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Lifetime ovulatory years and risk of epithelial ovarian cancer: a 
multinational pooled analysis
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Abstract

Background—The role of ovulation in epithelial ovarian cancer (EOC) is supported by the 

consistent protective effects of parity and oral contraceptive (OC) use. Whether these factors 

protect through anovulation alone remains unclear. We explored the association between lifetime 

ovulatory years (LOY) and EOC.

Methods—LOY was calculated using 12 algorithms. Odds ratios (ORs) and 95% confidence 

intervals (CIs) estimated the association between LOY or LOY components and EOC among 

26,204 controls and 21,267 cases from 25 studies. To assess whether LOY components act through 

ovulation suppression alone, we compared beta coefficients obtained from regression models to 

expected estimates assuming one year of ovulation suppression has the same effect regardless of 

source.

Results—LOY was associated with increased EOC risk (ORs per year increase: 1.014 (95%CI 

1.009-1.020) to 1.044 (95%CI 1.041-1.048)). Individual LOY components, except age at 

menarche, also associated with EOC. The estimated model coefficient for OC use and pregnancies 

were 4.45 times and 12-15 fold greater than expected, respectively. LOY was associated with 

high-grade serous (HGSOC), low-grade serous (LGSOC), endometrioid, and clear cell histotypes 

(ORs per year increase: 1.054, 1.040, 1.065, and 1.098, respectively), but not mucinous tumors. 

Estimated coefficients of LOY components were close to expected estimates for HGSOC but 

larger than expected for LGSOC, endometrioid, and clear cell histotypes.
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Conclusions—LOY is positively associated with non-mucinous EOC. Differences between 

estimated and expected model coefficients for LOY components suggest factors beyond ovulation 

underlie the associations between LOY components and EOC in general and for non-HGSOC.

Keywords

epithelial ovarian cancer; lifetime ovulation years; case-control study; incessant ovulation; pooled 
analysis; OCAC

Epithelial ovarian cancer (EOC) is the most lethal gynecologic malignancy. The consistent 

protective effects of oral contraceptives (OC),1–3 bearing children,3,4 and breastfeeding,5 

which all suppress ovulation, suggest that ovulation may play a key role in disease origin.6 

In support of this hypothesis, lifetime ovulatory years (LOY) have been associated with 

increased EOC risk.2,7–14 However, differences in how studies define LOY and categorize 

exposure make it challenging to quantify the LOY-EOC relationship.15 Moreover, it remains 

unclear whether the mechanism whereby LOY components exert their impacts is through 

ovulation suppression alone or other means.7

While EOC is considered a set of diseases defined by histologic subtypes (“histotypes”), the 

relationship between LOY and EOC histotypes remains understudied. Although LOY might 

be associated with specific EOC subtypes,2,10–14 no individual study has had a large enough 

sample size to undertake a detailed histotype-specific analysis to evaluate the actual versus 

expected effects of individual LOY components to assess whether the mechanism of action 

of these components is solely by ovulation suppression.

To investigate the effects of LOY and its components on EOC, we pooled data from 25 case-

control studies from the Ovarian Cancer Association Consortium (OCAC). Our goals were 

to (1) quantify the LOY-EOC association overall and for individual histotypes, (2) assess 

the impact of LOY definition on the LOY-EOC relationship, and (3) determine whether the 

relationship between LOY components and EOC is beyond ovulation suppression.

Methods

Study population

This study included 25 case-control studies (Table 1)16–42 from OCAC.43 Participants 

provided informed consent for original studies, whose protocols were approved by their 

respective Institutional Review Boards.

Study variables and LOY calculation

OCAC’s harmonized core data provided LOY component variables: age at last menstrual 

period (LMP) before diagnosis (cases) or interview (controls), age at menarche, number of 

pregnancies, number of full-term births, and total durations of pregnancy, breastfeeding, and 

OC use.

LOY was calculated with 12 algorithms (Supplementary Table 1)8 using the formula:
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LOY = menstrual span − years of anovulation

where “menstrual span” was calculated from age at LMP minus age at menarche. The 

algorithms were divided into four classes based on how “years of anovulation” was defined 

(Figure 1).

