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ABSTRACT 

Repeated exposure to the acute pro-inflammatory environment that follows ovulation at 

the ovarian surface and distal fallopian tube over a woman’s reproductive years may 

increase ovarian cancer risk. To address this, analyses included individual-level data 

from 558,709 naturally menopausal women across 20 prospective cohorts, among 

whom 3,246 developed invasive epithelial ovarian cancer (2045 serous, 319 

endometrioid, 184 mucinous, 121 clear cell, 577 other/unknown). Cox models were 

used to estimate multivariable-adjusted hazard ratios (HR) between lifetime ovulatory 

cycles (LOC) and its components and ovarian cancer risk overall and by histotype.  

Women in the 90th percentile of LOC (>514 cycles) were almost twice as likely to be 

diagnosed with ovarian cancer than women in the 10th percentile (<294) [HR (95% 

confidence interval): 1.92 (1.60-2.30)].  Risk increased 14% per five-year increase in 

LOC (60 cycles) [(1.10-1.17)]; this association remained after adjustment for LOC 

components: number of pregnancies and oral contraceptive use [1.08 (1.04-1.12)]. The 

association varied by histotype, with increased risk of serous [1.13 (1.09-1.17)], 

endometrioid [1.20 (1.10-1.32)], and clear cell [1.37 (1.18-1.58)], but not mucinous [0.99 

(0.88-1.10), P-heterogeneity=0.01] tumors.  Heterogeneity across histotypes was 

reduced [P-heterogeneity=0.15] with adjustment for LOC components [1.08 serous, 

1.11 endometrioid, 1.26 clear cell, 0.94 mucinous].  Although the 10-year absolute risk 

of ovarian cancer is small, it roughly doubles as the number of LOC rises from ~300 to 

500.  The consistency and linearity of effects strongly support the hypothesis that each 

ovulation leads to small increases in the risk of most ovarian cancers, a risk which 
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cumulates through life, suggesting this as an important area for identifying intervention 

strategies. 

Statement of significance: Although ovarian cancer is rare, risk of most ovarian 

cancers doubles as the number of lifetime ovulatory cycles increases from ~300 to 500. 

Thus, identifying an important area for cancer prevention research. 
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INTRODUCTION 

Ovarian cancer is the most fatal gynecologic cancer.  One of the leading 

hypotheses for epithelial ovarian cancer development is incessant ovulation.(1, 2) 

Approximately 80% of high-grade serous ovarian cancers likely originate in the fallopian 

tube (3), which are likely also susceptible to the impact of ovulation.  Notably, an acute 

pro-inflammatory environment is created following ovulation; both the surface of the 

ovary and distal fallopian tube are bathed in follicular fluid containing inflammatory 

cytokines, reactive oxygen species, and steroids, creating a DNA damage-rich 

environment.(4)  

The incessant ovulation hypothesis is supported by the consistent positive 

association between the lifetime number of ovulatory years or cycles and ovarian 

cancer risk.(5-10)  Lending further support, reduced ovarian cancer risk has been 

observed for reproductive factors that interrupt ovulation (e.g., pregnancy, use of oral 

contraceptives, and breastfeeding).(8, 11-15)  The mechanism as to how the ovulatory 

process contributes to carcinogenesis is unknown, yet several theories have been 

proposed, including: an acute proinflammatory environment, altered gonadotropin 

and/or steroid hormone exposure, or direct damage to the ovarian surface 

epithelium.(16-18)  

It is difficult to measure number of ovulations directly; however, estimates of 

cumulative lifetime ovulatory cycles (LOC) can be obtained through algorithms that 

calculate the time between menarche and menopause (menstrual span) subtracting out 

presumed anovulatory cycles, due to duration of oral contraceptive use and pregnancy.  

Prior individual studies, however, have not had sufficient numbers to evaluate the role of 
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ovulation on risk independent of the contributors to ovulatory cycle counts over the life 

course, particularly by histotype.  Thus, we investigated the association of LOC overall 

and independent of its component factors with subsequent risk of ovarian cancer using 

prospective individual-level data from the Ovarian Cancer Cohort Consortium (OC3).  

