105 0.36 (0.13-1.02) 

Madsen et al 2014106 0.58 (0.36-0.95) 
Falconer et al 2014107 0.35 (0.17-0.73) 

Abbreviations: RR, relative risk; CI: confidence interval. *Relative risk among those with bilateral 
salpingectomy compared to those without bilateral salpingectomy.  
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Abstract 

Background: Recent evidence suggests that the Fallopian tube is the site of origin for 

many high-grade serous ovarian cancers, particularly in BRCA1/2 carriers. This new 

understanding has led to the emergence of opportunistic salpingectomy (OS), the 

removal of the fallopian tubes during benign gynecologic surgery, as a novel preventive 

surgery for ovarian cancer. Despite limited data on overall efficacy and surgical 

morbidity, both the American College of Obstetricians and Gynecologists and the 

Society of Gynecologic Oncology now recommend OS for ovarian cancer prevention at 

the time of hysterectomy for benign indications or in place of tubal ligation for sterilization 

in average-risk women. However, the national adoption of OS has not been well studied. 

We assessed patient characteristics associated with an increased likelihood of OS and 

trends in OS adoption before and after the release of national recommendations.  

 

Methods: Data from MarketScan Commercial Claims and Encounters Database were 

used to identify women who underwent OS from 2010 to 2017. Overall rates of OS were 

compared and an interrupted time-series analysis with segmented Poisson regression 

was used to examine changes in OS rates before and after the release of national 

recommendations. Rates of tubal ligation, hysterectomy, and hysterectomy and bilateral 

salpingo-oophorectomy (BSO) were also compared. All rates were calculated quarterly 

and models were adjusted for age at surgery and seasonality. 

 

Results: A total of 942,304 benign gynecologic surgeries were recorded, including 

309,584 tubal ligations, 13,574 OS for sterilization, 293,000 hysterectomies, 303,348 

hysterectomies and BSO, and 22,798 hysterectomies and OS. Quarterly rates of OS for 

sterilization and hysterectomy and OS were 3.13 and 4.82 per 100,000 women, 

respectively. About 92% of OS for sterilization and 56% of hysterectomy and OS were 



 

30 
 

performed in women <45 years. The most common indications for hysterectomy and OS 

were uterine fibroids (46%) and menstrual disorders (27%). About 8% of OS for 

sterilization and 10% of hysterectomy and OS were performed in women with a family 

history of breast and/or ovarian cancer. After adjusting for age and seasonality, there 

was a 250% immediate increase (IRR: 3.50; 95% CI: 2.59-4.72) followed by a 14% (IRR: 

1.14; 95% CI: 1.10-1.18) sustained increase in the quarterly rate of OS for sterilization 

after versus before the release of national recommendations. There was a 109% 

immediate increase (IRR: 2.09; 95% CI: 1.15-3.81) in the quarterly rate of hysterectomy 

and OS after versus before the release of national recommendations. No sustained 

change in the rate of hysterectomy and OS was observed. OS rates increased across all 

geographic regions, in rural and urban locations, across all types of health plans, and in 

women with and without a family history of breast and/or ovarian cancer. Significant 

declines in hysterectomy and tubal ligation were observed, and these declines were 

temporally associated with the release of national recommendations. There were no 

substantial changes in the rate of hysterectomy and BSO during the study period. 

 

Conclusions: OS for ovarian cancer prevention has rapidly diffused into clinical practice 

with the speed of adoption bolstered by clinical practice recommendations from national 

societies. Future studies evaluating the overall efficacy and long-term complications of 

OS are needed to support its continued widespread use. 
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Introduction 

Ovarian cancer is the deadliest gynecologic cancer and the fifth leading cause of cancer 

deaths among U.S. women. Despite advances in treatment over the past three decades, 

the 5-year survival of ovarian cancer remains <50%.1 Population-based screening for 

ovarian cancer is currently not recommended as available screening tests have high 

false-positive rates, lead to overtreatment, and are not associated with reductions in 

ovarian cancer incidence and mortality.2-4 In the absence of effective screening, primary 

prevention strategies in the form of risk-reducing surgeries are a critical component of 

reducing the morbidity and mortality from ovarian cancer. 

 

Recent studies have shown that high-grade serous ovarian cancer, the most common 

and lethal ovarian cancer subtype, may originate from the distal end of the fallopian 

tubes and migrate to the ovarian surface epithelium and peritoneal soft tissue.5-11 This 

new insight into the etiology of ovarian cancer has led to the emergence of opportunistic 

salpingectomy (OS), the removal of the fallopian tubes at the time of benign gynecologic 

surgery, as a novel prevention strategy. Evidence from three epidemiologic studies 

among women in the general population suggest an association between OS and 

reduced ovarian cancer risk.12-14 In an age-matched case-control study, OS was 

associated with 64% lower odds of ovarian cancer compared to no surgery (OR: 0.36; 

95% CI: 0.13-1.02) after adjusting for prior hysterectomy, prior salpingo-oophorectomy, 

oral contraceptive use, endometriosis, infertility, gravidity, and parity.12 Another age-

matched case-control study found that OS was associated with 42% lower odds of 

ovarian cancer compared to no surgery (OR: 0.58; 95% CI: 0.36-0.95) after adjusting for 

parity, infertility, endometriosis, pelvic inflammatory disease, and hysterectomy.13 A 

population-based cohort study found that OS was associated with 65% lower risk of 
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ovarian cancer compared to no surgery (HR: 0.35; 95% CI: 0.17-0.73) after adjusting for 

age, education, and parity.14  

 

Given the accumulating evidence from clinical and epidemiologic studies, 

recommendations to perform OS for ovarian cancer prevention have been supported by 

national societies in the U.S. In 2013, the Society of Gynecologic Oncology released a 

clinical practice statement supporting the use of OS for ovarian cancer prevention in 

average-risk women at the time of benign hysterectomy or in place of tubal ligation for 

sterilization.15 The American College of Obstetricians and Gynecologists released a 

similar recommendation in 2015.16 Women who are at high risk of ovarian cancer, such 

as those with BRCA1/2 mutations and/or a family history of breast or ovarian cancer, are 

still advised to undergo the removal of both the ovaries and the fallopian tubes due to 

their elevated lifetime risk of ovarian cancer. However, interval OS as a temporary 

measure until the age of natural menopause followed by removal of the ovaries after 

menopause has been proposed as an alternative for premenopausal high-risk women, 

although more data is needed to support this practice.17,18  

 

Studies have shown no difference in operative time and short-term complications, 

including blood transfusion and postoperative infections and fever, between 

hysterectomy with OS and hysterectomy alone.19-21 However, the uptake of OS has not 

been adequately described, and the effect of national recommendations on OS uptake 

has not been evaluated. Studies examining trends in OS have been limited by the 

exclusion of data on outpatient settings.22,23 Given the shift in the standard of care to 

outpatient surgery, analyses limited to inpatient settings provide an incomplete and 

biased view of overall trends. Furthermore, studies that have included outpatient settings 

have focused on small geographic areas,24,25 significantly limiting their generalizability.  
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The objective of this study was to characterize the uptake of OS in a nationwide 

convenience sample of 48 million privately insured women. We also evaluated the 

impact of clinical practice recommendations supporting OS use for ovarian cancer 

prevention on uptake of OS and other gynecologic surgeries, including tubal ligation, 

hysterectomy alone, and hysterectomy and bilateral salpingo-oophorectomy (BSO).  

 

Methods 

Data Source and Study Population 

Claims data from 2010-2017 were extracted from Truven Health Analytics MarketScan 

Commercial Claims and Encounters (CCAE) database. The database contains 

enrollment data for adults 18-64 years with employer-sponsored health insurance and 

longitudinally linked utilization data for inpatient and outpatient services. The deidentified 

patient-level data captures demographics, enrollment information, and diagnoses and 

procedure codes.  

 

The study population consisted of women 18-64 years of age who did not have a 

personal history or diagnosis of breast or gynecologic cancer, cancer metastases to 

female genital organs or prior hysterectomy, oophorectomy or tubal ligation ascertained 

using International Classification of Diseases (ICD), 9th and 10th Revision diagnosis 

codes (Appendix Table 2-1). This population was selected as it represents the most 

amenable group of women in whom OS can be considered at the time of hysterectomy 

or in place of tubal ligation for ovarian cancer prevention. A total of 48 million women 

were included in the study population. Both partial and full year enrollees were included.  
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Ascertainment of Surgeries and Covariates 

Current Procedural Terminology (CPT) and ICD9/ICD10-procedure codes were used to 

ascertain OS with or without hysterectomy during the study period from both inpatient 

and outpatient claims and ICD9/ICD10-diagnosis codes were used to identify indications 

for OS. In addition to OS, claims for tubal ligations, hysterectomy, and hysterectomy and 

BSO were also extracted for comparison. Women who underwent hysterectomy for 

suspicion of cancer were excluded (Appendix Table 2-1).  

 

Patient characteristics including age, geographic region, rural/urban residence, type of 

health insurance plan, family history of breast or ovarian cancer, BRCA testing, and 

genetic susceptibility to breast or ovarian cancer were ascertained. Age was categorized 

as <45 years, 45-55 years, and >55 years. Geographic region was based on U.S. 

Census delineations and categorized as Northeast, Midwest, South, and West.26 

Rural/urban residence was mapped from the five-digit zip code of the primary beneficiary 

by Truven Health Analytics based on the Office of Management and Budget delineations 

for metropolitan statistical areas.27 Type of health insurance plan was categorized as 

Health Maintenance Organization (HMO), Preferred Provider Organization (PPO), and 

other. BRCA testing was identified using CPT codes in outpatient claims as described by 

Lynch et al.28 Women were classified as having a BRCA test if they had a claim for 

BRCA testing more than 30 days before the date of surgery. Family history of breast or 

ovarian cancer and genetic susceptibility to breast or ovarian cancer was ascertained 

using ICD9/ICD10 diagnosis codes. Women were classified as having a family history of 

breast or ovarian cancer if they had a claim with a family history code for breast cancer, 

ovarian cancer, or both during the study period. Genetic susceptibility to breast or 

ovarian cancer was classified similarly (Appendix Table 2-1).  
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Statistical Analysis 

Women were divided into five groups by type of surgery: tubal ligation, OS for 

sterilization, hysterectomy, hysterectomy and BSO, and hysterectomy and OS. 

Descriptive analyses were conducted for patient characteristics: age, geographic region, 

rural/urban residence, type of health insurance plan, family history of breast or ovarian 

cancer, BRCA testing, and genetic susceptibility to breast or ovarian cancer and 

summarized by type of surgery. Rates of surgery were calculated overall, by age at 

surgery, by geographic region, by rural/urban residence, by type of health insurance 

plan, by family history of breast or ovarian cancer, by BRCA testing, and by genetic 

susceptibility to breast or ovarian cancer and plotted to identify the underlying trends, 

seasonal patterns, and outliers. Rates were calculated quarterly (3-month intervals) as 

follows: the number of women who had at least one claim for one of the five surgeries 

described above in the 3-month interval of a calendar year (January-March, April-June, 

July-September, and October-December) divided by the total number of women enrolled 

at any point during the 3-month interval of that calendar year, multiplied by 100,000.  

 

To evaluate the effect of the clinical practice recommendation on the utilization of OS, 

we performed an interrupted time series analysis using Poisson regression. An 

interrupted time series analysis is commonly used to examine whether the time at which 

an intervention is introduced is associated with changes in an outcome and is 

particularly suited for interventions that target population level outcomes.29-31 A key 

strength of this method is the ability to control for secular trends in the outcome of  

interest, which is not feasible in a pre-post design. The intervention of interest was the 

release of the clinical practice recommendation supporting the use of OS for ovarian 

cancer prevention.15,16 Quarterly rates of OS for sterilization and hysterectomy and OS 

were compared before and after the release of the clinical practice recommendation. 
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The pre-recommendation period was evaluated from January 1, 2010 to December 31, 

2013 and the post-recommendation period was evaluated from January 1, 2015 to 

December 31, 2017. January 2014 to December 2014, the period immediately following 

the release of the clinical practice recommendation, was excluded to allow time for the 

implementation of the clinical practice recommendation. The following equation was 

used for the Poisson regression model: 

 

Log(E(Yt) = β0+ β1Tt+ β2Xt+β3XtTt+ εt   

 

Where Yt is the quarterly rate of OS, Tt is the time since the start of study which was 

defined as a continuous variable measured in 3-month intervals from January 2010 to 

December 2017, Xt is an indicator representing pre- and post-recommendation periods 

(0 for January 1, 2010- December 31, 2013 and 1 for January 1, 2015-December 31, 

2017), and XtTt is an interaction term. In the pre-recommendation period (Xt=0), the 

model takes the form: Log(E(Yt) = β0+ β1Tt + εt. Where β0 represents the quarterly rate 

of OS (level) at the beginning of the study period and β1 represents the change in the 

quarterly rate of OS prior to the release of the clinical practice recommendation (pre-

recommendation trend).  

 

In the post-recommendation period (Xt=1), the model takes the form: 

Log(E(Yt) =(β0+ β2)+ (β1+ β3)Tt+ εt. Where β2 represents the level change in the 

quarterly rate of OS immediately following the release of the clinical practice 

recommendation (compared to a scenario where pre-recommendation trends had 

continued unchanged), β1+ β3 represents the change in the quarterly rate of OS after the 

release of the clinical practice recommendation (post-recommendation trend), and β3 
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represents the change in the quarterly rate of OS after the release of the clinical practice 

recommendation, compared with the quarterly rate of OS before the release of the 

clinical practice recommendation (sustained change). We also evaluated changes in the 

quarterly rates of tubal ligation, hysterectomy, and hysterectomy and BSO, before and 

after the release of the clinical practice recommendation.  

 

Results were reported as incidence rate ratios (IRR) with two-sided 95% confidence 

intervals. A scaling parameter was added to the models to allow for overdispersion of 

data and all models were adjusted for seasonal variation by using a Fourier term (pairs 

of sine and cosine functions)30-32 and age at surgery. Residual autocorrelation was 

examined after seasonal adjustment by examining the plot of residuals and the partial 

autocorrelation function. There was very little evidence of autocorrelation after 

adjustment for seasonality (Appendix Figure 2-1A-E). Stratified analyses were 

conducted by geographic region, rural/urban residence, type of health insurance plan, 

family history of breast or ovarian cancer, BRCA testing, and genetic susceptibility to 

breast or ovarian cancer. Sensitivity analyses were conducted to determine the effect on 

overall results by excluding the time lag imposed in the primary analysis, using January 

2015 as the intervention period (time of ACOG clinical practice recommendation), 

restricting the analysis to women without a family history of breast or ovarian cancer, 

restricting the analysis to women without a genetic susceptibility to breast or ovarian 

cancer, and requiring a facility claim for bilateral salpingectomy for all hysterectomy and 

BSO. All analyses were conducted in Stata, version 14.2 (Stata Corporation).  

 

Results 

A total of 942,304 benign gynecologic surgeries were included in the analytic sample: 

309,584 tubal ligations, 13,574 OS for sterilization, 293,000 hysterectomies, 303,348 
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hysterectomy and BSO, and 22,798 hysterectomy and OS (Table 2-1). Median age at 

surgery was lower for women undergoing tubal ligation (35 [interquartile range: 31-39]) 

and OS for sterilization (36 [32-40]) compared to women undergoing hysterectomy (43 

[39-48]), hysterectomy and BSO (46 [41-52]), and hysterectomy and OS (44 [39-47]). 

About 92% of OS for sterilization were performed in women <45 years compared to 56% 

of hysterectomy and OS. Regardless of surgery type, most women undergoing surgeries 

in the analytic sample resided in the South (46.9%) and in urban areas (78.8%) and had 

a PPO health insurance plan (60.8%). About 1% (n=9,872) of women in the study 

population underwent BRCA testing before surgery, two-thirds of whom underwent a 

hysterectomy and BSO (2.2% of hysterectomy and bilateral oophorectomies). Only 4.7% 

of women who were BRCA-tested underwent OS (1.5% of OS for sterilization and 1.1% 

of hysterectomy and OS). Among women undergoing surgery, 8.8% (n=82,603) had a 

documented family history of breast or ovarian cancer and 0.6% (n=5,640) had a genetic 

susceptibility to breast or ovarian cancer. The most common procedure in these women 

was hysterectomy and BSO. About 9.1% of OS (7.5% of OS for sterilization and 9.5% of 

hysterectomy and OS) were performed in women with a family history of breast or 

ovarian cancer. Only 2.3% of OS (0.5% of OS for sterilization and 0.2% of hysterectomy 

and OS) were performed in women with a genetic susceptibility to breast or ovarian 

cancer.  

 

Figure 2-1 shows trends in the quarterly rates of OS over the study period. Overall rates 

of OS for sterilization and hysterectomy and OS were 3.13 per 100,000 women and 4.82 

per 100,000 women, respectively. The quarterly rate of OS for sterilization increased 

from 0.69 per 100,000 women in 2010 to 12.12 per 100,000 women in 2017 (absolute 

change: 11.43; 95% CI: 9.62, 13.26). On the other hand, the quarterly rate of 

hysterectomy and OS increased from 1.43 per 100,000 women in 2010 to 10.70 per 



 

39 
 

100,000 women in 2017 (absolute change: 9.27, 95% CI: 8.26, 10.29). Rates of tubal 

ligation (absolute change: -45.12; 95% CI: -48.22, -42.02) and hysterectomy (absolute 

change: -76.89; 95% CI: -84.91, -65.35) declined substantially over the study period 

while a non-significant increase in the rate of hysterectomy and BSO was observed 

(absolute change: 12.71; 95% CI: -11.18, 2.66; Appendix Figure 2-2).  

 

Appendix Table 2-2 summarizes the most common primary indications for each surgery. 

All tubal ligations and OS without hysterectomy included in the study were performed for 

sterilization. About two-thirds of hysterectomies were performed for uterine fibroids 

(31.7%) and disorders of menstruation (31.7%). Other common indications for 

hysterectomy included genital prolapse (10.7%), pain/other symptoms of the genital tract 

(8.9%), and endometriosis (7.1%). The most common indications for hysterectomy and 

BSO and hysterectomy and OS were uterine fibroids and disorders of menstruation. 

Women with a diagnosis of uterine fibroids accounted for 46.2% of all hysterectomy and 

OS performed over the study period.  

  

Figure 2-2 shows trends in the quarterly rates of OS by age at surgery, by geographic 

location, by rural/urban residence, by type of health plan, by family history of breast or 

ovarian cancer, by BRCA testing, by genetic susceptibility to breast or ovarian cancer. 

Rates of OS differed by age at surgery with women <45 years having the highest rate of 

OS for sterilization (5.23 per 100,000) and women 45-55 years having the highest rate of 

hysterectomy and OS (7.63 per 100,000). Among women >55 years, overall rates of OS 

were very low (Figure 2-2A). A substantial increase in OS rates was observed in all 

geographic regions (Figure 2-2B), in both rural and urban locations (Figure 2-2C), and 

across all types of health plans (Figure 2-2D). Of note, although quarterly rates of OS for 

sterilization did not differ by type of health plan (range: 3.11-3.20 per 100,000), women 
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with HMO plans (6.73 per 100,000) had higher overall rates of hysterectomy and OS 

compared to women with PPO (4.53 per 100,000) and other plans (4.62 per 100,000). 

The rates of OS for sterilization did not differ by family history of breast or ovarian 

cancer; however, women with a family history of breast or ovarian cancer had higher 

overall rates of hysterectomy and OS compared to women without a family history of 

breast or ovarian cancer (9.43 per 100,000 vs. 5.72 per 100,000; Figure 2-2E). While 

few BRCA-tested women (n=384) and women with a genetic susceptibility to breast or 

ovarian cancer (n=131) underwent OS, an increase in quarterly rates of surgery during 

the study period was also observed among these women (Figure 2-2F and 2-2G). 

 

Results of the interrupted time series analysis comparing rates of OS before and after 

the release of the clinical practice recommendation are summarized in Table 2-2. 

Overall, after controlling for secular trends, seasonality, and age at surgery, there was 

no temporal trend in OS for sterilization (IRR: 1.021; 95% CI: 0.991-1.051) before the 

release of the recommendation. In contrast, a 7.8% increase in the quarterly rate of 

hysterectomy and OS (95% CI: 1.019-1.093) was noted before the release of the 

recommendation. Following recommendation release, a 3.5-fold (95% CI: 2.595-4.720) 

and 2-fold (95% CI: 1.148-3.806) immediate rise in the level of OS for sterilization and 

hysterectomy and OS was observed, respectively. A 14% sustained increase (95% CI: 

1.103-1.183) in the quarterly rate of OS for sterilization was observed in the 3-years after 

relative to before recommendation release. No sustained change (IRR: 0.970; 95% CI: 

0.907-1.038) in the quarterly rate of hysterectomy and OS was observed (Figure 2-3). In 

the period before recommendation release, the age-adjusted rates of OS for sterilization 

and hysterectomy and OS were 0.62 per 100,000 women and 1.81 per 100,000 women 

compared to 7.10 per 100,000 women and 8.81 per 100,000 women after 

recommendation release, respectively (p<0.001; Appendix Table 2-3).  
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For tubal ligation, there was no temporal trend before recommendation release (IRR: 

0.993; 95% CI: 0.987-1.009) and no immediate-level change after recommendation 

release (IRR: 0.932; 95% CI: 0.850-1.022) however, a significant 3% sustained 

decrease (95% CI: 0.960-0.982) was noted after relative to before recommendation 

release. A significant decreasing trend in the quarterly rate of hysterectomy was 

observed before (IRR: 0.977; 95% CI: 0.957-0.998) and after recommendation release 

(IRR: 0.914; 95% CI: 0.867-0.964). The rate of hysterectomy continued to decrease with 

a 7% sustained decrease (95% CI: 0.885-0.989) after relative to before recommendation 

release. In the period before recommendation release, the age-adjusted rates of tubal 

ligation and hysterectomy were 66.40 per 100,000 women and 75.22 per 100,000 

women compared to 49.18 per 100,000 women and 29.63 per 100,000 women after 

recommendation release, respectively (p<0.001 for absolute change; Appendix Table 2-

3). No significant changes in the quarterly rate of hysterectomy and BSO before or after 

recommendation release were observed (Table 2-2; Figure 2-4).  