Seven studies recorded age at LMP (cases: 6881 (32.4% of total), controls: 8316 (31.7% 

of total)). For the remaining studies, we imputed age at LMP (Figure 2)44 and assessed the 

imputation algorithm by comparing actual versus imputed age at LMP for the seven sites 

(Supplementary Table 2). Sites with 50+% missing values in any LOY component except 

age at LMP were excluded from algorithms using those components (Supplementary Table 

3).45,46

Variables considered a priori as potential confounders included age at diagnosis (cases) 

or interview (controls), race, education, body mass index (BMI) 1-year to 5-years prior, 

family history of ovarian or breast cancer in a first-degree relative, smoking status, history of 

endometriosis, and tubal ligation.

Statistical analyses

Assessment of study heterogeneity—We used random effects meta-analysis to assess 

inter-study LOY-EOC heterogeneity. Because we observed no substantive heterogeneity 

(Supplementary Figure 1), we used the pooled data set adjusted for study site for all 

analyses.

Correlations between LOY values among algorithms and between LOY and 
LOY components—We used Pearson’s correlation to assess pairwise correlations of LOY 

calculated among algorithms limiting analyses to observations with complete data for each 

algorithm in the pairwise comparison. Pearson’s correlation was also used to assess the 

correlations of individual components with LOY calculated by each algorithm.

Estimation of LOY-EOC association—Multivariable logistic regression was used to 

estimate odds ratios (ORs) with 95% confidence intervals (95% CIs) for the association 

between LOY and EOC overall and by histotype. Models were adjusted for study site, age 

at diagnosis or interview, race, education, BMI, smoking status, and family history; inclusion 

of tubal ligation and endometriosis in models did not alter findings and were omitted 

from final models. Because OCAC only recorded total months of breastfeeding across all 

live births and not months per breastfeeding episode, to account for return of ovulation 

once food is introduced typically at 6 months, we performed sensitivity analyses replacing 

breastfeeding duration with either (1) number of live births times the average duration of 

breastfeeding per live birth if the average duration was less than 6 months, or (2) number 

of live births times 6 months if the average duration was 6 months or greater. Similar 

sensitivity analyses were performed for algorithms containing a term for breastfeeding 

duration (Algorithms I-L). Sensitivity analyses were performed with multiple imputation by 

chained equation (MICE) to assess the effect of missing values on LOY-EOC associations47 

including the same covariates as main models. Nested imputations were done for number 
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of pregnancies, number of full-term births, duration of breastfeeding, and duration of OC 

use using the binary variables of ever pregnant, ever breastfed, and OC use, respectively. 

Imputations were done five times with auxiliary variables defined as Pearson’s correlation 

larger than 0.4.48 Sensitivity analyses also examined limiting models to population-based 

studies and using only observations with complete data for all variables.

To assess the relationship between LOY and EOC histotypes, we present results using 

algorithm K because this algorithm most closely reflects lifetime ovulatory years accounting 

for OC use, pregnancy type, and breastfeeding.

Prior studies suggest that the relationship between LOY and EOC may not be linear;49 thus, 

we constructed models using LOY and log(LOY). Because log(LOY) did not improve model 

fit when included with LOY and models with LOY alone provided a better fit than those 

with log(LOY) alone, we report only analyses using LOY.

Estimation of EOC risk related to LOY components: observed versus 
expected estimates—The association of each LOY component and EOC risk overall and 

separately for each histotype was estimated using multivariable logistic regression adjusted 

for study site, age at diagnosis (cases) or interview (controls), race, education, BMI one 

to five years prior to diagnosis/interview, smoking status, family history, and other LOY 

components.

To assess whether each component acts through ovulation suppression alone, we compared 

expected beta coefficient to actual estimates obtained from regression models.7 Based on the 

“incessant ovulation” hypothesis, one year of ovulation suppression should have the same 

effect on the log odds of EOC regardless of origin. Thus, if we assign one as the expected 

beta coefficient for age at LMP per year (indicating that a one-year increase in LMP, which 

would increase LOY by 1, would increase the log odds by 1), then the expected beta 

coefficient for age at menarche per year would be -1 because each additional year increase 

would decrease LOY by one year and hence decrease the log odds by 1. Similarly, the 

expected beta coefficients for OC use per year, number of incomplete pregnancies (assumed 

to be 3 months or 0.25 years), number of full-term births (assumed to be 9 months or 0.75 

years), and breastfeeding per year would be -1, -0.25, -0.75 and -1, respectively.