We further evaluated associations by histotype and tumor aggressiveness among high-

grade serous tumors (estimated by time between diagnosis and death), given 

demonstrated heterogeneity in risk factor associations for these tumor subtypes.(19, 20) 

METHODS 

Study population 

The study population included women participating in 20 prospective studies 

from North America, Europe, Asia, and Australia (Supplementary Table 1).  Eligible 

studies included cohort studies and/or clinical trials with prospective follow-up of women 

with determination of ovarian cancer endpoints through questionnaire/medical record-

based follow-up or confirmation by cancer registries, as well as follow-up for death.  

Women were excluded from primary analyses if they had a history of cancer (other than 

non-melanoma skin cancer) at baseline, bilateral oophorectomy prior to study entry, 

were pre- or peri-menopausal at baseline, or were missing baseline age or age at 

natural menopause, duration of oral contraceptive use, or number of pregnancies 

lasting greater than six months (referred to as number of pregnancies in the sections 

that follow).  Our analysis included studies that collected information on age at 

menarche, age at menopause, number of pregnancies, and oral contraceptive use and 

the study population was limited to naturally menopausal women at study enrollment 

(n=558,709), as such women with hysterectomy as their reason for menopause were 
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excluded.  All studies obtained ethics approval at their respective institution(s); 

participants provided either written informed consent or implicit consent through return 

of the study questionnaire.  The OC3 Data Coordinating Center and analytic 

approaches were approved by the institutional review board of the Brigham and 

Women’s Hospital.   

Exposure definitions 

Reproductive factors, including number of pregnancies lasting greater than six 

months, history and duration of oral contraceptive use, and ages at menarche and 

menopause, were self-reported at enrollment and previously harmonized as part of a 

core dataset.(19)   

We utilized the following formula to calculate number of LOC:  

where ‘menstrual span’ was calculated as the difference between age at natural 

menopause and age at menarche; ‘OC months’ = duration (in months) of oral 

contraceptive use; and ‘preg months’=estimated number of months pregnant (calculated 

from reported number of pregnancies lasting greater than six months*9 months). 

Outcome definitions 

We included incident epithelial ovarian, peritoneal, or fallopian tube tumors; as 

described previously.(19)  We first evaluated associations of LOC and its component 

factors with all invasive tumors combined (ovarian, peritoneal, and fallopian tube; 
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n=3,246).  Information on histotype was extracted from surgical pathology reports or 

through cancer registries.  The date of or age at death (if applicable) during follow-up 

was extracted from death registries or reported via family members; all studies reported 

at least 95% mortality follow-up.(20)  We further evaluated associations by the four most 

common tumor histotype categories: serous (n=2,045, including tumors coded as poorly 

differentiated), endometrioid (n=319), mucinous (n=184), clear cell (n=121), and a 

category for missing/unknown histology (n=577). Serous carcinomas are recognized as 

two distinct diseases (21, 22), low- and high-grade serous carcinoma. We used a 

combination of histology and tumor grade to further define low-grade serous (grade 1 or 

well-differentiated; n=70) and high-grade serous (≥ grade 2 or moderately differentiated; 

n=1375). However, nearly a third of the serous carcinomas (600 of 2045 serous 

carcinomas) were missing tumor grade. Due to the considerable proportion of unknown 

grade tumors and the likelihood that these tumors are high-grade, we repeated the 

analyses excluding only the known low-grade tumors (n=70, leaving n=1975 presumed 

high-grade serous tumors) and additionally excluding unknown grade (n=600, leaving 

n=1375 confirmed high-grade serous tumors). We also evaluate associations by tumor 

aggressiveness among presumed high grade serous tumors (n=1975): highly 

aggressive (lived <1 year post-diagnosis, n=302), very aggressive (lived 1-<3 years, 

n=625), moderately aggressive (lived 3-<5 years, n=283), less aggressive (lived 5+ 

years, n=454), and unknown (n=311).(20) 

Statistical methods 

We calculated hazard ratios (HR) and 95% confidence intervals (95% CI) using 

Cox proportional hazards regression to evaluate the association between LOC or its 
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component factors and risk of ovarian cancer.  Women entered the analysis at age at 

study entry and contributed person-time until the age at first diagnosis of ovarian cancer 

(event), death (censored), or end of follow-up (censored).  In primary analyses, we 

pooled data from all cohorts, stratifying on cohort to account for potential differences in 

baseline hazards.  A priori adjustment factors included baseline age (continuous), body 

mass index (BMI; <20, 20-24.9, 25-29.9, 30-34.9, 35+ kg/m2), smoking status (never, 

former, current), and duration of menopausal hormone therapy use (never, >0-5, >5-10, 

>10 years).  We assessed between-study heterogeneity using meta-analysis of cohort-

specific estimates.   