 

Rates of OS did not differ substantially in models stratified by geographic region and 

rural/urban residence. Although there were no differences in the rate of OS for 

sterilization by type of health plan, the rate of hysterectomy and OS differed by type of 

health plan with HMO plans exhibiting an increasing trend before recommendation 

release (IRR: 1.126; 95% CI: 1.063-1.192) and no temporal trend after recommendation 

release (IRR: 0.996; 95% CI: 0.945-1.050). Additionally, significant sustained reductions 

in hysterectomy and OS rates after relative to before recommendation release were 

noted for HMO plans (IRR: 0.885; 95% CI: 0.855-0.919) but not for PPO (IRR: 0.986; 

95% CI: 0.919-1.057) and other plans (IRR: 0.951; 95% CI: 0.881-1.027). Similar 

immediate level and sustained increases in OS rates were observed in women with and 

without a family history of breast or ovarian cancer. In women who 
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underwent BRCA testing before surgery and those with a genetic susceptibility to breast 

or ovarian cancer, rates of OS also increased after recommendation release, but no 

sustained changes after relative to before recommendation release were noted. No 

difference in quarterly rates of tubal ligation, hysterectomy, and hysterectomy and BSO 

were observed in models stratified by geographic region, rural/urban residence, type of 

health plan, and family history of breast or ovarian cancer. Rates of tubal ligation, 

hysterectomy, and hysterectomy and BSO over the study period remained unchanged in 

women who underwent BRCA testing before surgery and those with a genetic 

susceptibility to breast or ovarian cancer, although the sample sizes for these stratified 

analyses were small. (Table 2-2).  

 

In analyses excluding the time lag, there was no temporal trend in OS for sterilization 

(IRR: 1.017; 95% CI: 0.994-1.042) before the release of the recommendation. In 

contrast, a 6.8% increase in the quarterly rate of hysterectomy and OS (95% CI: 1.011-

1.127) was noted before the release of the recommendation. Following recommendation 

release, a 2-fold immediate rise in the level of OS for sterilization (95% CI: 1.703-2.712) 

and hysterectomy and OS (95% CI: 1.121-3.428) was observed, respectively. A 14% 

sustained increase (95% CI: 1.175-1.313) in the quarterly rate of OS for sterilization was 

observed in the 4-years after relative to before recommendation release. No sustained 

change (IRR: 0.975; 95% CI: 0.972-1.271) in the quarterly rate of hysterectomy and OS 

was observed. For analyses using January 2015 as the time of intervention, the 

magnitude of increase in the quarterly rate of OS for sterilization (IRR: 1.106; 95% CI: 

1.076-1.137) and hysterectomy and OS (IRR: 1.001; 95% CI: 0.942-1.063) after 

recommendation release was smaller as compared to the primary analysis. This was 

expected as pre-recommendation rates were already increasing due to the 2013 SGO 

recommendation supporting OS use for ovarian cancer prevention, as shown in the 
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primary analysis. Additional sensitivity analyses excluding women with a family history of 

breast or ovarian cancer, excluding women with a genetic susceptibility to breast or 

ovarian cancer, and requiring a facility claim for bilateral salpingectomy for all 

hysterectomy and BSO did not change the overall results (Appendix Table 2-4).  

 

Discussion 

In this nationwide sample of privately insured women, we found that OS was rapidly 

adopted into practice, accounting for 20% of all sterilization encounters and 10% of 

benign hysterectomies in 2017 compared to <1% of all sterilization encounters and 

benign hysterectomies in 2010. The rapid increase in OS rates was temporally 

associated with the release of the clinical practice recommendation supporting OS use, 

resulting in a statistically significant immediate-level and sustained increase in OS rates 

with no subsequent return to historic levels. This increase occurred in all geographic 

regions, both rural and urban areas, across all types of health plans, and in women with 

and without a family history of breast or ovarian cancer. In contrast, significant declines 

in hysterectomy and tubal ligation rates were observed, and these declines were 

temporally associated with the release of the clinical practice recommendation. No 

significant temporal trends in hysterectomy and BSO rates were observed during the 

study period.  

 

In addition to the clinical practice recommendation, other factors may have contributed to 

the rapid adoption of OS, including the lack of effective screening tests for ovarian 

cancer, the severity of ovarian cancer, patient preference, and the high prevalence of 

gynecologic surgeries that are eligible for OS. The existing literature on OS uptake in the 

U.S. is limited by studies that are geographically restricted24,25 and the use of datasets 

limited to inpatient settings.22,23 To our knowledge, this is the first study to 
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comprehensively examine OS uptake in a nationwide sample of inpatient and outpatient 

procedures and evaluate the impact of national clinical practice recommendations on the 

speed of OS adoption. The findings of our study are encouraging because providers are 

promptly responding to a novel prevention strategy but also concerning because the 

available evidence to support the use of OS for ovarian cancer prevention is insufficient, 

and the long-term consequences of the procedure remain unknown. 

 

Only three studies have assessed ovarian cancer risk after OS.12-14 A meta-analysis of 

these studies indicates that the odds of ovarian cancer is 49% lower among women who 

undergo OS compared to no surgery (95% CI: 0.35-0.75).33 However, these studies are 

subject to indication bias as the surgeries were performed for specific indications such 

as inflammatory diseases of the fallopian tubes and endometriosis, and were therefore 

not truly opportunistic. Additionally, the comparison group in all three studies was no 

surgery and analyses utilizing hysterectomy or tubal ligation as comparison groups were 

not performed. This is important because both hysterectomy and tubal ligation are also 

associated with reduced ovarian cancer risk,34,35 and OS is currently only recommended 

in women who are undergoing procedures during which the fallopian tubes could be 

removed.15,16 Therefore, data on reductions in ovarian cancer risk after OS relative to the 

primary procedure (hysterectomy or tubal ligation) are required to facilitate informed 

decision-making for women and their healthcare providers as the uptake of OS 

continues to increase.  

 

Additionally, it is unclear whether OS affects long-term ovarian function and premature 

menopause. Studies evaluating the impact of OS on short-term (1-6 months) ovarian 

function have found no detrimental effects,19,36,37 although these studies have been 

conducted in small (12-79 women) and selected samples. Since the fallopian tubes and 
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the ovaries share blood supply, it is plausible that OS could disrupt ovarian function and 

cause premature menopause, which has been linked to adverse health outcomes such 

as weight gain,38,39 cardiovascular disease,40-42 osteoporosis,40,43 and dementia.44,45 

Given the rarity of ovarian cancer in average-risk women (1.3% lifetime risk), the public 

health impact of OS would be diminished if it was found to be associated with 

unintended consequences such as premature menopause.   

 

These gaps in knowledge underscore the need for a prospective study evaluating the 

impact of OS on ovarian cancer incidence and long-term health outcomes. Given the 

rapid uptake of OS, such studies may now be feasible. Data from these studies will 

provide much needed evidence regarding the long-term efficacy of OS and inform future 

clinical practice guidelines.  

 

Our study is subject to some limitations. First, MarketScan is a large convenience 

sample of individuals with employment-sponsored health insurance plans; therefore, our 

results are not generalizable to women who have public insurance plans such as 

Medicaid and Medicare or those who purchase insurance themselves. However, in 2017 

about 60% of women 19-64 years received their health coverage through employment-

sponsored health insurance plans, representing the largest segment of U.S. healthcare 

users.46 Second, we had no information on individual patient characteristics such as race 

and socioeconomic status, which are known to influence uptake of hysterectomy and 

minimally invasive surgeries.47,48 Further research is needed to understand whether 

decisions regarding OS at the time of benign gynecologic surgery are impacted by a 

woman’s race and socioeconomic status. Finally, our analysis is limited by the nature of 

claims data, which may involve errors in coding that could lead to misclassification of 

covariates. 
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Despite these limitations, our study has several strengths. We addressed the 

shortcomings of previous reports by utilizing a large, nationwide sample of inpatient and 

outpatient surgeries. MarketScan has over 32 billion service records and 240 million 

covered lives; therefore, we were able to include a large number of OS cases across the 

U.S., representing a broader and more generalizable distribution of surgeries compared 

to previous reports.  Additionally, interrupted time series analysis allowed us to evaluate 

the independent effect of the clinical practice recommendation on the speed of OS 

uptake while controlling for underlying secular trends and seasonality. Our study 

included four years of data before the release of the recommendation and four years of 

follow-up after the release of the recommendation. 

 

In summary, we found rapid adoption of OS for ovarian cancer prevention, which was 

bolstered by clinical practice recommendations from national societies. With the recent 

paradigm shift in our understanding of the origin of high-grade serous ovarian cancer, 

OS represents a promising ovarian cancer prevention strategy. However, the 

enthusiasm for OS should be tempered by an expectation that future studies with larger 

sample sizes and long-term prospective follow-up may not support its widespread use. 
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Chapter 2 Tables 

Table 2-1. Characteristics of the analytic sample, 2010-2017 
Characteristics Tubal Ligation OS Hysterectomy Hysterectomy & BSO Hysterectomy & OS 
Total 309,584 13,574 293,000 303,348 22,798 
Age           

Mean (SD), years 35 (5.8) 36 (6.0) 44 (7.5) 46 (8.2) 43 (6.4) 
Median (IQR), years 35 (31-39) 36 (32-40) 43 (39-48) 46 (41-52) 44 (39-47) 

Age Group, n (%)           
<45 years 294,683 (95.2) 12,451 (91.7) 166,500 (56.8) 123,064 (40.6) 12,803 (56.2) 
45-55 years 14,858 (4.8) 1,107 (8.2) 105,940 (36.2) 138,442 (45.6) 9,319 (40.9) 
>55 years 43 (0.0) 16 (0.1) 20,560 (7.0) 41,842 (13.8) 676 (2.9) 

Geographic Region, n (%)           
Northeast 40,181 (13.0) 1,949 (14.4) 39,534 (13.5) 36,454 (12.0) 4,206 (18.5) 
Midwest 68,851 (22.2) 2,751 (20.3) 59,566 (20.3) 64,449 (21.3) 3,533 (15.5) 
South 143,760 (46.4) 6,301 (46.4) 140,476 (47.9) 151,280 (49.9) 9,809 (43.0) 
West 49,690 (16.1) 2,478 (18.3) 47,905 (16.4) 46,057 (15.2) 5,009 (21.9) 
Unknown 7,102 (2.3) 95 (0.6) 5,519 (1.9) 5,108 (1.6) 241 (1.1) 

Rural/Urban Residence, n (%)           
Rural 57,257 (18.5) 2,053 (15.5) 52,507 (17.9) 57,340 (18.9) 2,665 (11.7) 
Urban 244,771 (79.1) 11,223 (82.3) 233,457 (79.6) 233,185 (76.9) 19,496 (85.5) 
Unknown 7,556 (2.4) 298 (2.2) 7,036 (2.4) 12,823 (4.2) 637 (2.8) 

Type of Health Plan, n (%)           
HMO 38,297 (12.4) 1,584 (11.7) 35,304 (12.1) 31,874 (10.5) 3,723 (16.3) 
PPO 188,805 (61.0) 8,298 (61.1) 179,819 (61.4) 183,382 (60.5) 12,769 (56.0) 
Other 57,990 (18.7) 3,068 (22.6) 55,907 (19.1) 61,434 (20.3) 4,948 (21.7) 
Unknown 24,492 (7.9) 624 (4.6) 21,970 (7.4) 26,658 (8.7) 1,358 (6.0) 

Family History of Cancer, n (%)           
    None 294,994 (95.3) 12,417 (91.5) 268,003 (91.5) 263,660 (86.9) 20,627 (90.5) 
    Breast or ovary 14,590 (4.7) 1,157 (7.5) 24,997 (7.5) 39,688 (13.1) 2,171 (9.5) 
BRCA Testing, n (%)           

Non-BRCA tested 308,588 (99.7) 13,366 (98.4) 291,272 (99.4) 296,661 (97.8) 22,545 (98.9) 
BRCA tested 996 (0.3) 208 (1.5) 1,728 (0.6) 6,687 (2.2) 253 (1.1) 

Genetic Susceptibility, n (%)           
None 309,219 (99.9) 13,500 (99.5) 292,162 (99.7) 299,042 (98.6) 22,741 (99.8) 
Breast or ovary 365 (0.1) 74 (0.5) 838 (0.3) 4,306 (1.4) 57 (0.2) 

Abbreviations: OS, opportunistic salpingectomy; BSO, bilateral salpingo-oophorectomy; SD, standard deviation; IQR, interquartile range; HMO, health maintenance 
organization; PPO, preferred payer organization. *Includes basic/major medical, comprehensive, exclusive provider organization, non-capitated point-of-service, capitated or 
partially capitated point-of-service, consumer-driven health plan, and high deductible health plan.
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Table 2-2. Interrupted time-series analysis of quarterly rates of surgeries before and after the release of the clinical practice 
recommendation* 

 N 
Pre-Recommendation 

Trend (2010-2013) 
Post-Recommendation 

Trend (2015-2017) 
 Change Associated with Recommendation Release 
 Immediate Change† Sustained Change§ 

IRR (95% CI) IRR (95% CI)  IRR (95% CI) p value IRR (95% CI) p value 
Overall                 
Tubal ligation 266,144 0.993 (0.987-1.009) 0.964 (0.954-0.974)   0.932 (0.850-1.022) 0.132 0.971 (0.960-0.982) <0.001 
OS (sterilization) 12,236 1.021 (0.991-1.051) 1.166 (1.142-1.190)   3.500 (2.595-4.720) <0.001 1.142 (1.103-1.183) <0.001 
Hysterectomy 263,213 0.977 (0.957-0.998) 0.914 (0.867-0.964)   0.736 (0.505-1.074) 0.112 0.935 (0.885-0.989) 0.019 
Hysterectomy & BSO 255,115 1.015 (0.982-1.049) 1.020 (0.976-1.065)   1.275 (0.819-1.982) 0.282 1.005 (0.954-1.059) 0.848 
Hysterectomy & OS 18,221 1.078 (1.019-1.140) 1.046 (0.997-1.096)   2.090 (1.148-3.806) 0.016 0.970 (0.907-1.038) 0.380 
Geographic Region                 
Tubal ligation                 

Northeast 33,744 0.976 (0.969-0.982) 0.958 (0.950-0.972)   0.888 (0.800-0.992) 0.036 0.982 (0.967-0.997) 0.019 
Midwest 59,776 0.996 (0.989-1.003) 0.959 (0.946-0.973)   0.901 (0.802-1.012) 0.079 0.963 (0.949-0.979) <0.001 
South 124,116 0.999 (0.993-1.005) 0.966 (0.956-0.976)   0.908 (0.826-0.998) 0.044 0.967 (0.956-0.979) <0.001 
West 42,462 0.999 (0.994-1.005) 0.949 (0.939-0.959)   0.970 (0.892-1.054) 0.474 0.950 (0.939-0.961) <0.001 

OS (sterilization)                 
Northeast 1,722 1.027 (0.989-1.066) 1.183 (1.151-1.216)   2.892 (1.960-4.267) <0.001 1.152 (1.101-1.206) <0.001 
Midwest 2,498 0.994 (0.961-1.028) 1.168 (1.140-1.198)   4.054 (2.839-5.790) <0.001 1.178 (1.127-1.226) <0.001 
South 5,775 1.019 (0.987-1.053) 1.163 (1.138-1.188)   3.392 (2.442-4.712) <0.001 1.141 (1.098-1.185) <0.001 
West 2,170 1.074 (1.033-1.116) 1.160 (1.132-1.189)   3.245 (2.256-4.669) <0.001 1.080 (1.035-1.127) <0.001 

Hysterectomy                  
Northeast 34,756 0.974 (0.949-0.999) 0.923 (0.862-0.988)   0.699 (0.433-1.130) 0.144 0.948 (0.883-1.019) 0.145 
Midwest 54,075 0.981 (0.961-1.001) 0.899 (0.845-0.952)   0.726 (0.493-1.069) 0.105 0.917 (0.864-0.972) <0.001 
South 126,316 0.980 (0.960-0.999) 0.912 (0.869-0.956)   0.717 (0.506-1.015) 0.061 0.931 (0.886-0.979) <0.001 
West 43,228 0.978 (0.954-1.002) 0.912 (0.853-0.976)   0.715 (0.457-1.190) 0.142 0.933 (0.870-0.997) 0.049 

Hysterectomy & BSO                 
Northeast 29,174 1.012 (0.976-1.049) 1.008 (0.957-1.061)   1.197 (0.725-1.978) 0.483 0.996 (0.937-1.058) 0.897 
Midwest 54,573 1.015 (0.983-1.049) 1.013 (0.969-1.060)   1.250 (0.803-1.945) 0.323 0.998 (0.946-1.052) 0.936 
South 129,077 1.016 (0.983-1.050) 1.018 (0.976-1.061)   1.227 (0.796-1.892) 0.354 1.001 (0.952-1.054) 0.957 
West 38,441 1.020 (0.983-1.058) 1.022 (0.974-1.073)   1.352 (0.831-2.197) 0.224 1.002 (0.946-1.061) 0.950 

Hysterectomy & OS                 
Northeast 3,167 1.069 (0.993-1.150) 1.050 (0.984-1.120)   2.113 (0.957-4.714) 0.058 0.983 (0.897-1.076) 0.702 
Midwest 2,918 1.044 (0.982-1.110) 1.067 (1.014-1.124)   2.711 (1.405-5.227) 0.003 1.022 (0.958-1.103) 0.568 
South 8,171 1.045 (0.985-1.109) 1.071 (1.024-1.121)   2.789 (1.505-5.167) 0.001 1.025 (0.956-1.100) 0.487 
West 3,829 1.123 (1.067-1.182) 0.981 (0.931-1.034)   1.479 (0.839-2.612) 0.177 0.873 (0.818-0.932) <0.001 
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Table 2-2. Interrupted time-series analysis of quarterly rates of surgeries before and after the release of the clinical practice 
recommendation (continued)* 

  
N 

Pre-Recommendation 
Trend (2010-2013) 

Post-Recommendation 
Trend (2015-2017) 

 Change Associated with Recommendation Release 
 Immediate Change† Sustained Change§ 

IRR (95% CI) IRR (95% CI)  IRR (95% CI) p value IRR (95% CI) p value 
Rural/Urban Residence                 
Tubal ligation                 

Rural 49,160 1.001 (0.996-1.007) 0.969 (0.959-0.980)   0.917 (0.841-0.996) 0.049 0.969 (0.958-0.980) <0.001 
Urban 210,664 0.996 (0.990-1.002) 0.975 (0.964-0.986)   0.874 (0.794-0.961) 0.006 0.979 (0.967-0.991) 0.001 

OS (sterilization)                 
Rural 1,827 1.047 (1.008-1.088) 1.161 (1.127-1.195)   2.912 (1.956-4.336) <0.001 1.108 (1.058-1.161) <0.001 
Urban 10,148 1.023 (0.995-1.052) 1.179 (1.157-1.202)   3.387 (2.547-4.503) <0.001 1.152 (1.147-1.191) <0.001 

Hysterectomy                 
Rural 46,942 0.979 (0.963-0.995) 0.930 (0.894-0.968)   0.775 (0.583-1.030) 0.079 0.950 (0.911-0.991) 0.017 
Urban 210,107 0.980 (0.958-1.002) 0.919 (0.867-0.974)   0.691 (0.461-1.038) 0.075 0.937 (0.882-0.996) 0.036 

Hysterectomy & BSO                 
Rural 48,281 1.012 (0.984-1.041) 1.021 (0.982-1.061)   1.296 (0.885-1.899) 0.183 1.009 (0.963-1.056) 0.717 
Urban 196,169 1.022 (0.987-1.058) 1.032 (0.987-1.079)   1.189 (0.751-1.881) 0.461 1.009 (0.956-1.065) 0.461 

Hysterectomy & OS                 
Rural 2,183 1.042 (0.999-1.086) 1.061 (1.021-1.103)   2.289 (1.435-3.653) 0.001 1.018 (0.965-1.074) 0.504 
Urban 15,538 1.089 (1.027-1.156) 1.053 (1.003-1.107)   1.913 (1.027-3.563) 0.041 0.967 (0.902-1.037) 0.343 

Type of Health Plan                 
Tubal ligation                 

HMO 34,074 0.984 (0.968-1.000) 0.881 (0.847-0.916)   1.138 (0.873-1.484) 0.339 0.895 (0.859-0.933) <0.001 
PPO 162,881 0.992 (0.975-1.007) 0.870 (0.840-0.901)   1.318 (0.825-1.696) 0.331 0.878 (0.846-0.911) <0.001 
Other 48,966 0.989 (0.970-1.008) 0.864 (0.832-0.898)   1.267 (0.943-1.703) 0.116 0.864 (0.832-0.898) <0.001 

OS (sterilization)                 
HMO 1,458 1.030 (0.991-1.070) 1.180 (1.150-1.212)   3.229 (2.169-4.806) <0.001 1.146 (1.096-1.120) <0.001 
PPO 7,478 1.017 (0.984-1.052) 1.150 (1.123-1.176)   4.060 (2.897-5.689) <0.001 1.130 (1.086-1.175) <0.001 
Other 2,795 1.053 (1.009-1.099) 1.187 (1.156-1.219)   2.219 (1.477-3.332) <0.001 1.127 (1.075-1.181) <0.001 

Hysterectomy                 
HMO 32,270 0.979 (0.958-1.001) 0.914 (0.862-0.969)   0.760 (0.509-1.136) 0.181 0.933 (0.878-0.991) 0.025 
PPO 161,652 0.979 (0.959-0.996) 0.905 (0.860-0.953)   0.789 (0.549-1.135) 0.201 0.925 (0.876-0.976) 0.004 
Other 50,017 0.968 (0.945-0.991) 0.912 (0.863-0.964)   0.657 (0.436-0.992) 0.045 0.942 (0.889-0.998) 0.045 

Hysterectomy & BSO                 
HMO 27,464 1.017 (0.981-1.053) 1.025 (0.978-1.074)   1.373 (0.856-2.202) 0.189 1.008 (0.953-1.066) 0.778 
PPO 154,889 1.016 (0.983-1.050) 1.011 (0.968-1.056)   1.353 (0.871-2.101) 0.179 0.995 (0.945-1.049) 0.862 
Other 51,186 1.027 (0.991-1.064) 1.011 (0.970-1.054)   1.184 (0.754-1.859) 0.463 0.984 (0.935-1.036) 0.543 