We then computed the relative coefficients, defined as the actual coefficients from regression 

models divided by the actual coefficient of age at LMP. This set the relative coefficient 

for age at LMP to 1, just as in the expected model. This enabled us to compare the 

actual relative coefficient estimates coefficients to their expected counterparts. To assess the 

significance of individual components, χ2 statistics and p-values were obtained from the 

likelihood-ratio test for the removal of each component from the full model. Sensitivity 

analyses examined limiting models to population-based studies and using only observations 

with complete data for all variables.

All statistical tests were two-sided and performed in Stata/SE version 16.1 (StataCorp, 

College Station, TX).
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Results

Study population

Among the 25 studies, there were 26,204 controls and 21,267 cases (Table 2). Compared 

to controls, cases were more likely to have a family history of breast or ovarian cancer, 

a history of endometriosis, be hysterectomized, and be obese/overweight. Controls were 

more likely to have never smoked, be pre-menopausal, and have had a tubal ligation. Cases 

reported a shorter total duration of OC use and breastfeeding, and fewer total pregnancies.

LOY estimations and correlations

Among the 12 algorithms, median LOY ranged from 31.67 [interquartile range (IQR) 

25.50-35.20] to 35.75 [IQR 32.50-37.50] years (Figure 3 and Supplementary Table 4). 

Pairwise LOY correlations ranged from 0.75 between the algorithms in the first class 

(inclusive of pregnancies only) and the third class (inclusive of pregnancies, OC use, and 

breastfeeding,) to ≥0.99 for correlations within the same class (Supplementary Table 5). 

Correlations between individual components and LOY are presented in Supplementary Table 

6. As algorithm complexity increased, correlations between age at LMP and LOY decreased. 

OC duration was moderately negatively correlated with LOY (rho range: -0.68 to -0.69); 

correlations between the other components and LOY were low.

Estimation of LOY-EOC association (Table 3)

ORs for LOY per year increase across the 12 algorithms ranged from 1.014 (95%CI 

1.009-1.020) to 1.044 (95%CI 1.041-1.048). Associations with LOY calculated from the 

third class of algorithms (inclusive of pregnancies, OC use, and breastfeeding) were not 

changed when months of breastfeeding were truncated at six for participants reporting more 

than six months per birth (data not shown). LOY associations remain unchanged when 

adjusting models in the first class of algorithms (which included only pregnancies) for 

OC and breastfeeding duration, as well as when adjusting the second class of algorithms 

(which included pregnancies and OC duration) for breastfeeding duration (data not shown). 

Sensitivity analyses with multiple imputations of missing values did not alter LOY-EOC 

associations (Table 3). Sensitivity analyses limited to populationbased studies and those 

limited to observations with complete data also did not alter the LOY-EOC association (data 

not shown).

Estimation of EOC risk related to LOY components: observed versus expected estimates 
(Table 4)

Individual components in LOY, except for age at menarche, were associated with EOC. 

There were substantial deviations between relative estimated coefficients and expected 

estimates for each component. The estimated coefficient of OC use per year was 4.45 times 

larger than expected, while estimates for pregnancies were 11-15-fold greater than expected 

regardless of pregnancy type. Estimated coefficient of breastfeeding per year was -13.45, 

instead of the expected -1. Results were similar when truncating breastfeeding at 6 months 

per full-term birth, when limiting analyses to population-based studies, and when limiting 

analyses to observations with complete data (data not shown).
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Histotype-specific estimation for LOY and individual components: observed versus 
expected estimates (Table 5)

LOY was associated with invasive high-grade serous (HGSOC; OR per year 1.054, 95%CI 

1.048-1.061), low-grade serous (LGSOC; OR 1.040, 95%CI 1.019-1.061), endometrioid 

(OR 1.065, 95%CI 1.053-1.076), and clear cell (OR 1.098, 95%CI 1.079-1.117), but not 

mucinous EOC (OR 1.006, 95% CI 0.992-1.019). Except for breastfeeding, estimated 

coefficients of LOY components were close to expected for HGSOC. In contrast, estimated 

coefficients of individual components, except for age at menarche, were larger than the 

expected for LGSOC, endometrioid, and clear cell cancers.