To estimate the impact of LOC independent of its component factors, we 

mutually adjusted for oral contraceptive use and pregnancies in our final models.  We 

also evaluated the influence of menstrual span as well as the individual factors age at 

menarche and age at menopause but could not adjust for all factors simultaneously 

because of collinearity with calculated LOC.  In models adjusting for LOC and pairwise 

combinations of the individual component factors, oral contraceptive use and number of 

pregnancies explained the most variation in ovarian cancer risk, therefore we present 

results for LOC with and without adjustment for oral contraceptive use and number of 

pregnancies.   

We evaluated possible deviations from linearity of the LOC-ovarian cancer 

association using a five-knot spline with knots at the 10th, 25th, 50th, 75th, and 90th 

percentiles of LOC.  Associations between LOC or its component factors and ovarian 

cancer case characteristics (e.g., histotypes and tumor aggressiveness) were calculated 

using fixed effects competing-risks Cox regression.(23)  Statistical heterogeneity of 
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associations across case characteristics was assessed via likelihood ratio test 

comparing a model that assumed different associations for the exposure of interest by 

case characteristics (full model) to a model with a single estimate for the case 

characteristics (reduced model).(24)  Effect modification by baseline age, oral 

contraceptives use (never/≤1 year vs. >1-year use), parity (vs. nulliparity)), and 

commonly measured factors that may influence inflammation (i.e., smoking, BMI, 

categorized as indicated previously) were evaluated in stratified models, with statistical 

significance assessed by a likelihood ratio test comparing a model with versus without a 

multiplicative interaction term.  Confounding by other factors that may be associated 

with LOC and ovarian cancer risk was also assessed, including race, tubal ligation, 

endometriosis, aspirin/NSAID use, as well as confounding by first degree family history 

of breast or ovarian cancer.   

To understand the pattern of LOC across its component factors better, we 

generated summary tables of LOC based on commonly observed reproductive 

characteristics and utilized shading to represent low (blue, reference), moderate (white, 

HR ~1.4 times compared to blue), and high (red, approximately double risk compared to 

blue) hazard ratios.  We then estimated average absolute risk in each category (blue, 

white, red) based on the 4 components of LOC using a published calculation to put 

these associations in context.(25)  In brief, the absolute risk calculation was previously 

developed using data from non-Hispanic white women aged 50 or older from two large 

population-based US cohorts (NIH-AARP Diet and Health Study and the Prostate, Lung, 

Colorectal, and Ovarian (PLCO) Cancer Screening Trial).(25) Estimates of relative and 

absolute risk were combined with age-specific population incidence and competing 
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mortality rates to create the published absolute risk calculator.(25) For ovarian cancer, 

this model included family history of breast or ovarian cancer, duration of menopausal 

hormone therapy use, parity, and oral contraceptive use and was validated in a third 

large population-based US cohort (Nurses’ Health Study cohort).(25) To calculate 

absolute risk estimates for the current study using the published model, we assumed no 

history of menopausal hormone therapy use, as that most accurately reflected most of 

the study population.   

Survivor function plots for exposures were parallel suggesting no deviation from 

proportional hazards.  All statistical tests were two-sided, and p-values<0.05 were 

considered statistically significant; analyses were performed using SAS v9.4 (Cary, 

North Carolina). 

RESULTS 

The distribution of baseline characteristics overall and by percentile category of 

LOC are presented in Table 1.  The study population included predominantly white 

women (>90%).  The average baseline age of the study participants increased slightly 

across LOC category: 58.6, 60.3, 60.8, 61.8, 62.6, 63.5 years for <10th, 10th-<25th, 25-

<50th, 50-<75th, 75-<90th, ≥90th percentile of LOC, respectively.   