Hysterectomy & OS         
HMO 2,979 1.126 (1.063-1.192) 0.996 (0.945-1.050)  1.730 (0.936-3.198) 0.081 0.885 (0.826-0.948) 0.001 
PPO 10,308 1.068 (1.007-1.133) 1.053 (1.004-1.106)  2.238 (1.208-4.144) 0.011 0.986 (0.919-1.057) 0.696 
Other 3,949 1.103 (1.029-1.182) 1.049 (1.000-1.101)  1.974 (1.005-3.876) 0.048 0.951 (0.881-1.027) 0.201 
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Table 2-2. Interrupted time-series analysis of quarterly rates of surgeries before and after the release of the clinical practice 
recommendation (continued)* 

  
N 

Pre-Recommendation 
Trend (2010-2013) 

Post-Recommendation 
Trend (2015-2017) 

 Change Associated with Recommendation Release 
 Immediate Change† Sustained Change§ 

IRR (95% CI) IRR (95% CI)  IRR (95% CI) p value IRR (95% CI) p value 
Family History of Cancer                 
Tubal ligation                 

None 253,596 0.993 (0.987-0.998) 0.965 (0.954-0.975)   0.931 (0.851-1.020) 0.125 0.971 (0.960-0.983) <0.001 
Breast or ovary 12,548 0.989 (0.981-0.997) 0.959 (0.943-0.974)   0.931 (0.817-1.061) 0.288 0.969 (0.952-0.986) <0.001 

OS (sterilization)                 
None 11,201 1.016 (0.987-1.046) 1.168 (1.145-1.192)   3.448 (2.562-4.640) <0.001 1.150 (1.110-1.190) <0.001 
Breast or ovary 1,035 1.057 (1.002-1.145) 1.145 (1.108-1.184)   3.450 (2.062-5.767) <0.001 1.084 (1.021-1.150) 0.008 

Hysterectomy                 
None 240,880 0.977 (0.956-0.998) 0.913 (0.866-0.964)   0.740 (0.506-1.082) 0.121 0.935 (0.884-0.989) 0.021 
Breast or ovary 22,333 0.980 (0.962-0.994) 0.928 (0.891-0.966)   0.670 (0.501-0.897) 0.007 0.949 (0.909-0.990) 0.016 

Hysterectomy & BSO                 
None 222,050 1.006 (0.975-1.038) 1.018 (0.975-1.063)   1.261 (0.818-1.942) 0.293 1.011 (0.961-1.065) 0.653 
Breast or ovary 33,065 1.015 (0.992-1.038) 1.023 (0.994-1.052)   1.194 (0.894-1.595) 0.229 1.008 (0.974-1.042) 0.656 

Hysterectomy & OS                 
None 16,494 1.058 (1.010-1.108) 1.036 (0.991-1.084)   1.810 (1.069-3.066) 0.027 0.980 (0.923-1.040) 0.501 
Breast or ovary 1,727 1.066 (1.027-1.106) 1.060 (1.027-1.096)   1.700 (1.140-2.537) 0.009 0.995 (0.952-1.041) 0.836 

BRCA Testing                 
Tubal ligation                 

Non-BRCA Tested 265,354 0.993 (0.987-0.999) 0.964 (0.953-0.974)   0.932 (0.851-1.021) 0.131 0.971 (0.960-0.982) <0.001 
BRCA Tested 790 1.035 (0.991-1.081) 1.074 (1.025-1.125)   0.489 (0.292-0.818) 0.006 1.038 (0.982-1.097) 0.192 

OS (sterilization)                 
Non-BRCA Tested 12,054 1.019 (0.989-1.049) 1.166 (1.142-1.190)   3.510 (2.603-4.732) <0.001 1.144 (1.105-1.185) <0.001 
BRCA Tested 182 1.160 (0.965-1.395) 1.158 (1.074-1.249)   1.888 (0.502-7.103) 0.347 0.998 (0.830-1.200) 0.986 

Hysterectomy                 
Non-BRCA Tested 261,748 0.977 (0.957-0.998) 0.914 (0.866-0.964)   0.735 (0.504-1.072) 0.111 0.935 (0.884-0.989) 0.019 
BRCA Tested 1,465 1.002 (0.963-1.041) 0.971 (0.914-1.032)   0.557 (0.325-0.954) 0.033 0.970 (0.908-1.036) 0.361 

Hysterectomy & BSO                 
Non-BRCA Tested 249,668 1.013 (0.981-1.047) 1.019 (0.976-1.064)   1.273 (0.819-1.978) 0.284 1.006 (0.954-1.060) 0.833 
BRCA Tested 5,447 1.033 (0.992-1.076) 1.064 (1.023-1.106)   0.777 (0.491-1.232) 0.298 1.029 (0.979-1.083) 0.257 

Hysterectomy & OS                 
Non-BRCA Tested 18,018 1.078 (1.019-1.140) 1.045 (1.000-1.096)   2.087 (1.148-3.792) 0.016 0.970 (0.907-1.037) 0.372 
BRCA Tested 203 1.059 (0.934-1.200) 1.146 (1.032-1.204)   1.678 (0.542-5.193) 0.369 1.053 (0.923-1.201) 0.446 

 

 
 



 

51 
 

Table 2-2. Interrupted time series analysis of quarterly rates of surgeries before and after the release of the clinical practice 
recommendation (continued)* 

  
N 

Pre-Recommendation 
Trend (2010-2013) 

Post-Recommendation 
Trend (2015-2017) 

 Change Associated with Recommendation Release 
 Immediate Change† Sustained Change§ 

IRR (95% CI) IRR (95% CI)  IRR (95% CI) p value IRR (95% CI) p value 
Genetic Susceptibility                 
Tubal ligation                 

None 265,822 0.993 (0.987-0.999)  0.964 (0.953-0.975)  0.932 (0.850-1.022) 0.133 0.971 (0.959-0.982) <0.001 
Breast or ovary 322 1.005 (0.972-1.038) 0.927 (0.870-0.988)  0.945 (0.569-1.569) 0.828 0.922 (0.861-0.988) 0.020 

OS (sterilization)         
None 12,170 1.019 (0.990-1.050) 1.165 (1.141-1.188)  3.469 (2.575-4.672) <0.001 1.142 (1.103-1.182) <0.001 
Breast or ovary 66 0.992 (0.802-1.225) 1.165 (1.038-1.308)  4.165 (0.494-35.084) 0.189 1.175 (0.929-1.485) 0.177 

Hysterectomy         
None 262,463 0.977 (0.957-0.998) 0.914 (0.866-0.964)  0.736 (0.505-1.074) 0.112 0.935 (0.885-0.989) 0.019 
Breast or ovary 750 0.969 (0.946-0.993) 0.946 (0.898-0.996)  0.802 (0.543-1.204) 0.288 0.976 (0.923-1.031) 0.381 

Hysterectomy & BSO         
None 251,536 1.008 (0.976-1.041) 1.017 (0.975-1.061)  1.266 (0.824-1.944) 0.281 1.009 (0.958-1.062) 0.722 
Breast or ovary 3,579 1.018 (1.000-1.036) 1.039 (1.017-1.061)  0.979 (0.784-1.222) 0.852 1.020 (0.994-1.047) 0.127 

Hysterectomy & OS         

None 18,170 1.059 (1.012-1.109) 1.037 (0.993-1.084)  1.804 (1.076-3.026) 0.025 0.980 (0.924-1.039) 0.492 
Breast or ovary 51 0.905 (0.776-1.056) 1.061 (0.945-1.192)  1.637 (1.226-33.113) 0.028 1.172 (0.964-1.426) 0.112 

*Adjusted for seasonality and age at surgery. Abbreviations: OS, opportunistic salpingectomy; BSO, bilateral salpingo-oophorectomy; IRR, incidence rate ratio; CI: confidence interval; 
HMO, health maintenance organization; PPO, preferred provider organization. Pre-recommendation period was from January 2010 to December 2013 and post-recommendation period 
was from January 2015 to December 2017. Incidence rate ratios (slope) represent the quarterly change in the incidence rates of surgery. †Represents the quarterly change between the 
time points immediately before and immediately after the recommendation release. §Represents the quarterly change in the post-recommendation period versus the pre-
recommendation period.  
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Chapter 2 Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-1. Trends in quarterly rates of opportunistic salpingectomy, 2010-2017.  
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Figure 2-2A. Trends in quarterly rates of opportunistic salpingectomy by age at surgery, 2010-2017.  
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Figure 2-2B. Trends in quarterly rates of opportunistic salpingectomy by geographic region, 2010-2017.  
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Figure 2-2C. Trends in quarterly rates of opportunistic salpingectomy by rural/urban location, 2010-2017.  
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Figure 2-2D. Trends in quarterly rates of opportunistic salpingectomy by type of health insurance plan, 2010-2017.  
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Figure 2-2E. Trends in quarterly rates of opportunistic salpingectomy by family history of breast or ovarian cancer, 2010-2017.  
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Figure 2-2F. Trends in quarterly rates of opportunistic salpingectomy by receipt of BRCA testing, 2010-2017.  
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Figure 2-2G. Trends in quarterly rates of opportunistic salpingectomy by genetic susceptibility to breast or ovarian cancer, 2010-2017.  
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Figure 2-3. Interrupted time-series analysis of quarterly rates of opportunistic salpingectomy before and after the release of the clinical 
practice recommendation. Circles represent the observed rates, and solid lines represent the deseasonalized, age-adjusted predicted 
trends. The dashed vertical line indicates the time of the recommendation release.  

 

 

 

 

 

 

 

 

Salpingectomy Hysterectomy and Salpingectomy 



 

61 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-4. Interrupted time-series analysis of quarterly rates of tubal ligation, hysterectomy, and hysterectomy and bilateral salpingo-
oophorectomy before and after the release of the clinical practice recommendation. Circles represent the observed rates, and solid lines 
represent the deseasonalized, age-adjusted predicted trends. The dashed vertical line indicates the time of the recommendation release. 
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Chapter 2 Appendix 
 
Table 2-1. International Classification of Diseases and Current Procedural Terminology codes used to select the analytic sample  

Procedures Procedure Codes 
CPT ICD-9 ICD-10 

Exclusions    

Radical hysterectomy, surgeries performed for cancer 
58275, 58280, 58285, 58200, 58210, 
58240, 58548, 58951, 58953, 58954, 
58956, 58575, 58943, 58950, 58952 

68.8x -- 

Surgical Procedures    

Hysterectomy 

51925, 56308, 58150, 58260, 58267, 
58270, 58290, 58293, 58294, 58150, 
58152, 58180, 58541, 58543, 58550, 

58553, 58570, 58572, 59525 

68.3x-68.7x, 68.9x 0UT9x 

Bilateral salpingectomy 58661, 58700 66.5x 0UT7x 

Bilateral oophorectomy 58262, 58263, 58291, 58292, 58542, 
58544, 58552, 58554, 58571, 58573 65.51-65.53, 65.61-65.63 0UT2x 

Tubal ligation 58565, 58600, 58605, 58611, 58615, 
58670, 58671 66.2x, 66.3x 0UL7x, 0U57x 

BRCA Testing    

Before 2013 (paid to Myriad laboratories, the only 
clinical laboratory in the U.S. at the time offering 
BRCA1/2 testing) 

S3818-S3820, S3822, 83891, 83898, 
83904, 83912 -- -- 

After 2013 81162, 81211, 81213-81217 -- -- 
Abbreviations: ICD, International Classification of Diseases; CPT, Current Procedural Terminology.  
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Table 2-1. International Classification of Diseases and Current Procedural Terminology codes used to select the analytic sample 
(continued)  

Diagnoses 
 Diagnosis Codes 
 ICD-9 ICD-10 

Exclusions    
Gynecologic cancer  158.x, 174.x, 179.x-180.x, 182.x-184.x, 236.x C48.x, C50.x- C57.x, D39.x 
Personal history of breast/gynecologic cancer  V10.3, V10.4x Z85.3, Z85.4x 
Cancer metastasis to genital organs  198.6, 198.82 C79.6, C79.82 
Acquired absence of uterus, ovaries, fallopian tubes  V88.01, V88.02, V45.77 Z90.710, Z90.711, Z90.79 

Prior history of tubal ligation  V26.51 Z98.51 

Surgical Indications    

Sterilization  V25.2 Z30.2 
Inflammatory disorders of ovaries, fallopian tubes  614.x N70.x, N73.x 
Uterine fibroids  218.x D25.x 
Non-inflammatory disorders of ovaries, fallopian tubes  620.x N83.x 
Disorders of menstruation, abnormal bleeding, 
postmenopausal disorders  626.x, 627.x N91.x-N93.x, N95.x 

Endometriosis  617.x N80.x 
Pain/other symptoms associated with genital organs  625.x N94.x 

Abdominal/pelvis mass or swelling  789.3x R19.0x 
Genital prolapse  618.x N81.x 
Benign neoplasms of ovaries, other organs  220.x, 221.x D27.x, D28.x 

Abbreviations: ICD, International Classification of Diseases.  
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Table 2-2. The most common indications for surgery 
Indication Frequency (%) 
Hysterectomy  

Uterine Fibroids 31.7 
Disorders of menstruation, abnormal bleeding from female genital tract, and postmenopausal disorders 31.7 

Genital prolapse 10.7 

Pain and other symptoms associated with female genital tract (e.g. dyspareunia, vaginismus, dysmenorrhea) 8.9 

Endometriosis 7.1 

Hysterectomy & BSO  

Uterine fibroids 27.5 
Disorders of menstruation, abnormal bleeding from female genital tract, and postmenopausal disorders 26.9 

Endometriosis 9.2 

Pain and other symptoms associated with female genital tract (e.g. dyspareunia, vaginismus, dysmenorrhea) 8.9 

Genital prolapse 7.4 

Non-inflammatory diseases of the ovary/fallopian tubes (e.g. cysts, hematoma, torsion) 2.8 

Benign neoplasm of ovary 1.7 
Hysterectomy & OS  

Uterine fibroids 46.2 
Disorders of menstruation, abnormal bleeding from female genital tract, and postmenopausal disorders 27.1 

Pain and other symptoms associated with female genital tract (e.g. dyspareunia, vaginismus, dysmenorrhea) 6.0 

Genital prolapse 5.5 

Endometriosis 4.0 
Abbreviations: BSO, bilateral salpingo-oophorectomy; OS, opportunistic salpingectomy.  
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Table 2-3. Age-adjusted quarterly rates of surgeries, overall and before and after the release of the clinical practice recommendation* 

  
N 

Rate per 100,000 Women (95% CI)   Absolute Change† 

Overall (2010-2017) Pre-Recommendation 
(2010-2013) 

Post-Recommendation 
(2015-2017)   Change (95% CI) p value 

Tubal ligation 266,144 60.67 (51.63, 69.71) 66.40 (54.85, 77.96) 49.18 (38.35, 60.02)  -17.22 (-21.29, -13.72) <0.001 

OS (sterilization) 12,236 2.79 (1.67, 3.91) 0.62 (0.53, 0.72) 7.10 (4.91, 9.29)  6.48 (4.29, 8.56) <0.001 
Hysterectomy 263,213 60.00 (52.44, 67.56) 75.22 (66.69, 83.76) 29.63 (23.29, 35.96)  -45.59 (-59.51, -39.75) <0.001 
Hysterectomy & BSO 255,115 58.15 (48.82, 67.49) 47.84 (37.26, 58.42) 78.62 (64.06, 93.19)  30.78 (21.75, 50.57) <0.001 
Hysterectomy & OS 18,221 4.15 (3.24, 5.06) 1.81 (1.54, 2.09) 8.81 (7.23, 10.39)  7.00 (5.62, 8.96) <0.001 

*Pre-recommendation period was from January 2010 to December 2013 and post-recommendation period was from January 2015 to December 2017. Abbreviations: OS, 
opportunistic salpingectomy; BSO, bilateral salpingo-oophorectomy. †Difference between post- and pre-recommendation rates.  
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Table 2-4. Interrupted time-series analysis of quarterly rates of surgeries before and after the release of the clinical practice 
recommendation, excluding the 2014 time lag, excluding women with a family history of breast or ovarian cancer, excluding women with 
genetic susceptibility to breast or ovarian cancer, and requiring a facility code for bilateral oophorectomy for all hysterectomies and 
bilateral salpingo-oophorectomy 

 N 
Pre-Recommendation 

Trend (2010-2013) 
Post-Recommendation 

Trend (2015-2017) 
 Change Associated with Recommendation Release 
 Immediate Change† Sustained Change§ 

IRR (95% CI) IRR (95% CI)  IRR (95% CI) p value IRR (95% CI) p value 
No 2014-time lag                 

Tubal ligation 309,584 0.992 (0.986-0.997) 0.969 (0.963-0.976)   1.021 (0.946-1.102) 0.592 0.978 (0.969-0.986) <0.001 
OS (sterilization) 13,574 1.017 (0.994-1.042) 1.162 (1.150-1.173)   2.149 (1.703-2.712) <0.001 1.141 (1.175-1.313) <0.001 
Hysterectomy 293,000 0.977 (0.958-0.997) 0.933 (0.906-0.962)   0.809 (0.601-1.091) 0.166 0.955 (0.922-0.990) 0.012 
Hysterectomy & BSO 303,348 1.013 (0.981-1.047) 1.019 (0.994-1.046)   1.211 (0.827-1.772) 0.326 1.006 (0.966-1.048) 0.766 
Hysterectomy & OS 22,798 1.068 (1.011-1.127) 1.041 (1.014-1.068)   2.054 (1.121-3.428) 0.006 0.975 (0.972-1.271) 0.398 

Using 2015 as time of 
intervention¶         

Tubal ligation 309,584 0.991 (0.987-0.994) 0.973 (0.961-0.986)  0.895 (0.814-0.983) 0.021 0.982 (0.969-0.996) 0.009 
OS (sterilization) 13,574 1.091 (1.071-1.111) 1.106 (1.076-1.137)  2.121 (1.597-2.817) <0.001 1.013 (0.984-1.044) 0.375 
Hysterectomy 293,000 0.963 (0.950-0.977) 0.968 (0.909-1.032)  0.645 (0.424-0.980) 0.041 1.005 (0.425-1.073) 0.873 
Hysterectomy & BSO 303,348 1.027 (1.007-1.049) 1.022 (0.967-1.079)  1.000 (0.643-1.557) 0.996 0.994 (0.940-1.052) 0.844 
Hysterectomy & OS 22,798 1.158 (1.081-1.152) 1.001 (0.942-1.063)  1.250 (0.728-2.143) 0.418 0.897 (0.843-0.954) 0.001 

Excluding women with a 
family history of breast or 
ovarian cancer 

                

Tubal ligation 253,596 0.993 (0.987-0.998) 0.965 (0.954-0.975)   0.931 (0.851-1.019) 0.125 0.971 (0.960-0.982) <0.001 
OS (sterilization) 11,201 1.017 (0.987-1.047) 1.170 (1.146-1.194)   3.478 (2.576-4.697) <0.001 1.151 (1.111-1.191) <0.001 
Hysterectomy 240,880 0.977 (0.956-0.998) 0.913 (0.867-0.964)   0.740 (0.506-1.082) 0.121 0.935 (0.884-0.989) 0.020 
Hysterectomy & BSO 222,050 1.013 (0.980-1.047) 1.021 (0.976-1.066)   1.273 (0.956-1.062) 0.775 1.008 (0.956-1.062) 0.775 
Hysterectomy & OS 16,494 1.077 (1.017-1.139) 1.044 (0.995-1.096)   2.106 (1.145-3.874) 0.017 0.970 (0.906-1.039) 0.387 

Excluding women with 
genetic susceptibility to 
breast or ovarian cancer 

                

Tubal ligation 265,822 0.993 (0.987-0.999) 0.964 (0.953-0.975)  0.932 (0.850-1.021) 0.133 0.971 (0.960-0.983) <0.001 
OS (sterilization) 12,170 1.019 (0.991-1.050) 1.165 (1.141-1.188)  3.469 (2.575-4.673) <0.001 1.142 (1.103-1.183) <0.001 
Hysterectomy 262,463 0.977 (0.956-0.998) 0.914 (0.867-0.964)  0.736 (0.505-1.073) 0.112 0.935 (0.885-0.989) 0.019 
Hysterectomy & BSO 251,536 1.007 (0.976-1.040) 1.017 (0.975-1.061)  1.266 (0.824-1.944) 0.281 1.009 (0.959-1.062) 0.722 
Hysterectomy & OS 18,170 1.059 (1.011-1.109) 1.038 (0.993-1.084)  1.804 (1.076-3.026) 0.025 0.980 (0.924-1.039) 0.492 

Requiring facility claim for 
bilateral oophorectomy for 
all BSO   

              

Hysterectomy & BSO 72,768 0.954 (0.919-0.989) 0.954 (0.886-1.027)  0.971 (0.537-1.756) 0.921 1.000 (0.923-1.085) 0.993 
*Adjusted for seasonality and age at surgery. Abbreviations: OS, opportunistic salpingectomy; BSO, bilateral salpingo-oophorectomy; IRR, incidence rate ratio; CI: confidence interval. 
Pre-recommendation period was from January 2010 to December 2013 and post-recommendation period was from January 2015 to December 2017. Incidence rate ratios (slope) 
represent the quarterly change in the incidence rates of surgery. †Represents the quarterly change between the time points immediately before and immediately after the 
recommendation release. §Represents the quarterly change in the post-recommendation period versus the pre-recommendation period. ¶Pre-recommendation period was from January 
2010 to December 2014 and post-recommendation period was from January 2015 to December 2017.  
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Figure 2-1A. Plots of residuals, autocorrelation function, and partial autocorrelation function after interrupted time-series 
regression with seasonal adjustment for the overall model examining trends in opportunistic salpingectomy for sterilization.  
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Figure 2-1B. Plots of residuals, autocorrelation function, and partial autocorrelation function after interrupted time series 
regression with seasonal adjustment for the overall model examining trends in hysterectomy and opportunistic salpingectomy.  
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Figure 2-1C. Plots of residuals, autocorrelation function, and partial autocorrelation function after interrupted time series 
regression with seasonal adjustment for the overall model examining trends in tubal ligation.  
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Figure 2-1D. Plots of residuals, autocorrelation function, and partial autocorrelation function after interrupted time series 
regression with seasonal adjustment for the overall model examining trends in hysterectomy.  
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Figure 2-1E. Plots of residuals, autocorrelation function, and partial autocorrelation function after interrupted time series 
regression with seasonal adjustment for the overall model examining trends in hysterectomy and bilateral salpingo-
oophorectomy.  
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Figure 2-2. Trends in quarterly rates of tubal ligation, hysterectomy, and hysterectomy and bilateral salpingo-oophorectomy, 2010-2017.  
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Abstract 

Background: Compelling evidence demonstrating early invasive cancers in the Fallopian 

tubes of BRCA1/2 carriers at the time of prophylactic surgery support the hypothesis that 

Fallopian tube cancers are precursors of high-grade serous ovarian cancer. These 

findings have led to a rapid increase in opportunistic salpingectomy (OS), removal of the 

fallopian tubes at the time of benign gynecologic surgery for ovarian cancer prevention 

among women in the general population. However, little data exists on the prevalence of 

and risk factors for occult cancer in the general population. To address these gaps, we 

quantified the prevalence of occult cancer at the time of benign gynecologic surgery and 

identified risk factors associated with an occult cancer diagnosis. 