Discussion

Pooling data from 25 case-control studies, we show a positive association between LOY 

and EOC, with each year of ovulation associated with a 4% increase in risk. We also found 

a positive association between LOY and HGSOC, LGSOC, endometrioid, and clear cell 

EOC but not with mucinous tumors. These LOY-EOC associations were not altered when 

using different algorithms to compute LOY or when imputing missing data. We further 

found that LOY components, except age at menarche, were associated with EOC, with the 

magnitude of these associations varying substantially from expectation if their mechanism of 

action were solely ovulation suppression. There was also notable heterogeneity in these 

component-specific findings among EOC histotypes. Together, these data suggest that 

reproductive factors comprising LOY exert their effects through means beyond ovulation 

suppression and those relationships vary by EOC subtype.

Most prior studies report a positive relationship between LOY and EOC.2,7–14,50–63 

Differences in LOY definitions among studies make it challenging to compare specific 

findings across studies. In the present study, we defined LOY from available harmonized 

data using 12 algorithms. Like the Polish Cancer study8 (one of the 25 studies in this 

analysis), we found a high correlation for LOY among algorithms, although point estimates 

varied depending on the algorithm. When assessing overall EOC per 1-year increase in 

LOY, estimates ranged from 1.01-1.04, which is similar to estimates reported by the US 

Nurses’ Health Study (1976-2006) (NHS) and Nurses’ Health Study II (1989-2005) (NHS 

II) (OR=1.07; 95% CI 1.05 -1.08).10 While it is reassuring that our results are similar to 

previous work, because each study used different LOY algorithms and units of presentation 

(e.g., quartiles, ovulatory cycles, etc.)15, a direct comparison of estimated magnitudes is not 

possible. A standardized definition of LOY would facilitate cross-study comparisons and 

allow for more robust inter-study analyses. Our findings confirm that among algorithms 

that account for menstrual span, number of pregnancies, total duration of OC use, and 

total duration of breastfeeding, point estimates for the LOY-EOC relationship are similar. 

Defining LOY using these factors would facilitate inter-study analyses.

We report differences in the association of LOY with EOC subtypes. We report a positive 

association between LOY and both HGSOC and LGSOC. While previous studies have 

reported a positive association between LOY and risk of serous tumors,2,10–15 only OC314 

reported results separately for HGSOC, also finding a positive association. Separating serous 

EOC analyses is important because HGSOC and LGSOC are distinct diseases.64,65 Also 
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consistent with most10–14 but not all previous studies2,15 we found positive associations 

between LOY and clear cell and endometrioid but not mucinous tumors. These results 

are consistent with epidemiologic evidence that suggests a different risk-factor profile for 

mucinous EOC.3,66

Results regarding the associations between LOY components and EOC appeared consistent 

with previous studies.7,8,10,12,58,62 Beyond considering statistical significance, our study 

also compared the magnitudes of each component’s effect on EOC risk and found the 

actual magnitudes varied substantially from expectation.7 Based on the “incessant ovulation” 

hypothesis,6 women with the same LOY should have the same estimated risk if ovulation is 

the only etiologic mechanism underlying the relationship between the components of LOY 

and EOC. However, consistent with two case-control studies,7,62 we show that pregnancy, 

OC use, and breastfeeding are associated with stronger protective effects than would be 

expected based on ovulation suppression alone. Moreover, the protection from one year 

of pregnancy, whether complete or incomplete, was substantially greater than that of one 

year of OC use.7 Together, these data imply that mechanisms beyond ovulation suppression, 

such as hormonal alterations67,68 or inflammation,69 contribute to the LOY-EOC association. 