In models evaluating the overall LOC effect (without adjustment for component 

factors), women in the 90th percentile of LOC (≥514) were almost twice as likely to be 

diagnosed with ovarian cancer during follow-up than women in the 10th percentile (<294 

cycles) [HR (95% confidence interval (CI): 1.92 (1.60-2.30), p-trend<0.0001] (Table 2).  

The association between LOC and ovarian cancer risk was log-linear (Figure 1); 
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associations between LOC and individual histotypes (i.e., serous, endometrioid, 

mucinous, and clear cell) were also predominantly log-linear.   

For each five-year increase in LOC (60 cycles), ovarian cancer risk increased by 

14% [95% CI: 1.10-1.17].  There was no between study heterogeneity.  Adjusting for 

LOC-components, duration of oral contraceptive use and pregnancy, the LOC-ovarian 

cancer association remained but was attenuated [per 5 years of LOC: 1.08 (1.04-1.12)] 

(Table 2).  The association was heterogenous by histotype [P heterogeneity=0.01] 

(Table 3); each five-year increase in LOC was associated with increased risk of serous 

[1.13 (1.09-1.17)], endometrioid [1.20 (1.10-1.32)], and clear cell [1.37 (1.18-1.58)], but 

not mucinous [0.99 (0.88-1.10)] tumors.  Interestingly, after further adjusting for number 

of pregnancies lasting greater than six months and oral contraceptive use, hazard ratios 

were not significantly heterogeneous across histotype [P heterogeneity=0.15] across 

histotypes [serous 1.08 (1.03-1.12), endometrioid 1.11 (0.99-1.26), clear cell 1.26 (1.08-

1.48), mucinous 0.94 (0.81-1.08)], although associations were only statistically 

significant for serous and clear cell tumors (Table 3).  Associations were similar limiting 

to presumed high-grade serous [1.12 (1.08-1.17); adjusted for pregnancy and oral 

contraceptive use: 1.07 (1.02-1.11)] and confirmed high-grade serous tumors [1.10 

(1.06-1.15); adjusted 1.05 (1.00-1.11), results not tabled]. 

The risk of presumed high-grade serous ovarian carcinoma per five-year 

increase in LOC was not statistically heterogeneous across categories of tumor 

aggressiveness [P heterogeneity=0.60] (Supplementary Table 2).   

LOC-ovarian cancer associations were not significantly modified by age, prior 

oral contraceptive use, parity, or by factors potentially related to inflammation [i.e., 
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smoking, BMI] (Table 4).  LOC-ovarian cancer associations were unchanged in 

analyses adjusting for additional potential confounders listed above. 

The pattern of LOC across commonly observed component factors is graphically 

presented in Figure 2.  Based on the categorical model in Table 2, the relative risk 

varies almost two-fold comparing the 90th (red shading) to 10th (blue shading) percentile 

of number of LOC.  The range of LOC exposure values observed in the current study is 

most clearly reflected when considering menstrual span in the context of no oral 

contraceptive use and no pregnancy history (top left panel of Figure 2).  Accounting for 

increasing number of pregnancies (moving left to right across panels) and increasing 

duration of oral contraceptive use (moving top to bottom across panels) changes the 

pattern of relative risk to a scenario where virtually all menstrual span combinations 

reflect values less than 294 LOC representing the lowest absolute risk (bottom right 

panel of Figure 2).  Using these variations in reproductive history and assuming no 

history of menopausal hormone therapy use, the 10-year absolute risk of ovarian cancer 

averaged approximately 0.31% (range: 0.21%-0.44%) for 55-year-old women with fewer 

than 300 LOC (blue); in contrast the 10-year absolute risk averaged approximately 

0.59% (0.40%-0.84%) for 55-year-old women with 500 or more LOC (red).  The 10-year 

absolute risk for a 55-year-old woman with the median number of LOC (n~435) 

averaged approximately 0.42% (range: 0.28%-0.59%) (white). 