 

Methods: All benign surgeries (hysterectomy, bilateral salpingo-oophorectomy [BSO], 

OS, tubal ligation [TL]) in women aged 18-64 years from the MarketScan Commercial 

Claims and Encounters Database from 2010 and 2017 were identified. Among 538,471 

women identified, we evaluated the prevalence of occult ovarian, Fallopian tube, and 

peritoneal cancer, overall and by type of surgery. Poisson regression models with robust 

variance were used to assess factors independently associated with an occult cancer 

diagnosis. Models were adjusted for age, type of surgery, geographic region, 

inpatient/outpatient setting, surgical indication, genetic susceptibility to and family history 

of breast and/or ovarian cancer, BRCA testing, and comorbidity score. Additionally, we 

also examined the age-adjusted incidence of peritoneal cancer after BSO.  

 

Results: 284 occult cancers (220 ovarian, 43 Fallopian tube, 21 peritoneal) were 

diagnosed at surgery. The median age at diagnosis was 51 years (IQR: 45-57 years), 

and the age-adjusted prevalence was 0.053% (95% CI: 0.047-0.059) overall and 0.042% 

(95% CI: 0.036-0.048) excluding women with a family history of and genetic 
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susceptibility to breast and/or ovarian cancer. The age-adjusted prevalence of occult 

cancer was highest in women with OS (0.123%, 95% CI: 0.014-0.233) and hysterectomy 

and BSO (0.090%; 95% CI: 0.076-0.104) followed by women with hysterectomy and OS 

(0.036%, 95% CI: 0.000-0.071) and hysterectomy (0.028%, 95% CI: 0.021-0.036). 

Women with TL had the lowest prevalence of occult cancer (0.012%, 95% CI: 0.004-

0.019). In adjusted analyses, older age (prevalence ratio (PR) 45-55 years: 3.00, 95% 

CI: 2.07-4.36 vs <45 years; PR >55 years: 10.31, 95% CI: 6.81-15.61 vs <45 years), 

family history of and genetic susceptibility to breast and/or ovarian cancer (PR family 

history, no genetic susceptibility: 1.71, 95% CI: 1.27-2.32 vs none; PR genetic 

susceptibility: 7.57, 95% CI: 3.99-14.34 vs none), specific surgical indications (PR 

benign neoplasm of ovary: 14.13, 95% CI: 8.40-23.77 vs uterine fibroids; PR 

abdominal/pelvic mass/swelling: 7.71, 95% CI: 3.94-15.10 vs uterine fibroids; PR ovarian 

cyst: 4.65, 95% CI: 2.63-8.21 vs uterine fibroids), and pre-surgical comorbidities (PR 1+ 

comorbidities: 1.61, 95% CI: 1.07-2.42 vs 0 comorbidities) were significantly associated 

with an occult cancer diagnosis. After an average follow-up of two-years, 12 women 

developed peritoneal cancer after BSO (age-adjusted incidence: 4.57 per 100,000 

women; 95% CI: 2.47-6.67). No peritoneal cancers developed in women with occult 

ovarian and Fallopian tube cancer at BSO.  

 

Conclusions: In this large and unselected nationwide sample of women undergoing 

benign surgery, occult cancers developed >10 years before the median age at which 

women are diagnosed with ovarian cancer. The prevalence of occult cancer was lower 

than the prevalence reported by prior studies in selected BRCA1/2 carriers (2.5%-5.0%) 

and non-carriers (0.5%) undergoing prophylactic BSO.  
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Introduction 

Ovarian cancer is the deadliest gynecologic malignancy and the fifth leading cause of 

cancer deaths among women in the U.S. The lifetime risk of ovarian cancer is about 

1.4%, and up to 80% of cases are sporadic.1 In women with BRCA1/2 mutations, the 

lifetime risk of ovarian cancer is 16%-54%.2-5 Because of the lack of effective screening 

tests, over 70% of ovarian cancers are diagnosed at an advanced stage when 

therapeutic options are limited. Primary prevention remains the most effective strategy 

for reducing the risk of ovarian cancer. 

 

Both oral contraceptives and tubal ligation have been shown to reduce the risk of 

ovarian cancer. Oral contraceptive use is associated with a 27% reduction in ovarian 

cancer risk, and this risk reduction persists for more than 30 years after cessation.6 

Tubal ligation, a common contraceptive procedure that involves tying, cutting, or 

blocking the fallopian tubes, is associated with a 34% reduction in ovarian cancer risk.7 

However, the level of protection conferred by oral contraceptives and tubal ligation is 

significantly lower when compared to risk-reducing surgery. 

 

Bilateral salpingo-oophorectomy (BSO), the surgical removal of the ovaries and fallopian 

tubes, is the most effective risk-reducing surgery for ovarian cancer. It is associated with 

an 80% reduction in ovarian cancer risk and a 68% reduction in all-cause mortality.8 

BSO has been widely adopted as a cornerstone of ovarian cancer prevention in women 

with BRCA1/2 mutations and women with a family history of breast and ovarian 

cancer.9,10 It is often also performed for ovarian cancer prevention in average-risk 

women in the general population at the time of hysterectomy for benign gynecologic 

indications.11  
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Recent advances in our understanding of ovarian cancer etiology point to the fallopian 

tube epithelium as the origin of high-grade serous ovarian cancer, the most common and 

lethal ovarian cancer subtype.12,13 Among high-risk women with BRCA1/2 mutations or a 

family history of breast and/or ovarian cancer undergoing prophylactic BSO, precursor 

lesions called serous tubal intraepithelial carcinoma (STIC) have been identified in 3%-

8% of examined fallopian tube samples.14-17 STICs have also been identified in the 

fallopian tubes of high-risk women diagnosed with high-grade serous ovarian cancer. 

This evolving appreciation of the role of the fallopian tubes in ovarian carcinogenesis has 

led to the emergence of opportunistic salpingectomy, the surgical removal of the 

fallopian tubes at the time of benign gynecologic surgery, as a novel ovarian cancer 

prevention strategy. Despite limited data on overall efficacy, OS is now recommended 

for ovarian cancer prevention in average-risk women in the general population at the 

time of benign hysterectomy or in place of tubal ligation for sterilization.18,19 

 

At the time of risk-reducing surgery, women can be diagnosed with preoperatively 

unrecognized or occult cancer. In selected samples of women with BRCA1/2 mutations 

and a family history of breast and ovarian cancer undergoing prophylactic BSO, the 

average prevalence of occult ovarian cancer has been estimated to be 3.7% among 

BRCA carriers and 0.5% among high-risk non-carriers.9,20-24 However, little is known 

about the prevalence of and risk factors for occult ovarian cancer in an unselected 

sample of average-risk women. 

 

The objective of this study was to examine the prevalence of occult ovarian, fallopian 

tube, and peritoneal cancer in a large, population-based sample of women undergoing 

benign gynecologic surgery. We also identified factors independently associated with an 
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occult cancer diagnosis at the time of surgery and the subsequent risk of primary 

peritoneal cancer after surgery. 

 

Methods 

Data Source and Study Population 

Data from the Truven Health Analytics MarketScan Commercial Claims and Encounters 

(CCAE) Database from 2010 to 2017 were utilized. The CCAE database includes 

insurance claims for non-retired employees and their dependents who are enrolled in 

commercial health insurance plans sponsored by U.S.-based employers. It captures 

data on all inpatient and outpatient encounters at hospitals and ambulatory surgical 

centers. The patient-level data includes demographics, detailed enrollment information, 

and admitting and discharge diagnosis and procedure codes.   

 

All gynecologic surgeries, including hysterectomy, tubal ligation, and OS, performed 

during the period January 1, 2010, to December 31, 2017, were identified (n=989,020). 

Surgeries were ascertained using International Classification of Diseases (ICD), 9th and 

10th revision procedure codes, and Current Procedural Terminology (CPT) codes 

(Appendix Table 3-1). A 12-month period before surgery was utilized to apply all 

exclusion criteria (Figure 3-1). Women with less than 12 months of continuous 

enrollment before surgery were excluded (n=385,093). Benign surgeries were identified 

by excluding women with a diagnosis of gynecologic cancer (n=1,796) or cancer 

metastasis to female genital organs (n=196) before surgery. Cancer diagnosis was 

defined as the occurrence of two or more inpatient or outpatient ICD9/ICD10 diagnosis 

codes for cancer within two months based on the validated methods by Setoguchi et 

al.25 Additionally, women with a diagnosis of abdominal bloating, abdominal pain, 

abdominal or pelvic swelling, mass or lump, and abdominal tenderness (n=38,516) 
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before surgery were excluded as prior studies have shown that these symptoms are 

frequently associated with ovarian cancer.26-28 Women undergoing a radical 

hysterectomy (n=23,545) or a hysterectomy for suspicion of cancer (n=1,384) and 

women with a CPT code for radiation therapy for gynecologic cancer (n=19) before 

surgery were also excluded. After exclusions, a total of 538,471 women with benign 

gynecologic surgeries were included in the study population. 

 

Ascertainment of Covariates 

Patient characteristics including age at surgery, geographic region, rural/urban 

residence, type of health insurance plan, inpatient/outpatient setting, family history of 

breast and/or ovarian cancer, BRCA testing, genetic susceptibility to cancer, and 

comorbidity score were ascertained. Age was categorized as <45 years, 45-54 years, 

and ≥55 years. Geographic region was based on U.S. Census delineations and 

classified as Northeast, Midwest, South, and West.29 Rural/urban residence was 

mapped from the five-digit zip code of the primary beneficiary by Truven Health Analytics 

based on the Office of Management and Budget delineations for metropolitan statistical 

areas and categorized as rural if metropolitan statistical area was 0 and urban 

otherwise.29 Type of health insurance plan was categorized as Health Maintenance 

Organization (HMO), Preferred Provider Organization (PPO), and other. 

Inpatient/outpatient setting was based on whether claims were derived from inpatient or 

outpatient files. If women had both inpatient and outpatient claims for surgery, the 

surgery was classified as inpatient. Family history of and genetic susceptibility to cancer 

was ascertained using ICD9/ICD10 diagnosis codes. Women were classified as having a 

family history of breast or ovarian cancer if they had a claim with a family history code for 

breast cancer or ovarian cancer during the study period, breast and ovarian cancer if 

they had a claim with a family history code for both breast and ovarian cancer during the 
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study period, and none otherwise. Women were classified as having a genetic 

susceptibility to breast and/or ovarian cancer if they had a claim with a genetic 

susceptibility code for breast cancer, ovarian cancer, or both during the study period, 

other cancer, not specified if they had a claim with a genetic susceptibility code for other 

cancer during the study period, and none otherwise.  BRCA testing was identified using 

CPT codes in outpatient claims as described by Lynch et al.,30 and women were 

classified as having a BRCA test if they had a claim for BRCA testing more than 30 days 

before the date of surgery. Comorbidity score was measured during the year before 

surgery using the Klabunde adaptation of the Charlson comorbidity index and classified 

as 0 if women had no diagnosed comorbidities and 1+ if women were diagnosed with 

one or more comorbidities (Appendix Table 3-1).31  

 

Ascertainment of Occult Cancer 

An occult cancer was defined by the occurrence of ovarian, fallopian tube, or peritoneal 

cancer within six months of surgery (Figure 3-1). To avoid misclassification, the 

diagnosis of occult cancer was based on the presence of two or more inpatient or 

outpatient ICD9/ICD10 diagnosis codes within two months.25 The date of occult cancer 

diagnosis was the date of the first diagnosis code.   

 

Statistical Analysis 

Women were divided into five groups by type of benign gynecologic surgery: 

hysterectomy, hysterectomy and BSO, hysterectomy and OS, tubal ligation, and OS for 

sterilization. Descriptive analyses were conducted for patient characteristics: age, 

geographic region, rural/urban residence, type of health insurance plan, 

inpatient/outpatient setting, family history of breast and/or ovarian cancer, BRCA testing, 

genetic susceptibility to breast and/or ovarian cancer and comorbidity score and 
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summarized overall and by type of surgery. Age-adjusted prevalence and 95% 

confidence intervals (CI) of occult cancer by patient characteristics were calculated and 

summarized overall and by type of surgery.  

 

To evaluate factors independently associated with an occult cancer diagnosis at the time 

of surgery, Poisson regression with robust variance was utilized after ascertaining the 

absence of multiple collinearity among the variables. Models were adjusted for age at 

surgery, type of surgery, geographic region, surgical indication, BRCA testing, 

inpatient/outpatient setting, comorbidity score, and a composite variable incorporating 

family history of and genetic susceptibility to breast and/or ovarian cancer. Results were 

reported as prevalence proportion ratios (PR) with two-sided 95% CI. To examine 

subsequent risk of peritoneal cancer, age-adjusted incidence rates were calculated 

using Poisson regression among women with occult fallopian tube and ovarian cancer 

and among women with no occult cancer at the time of BSO. Subsequent peritoneal 

cancer was defined as peritoneal cancer diagnosed more than one-year after BSO. 

 

Sensitivity analyses were conducted to determine the effect on overall age-adjusted 

prevalence of occult cancer by excluding women with a genetic susceptibility to and 

family history of breast and/or ovarian cancer, excluding women with a diagnosis of 

breast cancer before surgery, and using 3-, 6- and 12-months as alternative definitions 

for occult cancer diagnosis. All analyses were conducted in Stata, version 14.2 (Stata 

Corporation).  

 

Results 

A total of 538,471 benign gynecologic surgeries were included in the study population: 

140,392 hysterectomies, 168,692 hysterectomies and BSO, 14,500 hysterectomies and 
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OS, 203,539 tubal ligations, and 11,348 OS for sterilization (Table 3-1). The median age 

at surgery was 41 years (interquartile range: 35-47 years). Over 90% of women with 

tubal ligation and OS for sterilization were <45 years at the time of surgery compared to 

55% of women with hysterectomy and hysterectomy and OS, and 40% of women with 

hysterectomy and BSO. Most women undergoing surgery resided in the South (47.6%) 

and urban areas (80.9%) and had a PPO health insurance plan (60.7%). About half of all 

surgeries took place in outpatient settings with substantial variation by surgery type: 

hysterectomy (56.2%), hysterectomy and BSO (77.1%), hysterectomy and OS (23.3%), 

tubal ligation (49.6%), and OS for sterilization (71.1%). Among women undergoing 

surgery, 9.6% had a documented family history of breast and/or ovarian cancer, 1.3% 

underwent BRCA testing before surgery, and 0.6% had a documented genetic 

susceptibility to breast and/or ovarian cancer. The most common type of surgery among 

these women was hysterectomy and BSO. Most women had no diagnosed comorbidities 

before surgery. Among those with diagnosed comorbidities before surgery (n=22,661), 

the most common comorbidity was diabetes (48.1%). Median follow-up time after 

surgery was 19 months (interquartile range: 8-37 months). 

 

The most common indications for surgery were sterilization (25.1%), menstrual disorders 

(19.8%), uterine fibroids (18.2%), genital prolapse (6.1%), pain/other symptoms (5.2%), 

and endometriosis (4.4%). A total of 284 occult cancers were diagnosed at the time of 

surgery (220 ovarian, 43 fallopian tube, and 21 peritoneal) and the median age at occult 

cancer diagnosis was 51 years (interquartile range: 45-57 years). The overall prevalence 

of occult cancer increased with age (<45 years: 0.020%, 95% CI: 0.015-0.024; 45-54 

years: 0.074%, 95% CI: 0.061-0.088; ≥55 years: 0.270%, 95% CI: 0.021-0.036). The 

age-adjusted prevalence of occult cancer was 0.053% (95% CI: 0.047-0.059; Table 3-2).  
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The age-adjusted prevalence of occult cancer was highest in women with OS (0.123%, 

95% CI: 0.014-0.233) and hysterectomy and BSO (0.090, 95% CI: 0.076-0.104) followed 

by hysterectomy and OS (0.036%, 95% CI: 0.000-0.071), hysterectomy (0.028%, 95% 

CI: 0.021-0.036), and tubal ligation (0.012; 95% CI: 0.004-0.019). Substantial variation in 

age-adjusted prevalence of occult cancer was observed by geographic region with 

higher prevalence in the Northeast (0.079%, 95% CI: 0.060-0.098) and South (0.054, 

95% CI: 0.045-0.063) compared to the West (0.045, 95% CI: 0.031-0.059) and Midwest 

(0.036, 95% CI: 0.025-0.047). The prevalence of occult cancer did not differ by 

rural/urban residence and type of health plan. Surgeries performed in inpatient settings 

(0.077%, 95% CI: 0.064-0.089) had a higher prevalence of occult cancer compared to 

those performed in outpatient settings (0.039%, 95% CI: 0.033-0.046). The overall 

prevalence of occult cancer was elevated in women with a documented family history of 

breast and ovarian cancer (0.469, 95% CI: 0.180-0.757) and breast or ovarian cancer 

(0.093; 95% CI: 0.070-1.162) compared to women with no family history of cancer 

(0.045, 95% CI: 0.039-0.051). Similarly, the prevalence of occult cancer in women who 

underwent BRCA testing before surgery (0.205%, 95% CI: 0.113-0.297) and women with 

a genetic susceptibility to breast and/or ovarian cancer (0.489%, 95% CI: 0.276-0.701) 

and other cancer, not specified (0.265%, 95% CI: 0.000-0.563) was higher compared to 

women with no BRCA testing before surgery (0.050%, 95% CI: 0.044-0.056) and no 

genetic susceptibility to cancer (0.049%, 95% CI: 0.043-0.055), respectively. Women 

with diagnosed comorbidities before surgery (0.097%, 95% CI: 0.059-0.135) had a 

higher prevalence of occult cancer compared to women with no diagnosed comorbidities 

before surgery (0.051%, 95% CI: 0.045-0.057).  

 

Appendix Table 3-2 summarizes the results of the sensitivity analyses. The overall age-

adjusted prevalence of occult cancer was 0.042% (95% CI: 0.036-0.048) after excluding 
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women with a family history of and genetic susceptibility to breast and or/ovarian cancer 

and 0.051% (95% CI: 0.045-0.057) after excluding women with a diagnosis of breast 

cancer before surgery. Utilizing different definitions for occult cancer diagnosis, the 

overall age-adjusted prevalence was 0.049% (95% CI: 0.043-0.055) if occult cancer was 

defined as cancer diagnosed within 3 months of surgery, 0.055% (95% CI: 0.049-0.061) 

if occult cancer was defined as cancer diagnosed within 9 months of surgery, and 

0.057% (95% CI: 0.050-0.063) if occult cancer was defined as cancer diagnosed within 

12 months of surgery.   

 

The results of the multivariable-adjusted models are shown in Figure 3-2. Older age, 

family history of and genetic susceptibility to breast and/or ovarian cancer, surgical 

indication, and comorbidity score were independently associated with an occult cancer 

diagnosis. The prevalence of occult cancer was 10-fold higher (95% CI: 6.81-15.61) in 

women ≥55 years and 3-fold higher (95% CI: 2.07-4.36) in women 45-54 years 

compared to women <45 years. Additionally, the prevalence of occult cancer in women 

with a genetic susceptibility to breast and/or ovarian but no family history of breast 

and/or ovarian cancer was 8-fold higher (95% CI: 3.99-14.34) compared to women with 

no genetic susceptibility to and no family history of breast and/or ovarian cancer. The 

prevalence of occult cancer in women with no genetic susceptibility to breast and/or 

ovarian cancer but a positive family history of breast and/or ovarian was 2-fold higher 

(95% CI: 1.27-2.32) compared to women with no genetic susceptibility to and no family 

history of breast and/or ovarian cancer. Women with one or more diagnosed 

comorbidities before surgery had a 2-fold (95% CI: 1.07-2.43) higher prevalence of 

occult cancer compared to women with no comorbidities. Several surgical indications 

were associated with an occult cancer diagnosis: women with a benign neoplasm of the 

ovary (PR: 14.13, 95% CI: 8.40-23.77), ovarian cyst (PR: 4.65, 2.63-8.21), carcinoma in 
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situ of the uterus and other genitourinary organs (PR: 4.64, 95% CI: 2.94-8.68), and 

abdominal/pelvic mass or swelling (PR: 7.71, 95% CI: 3.94-15.10) had significantly 

higher prevalence of occult cancer compared to women with uterine fibroids. 

Conversely, women with genital prolapse had a lower prevalence of occult cancer 

compared to women with uterine fibroids (PR: 0.30, 95% CI: 0.16-0.57).   

 

After an average follow-up of two years, 12 primary peritoneal cancers were diagnosed 

among women who underwent a hysterectomy and BSO, resulting in an overall age-

adjusted incidence of 4.57 per 100,000 women (95% CI: 2.47-6.67). No peritoneal 

cancers were diagnosed in women with an occult ovarian and fallopian tube cancer at 

hysterectomy and BSO. Among women diagnosed with peritoneal cancer, the median 

age at diagnosis was 51 years (interquartile range: 45-54 years), 3 women (25.0%) had 

a documented family history of breast and/or ovarian cancer, and 2 women (16.7%) had 

a documented genetic susceptibility to breast and/or ovarian cancer.  