They further imply differences in the mechanisms whereby individual LOY components 

impact EOC risk, especially for non-HGSOC subtypes, suggesting that a model of EOC risk 

incorporating just LOY and not its component parts would be insufficient in fully capturing 

the effects of exposure to LOY components.

Our results indicate heterogeneity in the associations between LOY components and 

histotype-specific risk. Notably, except for breastfeeding, the estimated coefficients for 

HGSOC were close to expected if only ovulation suppression underlies the component-

HGSOC relationship. This suggests that ovulation may be the primary etiologic mechanism 

for HGSOC; however, because HGSOC is believed to arise in the fimbriated end of 

the fallopian tube and not the ovary70–72 ovulation effects must extend beyond ovarian 

surface epithelium trauma, as originally proposed by Fathalla.6 Notably, during ovulation, 

fallopian tube fimbria come in close proximity to the site of ovulation, directly exposing the 

fimbria to ovarian follicular fluid. In vitro studies show that normal fallopian tube epithelia 

exposed to follicular fluid aspirates develop TP53 mutations, a hallmark of HGSOC.73 

Moreover, follicular fluid has both mutagenic and tumorigenic effects facilitating the full 

transformation process for developing HGSOC from the fallopian tube.74–77 Thus, follicular 

fluid may be the link between greater number of ovulations and HGSOC.

In contrast to HGSOC, factors beyond ovulation suppression underlie the link between LOY 

and other histotypes. For LGSOC, endometrioid and clear cell histotypes, we found that 

actual coefficient estimates were substantially larger than expected for OC use, pregnancies, 

and breastfeeding. This suggests that other mechanisms, such as increased progestin 

exposure,78 may play a role in the protective effects of these factors.

While we did not find any association between LOY and mucinous EOC, we report 

associations for several LOY components. Thus, factors other than ovulation may be 

driving mucinous carcinogenesis. Moreover, the relationship between LOY components and 

mucinous disease varied from that of other histotypes. Together, these observations suggest 
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that factors underlying the relationship between exposures and EOC vary based on histotype 

and confirm the unique origin of mucinous cancers.79,80

The major strength of our work was pooling 25 case-control studies, allowing us to estimate 

more precisely the LOY-EOC association overall and by histotype. The large data set 

also enabled comparison of different LOY definitions and their impact on the LOY-EOC 

relationship. For LOY components, the sample size enabled us to separate the effects of 

ovulation suppression from other potential etiologic mechanisms. The range of studies from 

four continents and nine countries supports the generalizability of our findings.

Despite these strengths, there are several limitations. Because all but two studies25,42 

employed a retrospective case-control design, recall and selection bias are always a 

concern. Regardless of study design limitations, our estimates were consistent with previous 

prospective studies, including the NHS and NHS II study10 and the OC3 pooled analysis of 

prospective studies.14 We made some assumptions about LOY components that may impact 

results. If age at LMP was unknown, we imputed it using an algorithm based on average 

age at menopause by country, age at first HRT use, or age at hysterectomy. We compared 

the observed and imputed age at LMP from seven sites, conducted sensitivity analyses using 

LOY calculated from the imputed value for those sites, and noted no differences in observed 

associations. To prevent overestimating the duration of anovulation from breastfeeding, we 

repeated analyses capping women at six months of breastfeeding per live birth. Results were 

unchanged.

In conclusion, increasing LOY is associated with increased EOC risk, as well as the risk 

of HGSOC, LGSOC, endometrioid, and clear cell histotypes. Although point estimates 

varied slightly, the association between LOY and EOC was not altered when LOY was 

calculated in different ways using core components. Our study also indicated heterogeneity 

in the expected estimated coefficients of each LOY component on histotype-specific EOC. 