DISCUSSION 

The present analysis represents the largest prospective study to date of LOC and 

ovarian cancer risk.  The results not only confirm prior studies in showing that higher 

LOC is associated with an increase in subsequent ovarian cancer risk, they provide 
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data that increases are specific to serous and clear cell and suggestive for endometrioid 

histotypes.  While there was statistical heterogeneity in the risk estimates by histotype 

when considering LOC overall, after accounting for the impact of oral contraceptive use 

and pregnancies, the effect sizes were more similar for these three histotypes.  The 

results further show a striking dose-response curve that is largely log-linear.  Although 

the 10-year absolute risk of ovarian cancer is small, it roughly doubles as the number of 

cycles rises from 300 to 500.  We estimated that the 10-year absolute risk of ovarian 

cancer for a 55-year-old postmenopausal woman varies from approximately 0.31% to 

0.59% across the spectrum of LOC values calculated herein.  Together with data from 

other study designs, these results suggest a unifying underlying mechanism of action, 

such as inflammation that occurs with each ovulation.(4)   

The association between LOC and ovarian cancer risk has been evaluated in a 

number of prior studies (5-10, 24, 26-33), with a comparison of the different algorithms 

reported in a recent study.(33)  Risk estimates varied across these studies; however, 

most showed an increased risk for greater number of LOCs.  In studies that evaluated 

associations by quantiles, risk estimates were in the range of 1.6 to 1.9 for comparing 

the top to bottom tertile and 2.1-2.8 comparing the top to bottom quartile of LOC.  Most 

of the published ovarian cancer studies evaluated LOC (or ovulatory years) without 

further adjustment for the components of LOC, although some studies adjusted for at 

least one component factor.  As a result, it is not well established whether LOC is 

associated with ovarian cancer risk beyond the contributions made by the factors that 

define LOC.  In the current study, however, we demonstrated that higher LOC is 

associated with a subsequent increase in the risk of ovarian cancer, independent of the 
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associations with duration of oral contraceptive use and number of pregnancies, or 

more generally irrespective of the cause of anovulation.   

Evaluations of the LOC association by histotype (24, 32) and tumor 

aggressiveness are limited; both published studies reported increased risk of serous 

and endometrioid tumors.  Neither study evaluated risks for clear cell tumors given 

limited numbers.  Given that the current paradigm regarding the origin of ovarian 

cancers suggests that the majority of serous, endometrioid, and clear cell tumors do not 

originate from the ovarian surface epithelium (3), it is likely that the increased risk with 

increasing LOC for these histotypes may be due in part to increased exposure to an 

acute proinflammatory environment associated with a greater number of LOC.(34)  

Altered gonadotropin/steroid hormone exposure may also be relevant to clear cell and 

endometrioid tumors given evidence suggesting etiologic heterogeneity of androgen 

and estrogen exposure with endometrioid or non-serous histotypes, and null 

associations for serous tumors.(35-37)  Alternatively, we cannot rule out other unknown 

mechanisms that may explain associations between parity and/or oral contraceptive use 

on ovarian cancer risk reductions.  The absence of heterogeneity in the LOC-histotype 

associations after adjustment for number of pregnancies and duration of oral 

contraceptive use likely suggests that the heterogeneity was contributed by these 

factors, however, it could also reflect an inability to detect heterogeneity given the small 

effect sizes. 

The prospective design of the pooled studies in this analysis precludes recall 

bias.  Additional strengths of the study include the large sample size, the ability to 

identify deaths as well as capture losses to follow-up, and the ability to account for 
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many known and suspected risk factors for ovarian cancer.  Further, we limited our 

evaluation to naturally postmenopausal women, which allowed us to compute more 

reliable estimates of lifetime number of menstrual cycles.   

Measurement error is inherent to any estimator of LOC and our method is no 

exception.  Multiple algorithms have been used to calculate LOC; the majority include a 

calculation of menstrual span and then subtract an estimate of cycles when no 

ovulations are occurring (i.e., on oral contraceptives, pregnant) (5-10, 24, 26-32) as we 

did.  Some algorithms have also subtracted other times when ovulation is 

suppressed/ceased including 1) breast feeding (5, 7-10, 24, 29, 30, 32), 2) pregnancy 

loss (7, 27, 29, 30), 3) preterm birth (7), and 3) amenorrhea (either postpartum or 

missed/irregular periods) (6, 8, 28, 31, 32), and some have accounted for average cycle 

length.(6, 10, 30)  A recent summary of these published algorithms, however, 

demonstrated that they are all highly correlated (correlations≥0.88, average correlation 

across algorithms=0.96) (33), therefore we used a calculation that would maximize the 