 

Discussion 

In this large, population-based study of 538,471 women undergoing benign gynecologic 

surgeries, the prevalence of occult cancer was 0.053% (95% CI: 0.047-0.059) overall 

and 0.042% (95% CI: 0.036-0.048) after excluding women with a family history of and 

genetic susceptibility to breast and/or ovarian cancer. Independent predictors of an 

occult cancer diagnosis at the time of surgery included age at surgery, family history of 

and genetic susceptibility to breast and/or ovarian cancer, surgical indication, and pre-

surgical comorbidities. Among women with an occult fallopian tube and ovarian cancer 

at the time of hysterectomy and BSO, none developed subsequent peritoneal cancer 

after an average follow-up of two years. A total of 12 peritoneal cancers developed in 
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women who underwent hysterectomy and BSO without an occult cancer diagnosis (age-

adjusted incidence: 4.57 per 100,000 women; 95% CI: 2.47-6.67). 

 

To our knowledge, this is the first study to examine the prevalence of and risk factors for 

occult cancer in average-risk women undergoing benign gynecologic surgeries. The 

estimated prevalence of occult cancer in prior studies in selected high-risk populations 

varies substantially.9,20-24 In a prospective study of women ≥30 years with BRCA 

mutations or a first- or second-degree family history of breast and/or ovarian cancer 

undergoing prophylactic BSO, the prevalence of occult cancer was 4.6% among BRCA1 

carriers, 3.5% among BRCA2 carriers, and 0.5% among noncarriers.14 Although the 

median age at occult cancer diagnosis in our study was comparable to that reported in 

prior studies in high-risk women (51 years),9,20-24 the prevalence of occult cancer was 

substantially lower.  

 

The lower prevalence of occult cancer reported in our study may reflect the younger age 

at surgery of women included in our study population as well as the rarity of ovarian 

cancer among women in the general population. Additionally, it is also plausible that in 

average-risk women, STICs in the fallopian tubes have limited proliferative activity 

compared to high-risk women. A total of 43 occult cancers (15% of all occult cancers) in 

our study were classified as fallopian tube cancers, resulting in an overall prevalence of 

0.008% (95% CI: 0.006-0.010), with substantially higher prevalence in women with a 

documented family history of and genetic susceptibility to breast and/or ovarian cancer 

(no family history, no genetic susceptibility: 0.005%, 95% CI: 0.003-0.007; family history, 

no genetic susceptibility: 0.014%, 95% CI: 0.005-0.023; genetic susceptibility regardless 

of family history: 0.178%, 95% CI: 0.059-0.295). Prior studies examining the prevalence 

of STICs in the fallopian tubes have focused on high-risk women and STICs remain 
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poorly characterized in average-risk women. In a study of 552 consecutive women 

undergoing benign gynecologic surgery, systematic review of the fallopian tubes 

revealed only four cases of STICs (0.7%) and one case of an occult ovarian cancer 

(0.2%).32 Future studies are needed to examine the clinical significance of STICs in 

average-risk women. These studies may also shed light on the utility of surgical 

prevention of ovarian cancer in the general population.  

 

Our study is subject to some limitations. MarketScan is a large convenience sample of 

individuals with employment-sponsored health insurance plans; therefore, our results are 

not generalizable to women who have public insurance plans such as Medicaid and 

Medicare or those who purchase insurance themselves. However, it is estimated that 

about 60% of women 19-64 years receive their health coverage through employment-

sponsored health insurance plans, representing the largest segment of U.S. healthcare 

users.33 We could not confirm whether extensive pathologic review of the ovaries and 

fallopian tubes according to established protocols had occurred at the time of surgery. 

Suboptimal examination of the ovaries and fallopian tubes could have resulted in an 

underestimation of the prevalence of occult cancer, leading to peritoneal cancer after 

surgery. However, the overall incidence of primary peritoneal cancer after BSO in our 

study was low. Our analysis is also limited by the nature of claims data, which may 

involve errors in coding that could lead to misclassification of covariates. 

 

Despite these limitations, our study has several strengths. We included a large, 

unselected nationwide sample of women undergoing benign gynecologic surgery. Our 

sample contains a broader and more generalizable distribution of surgeries performed in 

the U.S. To our knowledge, this study represents the largest sample of occult ovarian 

cancers reported in the literature. Furthermore, due to the large sample size, we were 
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also able to examine independent predictors of occult cancer at the time of surgery. 

These risk factors may facilitate future risk stratification and enhance preoperative 

evaluation of average-risk women undergoing benign gynecologic surgery. 

 

In summary, using a large and nationally representative subset of women undergoing 

benign gynecologic surgeries, we found that the overall prevalence of an occult cancer 

at the time of surgery was 0.053%. Risk factors such as age at surgery, surgical 

indication, comorbidities, and family history of and genetic susceptibility to breast and/or 

ovarian cancer were significantly associated with an occult cancer diagnosis and may be 

used to guide surgical planning.  
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Chapter 3 Tables 
 
Table 3-1. Characteristics of the study population, 2010-2017 

Characteristic Overall Hysterectomy Hysterectomy & BSO Hysterectomy & OS Tubal Ligation OS 
Total 538,471 140,392 168,692 14,500 203,539 11,348 
Age       

Mean (SD), years 41 (8.7) 44 (7.5) 47 (8.0) 44 (6.2) 35 (5.7) 36 (6.6) 
Median (IQR), years 41 (35-47) 44 (39-48) 46 (41-52) 44 (40-48) 35 (31-39) 36 (32-40) 

Age Group, n (%)       

<45 years 355,178 (66.0) 76,682 (54.6) 66,972 (39.7) 7,898 (54.5) 193,416 (95.0) 10,210 (90.0) 
45-54 years 141,567 (26.3) 50,864 (36.2) 73,822 (43.8) 6,030 (41.6) 9,849 (4.8) 1,002 (8.8) 
≥55 years 41,726 (7.8) 12,846 (9.2) 27,898 (16.5) 572 (3.9) 274 (0.1) 136 (1.2) 

Geographic Region, n (%)       

Northeast 73,635 (13.7) 19,121 (13.6) 20,638 (12.2) 2,777 (19.2) 29,158 (14.3) 1,941 (17.1) 
Midwest 110,930 (20.6) 24,484 (20.3) 35,327 (20.9) 2,226 (15.4) 42,821 (21.0) 2,072 (18.3) 
South 256,344 (47.6) 66,579 (47.4) 84,581 (50.1) 6,219 (42.9) 93,786 (46.1) 5,179 (45.6) 
West 87,063 (16.2) 23,248 (16.6) 25,291 (15.0) 3,128 (21.6) 33,329 (16.4) 2,067 (18.2) 
Unknown 10,499 (2.0) 2,960 (2.1) 2,855 (1.7) 150 (1.0) 4,445 (2.2) 89 (0.8) 

Rural/Urban Residence, n (%)       

Rural 95,984 (17.8) 25,204 (18.0) 31,728 (18.8) 1,695 (11.7) 35,729 (17.6) 1,628 (14.4) 
Urban 435,699 (80.9) 113,705 (81.0) 133,491 (79.1) 12,691 (87.5) 166,165 (81.6) 9,647 (85.0) 

Unknown 6,788 (1.3) 1,483 (1.0) 3,473 (2.1) 114 (0.8) 1,645 (0.8) 73 (0.6) 

Type of Health Plan, n (%)       

HMO 67,738 (12.6) 18,244 (13.0) 19,325 (11.5) 2,593 (17.9) 26,105 (12.8) 1,471 (13.0) 
PPO 326,661 (60.7) 85,703 (61.1) 101,949 (60.4) 8,077 (55.7) 124,032 (60.9) 6,900 (60.8) 
Other* 109,968 (20.4) 27,318 (19.5) 36,276 (21.5) 3,249 (22.4) 40,541 (19.9) 2,584 (22.8) 
Unknown 34,104 (6.3) 9,127 (6.5) 11,142 (6.6) 581 (4.0) 12,861 (6.3) 393 (3.5) 

Place of Service, n (%)       

Outpatient 321,387 (59.7) 78,907 (56.2) 130,123 (77.1) 3,384 (23.3) 100,905 (49.6) 8,068 (71.1) 
Inpatient 217,084 (40.3) 61,485 (43.8) 38,569 (22.9) 11,116 (76.7) 102,634 (50.4) 3,280 (28.9) 

Family History of Cancer, n (%)       

None 486,630 (90.4) 126,835 (90.3) 143,874 (85.3) 12,964 (89.4) 192,643 (94.7) 10,314 (90.9) 
Breast or ovary 49,775 (9.2) 13,187 (9.4) 23,625 (14.0) 1,485 (10.2) 10,495 (5.2) 983 (8.7) 
Breast and ovary 2,066 (0.4) 370 (0.3) 1,193 (0.7) - 401 (0.2) 51 (0.5) 
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Table 3-1. Characteristics of the study population, 2010-2017 (continued) 
Characteristic Overall Hysterectomy Hysterectomy & BSO Hysterectomy & OS Tubal Ligation OS 
BRCA Testing, n (%)       

No 531,267 (98.7) 139,332 (99.2) 163,907 (97.2) 14,304 (98.7) 202,562 (99.5) 11,162 (98.4) 
Yes 7,204 (1.3) 1,060 (0.8) 4,785 (2.8) 196 (1.4) 977 (0.5) 186 (1.6) 

Genetic Susceptibility to Cancer, n (%)       
None 534,518 (99.3) 139,914 (99.7) 165,707 (98.2) 14,443 (99.6) 203,176 (99.8) 11,278 (99.4) 
Breast and/or ovary 3,269 (0.6) 405 (0.3) 2,448 (1.5) 45 (0.3) 307 (0.2) 64 (0.6) 
Other, not specified 684 (0.1) 73 (0.0) 537 (0.3) 12 (0.1) 56 (0.0) 6 (0.0) 

Comorbidity Score, n (%)       

0 551,810 (95.8) 133,958 (95.4) 160.641 (95.2) 13,284 (91.7) 196,947 (96.8) 10,980 (96.8) 
1+ 22,661 (4.2) 6,434 (4.6) 8,051 (4.8) 1,216 (8.3) 6,592 (3.2) 368 (3.2) 

Post-surgery follow-up time, n (%)       

Mean (SD), months 25 (20.5) 30 (22.7) 22 (18.5) 18 (14.5) 24 (20.3) 16 (14.5) 
Median (IQR), months 19 (8-37) 24 (10-46) 17 (7-33) 14 (6-26) 19 (8-36) 12 (5-22) 

Abbreviations: BSO, bilateral salpingo-oophorectomy; OS, opportunistic salpingectomy; SD, standard deviation; IQR interquartile range; HMO, health maintenance organization; PPO, 
preferred provider organization. *Includes basic/major medical, comprehensive, exclusive provider organization, non-capitated point-of-service, capitated or partially capitated point-of-
service, consumer-driven health plan, and high deductible health plan.  
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Table 3-2. Age-adjusted prevalence of occult cancer by patient characteristics, overall and by type of benign gynecologic surgery 

Characteristic 
Prevalence (95% CI) 

Overall Hysterectomy Hysterectomy & BSO Hysterectomy & OS Tubal Ligation OS 
Total 538,471 140,392 168,692 14,500 203,539 11,348 

# of occult cancers 284 56 208 4 11 5 
Overall       

Age-specific       

<45 years 0.020 (0.015-0.024) 0.023 (0.015-0.030) 0.054 (0.039-0.070) 0.018 (0.000-0.036) 0.005 (0.002-0.008) 0.037 (0.005-0.070) 

45-54 years 0.074 (0.061-0.088) 0.046 (0.033-0.060) 0.114 (0.091-0.138) 0.033 (0.000-0.066) 0.011 (0.004-0.018) -- 

≥55 years 0.270 (0.218-0.322) 0.116 (0.077-0.156) 0.312 (0.252-0.372) 0.099 (0.000-0.202) 0.031 (0.009-0.052) 0.279 (0.015-0.543) 

Age-adjusted 0.053 (0.047-0.059) 0.028 (0.021-0.036) 0.090 (0.076-0.104) 0.036 (0.000-0.071) 0.012 (0.004-0.019) 0.123 (0.014-0.233) 

Geographic Region       

Northeast 0.079 (0.060-0.098) 0.062 (0.028-0.095) 0.197 (0.139-0.255) 0.055 (0.000-0.013) 0.013 (0.007-0.020) 0.117 (0.000-0.280) 
Midwest 0.036 (0.025-0.047) 0.013 (0.002-0.026) 0.099 (0.066-0.132) -- 0.004 (0.000-0.009) -- 
South 0.054 (0.045-0.063) 0.046 (0.029-0.063) 0.120 (0.096-0.144) -- 0.004 (0.002-0.009) 0.020 (0.000-0.059) 
West 0.045 (0.031-0.059) 0.034 (0.010-0.057) 0.094 (0.057-0.131) 0.072 (0.000-0.169) 0.010 (0.000-0.021) 0.119 (0.000-0.242) 

Rural/Urban Residence       

Rural 0.051 (0.036-0.066) 0.027 (0.005-0.048) 0.124 (0.084-0.163) -- 0.005 (0.000-0.011) -- 
Urban 0.052 (0.045-0.059) 0.042 (0.030-0.054) 0.120 (0.101-0.138) 0.032 (0.001-0.063) 0.006 (0.002-0.009) 0.052 (0.007-0.096) 

Type of Health Plan       

HMO 0.055 (0.038-0.073) 0.036 (0.009-0.063) 0.132 (0.081-0.182) -- 0.012 (0.000-0.026) 0.026 (0.000-0.069) 
PPO 0.052 (0.044-0.060) 0.042 (0.029-0.056) 0.121 (0.099-0.143) 0.025 (0.000-0.058) 0.006 (0.001-0.011) 0.028 (0.000-0.066) 
Other* 0.053 (0.039-0.066) 0.028 (0.009-0.047) 0.128 (0.091-0.164) 0.065 (0.000-0.153) 0.005 (0.000-0.013) 0.020 (0.000-0.079) 

Place of Service       

Outpatient 0.039 (0.033-0.046) 0.024 (0.013-0.035) 0.086 (0.070-0.102) 0.049 (0.000-0.120) 0.007 (0.002-0.012) -- 
Inpatient 0.077 (0.064-0.089) 0.058 (0.040-0.077) 0.243 (0.194-0.291) 0.018 (0.000-0.042) 0.003 (0.000-0.005) 0.015 (0.001-0.025) 

Family History of Cancer       

None 0.045 (0.039-0.051) 0.033 (0.023-0.044) 0.105 (0.088-0.121) 0.031 (0.001-0.062) 0.005 (0.002-0.008) 0.049 (0.007-0.091) 
Breast or Ovary 0.093 (0.070-1.162) 0.089 (0.040-0.134) 0.198 (0.143-0.253) -- 0.006 (0.000-0.015) -- 
Breast and Ovary 0.469 (0.180-0.757) 0.252 (0.000-0.735) 0.982 (0.335-1.623) -- -- -- 

BRCA Testing       

No 0.050 (0.044-0.056) 0.038 (0.028-0.048) 0.118 (0.101-0.134) 0.028 (0.001-0.055) 0.005 (0.002-0.007) 0.044 (0.006-0.083) 

Yes 0.205 (0.113-0.297) 0.273 (0.000-0.592) 0.334 (0.165-0.503) -- 0.043 (0.000-0.114) -- 
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Table 3-2. Age-adjusted prevalence of occult cancer by patient characteristics, overall and by type of benign gynecologic surgery 
(continued) 

Characteristic 
Prevalence (95% CI) 

Overall Hysterectomy Hysterectomy & BSO Hysterectomy & OS Tubal Ligation OS 
Genetic Susceptibility  
to Cancer 

      

None 0.049 (0.043-0.055) 0.038 (0.028-0.048) 0.113 (0.097-0.130) 0.028 (0.001-0.055) 0.004 (0.002-0.007) 0.044 (0.006-0.082) 
Breast or ovary 0.489 (0.276-0.701) 0.597 (0.000-1.305) 0.754 (0.404-1.105) -- 0.003 (0.000-0.009) -- 
Other, not specified 0.265 (0.000-0.563) -- 0.351 (0.000-0.825) -- -- -- 

Comorbidity Score       

0 0.051 (0.045-0.057) 0.039 (0.028-0.049) 0.118 (0.101-0.135) 0.024 (0.000-0.051) 0.005 (0.002-0.008) 0.045 (0.006-0.083) 
1+ 0.097 (0.059-0.135) 0.067 (0.006-0.128) 0.228 (0.124-0.332) 0.077 (0.000-0.228) 0.027 (0.000-0.078) -- 

Abbreviations: HMO, health maintenance organization; PPO, preferred provider organization. *Includes basic/major medical, comprehensive, exclusive provider organization, non-capitated point-
of-service, capitated or partially capitated point-of-service, consumer-driven health plan, and high deductible health plan.  
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Chapter 3 Figures 

 

 

 

 

 

 

 

Figure 3-1. Schema for identifying benign gynecologic surgeries and diagnosis of occult cancers.  
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Figure 3-2. Multivariable-adjusted prevalence ratios and 95% CI of factors associated with an occult cancer diagnosis at the time of 
benign gynecologic surgery. Models adjusted for age at surgery, type of surgery, geographic region, surgical indication, BRCA testing, 
inpatient/outpatient setting, comorbidity score, and a family history of and genetic susceptibility to breast and/or ovarian cancer.  
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Chapter 3 Appendix 
 
Table 3-1. International Classification of Diseases and Current Procedural Terminology codes used to select the analytic sample 

Procedures 
Procedure Codes 

CPT ICD-9 ICD-10 
Exclusions    

Radiation therapy for gynecologic cancer 55920, 57155, 57156, 58346   

Radical hysterectomy, surgeries performed for cancer 
58275, 58280, 58285, 58200, 58210, 
58240, 58548, 58951, 58953, 58954, 
58956, 58575, 58943, 58950, 58952 

68.6x, 68.7x, 68.8x 0UT4x 

Surgical Procedures    

Hysterectomy 

51925, 56308, 58150, 58260, 58267, 
58270, 58290, 58293, 58294, 58150, 
58152, 58180, 58541, 58543, 58550, 

58553, 58570, 58572, 59525 

68.3x-68.7x, 68.9x 0UT9x 

Bilateral salpingectomy 58661, 58700 66.5x 0UT7x 

Bilateral oophorectomy 58262, 58263, 58291, 58292, 58542, 
58544, 58552, 58554, 58571, 58573 65.51-65.53, 65.61-65.63 0UT2x 

Tubal ligation 58565, 58600, 58605, 58611, 58615, 
58670, 58671 66.2x, 66.3x 0UL7x, 0U57x 

BRCA Testing    
Before 2013 (paid to Myriad laboratories, the only clinical 
laboratory in the U.S. at the time offering BRCA1/2 testing) 

S3818-S3820, S3822, 83891, 83898, 
83904, 83912 -- --   

After 2013 81162, 81211, 81213-81217 -- --   

Abbreviations: ICD, International Classification of Diseases; CPT, Current Procedural Terminology.  
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Table 3-1. International Classification of Diseases and Current Procedural Terminology codes used to select the analytic sample 
(continued) 

Diagnoses Diagnosis Codes 
ICD-9 ICD-10 

Exclusions   

Gynecologic cancer 158.x, 174.x, 179.x-180.x, 182.x-184.x, 236.x C48.x, C50.x- C57.x, D39.x 

Cancer metastasis to genital organs 198.6, 198.82 C79.6, C79.82 

Abdominal pain, swelling, mass or lump, abdominal tenderness 789.0x, 789.3x, 789.6x R10.0, R10.1x, R10.2, R10.3x, R10.81, R10.9, 
R19.0x 

Surgical Indications   

Sterilization V25.2 Z30.2 

Inflammatory disorders of the ovaries and fallopian tubes 614.x N70.x, N73.x 

Uterine fibroids 218.x D25.x 

Non-inflammatory disorders of the ovaries and fallopian tubes 620.x N83.x 

Disorders of menstruation, abnormal bleeding from the female 
genital tract, and postmenopausal disorders 626.x, 627.x N91.x-N93.x, N95.x 

Endometriosis 617.x N80.x 

Pain/other symptoms associated with female genital organs 625.x N94.x 

Other disorders of the uterus 621.x N85.x 

Abdominal/pelvis mass or swelling 789.3x R19.0x 

Genital prolapse 618.x N81.x 

Carcinoma insitu of uterus/other genitourinary organs 233.x, 239.x D06.x, D07.x, D49.x 

Benign neoplasms of ovaries, other female genital organs 220.x, 221.x D27.x, D28.x 

Family History of Cancer   

Breast cancer V16.3 Z80.3 

Ovarian cancer V16.4 Z80.4 

Genetic Susceptibility to Cancer   

Breast cancer V84.01 Z15.01 

Ovarian cancer V84.02 Z15.02 

Other, not specified V84.09 Z15.09 

Abbreviations: ICD, International Classification of Diseases.  
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Table 3-1. International Classification of Diseases and Current Procedural Terminology codes used to select the analytic sample 
(continued) 

Diagnoses 
Diagnosis Codes 

ICD-9 ICD-10 
Comorbidity Score   

Diabetes without complications 250.0-250.3, 250.8, 250.9 

E10.0, E10.1, E10.6, E10.8, E10.9, E11.0, E11.1, 
E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, E12.8, 
E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, 

E14.1, E14.6, E14.8, E14.9 

Chronic pulmonary disease 416.8, 416.9, 490.x-505.x, 506.4, 508.1, 508.8 I27.8, I27.9, J40.x-J47.x, J60.x-J67.x, J68.4, J70.1, 
J70.3 

Congestive heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 
404.11, 404.13, 404.91, 404.93, 425.4-425.9, 428.x 

I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5-I42.9, I43.x, 
I50.x, P29.0 

Cerebrovascular disease 362.34, 430.x-438.x G45.x, G46.x, H34.0, I60.x-I69.x 

Paralysis 334.1, 342.x, 343.x, 344.0-344.6, 344.9 G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, G83.0-
G83.4, G83.9 

Peripheral vascular disease 093.0, 437.3, 440.x, 441.x, 443.1-443.9, 447.1, 
557.1, 557.9, V43.4 

I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, 
K55.1, K55.8, K55.9, Z95.8, Z95.9 

Acute myocardial infarction 410.x I21.x, I22.x 

Old myocardial infarction 412.x I25.2 

Moderate/severe renal disease 456.0-456.2, 572.2-572.8 I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, 
K76.5, K76.6, K76.7 

Diabetes with complications 250.4-250.7 E10.2-E10.5, E10.7, E11.2-E11.5, E11.7, E12.2-E12.5, 
E12.7, E13.2-E13.5, E13.7, E14.2-E14.5, E14.7 

Ulcer disease 531.x-534.x K25.x-K28.x 

Dementia 290.x, 294.1, 331.2 F00.x-F03.x, F05.1, G60.x, G31.1 

Rheumatologic disease 446.5, 710.0-710.4, 714.0-714.2, 714.8, 725.x M05.x, M06.x, M31.5, M32.x-M34.x, M35.1, M35.3, 
M36.0 

Mild liver disease 
070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 
070.6, 070.9, 570.x, 571.x, 573.3, 573.4, 573.8, 

573.9, V42.7 

B18.x, K70.0-K70.3, K70.9, K71.3-K71.5, K71.7, K73.x, 
K74.x, K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

Abbreviations: ICD, International Classification of Diseases.  
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Table 3-2. Overall age-adjusted prevalence of occult cancer excluding women with a family history of and genetic susceptibility to breast 
and/or ovarian cancer, excluding women with a personal history of breast cancer before surgery, and using different definitions for occult 
cancer diagnosis  

 Total # of Occult 
Cancer Prevalence (95% CI) 

Excluding women with a family history of and genetic susceptibility to breast and/or ovarian cancer 486,095 205 0.042 (0.036-0.048) 
Excluding women with a diagnosis or personal history of breast cancer before surgery 532,093 273 0.051 (0.045-0.057) 
Occult cancer defined as cancer within 3 months of surgery 538,471 266 0.049 (0.043-0.055) 
Occult cancer defined as cancer within 9 months of surgery 538,471 295 0.055 (0.049-0.061) 
Occult cancer defined as cancer within 12 months of surgery 538,471 304 0.057 (0.050-0.063) 
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Chapter 4 

Association of Bilateral Oophorectomy with Total and Regional 
Fat and Lean Body Mass 
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Abstract 

Background: Prior studies suggest that bilateral salpingo oophorectomy, a common and 

highly effective ovarian cancer prevention strategy, may be associated with adiposity as 

measured using body mass index (BMI). However, the association of oophorectomy with 

fat and lean body mass, both important markers of healthy aging, and whole-body 

composition is unknown. Declines in lean mass have been linked to physical disability 

and mortality, while excess fat mass is detrimental for a variety of health outcomes, 

including cardiovascular disease. We examined the association between bilateral 

oophorectomy and whole-body composition in a diverse, nationally representative, 

cross-sectional survey of U.S women.  