Together, our findings suggest that ovulation suppression is not the sole mechanism whereby 

reproductive factors affect EOC overall and for non-HGSOC histotypes. Identifying these 

mechanisms and understanding their individual and joint roles can provide deeper insight 

into disease etiology and potential riskreducing approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Flow chart for algorithms to calculate lifetime ovulatory years
OC, oral contraceptive.
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Figure 2. Flow chart for imputation of age at last menstrual period (LMP).
HRT, hormone replacement therapy.
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Figure 3. Distribution of lifetime ovulatory years calculated from 12 different algorithms
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Table 2
Characteristics of ovarian cancer cases and controls included in the lifetime ovulatory 
years (LOY) analyses

Variables Control, n (%) N= 26204 Case, n (%) N=21267

Age, years, mean (SD) 56.51 (12.06) 56.59 (12.36)

Race

   White 22,586 (86.2) 18,685 (87.9)

   Black 566 (2.2) 460 (2.2)

   Asian 2,019 (7.7) 1,227 (5.8)

   Other 775 (3.0) 692 (3.3)

   Unknown 258 (1.0) 203 (1.0)

Education

   Less than high school 2,857 (10.9) 2,512 (11.8)

   Completed high school 6,508 (24.8) 5,309 (25.0)

   Completed some college 5,573 (21.3) 4,849 (22.8)

   Completed college or university bachelor’s degree 4,727 (18.0) 3,344 (15.7)

   Completed graduate or professorial degree 3,139 (12.0) 2,271 (10.7)

   Unknown 3,400 (13.0) 2,982 (14.0)

Body Mass Index (BMI) at 18, kg/m2

   <18.5 2,637 (10.1) 2,008 (9.4)

   18.5-24.9 10,697 (40.8) 8,809 (41.4)

   25-29.9 992 (3.8) 1,002 (4.7)

   ≥30 310 (1.2) 353 (1.7)

   Unknown 11,568 (44.2) 9,095 (42.8)

Body Mass Index 1 or 5 years prior, kg/m2

   <18.5 286 (1.1) 274 (1.3)

   18.5-24.9 7,472 (28.5) 5,672 (26.7)

   25-29.9 4,541 (17.3) 3,570 (16.8)

   ≥30 3,074 (11.7) 3,021 (14.2)

   Unknown 10,831 (41.3) 8,730 (41.1)

Smoking Status

   Never Smoker 13,311 (50.8) 10,106 (47.5)

   Former Smoker 2,900 (11.1) 2,682 (12.6)

   Current Smoker 7,449 (28.4) 5,930 (27.9)

   Unknown 2,544 (9.7) 2,549 (12.0)

Family History of Breast or Ovarian Cancer in first-relative

   No 16,038 (61.2) 11,574 (54.4)

   Yes 1,569 (6.0) 1,808 (8.5)

   Unknown 8,597 (32.8) 7,885 (37.1)

Tubal ligation

   No 16,351 (62.4) 15,035 (70.7)

   Yes 5,138 (19.6) 3,345 (15.7)
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Variables Control, n (%) N= 26204 Case, n (%) N=21267

   Unknown 4,715 (18.0) 2,887 (13.6)

Menopausal status

   Pre/peri-menopausal 8,206 (31.3) 5,775 (27.2)

   Post-menopausal 16,749 (63.9) 14,422 (67.8)

   Unknown 1,249 (4.8) 1,070 (5.0)

Endometriosis

   No 18,294 (69.8) 15,128 (71.1)

   Yes 1,291 (4.9) 1,615 (7.6)

   Unknown 6,619 (25.3) 4,524 (21.3)

Hysterectomy pre-diagnosis (cases) or interview (controls)

   No 20,969 (80.0) 14,562 (68.5)

   Yes 4,004 (15.3) 5,008 (23.6)

   Unknown 1,231 (4.7) 1,697 (8.0)

Hormone replacement therapy

   No 15,547 (59.3) 13,097 (61.6)

   Yes 7,472 (28.5) 5,921 (27.8)

   Unknown 3,185 (12.2) 2,249 (10.6)

Components of lifetime ovulatory years

Age at last menstrual period before diagnosis or interview, n(%) 26,204 (100.0) 21,267 (100.0)

   mean (SD)    48.77 (6.03)    48.84 (6.4)

Age at Menarche, n(%) 25,255 (96.4) 20,101 (94.5)

   mean (SD)    12.91 (1.7)    12.79 (1.6)

Duration of Oral Contraceptive Use, months, n(%) 24,948 (95.2) 19,762 (92.9)

   mean (SD)    52.12 (71.3)    37.42 (59.3)