number of potential studies that could be evaluated while minimizing missing data.  For 

example, information on breast-feeding duration was only collected in 8 out of 20 

cohorts, representing less than 32% of postmenopausal women included.  As such, the 

calculation we used in the current analysis is likely comparable with other methods on a 

relative scale but may not reflect absolute values of LOC.  Information on irregular 

menstrual cycles, polycystic ovarian syndrome, early pregnancy losses, etc., were not 

included in our exposure definition.  Additional limitations include potential for residual 

confounding by age-related factors; however, we did not observe substantial differences 

in associations across age-strata.  We utilized a published absolute risk estimate for 
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illustrative purposes (25); however, this model was developed using US white women, 

and as such may have limited generalizability to non-white/non-US study populations.   

In conclusion, higher numbers of LOC were associated with increased risk of 

ovarian cancer overall and serous and clear cell tumors, independent of the 

associations with oral contraceptive use duration and number of pregnancies.  Our 

findings support the hypothesis that ovulation may be a common etiologic factor for 

most types of ovarian cancer, suggesting this as an important area for identifying 

intervention strategies.  It is plausible, that individual mechanisms for the components 

used to estimate LOC may also influence other factors beyond ovulation.  Future 

research should examine, in detail, the common biologic mechanisms by which 

ovulation events influence ovarian cancers.    
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Table 1.  Distribution of baseline demographic and health characteristics by percentile of lifetime ovulatory cycle (LOC) among N=558,709 naturally postmenopausal 
women from 20 prospective studies in the Ovarian Cancer Cohort Consortium (OC3). 

   LOC Quantiles (cutpoints) 

 Overall  <10th percentile 
10th-<25th 
percentile 

25-<50th percentile 50-<75th percentile 75-<90th percentile ≥ 90th percentile 

 n=558,709 (< 294 cycles) (294-<369) (369-<435) (435-<480) (480-<514) (≥ 514) 

 mean SD mean SD mean SD mean SD mean SD mean SD mean SD 

Baseline age 61.3 6.8 58.6 7.2 60.3 6.9 60.8 6.8 61.8 6.6 62.6 6.3 63.5 5.9 

Race n % n % n % n % n % n % n % 

 White 525606 94.1 52744 93.0 79285 93.5 127743 94.2 136114 94.6 70759 94.4 58961 94.0 

 Black 14967 2.7 2490 4.4 2838 3.3 3568 2.6 3005 2.1 1592 2.1 1474 2.4 

 Other 14944 2.7 1120 2.0 2072 2.4 3572 2.6 4045 2.8 2245 3.0 1890 3.0 

 Unknown 3192 0.6 383 0.7 584 0.7 758 0.6 717 0.5 383 0.5 367 0.6 

BMI (kg/m2) 
           

 <20 32236 5.8 3506 6.4 5233 6.4 8263 6.3 8110 5.9 4113 5.7 3011 5 

 20-24.9 227122 40.7 24156 44 35467 43.3 56369 43.1 58575 42.4 29752 41.5 22803 38.1 

 25-29.9 175284 31.4 17671 32.2 26078 31.9 42161 32.2 45596 33 23526 32.8 20252 33.9 

 30-34.9 69390 12.4 6485 11.8 10165 12.4 16388 12.5 17668 12.8 9692 13.5 8992 15 

 35+ 33086 5.9 3127 5.7 4932 6 7563 5.8 8079 5.9 4623 6.4 4762 8 

Smoking status 
           

 Never 300960 53.9 28205 49.7 42115 49.7 70714 52.1 79544 55.3 43223 57.6 37159 59.3 

 Former 173448 31.0 18335 32.3 28149 33.2 42931 31.7 43187 30 22290 29.7 18556 29.6 

 Current 78089 14.0 9698 17.1 13573 16 20548 15.1 19543 13.6 8615 11.5 6112 9.7 

Oral contraceptive use duration (years) 
         

 Never 325917 58.3 10187 17.8 29261 34.3 69331 50.7 101392 69.6 61389 80.1 56075 86.5 