 

Methods: The study population included women 35-70 years who underwent dual-

energy x-ray absorptiometry (DXA) scans at enrollment as part of the National Health 

and Nutrition Examination Survey 1999-2006 (N=3,674). Multinomial logistic regression 

models were utilized to examine the relationship between prior bilateral oophorectomy 

and tertiles of total and regional (arms, trunk, and legs) fat and lean body mass. Models 

were adjusted for age, race, education, BMI at age 25, physical activity, smoking, 

alcohol use, parity, oral contraceptive use, and hormone replacement therapy use.  

   

Results: Women with oophorectomy <45 years (n=346) were more likely to have total fat 

mass in the highest vs. lowest tertile (odds ratio [OR]: 3.11; 95% CI: 2.04-4.74) and less 

likely to have total lean mass in the highest vs. lowest tertile (OR: 0.35; 95% CI: 0.24-

0.53) compared to women without oophorectomy (n=3,212). No difference in fat mass 

(OR: 1.32; 95% CI: 0.74-2.35) or lean mass (OR: 0.77; 95% CI: 0.43-1.39) was 

observed among women with oophorectomy ≥45 years compared to women without 

oophorectomy. Differences in fat mass and lean mass by oophorectomy status were 
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most pronounced in the trunk (ORfat: 2.48; 95% CI: 1.70-3.61; ORlean: 0.40; 95% CI: 

0.28-0.58) and arms (ORfat: 1.73; 95% CI: 1.14-2.63; ORlean: 0.58; 95% CI: 0.38-0.88). 

Results were similar when stratified by time since oophorectomy and BMI at DXA scan. 

About 47% of women with oophorectomy <45 years exhibited both high total fat mass 

and low total lean mass, with a lower prevalence among those who reported vigorous 

physical activity.  

 

Conclusions: Prior history of bilateral oophorectomy, particularly at an early age, 

appears to be a significant contributor to high fat mass and low lean mass, a metabolic 

phenotype that places women at high risk for chronic disease. 
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Introduction 

Bilateral oophorectomy is the most effective preventive strategy for ovarian cancer, with 

an estimated 300,000 surgeries performed annually in the U.S.1 Women at high risk of 

breast and ovarian cancer, such as BRCA1/2 carriers, are recommended to undergo 

prophylactic oophorectomy after childbearing or between the ages of 35 and 40.2 

However, prophylactic oophorectomy in high risk women accounts for a small 

percentage of the total number of oophorectomies performed annually. Many average 

risk women undergo oophorectomy at the time of hysterectomy for ovarian cancer 

prevention or for benign indications such as endometriosis and ovarian cysts.3 Based on 

nationally representative data, it is estimated that bilateral oophorectomy is performed in 

40% of benign hysterectomies among women 40-44 years, 60% among women 45-50 

years, and 78% among women 50-55 years.4,5 

 

Although the benefit of bilateral oophorectomy for ovarian cancer prevention has been 

well-established,6-8 the surgery has also been consistently linked to adverse effects, 

such as increased cardiovascular disease incidence,9-12 increased cognitive decline and 

dementia incidence,13-15 and increased cardiovascular disease mortality and overall 

mortality.10,16,17 These adverse effects are strongest in women who undergo 

oophorectomy before the age of natural menopause,18 suggesting that the abrupt 

decline in endogenous sex hormones following oophorectomy may play a role.  

 

Oophorectomy has also been linked to increased adiposity in prior studies.19-21 A cross-

sectional analysis of NHANES III found that women with a history of oophorectomy <40 

years had higher mean skinfold thickness, waist circumference, and BMI, compared to 

women without a history of oophorectomy.19 A longitudinal study of middle-aged women 

found that the annual rate of change in BMI for women with oophorectomy was greater 
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compared to women with natural menopause (0.21 kg/m2 vs. 0.08 kg/m2, p=0.030) and 

women with oophorectomy had 3.16-times (95% CI: 1.48-6.72) higher odds of severe 

obesity (defined as BMI ≥35 kg/m2) compared to women with natural menopause.20,21 An 

important and underexplored limitation of these prior studies is their reliance on 

imperfect measures of adiposity, which do not discriminate between fat mass and lean 

mass. Body composition varies considerably even among individuals with the same BMI 

or weight and this is important because fat mass and lean mass have different 

implications for overall health, including mortality.22,23  

 

Excess fat mass has been shown to contribute to metabolic syndrome, a cluster of risk 

factors that increase the risk of cardiovascular disease.24,25 While growing evidence 

suggests that lean mass is beneficial for overall health,26,27 and loss of lean mass or 

sarcopenia is associated with physical disability and mortality.25,28,29 During natural 

menopause, the ovaries gradually stop producing estrogen while androgen production 

continues.30 This transition is characterized by an increase in abdominal adiposity, 

independent of age and total adiposity.31,32 The effect of estrogen decline on lean mass 

is not well understood although it has been suggested that natural menopause and 

oophorectomy induce systemic inflammation33,34 and increase levels of pro-inflammatory 

cytokines such as tumor necrosis factor-alpha and interleukine-6,35,36 which are 

implicated in gain of fat mass and loss of lean mass.37,38 Therefore, it is plausible that the 

abrupt decline in sex hormones after oophorectomy results in profound changes in fat 

mass and lean mass, and this may partly explain the increased cardiovascular disease 

incidence and overall mortality reported by prior studies in women with early 

oophorectomy.  
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To address this important knowledge gap, we examined the impact of bilateral 

oophorectomy on objectively measured total and regional fat mass and lean mass using 

dual-energy x-ray absorptiometry (DXA) scans in a diverse, nationally representative 

sample of U.S. women.  

 

Methods 

Study Population 

Data was drawn from the National Health and Nutrition Examination Survey (NHANES), 

a cross-sectional, population-based survey of the U.S. population conducted by the 

National Center for Health Statistics of the Centers for Disease Control and Prevention. 

Participants were sampled using a complex multistage probability sampling design. All 

participants underwent an interview performed at home and an extensive medical 

examination performed at a mobile examination center.39  

 

We utilized four cycles of continuous NHANES from 1999-2006. The study population 

was restricted to women 35-70 years old who completed the interview and medical 

examination and had information on DXA measurements (n=5,225). A minimum age of 

35 was used to reflect guidelines for bilateral oophorectomy, which recommend surgery 

at 35-40 years or after completion of childbearing.2 Women over age 70 were excluded 

because studies have shown a more rapid decline in lean mass after age 70.40,41 

Women were excluded if they were missing age at bilateral oophorectomy (n=4), height 

and weight at DXA scan (n=170), or self-reported weight at age 25 (n=205). Women 

were also excluded if they reported removal of one ovary (n=299) or if they reported 

hysterectomy without oophorectomy (n=502). Women with a history of reproductive 

cancers (breast, n=118; cervical, n=81; uterine, n=50; ovarian, n=32) were excluded as 

oophorectomy may have been performed during the course of treatment for these 
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cancers and cancer treatment may affect body composition. After exclusions, 3,764 

women were included in the analytic sample, 552 with oophorectomy and 3,212 without 

oophorectomy.  

 

Assessment of bilateral oophorectomy 

The reproductive health questionnaire was used to ascertain history of bilateral 

oophorectomy. The questionnaire was administered by trained interviewers using a 

computer-assisted personal interviewing system. Women were asked “Have you had 

one or both of your ovaries removed either when you had your uterus removed or at 

another time?”. Over 90% of women who reported a bilateral oophorectomy also 

reported a hysterectomy. Therefore, hysterectomy and bilateral oophorectomy was used 

as the primary exposure group. For brevity, oophorectomy will denote hysterectomy and 

bilateral oophorectomy for the remainder of the manuscript.  

 

Assessment of body composition measures 

Assessment of body composition occurred after oophorectomy, at the time of enrollment 

into NHANES. DXA scans were used to ascertain total and regional fat mass and lean 

mass. Scans were performed using a Hologic QDR 4500A fan beam x-ray bone 

densitometer (Hologic, Inc., Bedford, MA). All scans were reviewed for quality control 

using Hologic Discovery Software, version 12.1. Invalid DXA values were coded as 

missing and missing values were imputed by NHANES using multiple imputation 

methods.42 Measurements were provided for total and regional (arms, trunk, legs) fat 

mass (in grams and percent), total and regional lean mass including bone mineral 

content (in grams), and total and regional lean mass excluding bone mineral content (in 

grams).42 For the current study, we used data on total and regional percent fat mass and 

total and regional percent lean mass excluding bone mineral content. Total and regional 
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percent lean mass values were calculated as follows: total percent lean mass = [total 

lean mass (g)/total mass (g)], trunk percent lean mass = [trunk lean mass (g)/total trunk 

mass (g)], arms percent lean mass = [arms lean mass (g)/total arms mass (g)], and legs 

percent lean mass = [legs lean mass (g)/total legs mass (g)].  

 

Covariates 

Information on age, race, education level, and household income were ascertained from 

the demographics questionnaire. Race was categorized as non-Hispanic white, non-

Hispanic black, Mexican American, and other. Education level was categorized as high 

school or less and some college or above and household income was categorized as 

<$20,000 and ≥$20,000. Alcohol consumption was ascertained from the alcohol use 

questionnaire and categorized as 12 or more drinks in the past year or fewer than 12 

drinks in the past year. Additionally, respondents were asked to estimate the average 

number of alcoholic drinks they consumed per day in the past year. Smoking was 

ascertained from the cigarette/tobacco use-adult questionnaire and categorized as 

never, former, and current.  Physical activity was ascertained from the physical activity 

questionnaire and categorized as none, moderate, and vigorous based on whether 

participants reported engaging in moderate or vigorous physical activity over the past 

month. Weight at age 25 was ascertained from the weight history questionnaire. BMI 

was calculated from measured height and weight and categorized into four categories as 

underweight (<18.5 kg/m2), normal (18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), and 

obese (≥30 kg/m2).  

 

The reproductive health questionnaire was used to ascertain age at oophorectomy, 

parity, oral contraceptive use, history of endometriosis, history of uterine fibroids, and 

hormone replacement therapy (HRT) use. Women were categorized as nulliparous if 
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they reported no pregnancies that resulted in a live birth and parous if they reported one 

or more pregnancies that resulted in a live birth. Oral contraceptive use was categorized 

as yes if women reported ever taking oral contraceptive pills and no otherwise. History of 

endometriosis and uterine fibroids was categorized as yes if women reported being told 

by a doctor or other health professional that they had endometriosis and uterine fibroids 

and no otherwise. HRT use was classified as yes if women reported use of estrogen for 

hysterectomy/oophorectomy and no otherwise.  

 

Statistical analysis 

Prior oophorectomy status was categorized as no oophorectomy (reference group), 

oophorectomy <45 years, and oophorectomy ≥45 years. This cut point was selected as 

most women were likely to be premenopausal at 4543 and to allow comparability with 

previously published studies on the adverse effects of oophorectomy.10-12,16,18 Baseline 

characteristics of women with and without oophorectomy were compared using t-tests 

for continuous variables and chi-square tests for categorical variables. DXA values were 

categorized into tertiles to classify women into low (T1), moderate (T2), and high (T3) fat 

mass and lean mass. Tertile cut points were based on reference values among women 

without oophorectomy and are summarized Appendix Table 4-1.  

 

Multinomial logistic regression models were used to estimate the odds ratio of being in 

the middle versus the lowest tertile (T2 vs. T1) and the highest versus the lowest tertile 

(T3 vs. T1) by prior oophorectomy status. Results were reported overall and by age at 

oophorectomy (<45 and ≥45 years). Effect modification by age at DXA scan, race, and 

BMI at DXA scan was evaluated by adding product terms to the regression model. 

Models were stratified by age at DXA scan (<45 years, ≥45 years) and BMI at DXA scan 

(<25 kg/m2, ≥25 kg/m2), as race was not an effect measure modifier. For stratified 
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models, age- and BMI-specific tertiles for fat mass and lean mass were utilized based on 

age- and BMI-specific reference values among women without oophorectomy (Appendix 

Table 4-1). Additionally, linear regression models were used to estimate the adjusted 

change in mean total and regional percent fat mass and lean mass by oophorectomy 

status. All models were adjusted for age, race, income, physical activity, smoking status, 

education, alcohol use, oral contraceptive use, BMI at age 25, and HRT use. 

 

Sensitivity analyses were performed for the overall models by additionally adjusting for 

number of calories consumed from a 24 hour dietary recall, excluding women who 

reported HRT use after oophorectomy since HRT use may have a favorable impact on 

body composition, 44,45 and excluding women who reported a history of uterine fibroids 

and endometriosis to account for the potential of confounding by nonmalignant 

indications for surgery.  

 

Weighted prevalence of the high total fat mass, low total lean mass (HTFLTL) body 

composition phenotype was calculated overall, by age at oophorectomy, by physical 

activity, and by HRT use. High total fat mass was defined as having total percent fat 

mass in T3 and low total lean mass was defined as having total percent lean mass in T1. 

A binary logistic regression model was used estimate the odds ratio of having the 

HTFLTL body composition phenotype by oophorectomy status. The model was adjusted 

for age, race, income, physical activity, smoking status, education level, alcohol use, oral 

contraceptive use, BMI at age 25, and HRT use.  

 

All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc.) and 

Stata, version 14.2 (Stata Corporation). Analyses were run separately on each imputed 

dataset and the resulting estimates were combined to produce a single estimate that 
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incorporates uncertainty due to missing data. To account for the complex survey design 

and to obtain estimates representative of the U.S. population, sampling weights were 

utilized in analysis of all data. The protocols for the conduct of NHANES 1999-2006 were 

approved by the Institutional Review Board of the National Center for Health Statistics 

and since the data were de-identified for public use, the current study was exempt from 

review by the Johns Hopkins Bloomberg School of Public Health Institutional Review 

Board.  

 

Results 

Women with prior oophorectomy were older (54.4 years vs. 48.2 years), more likely to 

be non-Hispanic white (80.8% vs. 71.4%), more likely to have a high school education or 

less (51.7% vs. 38.3%), more likely be current smokers (27.5% vs. 21.1%), and more 

likely to have an annual family income of <$20,000 (22.9% vs. 17.8%) compared to 

women without oophorectomy (Table 4-1). As expected, women with oophorectomy 

were more likely to have a history of benign gynecologic conditions, including 

endometriosis (21.7% vs. 4.0%) and uterine fibroids (24.6% vs. 9.7%), compared to 

women without oophorectomy. There were no differences in parity, oral contraceptive 

use, and alcohol consumption between the two groups. Women with oophorectomy were 

more likely to have an obese BMI at DXA scan compared to women without 

oophorectomy (42.1% vs. 35.8%); however, BMI at age 25 did not differ between the two 

groups. Women with oophorectomy were less likely to report vigorous physical activity 

compared to women without oophorectomy (21.8% vs. 31.6%). About 66.4% of women 

with oophorectomy reported HRT use after oophorectomy. 

 

In adjusted results, women with oophorectomy were more likely to have total fat mass in 

the highest vs. lowest tertile (T3 vs. T1) compared to women without oophorectomy (OR: 
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2.31, 95% CI: 1.63, 3.27). Results were stronger in women with oophorectomy <45 

years compared to women without oophorectomy (OR: 3.11, 95% CI: 2.04, 4.74), but no 

difference was observed in women with oophorectomy ≥45 years compared to women 

without oophorectomy (OR: 1.32, 95% CI: 0.74, 2.35; Figure 4-1A). In contrast, women 

with oophorectomy were less likely to have total lean mass in the highest vs. lowest 

tertile compared to women without oophorectomy (OR: 0.46, 95% CI: 0.33, 0.65). 

Results were stronger in women with oophorectomy <45 years compared to women 

without oophorectomy (OR: 0.35, 95% CI: 0.24, 0.53), but no difference was observed in 

women with oophorectomy ≥45 years compared to women without oophorectomy (OR: 

0.77, 95% CI: 0.43, 1.39; Figure 4-1B). Women with oophorectomy <45 years had 2.92-

times higher odds (95% CI: 1.94, 4.40) of having the HTFLTL body composition 

phenotype compared to women without oophorectomy (Figure 4-1C).  

 

Adjusted results for total fat mass and lean mass stratified by age at DXA scan are 

summarized in Table 4-2. The median time since oophorectomy was 5 years 

(interquartile range: 0-16 years) for women <45 years at DXA scan, 16 years 

(interquartile range: 1-40 years) for women ≥45 years at DXA scan. Among women <45 

years at DXA scan, those with oophorectomy were more likely to have total fat mass in 

the highest vs. lowest tertile (OR: 5.62, 95% CI: 1.80, 17.53) and less likely to have total 

lean mass in the highest vs. lowest tertile (OR: 0.20, 95% CI: 0.06, 0.56) compared to 

women without oophorectomy. Women with oophorectomy had 5.92-times higher odds 

(95% CI: 1.96, 17.90) of having the HTFLTL body composition phenotype compared to 

women without oophorectomy. Results were similar but attenuated among women ≥45 

years at DXA scan.  
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Adjusted results of regional fat mass and lean mass stratified by age at DXA scan are 

summarized in Table 4-3. Among women <45 years at DXA scan, differences in fat 

mass and lean mass were most pronounced in the trunk (ORfat: 5.99, 95% CI: 2.09, 

17.17; ORlean: 0.18, 95% CI: 0.06, 0.53) and arms (ORfat: 5.31, 95% CI: 1.80-15.62; 

ORlean: 0.30, 95% CI: 0.10-0.87). There was no difference in legs fat mass and lean 

mass by oophorectomy status. Results were similar but attenuated among women ≥45 

years at DXA scan. Of note, among women ≥45 years at DXA scan, those with 

oophorectomy were more likely to have legs fat mass in the highest vs. lowest tertile 

(OR: 1.32, 95% CI: 0.99, 1.76) and less likely to have legs lean mass in the highest vs. 

lowest tertile (OR: 0.73, 95% CI: 0.55-0.97) compared to women without oophorectomy.  

 

Adjusted results for total and regional fat mass and lean mass stratified by BMI at DXA 

scan are summarized in Table 4-4. Among women with BMI <25 kg/m2 at DXA scan, 

those with oophorectomy were more likely to have total fat mass in the highest vs. 

lowest tertile compared to those without oophorectomy (OR: 2.60, 95% CI: 1.22, 5.50). 

Like prior results, the effect was stronger in women with oophorectomy <45 years 

compared to women without oophorectomy (OR: 3.98, 95% CI: 1.39, 11.35), but no 

difference was observed in women with oophorectomy ≥45 years compared to women 

without oophorectomy (OR: 1.58, 95% CI: 0.56, 4.45). Differences in fat and lean mass 

were most pronounced in the trunk (ORfat: 2.79, 95% CI: 1.49, 5.24; ORlean: 0.34, 95% 

CI: 0.18, 0.63) and arms (ORfat: 2.01, 95% CI: 1.01, 3.99; ORlean: 0.49, 95% CI: 0.24, 

0.97). There was no difference in legs fat mass and lean mass by oophorectomy status. 

Results were similar but attenuated among women with BMI ≥25 kg/m2 at DXA scan. 

 

Adjusted results of the overall and stratified linear regression models are summarized in 

Appendix Tables 4-2 to 4-4. Women with oophorectomy had on average 1.57% (95% CI: 
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0.88, 2.26) higher total fat mass, 2.21% (95% CI: 1.32, 3.10) higher trunk fat mass, and 

1.50% (95% CI: 0.53, 2.48) higher arms fat mass compared to women without 

oophorectomy. In contrast, women with oophorectomy had on average 1.44% (95% CI: -

2.08, -0.78) lower total lean mass, 2.13% (95% CI: -3.00, -1.27) lower trunk lean mass, 

and 1.35% (95% CI: -2.27, -0.42) lower arms lean mass compared to women without 

oophorectomy. Results of the stratified linear regression models did not differ from the 

results of the stratified multinomial logistic regression models described above. Overall 

results were unchanged after adjusting for total caloric intake, excluding women with 

HRT use after oophorectomy, and excluding women with prior history of uterine fibroids 

and endometriosis (Appendix Table 4-5).  