Number of Pregnancies, regardless of outcome, n(%) 25,429 (97.0) 20,429 (96.1)

   mean (SD)    2.75 (1.8)    2.40 (1.9)

Total number of months of being pregnant, regardless of outcome(s), n(%) 14,438 (55.1) 12,195 (57.3)

   mean (SD)    21.42 (22.3)    16.39 (17.6)

Total number of full-term births, n(%) 22,835 (87.1) 18,304 (86.1)

   mean (SD)    2.13 (1.5)    1.85 (1.6)

Total months of breastfeeding, n(%) 18,578 (70.1) 13,619 (64.0)

   mean (SD)    9.52 (14.4)    6.86 (13.1)

Behavior and Histotypes

Invasive      - 17,465 (82.1)

   High-Grade-Serous      -      7,492 (71.8)

   Low-Grade Serous      -      513 (4.9)

   Serous (Unknown Grade)      -      2,418 (23.2)

   Endometrioid      -      2,536(14.5)

   Mucinous      -      1,134 (6.5)

   Clear cell      -      1,310 (7.5)

   Mixed      -      566 (3.2)

   Others      -      1,496 (8.6)
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Variables Control, n (%) N= 26204 Case, n (%) N=21267

Low Malignant Potential (Borderline Tumors)      - 3,602 (16.9)

Unknown behavior      - 200 (0.9)
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Table 3
Odds ratio for ovarian cancer per lifetime ovulatory year using complete data and full 
data with imputation

  Main analysesb (complete data only) Sensitivity analysesb (includes imputed data)

Controls Cases Odds Ratioa (95% Confidence Interval) Odds Ratioa (95% Confidence Interval)

The first class of algorithms – anovulation due to pregnancy

Algorithm A 25,081 20,046 1.018 (1.013, 1.022) 1.015 (1.011, 1.020)

Algorithm B 22,519 18,013 1.014 (1.009, 1.020) 1.012 (1.007, 1.017)

Algorithm C 22,509 18,003 1.016 (1.011, 1.021) 1.014 (1.009, 1.019)

Algorithm Dc 13,617 10,689 1.016 (1.010, 1.023) 1.009 (1.003, 1.016)

The second class of algorithms – anovulation due to pregnancy and OC use

Algorithm E 24,480 19,323 1.044 (1.041, 1.048) 1.043 (1.039, 1.046)

Algorithm Fd 22,316 17,772 1.043 (1.039, 1.046) 1.042 (1.039, 1.046)

Algorithm Gd 22,306 17,762 1.043 (1.040, 1.047) 1.043 (1.039, 1.047)

Algorithm Hc,d 13,515 10,576 1.043 (1.039, 1.048) 1.041 (1.036, 1.045)

The third class of algorithms – anovulation due to pregnancy, OC use, and breastfeeding

Algorithm Ie 14,900 11,829 1.041 (1.036, 1.045) 1.047 (1.043, 1.051)

Algorithm Jf 14,902 11,339 1.041 (1.036, 1.045) 1.046 (1.042, 1.050)

Algorithm Kf 14,900 11,329 1.041 (1.036, 1.046) 1.046 (1.042, 1.050)

Algorithm L 8,473 6,498 1.040 (1.034, 1.046) 1.047 (1.042, 1.052)

a
Adjusted for study site, age, race (White, Black, Asian, other, unknown), education (less than high school, completed high school, completed 

some college, completed college or university bachelor’s degree, completed graduate or professorial degree, unknown), body mass index 1 or 5 
years prior (underweight, normal, overweight, obese, unknown), smoking status (never, former, current, unknown), and family history (yes, no, 
unknown).

b
Main analyses included participants without missing values in any component for LOY calculation; sensitivity analyses included all participants 

with imputation.

c
TBO was excluded from the sensitivity analyses due to limited numbers within site to impute missing values.

d
MCC was excluded from the sensitivity analyses due to limited numbers within site to impute missing values.

e
NTH was excluded from the sensitivity analyses due to fail to converge on observed data.

f
NTH was excluded from the sensitivity analyses due to limited numbers within site to impute missing values.
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