 >0-1  38855 7.0 1781 3.1 3948 4.6 10244 7.5 12572 8.6 6690 8.7 4801 7.4 

 >1-5  86367 15.5 5934 10.4 13461 15.8 30916 22.6 26613 18.3 7826 10.2 3860 6 

 >5-10  60034 10.8 10905 19.1 22701 26.6 22248 16.3 4752 3.3 683 0.9 111 0.2 

 11+ 47536 8.5 28347 49.6 16005 18.7 4035 3 277 0.2 7 0 1 0 

Number of pregnancies 
          

 0 68076 12.2 4685 8.2 8334 9.8 12826 9.4 15211 10.4 13840 18.1 13747 21.2 

Research. 
on January 28, 2020. © 2020 American Association for Cancercancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on January 13, 2020; DOI: 10.1158/0008-5472.CAN-19-2850 

http://cancerres.aacrjournals.org/


29 
 

 1 58587 10.5 5535 9.7 9255 10.8 13192 9.6 12030 8.3 11455 15 8317 12.8 

 2 166498 29.8 17998 31.5 23307 27.3 38164 27.9 44924 30.9 22052 28.8 23438 36.1 

 3 144996 26.0 14745 25.8 21142 24.8 35618 26 42743 29.4 18846 24.6 13680 21.1 

 4+ 120552 21.6 14191 24.8 23338 27.3 36974 27 30698 21.1 10402 13.6 5666 8.7 

Age at menarche  
           

 ≤11 129109 23.1 8759 15.4 17326 20.4 23881 17.6 30529 21.2 20041 26.7 28573 45.6 

 12 124327 22.3 11323 20 17100 20.2 28155 20.8 32600 22.7 19721 26.3 15428 24.6 

 13 160214 28.7 15532 27.4 24898 29.4 41096 30.3 43206 30 23078 30.8 12404 19.8 

 14 80824 14.5 9862 17.4 13204 15.6 22425 16.5 22552 15.7 8216 11 4565 7.3 

 15+ 64235 11.5 11261 19.8 12251 14.5 20084 14.8 14994 10.4 3923 5.2 1722 2.7 

Age at menopause  
           

 ≤40 41306 7.4 22479 39.6 17009 20.1 1818 1.3 0 0 0 0 0 0 

 41-45 53678 9.6 9862 17.4 21765 25.7 21384 15.8 666 0.5 1 0 0 0 

 46-50 192029 34.4 16723 29.5 26808 31.6 74764 55.1 64634 44.9 8841 11.8 259 0.4 

 51-55 231921 41.5 7173 12.6 18143 21.4 34176 25.2 74468 51.8 60700 81 37261 59.4 

 56+ 39775 7.1 500 0.9 1054 1.2 3499 2.6 4113 2.9 5437 7.3 25172 40.2 

Menopausal hormone use duration (years) 
         

 Never 319826 57.2 27449 54 45117 59.1 77020 62 86657 65.4 45922 66.7 37661 66.4 

 >0-5  111317 19.9 11540 22.7 16918 22.1 28242 22.7 28957 21.8 14547 21.1 11113 19.6 

 >5-10  47269 8.5 6188 12.2 8259 10.8 11781 9.5 10969 8.3 5277 7.7 4795 8.5 

 11+  31056 5.6 5656 11.1 6100 8 7110 5.7 5950 4.5 3086 4.5 3154 5.6 

SD = standard deviation 

*Cells may not sum to total because of missing data (BMI, n missing=21,591 (3.9%); smoking, n missing=6212 (1.1%), menopausal hormone use, n missing=49,241 
(8.8%)) 
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Table 2.  Associations between categorical and continuous total number of lifetime ovulatory cycles (LOC) and 
ovarian cancer risk among naturally menopausal women from the Ovarian Cancer Cohort Consortium (OC3). 