 

Figure 4-2 shows the prevalence of the HTFLTL body composition phenotype. The 

prevalence was higher in women with oophorectomy (44.2%, 95% CI: 39.4, 48.9) 

compared to women without oophorectomy (30.3%, 95% CI: 28.0, 32.7) regardless of 

age at surgery (oophorectomy <45 years: 47.0%, 95% CI: 42.9, 52.1; oophorectomy ≥45 

years: 38.7%, 95% CI: 30.9, 48.1). Among women with oophorectomy (n=552), those 

who reported vigorous physical activity (28.2%, 95% CI: 19.8, 36.4) had a lower 

prevalence of the HTFLTL body composition phenotype compared to those who 

reported no physical activity (53.8%, 95% CI: 48.5, 59.3). Women who reported HRT 

use after oophorectomy (42.5%, 95% CI: 37.2, 47.9) had a slightly lower prevalence of 

the HTFLTL body composition phenotype compared to those who reported no HRT use 

after oophorectomy (47.4%; 95% CI: 38.3, 56.7).  

 

Discussion 

In this nationally representative sample, we found that women with a history of 

oophorectomy had increased levels of fat mass and decreased levels of lean mass 
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relative to women without oophorectomy. Specifically, women with oophorectomy were 

2.31-times more likely to have total fat mass in the highest vs. lowest tertile and 54% 

less likely to have total lean mass in the highest vs. lowest tertile compared to women 

without oophorectomy. The most pronounced differences in fat mass and lean mass 

were observed in the trunk and arms. The magnitude of association between 

oophorectomy and body composition was stronger in women who reported 

oophorectomy <45 years. Over 40% of women with oophorectomy <45 years exhibited 

the HTFLTL body composition phenotype, with a lower prevalence among women who 

reported vigorous physical activity.  

 

Our results were robust and remained significant when stratified by age and BMI at DXA 

scan. Of note, even among women with normal BMI at DXA scan, those with 

oophorectomy <45 years were nearly 4.00-times more likely to have total fat mass in the 

highest vs. lowest tertile compared to women without oophorectomy, and 75% less likely 

to have total lean mass in the highest vs. lowest tertile compared to women without 

oophorectomy.  

 

To our knowledge, this is the first population-based study to examine the impact of 

oophorectomy on total and regional fat mass and lean mass measured objectively using 

DXA scans. Prior studies have relied on anthropometric measures such as BMI20,21 and 

waist circumference19, which serve as proxies for obesity but do not discriminate 

between fat mass and lean mass, or have utilized surrogate measures of body fat 

distribution such as skinfold thickness and bioelectrical impedance analysis.19 

Understanding the impact of oophorectomy on body composition is important because 

fat mass and lean mass have opposing effects on overall health.  
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Fat mass in the trunk most closely resembles visceral fat, an active endocrine organ that 

releases adipokines and hormones that regulate metabolism and inflammation.46 A 

cross-sectional study examining the association of body composition with measures of 

glucose metabolism found that higher trunk fat mass was associated with an increased 

risk of insulin resistance (β: 0.65, 95% CI: 0.52, 0.77) while higher leg fat mass was 

protective against insulin resistance (β: -0.19, 95% CI: -0.30, -0.06).47 Another study 

found that abdominal visceral fat in women was associated with higher odds of 

metabolic syndrome regardless of BMI (normal, OR: 3.3, 95% CI: 2.4, 4.6; overweight, 

OR: 2.4, 95% CI: 2.0, 3.0; obese, OR: 1.7, 95% CI: 1.4, 2.1).24 Declines in lean mass on 

the other hand have been linked to physical disability, frailty, and mortality.48-51 A 

longitudinal study of adults 60-82 years found that those with sarcopenia (defined as 

lean mass of the arms and legs /BMI) had 1.53- to 2.84-times higher odds of physical 

disability when considering activities of daily living such as walking, bathing/dressing, 

and lifting/carrying.48 Another study examining the association between sarcopenia and 

all-cause mortality found that adults with sarcopenia had higher risk of all-cause mortality 

compared to adults without sarcopenia regardless of BMI at DXA scan (normal BMI, HR: 

1.28, 95% CI: 1.07, 1.52; overweight BMI, HR: 1.52, 95% CI: 1.22, 1.89; obese BMI, HR: 

2.58; 95% CI: 1.20, 5.53).49  

 

Biologically, the changes in body composition observed in our study may be due to a 

premature decline in endogenous sex hormones after oophorectomy. During natural 

menopause, ovarian production of estrogen and progesterone declines gradually while 

production of testosterone continues. However, oophorectomy before natural 

menopause causes an abrupt decline in estrogen, progesterone, and testosterone, as 

well as disruption of the hypothalamic-pituitary-ovarian axis.52,53 This disturbed hormonal 

milieu has been linked to increased body weight, abdominal fat distribution, and 
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decreased lean mass in women who undergo natural menopause.54-56 While estrogen 

supplementation may be used to counteract these changes, our results did not change 

when women who used estrogen after oophorectomy were excluded. In the Women’s 

Health Initiative sub studies, updated results from 6-years post-randomization showed 

no significant differences in body composition in women randomized to estrogen therapy 

alone compared to placebo (absolute change, fat mass, 0.05 kg vs. 0.12 kg, p=0.87; 

lean mass, -0.44 kg vs. -0.50 kg, p=0.72).57 The effect of HRT on body composition likely 

depends on age at initiation and stage at menopause, however this is an area with 

limited data.  

 

Our study is subject to some limitations. First, due to the cross-sectional nature of 

NHANES, we were unable to determine temporality between oophorectomy and body 

composition. Although women who underwent oophorectomy in our study were more 

likely to have an obese BMI at DXA scan, BMI at age 25 did not differ significantly by 

oophorectomy status. Nevertheless, we adjusted for BMI at age 25 in our multivariable 

analyses. Additionally, we did not find a significant difference in mean weight 10 years 

ago between women who had an oophorectomy within 5 years of interview compared to 

women without oophorectomy (150.8 lbs. vs. 149.1 lbs.). Second, prior oophorectomy 

status was self-reported and subject to recall bias. However, studies that have 

investigated agreement of self-reported oophorectomy status with medical record data 

indicate that self-report is accurate. In a population-based case-control study, agreement 

rates of self-reported oophorectomy status exceeded 90% while a longitudinal study 

found agreement rates of 98.8%.58,59 Of note, in both studies agreement did not differ by 

age or hysterectomy status. Third, we cannot entirely rule out the possibility of 

unmeasured confounding that may account for the associations observed in our study. 

For example, information on indications for oophorectomy and duration of HRT use was 
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unavailable for the overall sample. Finally, some of the stratified analyses were based on 

small numbers and thus had limited power to detect differences by oophorectomy status.  

 

Our study has several strengths. First, NHANES provides a robust, nationally 

representative sample of women with standardized protocols for sampling, interviewing, 

and examinations. The findings from our study are broadly applicable to women in the 

general population who elect to undergo oophorectomy at the time of hysterectomy. 

Second, body composition was objectively measured using DXA scans, a technique that 

has high accuracy and precision for the measurement of total and regional fat mass and 

lean mass. The coefficient of variation for DXA scans is between 0.8% and 2.7% for total 

fat mass and 0.4% and 1.3% for total lean mass.60,61 Finally, detailed information on 

demographic and reproductive factors allowed adequate control for confounding.  

 

In conclusion, our study suggests that early bilateral oophorectomy may have long-

lasting adverse effects on fat and lean mass, particularly in the trunk and arms 

irrespective of BMI. Longitudinal studies are needed to further evaluate changes in body 

composition among women having oophorectomy, particularly at a young age. 
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Chapter 4 Tables 
 
Table 4-1. Characteristics of the study population, by oophorectomy status 

  No oophorectomy 
(n=3,212) 

Oophorectomy   
(n=552) 

p value* 

Age at DXA scan, years, mean (SD) 48 54 <0.001 
Age at oophorectomy, years, mean (SD) -- 40.6 (5.8) -- 
Race, % 

   

     Non-Hispanic white 71.4 80.8 <0.001 
     Non-Hispanic black 10.8 10.9 

 

     Mexican American 6.3 2.9 
 

     Other 11.5 5.4 
 

Highest education, % 
   

     High school or less 38.3 51.7 <0.001 
     Some college or above 57.9 45.4 

 

     Missing 3.7 3.0 
 

Annual family income, % 
   

     <$20,000 17.8 22.9 0.007 
     ≥$20,000 80.1 73.6 

 

     Missing 2.1 3.5 
 

Smoking status, % 
   

     Never smoker 56.0 48.9 0.010 
     Past smoker 22.9 23.6 

 

     Current smoker 21.1 27.5 
 

Post-menopausal, % 41.9 100.0 <0.001 
Parous, % 94.9 97.9 0.126 
Diagnosed with endometriosis, % 4.0 21.7 <0.001 
Diagnosed with uterine fibroids, % 9.7 24.6 <0.001 
Oral contraceptive use, % 72.0 74.9 0.278 
Body mass index at DXA scan, kg/m2, % 

   

     Underweight (<18.5) 1.7 1.6 0.018 
     Normal (18.5-24.9) 34.7 25.9 

 

     Overweight (25.0-29.9) 27.8 30.4 
 

     Obese (≥30) 35.8 42.1 
 

Body mass index at age 25, kg/m2, % 
   

     Underweight (<18.5) 8.9 10.8 0.268 
     Normal (18.5-24.9) 71.8 72.7 

 

     Overweight (25.0-29.9) 12.4 9.6 
 

     Obese (≥30) 6.9 6.9 
 

Alcohol use, % 
   

     Drinkers 60.4 57.2 <0.001 
     Drinks/week over past year, mean (SD) 2.0 1.8 0.121 
Physical activity over past 30 days, % 

   

     None 36.2 40.2 0.002 
     Moderate 32.2 38.1 

 

     Vigorous 31.6 21.8 
 

HRT use after oophorectomy, % -- 66.4 -- 
*Based on two-sided Pearson chi-square test or t-test. Abbreviations: DXA, dual energy x-ray absorptiometry; SD, 
standard deviation; HRT, hormone replacement therapy. 
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Table 4-2. Multivariable-adjusted odds ratios and 95% CI for total fat mass and lean mass comparing women with and 
without oophorectomy, by age at DXA scan* 
  Age at DXA Scan 

<45 y (n=1,297) ≥45 y (n=2,467) 

n T2 vs. T1 T3 vs. T1 n T2 vs. T1 T3 vs. T1 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Total Fat Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 3.94 (1.38-11.28) 5.62 (1.80-17.53) 482 1.32 (0.93-1.87) 1.88 (1.32-2.67)        
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 3.94 (1.38-11.28) 5.62 (1.80-17.53) 276 1.38 (0.85-2.26) 2.45 (1.62-3.73) 
Oophorectomy ≥45 y 0 -- -- 206 1.24 (0.82-1.87) 1.30 (0.77-2.19) 
Total Lean Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 0.72 (0.37-1.40) 0.20 (0.06-0.56) 482 0.69 (0.52-0.91) 0.57 (0.40-0.80)        
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 0.72 (0.37-1.40) 0.20 (0.06-0.56) 276 0.58 (0.42-0.79) 0.45 (0.31-0.66) 
Oophorectomy ≥45 y -- -- -- 206 0.89 (0.58-1.38) 0.79 (0.48-1.30) 

  
High Total Fat Mass, 
Low Total Lean Mass‡ 

      

No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 5.92 (1.96-17.90) 482 1.81 (1.27-2.58)        
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy <45 y 70 5.92 (1.96-17.90) 276 2.35 (1.55-3.56) 
Oophorectomy ≥45 y -- -- 206 1.27 (0.75-2.13) 

*Models adjusted for age at interview, race, smoking, alcohol use, education, physical activity, BMI at age 25, parity, oral contraceptive use, and hormone 
therapy use. ‡Defined as having total fat mass in the highest tertile (T3) and total lean mass in the lowest tertile (T1). Median (interquartile range) time 
since oophorectomy, <45 years: 5 years (0-16 years); ≥45 years: 16 years (1-40 years). Abbreviations: DXA, dual-energy x-ray absorptiometry; OR, odds 
ratio; CI: confidence interval; T1, tertile 1; T2, tertile 2; T3, tertile 3.  
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Table 4-3. Multivariable-adjusted odds ratios and 95% CI for regional fat mass and lean mass comparing women with and 
without oophorectomy, by age at DXA scan* 
  Age at DXA Scan 

<45 y (n=1,297) ≥45 y (n=2,467) 

n T2 vs. T1 T3 vs. T1 n T2 vs. T1 T3 vs. T1 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Trunk Fat Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 3.19 (1.23-8.25) 5.99 (2.09-17.17) 482 1.50 (1.08-2.10) 1.79 (1.18-2.71) 
       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 3.19 (1.23-8.25) 5.99 (2.09-17.17) 276 1.91 (1.13-3.21) 2.64 (1.54-4.52) 
Oophorectomy ≥45 y 0 -- -- 206 1.15 (0.76-1.72) 1.09 (0.65-1.84) 
Trunk Lean Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 0.51 (0.24-1.07) 0.18 (0.06-0.53) 482 0.85 (0.62-1.15) 0.49 (0.33-0.70) 
       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 0.51 (0.24-1.07) 0.18 (0.06-0.53) 276 0.73 (0.50-1.05) 0.39 (0.25-0.60) 
Oophorectomy ≥45 y 0 -- -- 206 1.06 (0.72-1.57) 0.66 (0.39-1.11) 
       
Arms Fat Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 2.83 (1.09-7.35) 5.31 (1.80-15.62) 482 1.08 (0.77-1.53) 1.04 (1.02-1.06)        
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 2.83 (1.09-7.35) 5.31 (1.80-15.62) 276 1.26 (0.80-1.98) 1.83 (1.07-3.13) 
Oophorectomy ≥45 y 0 -- -- 206 0.90 (0.56-1.46) 0.99 (0.56-1.76) 
Arms Lean Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 0.82 (0.39-1.72) 0.30 (0.10-0.87) 482 0.69 (0.48-1.00) 0.72 (0.47-1.10)        
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 0.82 (0.39-1.72) 0.30 (0.10-0.87) 276 0.61 (0.39-0.95) 0.55 (0.32-0.94) 
Oophorectomy ≥45 y -- -- -- 206 0.82 (0.51-1.34) 1.02 (0.58-1.81) 
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Table 4-3. Multivariable-adjusted odds ratios and 95% CI for regional fat mass and lean mass comparing women with and 
without oophorectomy, by age at DXA scan (continued)* 
  Age at DXA Scan 

<45 y (n=1,297) ≥45 y (n=2,467) 

n T2 vs. T1 T3 vs. T1 n T2 vs. T1 T3 vs. T1 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Legs Fat Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 1.27 (0.54-2.97) 1.25 (0.47-3.28) 482 0.88 (0.67-1.16) 1.32 (0.99-1.76)        
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 1.27 (0.54-2.97) 1.25 (0.47-3.28) 276 0.86 (0.62-1.21) 1.50 (1.04-2.18) 
Oophorectomy ≥45 y -- -- -- 206 0.90 (0.57-1.40) 1.09 (0.71-1.71) 
Legs Lean Mass       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy (overall) 70 0.98 (0.46-2.06) 0.86 (0.33-2.24) 482 0.74 (0.58-0.94) 0.73 (0.55-0.97) 
       
No oophorectomy 1,227 Reference Reference 1,985 Reference Reference 
Oophorectomy <45 y 70 0.98 (0.46-2.06) 0.86 (0.33-2.24) 276 0.64 (0.45-0.90) 0.62 (0.42-0.89) 
Oophorectomy ≥45 y 0 - -- 206 0.91 (0.64-1.30) 0.94 (0.61-1.45) 

*Models adjusted for age at interview, race, smoking, alcohol use, education, physical activity, BMI at age 25, parity, oral contraceptive use, and hormone 
therapy use. ‡Defined as having total fat mass in the highest tertile (T3) and total lean mass in the lowest tertile (T1). Median (interquartile range) time 
since oophorectomy, <45 years: 5 years (0-16 years); ≥45 years: 16 years (1-40 years). Abbreviations: DXA, dual-energy x-ray absorptiometry; OR, odds 
ratio; CI: confidence interval; T1, tertile 1; T2, tertile 2; T3, tertile 3.  
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Table 4-4. Multivariable-adjusted odds ratios and 95% CI for total and regional fat mass and lean mass comparing women with and 
without oophorectomy, by BMI at DXA scan* 

  BMI at DXA Scan 
<25 kg/m2 (n=1,074) ≥25 kg/m2 (n=2,641) 

n T2 vs. T1 T3 vs. T1 n T2 vs. T1 T3 vs. T1 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Total Fat Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 2.25 (1.01-5.02) 2.60 (1.22-5.50) 415 1.17 (0.83-1.65) 1.50 (1.06-2.12) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 3.47 (1.13-10.67) 3.98 (1.39-11.35) 268 1.23 (0.81-1.89) 1.68 (1.14-2.47) 
Oophorectomy ≥45 y 59 1.31 (0.44-3.90) 1.58 (0.56-4.45) 147 1.03 (0.57-1.86) 1.16 (0.64-2.11) 
Total Lean Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 1.06 (0.53-2.13) 0.36 (0.18-0.75) 415 0.85 (0.64-1.12) 0.62 (0.43-0.92) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 0.99 (0.45-2.20) 0.25 (0.10-0.71) 268 0.82 (0.61-1.10) 0.54 (0.34-0.85) 
Oophorectomy ≥45 y 59 1.14 (0.41-3.21) 0.56 (0.20-1.57) 147 0.90 (0.54-1.52) 0.87 (0.48-1.58) 
Trunk Fat Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 1.67 (0.77-3.58) 2.79 (1.49-5.24) 415 1.37 (0.94-1.99) 1.80 (1.17-2.78) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 2.23 (0.84-5.92) 3.81 (1.55-9.42) 268 1.30 (0.86-1.98) 2.13 (1.37-3.33) 
Oophorectomy ≥45 y 59 1.11 (0.38-3.25) 1.90 (0.79-4.54) 147 1.46 (0.84-2.53) 1.23 (0.68-2.22) 
Trunk Lean Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 0.52 (0.26-1.05) 0.34 (0.18-0.63) 415 0.71 (0.54-0.94) 0.55 (0.34-0.86) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 0.48 (0.20-1.16) 0.24 (0.10-0.57) 268 0.59 (0.44-0.81) 0.45 (0.28-0.72) 
Oophorectomy ≥45 y 59 0.57 (0.23-1.42) 0.54 (0.23-1.26) 147 1.04 (0.68-1.60) 0.85 (0.46-1.59) 
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Table 4-4. Multivariable-adjusted odds ratios and 95% CI for total and regional fat mass and lean mass comparing women with and 
without oophorectomy, by BMI at DXA scan (continued)* 

  BMI at DXA Scan 
<25 kg/m2 (n=1,123) ≥25 kg/m2 (n=2,641) 

n T2 vs. T1 T3 vs. T1 n T2 vs. T1 T3 vs. T1 
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Arms Fat Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 2.02 (1.01-4.05) 2.01 (1.01-3.99) 415 1.42 (0.90-2.24) 1.41 (0.95-2.11) 
       

No oophorectomy 942 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 2.56 (1.02-6.48) 2.68 (1.04-6.92) 268 1.64 (0.98-2.77) 1.68 (1.13-2.47) 
Oophorectomy ≥45 y 59 1.47 (0.55-3.98) 1.38 (0.50-3.87) 147 1.03 (0.54-1.96) 1.00 (0.51-1.93) 
Arms Lean Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 1.00 (0.52-1.94) 0.49 (0.24-0.97) 415 1.01 (0.74-1.38) 0.65 (0.41-1.00) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 0.98 (0.47-2.05) 0.37 (0.14-0.96) 268 0.97 (0.66-1.42) 0.54 (0.35-0.84) 
Oophorectomy ≥45 y 59 1.02 (0.37-2.84) 0.70 (0.25-1.96) 147 1.08 (0.65-1.82) 0.94 (0.48-1.81) 
Legs Fat Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 1.28 (0.63-2.62) 1.28 (0.64-2.56) 415 0.78 (0.59-1.04) 1.02 (0.76-1.36) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 1.59 (0.65-3.92) 1.76 (0.71-4.36) 268 0.68 (0.48-1.06) 1.00 (0.73-1.38) 
Oophorectomy ≥45 y 59 0.98 (0.41-2.29) 0.84 (0.31-2.30) 147 1.06 (0.61-1.87) 1.07 (0.64-1.80) 
Legs Lean Mass       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy (overall) 137 1.01 (0.52-1.99) 0.76 (0.39-1.48) 415 0.83 (0.63-1.11) 0.98 (0.72-1.34) 
       

No oophorectomy 986 Reference Reference 2,226 Reference Reference 
Oophorectomy <45 y 78 0.99 (0.45-2.18) 0.51 (0.20-1.29) 268 0.74 (0.51-1.07) 1.07 (0.70-1.62) 
Oophorectomy ≥45 y 59 1.04 (0.38-2.83) 1.22 (0.45-3.27) 147 0.98 (0.70-1.38) 0.96 (0.58-1.62) 

*Models adjusted for age at interview, race, smoking, alcohol use, education, physical activity, BMI at age 25, parity, oral contraceptive use, and hormone 
therapy use. Abbreviations: DXA, dual-energy x-ray absorptiometry; OR, odds ratio; CI: confidence interval; T1, tertile 1; T2, tertile 2; T3, tertile 3.  
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Chapter 4 Figures 
 

 
 
Figure 4-1A. Multivariable-adjusted odds ratios and 95% CI for total fat mass comparing women with and without oophorectomy, overall and by 
age at oophorectomy. Estimates are reported as odds of being in the middle compared to the lowest tertile (T2 vs. T1) and the highest compared 
to the lowest tertile (T3 vs. T1). Models adjusted for age at interview, race, smoking, alcohol consumption, education, BMI at age 25, parity, oral 
contraceptive use, and hormone replacement therapy use.  
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Figure 4-1B. Multivariable-adjusted odds ratios and 95% CI for total lean mass comparing women with and without oophorectomy, overall and by 
age at oophorectomy. Estimates are reported as odds of being in the middle compared to the lowest tertile (T2 vs. T1) and the highest compared 
to the lowest tertile (T3 vs. T1). Models adjusted for age at interview, race, smoking, alcohol consumption, education, BMI at age 25, parity, oral 
contraceptive use, and hormone replacement therapy use.  
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Figure 4-1C. Multivariable-adjusted odds ratios and 95% CI for the high total fat mass, low total lean mass body composition phenotype 
comparing women with and without oophorectomy, overall and by age at oophorectomy. High total fat mass, low total lean mass body 
composition phenotype defined as having total fat mass in the highest tertile (tertile 3) and total lean mass in the lowest tertile (tertile 1). 
Models adjusted for age at interview, race, smoking, alcohol consumption, education, BMI at age 25, parity, oral contraceptive use, and 
hormone replacement therapy use.  
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Figure 4-2A. Prevalence of the high total fat mass and low total lean mass body composition phenotype, overall and by age at 
oophorectomy. High total fat mass and low total lean mass body composition phenotype defined as having total fat mass in the highest 
tertile (T3) and total lean mass in the lowest tertile (T1). 
 
*p<0.05 for absolute differences in prevalence. Reference group: no oophorectomy.  
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Figure 4-2B. Prevalence of the high total fat mass and low total lean mass body composition phenotype among women with 
oophorectomy by physical activity and hormone therapy use. High total fat mass and low total lean mass body composition phenotype 
defined as having total fat mass in the highest tertile (T3) and total lean mass in the lowest tertile (T1). 
 
*p<0.05 for absolute differences in prevalence. Reference group for physical activity: none and for hormone therapy use: no hormone 
therapy use.
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Chapter 4 Appendix 
 
Table 4-1. Tertile cut points for total and regional fat mass and lean mass* 

 Total Body (%) Trunk (%) Arms (%) Legs (%) 
Fat Mass Lean Mass Fat Mass Lean Mass Fat Mass Lean Mass Fat Mass Lean Mass 

Overall         

     Tertile 1 <38.20 <53.70 <36.80 <55.11 <41.00 <48.63 <41.21 <50.37 
     Tertile 2 38.21-43.69 53.71-58.63 36.81-43.49 55.12-61.59 41.01-48.01 48.64-55.06 41.22-46.71 50.38-55.49 
     Tertile 3 ≥43.70 ≥58.64 ≥43.50 ≥61.60 ≥48.02 ≥55.07 ≥46.72 ≥55.50 
<45 y         

     Tertile 1 <36.50 <55.10 <34.30 <56.77 <38.80 <50.84 <40.34 <51.47 
     Tertile 2 36.51-41.99 55.11-60.19 34.31-41.74 56.78-63.95 38.81-45.42 50.85-57.03 40.35-45.62 51.48-56.37 
     Tertile 3 ≥42.00 ≥60.20 ≥41.75 ≥63.96 ≥45.43 ≥57.04 ≥45.63 ≥56.38 
≥45 y         

     Tertile 1 <39.40 <52.97 <38.40 <54.29 <42.64 <47.32 <41.93 <49.77 
     Tertile 2 39.41-44.49 52.98-57.62 38.41-44.41 54.30-60.15 42.65-49.34 47.33-53.56 41.94-47.41 49.78-54.92 
     Tertile 3 ≥44.50 ≥57.63 ≥44.42 ≥60.16 ≥49.35 ≥53.57 ≥47.42 ≥54.93 
BMI <25 kg/m2         

     Tertile 1 <32.80 <59.77 <28.90 <63.52 <34.96 <55.29 <37.58 <54.03 
     Tertile 2 32.81-36.89 59.78-63.83 28.91-34.79 63.53-69.28 34.97-40.48 55.30-60.44 37.59-42.49 54.04-58.83 
     Tertile 3 ≥36.90 ≥63.84 ≥34.80 ≥69.29 ≥40.49 ≥60.45 ≥42.50 ≥58.84 
BMI ≥25 kg/m2         

     Tertile 1 <41.50 <52.06 <40.84 <53.29 <44.45 <46.61 <43.43 <49.11 
     Tertile 2 41.41-45.39 52.07-55.82 40.85-45.46 53.30-57.67 44.46-50.20 46.62-52.05 43.44-48.14 49.12-53.60 
     Tertile 3 ≥45.40 ≥55.83 ≥45.47 ≥57.68 ≥50.21 ≥52.06 ≥48.15 ≥53.61 

*Based on reference values among women who reported no prior oophorectomy.  
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Table 4-2. Multivariable-adjusted mean differences and 95% CI for total and regional fat mass 
and lean mass comparing women with and without oophorectomy* 

 n Total Fat Mass (%) Total Lean Mass (%) 
β (95% CI) β (95% CI) 

No oophorectomy 3,212 Reference Reference 
Oophorectomy (overall) 552 1.57 (0.88, 2.26) -1.44 (-2.08, -0.78)     

No oophorectomy 3,212 Reference Reference 
Oophorectomy <45 y 346 2.06 (1.22, 2.90) -1.89 (-2.67, -1.10) 
Oophorectomy ≥45 y 206 0.60 (-0.51, 1.70) -0.54 (-1.59, 0.51) 
  Trunk Fat Mass (%) Trunk Lean Mass (%) 
No oophorectomy 3,212 Reference Reference 
Oophorectomy (overall) 552 2.21 (1.32, 3.10) -2.13 (-3.00, -1.27)     

No oophorectomy 3,212 Reference Reference 
Oophorectomy <45 y 346 2.90 (1.83, 3.96) -2.80 (-3.82, -1.76) 
Oophorectomy ≥45 y 206 0.85 (-0.43, 2.13) -0.81 (-2.07, 0.43) 
  Arms Fat Mass (%) Arms Lean Mass (%) 
No oophorectomy 3,212 Reference Reference 
Oophorectomy (overall) 552 1.50 (0.53, 2.48) -1.35 (-2.27, -0.42)     

No oophorectomy 3,212 Reference Reference 
Oophorectomy <45 y 346 2.14 (0.99, 3.29) -1.93 (-3.02, -0.83) 
Oophorectomy ≥45 y 206 0.23 (-1.34, 1.80) -0.19 (-1.69, 1.31) 
  Legs Fat Mass (%) Legs Lean Mass (%) 
No oophorectomy 3,212 Reference Reference 
Oophorectomy (overall) 552 0.86 (0.14, 1.57) -0.75 (-1.44, -0.07)     

No oophorectomy 3,212 Reference Reference 
Oophorectomy <45 y 346 1.07 (0.21, 1.92) -0.94 (-1.75, -0.13) 
Oophorectomy ≥45 y 206 0.44 (-0.78, 1.66) -0.38 (-1.54, 0.78) 

*Models adjusted for age at interview, race, smoking, alcohol consumption, education, physical activity, BMI at age 25, 
parity, oral contraceptive use, and hormone replacement therapy use. Abbreviation: CI, confidence interval. 
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Table 4-3. Multivariable-adjusted mean differences and 95% CI for total and regional fat mass 
and lean mass comparing women with and without oophorectomy, by age at DXA scan* 

  

Age at DXA Scan 
<45 y (n=1,297) ≥45 y (n=2,467) 

n β (95% CI) n β (95% CI) 
Total Fat Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 3.22 (0.86, 5.57) 482 1.26 (1.17, 1.40)      

Total Lean Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 -2.83 (-5.03, -0.62) 482 -1.18 (-1.88, -0.48) 
Trunk Fat Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 4.73 (1.95, 7.50) 482 1.69 (0.72, 2.66)      

Trunk Lean Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 -4.49 (-7.19, -1.79) 482 -1.64 (-2.60, -0.69) 
Arms Fat Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 3.50 (0.61, 6.39) 482 1.09 (0.04, 2.14) 
     
Arms Lean Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 -3.01 (-5.73, -0.29) 482 -1.01 (-2.00, -0.02) 
Legs Fat Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 1.41 (-1.05, 3.86) 482 0.86 (0.18, 1.53) 
     
Legs Lean Mass (%)     
No oophorectomy 1,227 Reference 1,985 Reference 
Oophorectomy (overall) 70 -1.11 (-3.43, 1.22) 482 -0.80 (-1.43, -0.17) 

*Models adjusted for age at interview, race, smoking, alcohol consumption, education, physical activity, BMI at age 25, 
parity, oral contraceptive use, and hormone replacement therapy use. Abbreviations: DXA, dual-energy x-ray 
absorptiometry; CI, confidence interval. 
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Table 4-4. Multivariable-adjusted mean differences and 95% CI for total and regional fat mass 
and lean mass comparing women with and without oophorectomy, by BMI at DXA scan* 

  

BMI at DXA Scan 
<25kg/m2 (n=1,074) ≥25 kg/m2 (n=2,641) 

n β (95% CI) n β (95% CI) 
Total Fat Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 1.81 (0.63, 2.98) 415 0.76 (0.26, 1.26)) 

     

Total Lean Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 -1.66 (-2.80, -0.52) 415 -0.70 (-1.18, -0.23) 

Trunk Fat Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 2.43 (1.01, 3.86) 415 1.15 (0.50, 1.80)      

Trunk Lean Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 -2.34 (-3.73, -0.94) 415 -1.17 (-1.76, -0.48) 
Arms Fat Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 1.77 (0.12, 3.42) 415 0.68 (-0.10, 1.47) 
     
Arms Lean Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 -1.61 (-3.22, -0.01) 415 -0.63 (-1.40, 0.14) 
Legs Fat Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 1.32 (-0.09, 2.73) 415 0.24 (-0.45, 0.94) 
     
Legs Lean Mass (%)     
No oophorectomy 942 Reference 2,226 Reference 
Oophorectomy (overall) 132 -1.19 (-2.56, 0.18) 415 -0.23 (-0.89, 0.44) 

*Adjusted for age at interview, race, smoking, alcohol consumption, education, physical activity, BMI at age 25, parity, oral 
contraceptive use, and hormone replacement therapy use. Abbreviations: DXA, dual-energy x-ray absorptiometry; BMI, 
body mass index; CI, confidence interval.  
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Table 4-5. Multivariable-adjusted odds ratios and 95% CI for total fat mass and lean mass 
comparing women with and without oophorectomy, with additional adjustment for total caloric 
intake, excluding women who reported use of hormone replacement therapy after oophorectomy 
and women who reported a history of endometriosis and uterine fibroids* 

 N T2 vs. T1 
OR (95% CI) 

T3 vs. T1 
OR (95% CI) 

Adjusting for Total Caloric Intake 
 
Total Fat Mass 
No oophorectomy 
Oophorectomy (overall) 
     <45 y 
     ≥45 y 

 
 
 

3,212 
387 
244 
143 

 
 
 

Reference 
1.34 (0.93-1.98) 
1.60 (0.98-2.78) 
0.95 (0.58-1.56) 

 
 
 

Reference 
1.94 (1.35-2.78) 
2.82 (1.72-4.61) 
0.97 (0.56-1.67) 

Total Lean Mass 
No oophorectomy 
Oophorectomy (overall) 
     <45 y 
     ≥45 y 

 
3,212 

387 
244 
143 

 
Reference 

0.70 (0.52-0.95) 
0.62 (0.45-0.85) 
0.86 (0.52-1.43) 

 
Reference 

0.56 (0.40-0.79) 
0.40 (0.25-0.64) 
1.03 (0.62-1.72) 

Excluding HRT Users 
 
Total Fat Mass 
No oophorectomy 
Oophorectomy (overall) 
     <45 y 
     ≥45 y 

3,212 
205 
123 

82 

Reference 
1.30 (0.76-2.20) 
1.46 (0.74-2.90) 
1.06 (0.53-2.13) 

Reference 
2.05 (1.21-3.48) 
2.81 (1.51-5.25) 
1.23 (0.58-2.62) 

Total Lean Mass       
No oophorectomy 3,212 Reference Reference 
Oophorectomy (overall) 205 0.72 (0.44-1.17) 0.53 (0.31-0.90) 

<45 y 123 0.67 (0.40-1.10) 0.41 (0.24-0.74) 
≥45 y 82 0.82 (0.39-1.75) 0.79 (0.36-1.72) 

Excluding Women with Endometriosis 
 
Total Fat Mass 
No oophorectomy 
Oophorectomy (overall) 
     <45 y 

 ≥45 y 

3,113 
466 
272 
194 

Reference 
1.43 (0.99-2.07) 
1.58 (0.95-2.63) 
1.26 (0.77-2.05) 

Reference 
2.05 (1.39-3.04) 
3.05 (1.94-4.80) 
1.15 (0.64-2.08) 

Total Lean Mass       
No oophorectomy 3,113 Reference Reference 
Oophorectomy (overall) 466 0.71 (0.53, 0.96) 0.52 (0.35, 0.76) 
<45 y 272 0.56 (0.40, 0.80) 0.35 (0.23, 0.55) 
≥45 y 194 1.02 (0.65, 1.61) 0.87 (0.50, 1.53) 

Excluding Women with Uterine Fibroids 
 
Total Fat Mass 
No oophorectomy 
Oophorectomy (overall) 
     <45 y 

  ≥45 y 

 2,920 
441 
268 
173 

Reference 
1.34 (0.92-1.95) 
1.38 (0.83-2.31) 
1.22 (0.78-1.91) 

Reference 
1.86 (1.31-2.67) 
2.35 (1.55-3.57) 
1.19 (0.65-2.18) 

Total Lean Mass       
No oophorectomy 2,920 Reference Reference 
Oophorectomy (overall) 441 0.71 (0.53, 0.95) 0.57 (0.40, 0.81) 
<45 y 268 0.60 (0.44, 0.83) 0.45 (0.30, 0.68) 
≥45 y 173 0.97 (0.61, 1.55) 0.91 (0.52, 1.58) 

*Adjusted for age at interview, race, smoking, alcohol consumption, education, physical activity, BMI at age 25, parity, oral 
contraceptive use, and hormone replacement therapy use. Abbreviations: CI, confidence interval; T1-T3, tertiles 1-3.  
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Key Findings and Future Directions 

The objective of this dissertation was to address research gaps on the risks and benefits 

of opportunistic salpingectomy (OS) and bilateral salpingo-oophorectomy (BSO) for 

ovarian cancer prevention. Specifically, this dissertation aimed to examine the national 

uptake of OS at the time of benign hysterectomy and tubal ligation for sterilization, and 

the prevalence and predictors of occult cancers diagnosed at the time of OS and BSO. 

This dissertation also investigated the association between BSO and total and regional 

distribution of fat and lean body mass. The overarching goal of these studies was to 

inform decision-making around preventive surgeries for ovarian cancer and improve 

follow-up care for women who elect to undergo surgery. 

 

Uptake of opportunistic salpingectomy for ovarian cancer prevention 

The first aim examined patient characteristics associated with an increased likelihood of 

OS and national trends in OS adoption before and after the release of clinical practice 

recommendations from national societies. Utilizing a nationwide convenience sample of 

48 million women, we found that OS was rapidly adopted into clinical practice between 

2010 and 2017. OS accounted for <1% of sterilization encounters and benign 

hysterectomies in 2010 compared to 20% of all sterilization encounters and benign 

hysterectomies in 2017. The rapid increase in OS for sterilization was most pronounced 

in women <45 years, while the increase in hysterectomy and OS was most pronounced 

in women 45-55 years. Rates of OS were low in women >55 years. The most common 

surgical indications for hysterectomy and OS were uterine fibroids and menstrual 

disorders. The increase in OS rates occurred in all geographic regions, in both rural and 

urban locations, across all types of health plans, and in women with and without a family 

history of breast and/or ovarian cancer. 
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The rapid increase in OS rates was temporally associated with the release of national 

recommendations supporting OS use, resulting in a statistically significant immediate 

and sustained increase in OS rates after the release of national recommendations with 

no subsequent return to historic levels. In contrast, significant declines in the rates of 

hysterectomy alone and tubal ligation were observed, and these declines were 

temporally associated with the release of national recommendations. No significant 

temporal trends in hysterectomy and BSO rates were observed during the study period. 

 

With the recent paradigm shift in our understanding of the origin of high-grade serous 

ovarian cancer, OS represents a promising prevention strategy. Future studies with 

larger sample sizes and long-term prospective follow-up are needed to clarify the impact 

of OS on ovarian cancer incidence and mortality. Ideally, these studies should be 

powered to assess OS risk reduction by histologic subtype and compare the marginal 

benefit of OS to tubal ligation and hysterectomy alone. Studies examining the long-term 

effects of OS on ovarian function and menopausal symptoms are also needed to support 

the continued use of OS in average-risk women. Given the rarity of ovarian cancer, large 

consortia of prospective cohort studies may be necessary to address these critical 

research gaps. Additionally, as OS for ovarian cancer prevention becomes more 

prevalent in clinical practice, further research should focus on ensuring equitable access 

to this potentially crucial preventive surgery.  

 

Prevalence and predictors of occult cancers at the time of benign gynecologic surgery 

The second aim of this dissertation quantified the prevalence of occult cancer in an 

unselected sample of women undergoing benign gynecologic surgery and identified risk 

factors associated with an occult cancer diagnosis. Among 538,471 women undergoing 

benign gynecologic surgery, the age-adjusted prevalence of occult cancer was 0.053% 
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(95% CI: 0.047-0.059) overall and 0.042% (0.036-0.048) after excluding women with a 

family history of and genetic susceptibility to breast and/or ovarian cancer. The 

prevalence of occult cancer was similar in women with OS for sterilization (0.123%, 95% 

CI: 0.014-0.233) and hysterectomy and BSO (0.090%, 95% CI: 0.076-0.104).  

 

Independent predictors of an occult cancer diagnosis at the time of surgery included age 

at surgery, family history of and genetic susceptibility to breast and/or ovarian cancer, 

surgical indication, and pre-surgical comorbidities. Among women with an occult cancer 

diagnosis at hysterectomy and BSO, none were diagnosed with subsequent peritoneal 

cancer. A total of 12 peritoneal cancers developed in women who underwent 

hysterectomy and BSO without an occult cancer diagnosis (age-adjusted incidence: 4.57 

per 100,000 women).  

 

The prevalence of occult cancer in our study was lower than that reported by prior 

studies in selected BRCA1/2 carriers (2.5%-5.0%) and high-risk non-carriers (0.5%) 

undergoing prophylactic BSO.1-7 The lower prevalence may reflect the younger age at 

surgery of women included in our study population as well as the rarity of ovarian cancer 

in the general population. It is also plausible that precursor lesions in the fallopian tubes 

of average-risk women have limited proliferative activity compared to high-risk women. 

The tubal origin of ovarian cancer was proposed after an extensive examination of the 

fallopian tubes of BRCA1/2 mutation carriers undergoing prophylactic BSO. It is not clear 

whether the fallopian tube is the source of high-grade serous ovarian cancer in women 

with and without a genetic predisposition given that not all women with high-grade 

serous ovarian cancers have been found to have precursor lesions in their fallopian 

tubes. Future studies with more detailed molecular profiling are needed to examine 

similarities and differences in precursor lesions in the fallopian tubes of high-risk and 
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average-risk women. These studies may also shed light on the subset of average-risk 

women who would benefit the most from OS for ovarian cancer prevention.  

 

BSO and whole-body composition 

For the third aim of this dissertation, we examined the association of BSO with total and 

regional fat and lean body mass, both important markers of healthy aging. In a diverse, 

nationally representative survey of 3,764 women, we found that women with a prior 

history of BSO had increased levels of total fat mass and decreased levels of total lean 

mass compared to women without a prior history of BSO. The relative increase in total 

fat mass and decrease in total lean mass was strongest and only statistically significant 

in women who reported undergoing BSO <45 years compared to women without BSO. 

The most pronounced effects were observed in the trunk and arms. The association 

between BSO and total and regional fat mass and lean mass was robust and persisted 

after accounting for age and body mass index at body composition exam.  

 

About 44% of women with BSO had both high total fat mass and low total lean mass 

compared to 30% of women without BSO, with higher prevalence in women who 

reported BSO at a younger age (<45 years: 47%; ≥45 years: 39%). Among women with 

BSO, the prevalence of both high total fat mass and low total lean mass was lower in 

those who reported vigorous physical activity (28%) compared to those who reported no 

physical activity (54%). Similarly, the prevalence was lower in women who reported 

hormone therapy use after BSO (43%) compared to those who reported no hormone 

therapy use after BSO (47%), although this difference was not statistically significant.  

 

Our study provides evidence that BSO may have long-lasting adverse effects on fat and 

lean body mass, particularly in the trunk and arms. The premature decline in 
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endogenous sex hormones after premenopausal BSO is likely a significant contributor to 

the adverse changes in body composition that we observed. Future longitudinal studies 

are needed to examine body composition changes in women undergoing BSO and the 

effectiveness of physical activity and hormone therapy use after BSO in ameliorating 

changes in body composition in women electing to undergo BSO. These studies may 

inform guidelines on risk-appropriate follow-up care for women after BSO and ultimately 

lead to reductions in chronic diseases associated with adverse changes in body 

composition.   

 

Conclusion 

This dissertation contributes new information on the risks and benefits of surgical 

preventive strategies for ovarian cancer. With the evolving appreciation of the role of the 

fallopian tubes in ovarian carcinogenesis, we show that opportunistic salpingectomy has 

rapidly reached women in clinical practice despite limited data on long-term efficacy and 

surgical morbidity. Whether salpingectomy for ovarian cancer prevention should be 

offered to all women undergoing benign gynecologic surgery warrants further 

investigation given that the prevalence of occult ovarian cancer in women undergoing 

presumed benign gynecologic surgery is low. The risk-benefit balance of salpingectomy 

at the time of benign gynecologic surgery will be diminished if future studies find that it 

adversely impacts ovarian blood supply and hormonal function. Finally, this dissertation 

provides evidence that bilateral salpingo-oophorectomy before the age of natural 

menopause may be a significant contributor to increased fat and decreased lean body 

mass, an adverse metabolic phenotype that places women at high risk for chronic 

disease. Collectively, the findings of this dissertation add to the evidence base for future 

research weighing the long-term risks and benefits of preventive surgeries for ovarian 

cancer.  
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