Percentile category of 
LOC 

Number 
of LOC 

LOC Years 
N events 
(cases) 

Person-years HR* (95% CI) 

<10th percentile < 294 < 24.5 214    657,188  1.00 Reference 

10th-<25th percentile 294-<369 24.5-<30.8 405 1,001,723 1.19 (1.00-1.43) 

25-<50th percentile 369-<435 30.8-<36.3 767 1,634,435 1.36 (1.15-1.60) 

50th-<75th percentile 435-<480 36.3-<40.0 917 1,750,003 1.60 (1.36-1.88) 

75-<90th percentile 480-<514 40.0-<42.8 488 909,033 1.67 (1.40-1.99) 

≥90th percentile ≥ 514 ≥ 42.8 459 744,342 1.92 (1.60-2.30) 

   p-trend<0.0001 

Continuous LOC HR* (95% CI) 

Per 5-year increase in LOC (60 LOC) 1.14 (1.10-1.17) 

Per 5-year increase in LOC (60 LOC) adjusted for oral contraceptive use and 
pregnancy† 

1.08 (1.04-1.12) 

*Hazard ratios (HR) and 95% confidence intervals (CI) were estimated from Cox proportional hazards models 
stratified on study cohort and adjusted for baseline age (continuous), body mass index (<20, 20-24.9, 25-29.9, 
30-34.9, ≥35 kg/m2), smoking status (never, former, current), and duration of menopausal hormone therapy 
use (never, ≤5, >5-10, >10 years). 
†Models additionally adjusted for duration of oral contraceptive use and pregnancy history. 
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Table 3.  Associations between continuous total lifetime number of ovulatory cycles and ovarian cancer by histotype considering mutual adjustment for LOC 
component factors: duration of oral contraceptive use and pregnancies, Ovarian Cancer Cohort Consortium (OC3). 

 

Serous 
(n=2,045) 

Endometrioid 
(n=319) 

Mucinous  
(n=184) 

Clear Cell 
(n=121) 

Other/Unknown 
(n=577) 

Tumor histotype: HR* (95% CI) HR* (95% CI) HR* (95% CI) HR* (95% CI) HR* (95% CI) P-Het† 

   Per 5-year increase in LOC (60 LOC) 1.13 (1.09-1.17) 1.20 (1.10-1.32) 0.99 (0.88-1.10) 1.37 (1.18-1.58) 1.14 (1.06-1.22) 0.01 
   Per 5-year increase in LOC (60 LOC)  
   adjusted for duration of oral  
   contraceptive use and pregnancy‡ 

1.08 (1.03-1.12) 1.11 (0.99-1.26) 0.94 (0.81-1.08) 1.26 (1.08-1.48) 1.08 (0.99-1.18) 0.15 

*Hazard ratios (HR) and 95% confidence intervals (CI) were estimated from competing risk [Gates et al.  2010].  Cox proportional hazards models stratified 
on study cohort and adjusted for baseline age (continuous), body mass index (<20, 20-24.9, 25-29.9, 30-34.9, ≥35 kg/m2), smoking status (never, former, 
current) and duration of menopausal hormone therapy use (never, ≤5, >5-10, >10 years).  Competing risk models were based on fixed covariate effects. 
†The P value for heterogeneity (P het) was calculated using a two-sided likelihood ratio test.  [Gates et al., 2010] 
‡Models additionally adjusted for duration of oral contraceptive use and number of pregnancies.  
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Table 4.  Risk of ovarian cancer per 5-year increase in number of lifetime ovulatory 
cycles (LOC, n=60 cycles) across categories of age, oral contraceptive use, parity, 
body mass index, and smoking status. 

 

Ovarian cancer risk per 5-year 
increase in LOC  

Baseline age HR* (95% CI) P interaction† 

 40-49 years old 1.19 (0.88-1.60) 0.99 

 50-59 years old 1.13 (1.08-1.19)  

 60+ years old 1.14 (1.10-1.18)  

    

Oral contraceptive use    

 Never or ≤1 year of use 1.10 (1.06-1.15) 0.63 

 >1 year of use 1.15 (1.10-1.21) . 

    

Parity    

 Nulliparous 1.11 (1.02-1.19) 0.24 

 Parous 1.13 (1.10-1.17)  

    

Body mass index     
 <20 kg/m2 1.16 (1.03-1.30) 0.90 

 20-24.9 kg/m2 1.13 (1.08-1.19)  
 25-29.9 kg/m2 1.14 (1.08-1.19)  
 30-34.9 kg/m2 1.13 (1.04-1.23)  
 35+ kg/m2 1.18 (1.05-1.32)  

    
Smoking status    
 Never 1.16 (1.12-1.21) 0.47 

 Former 1.11 (1.05-1.16)  
 Current 1.13 (1.05-1.22)   

*Hazard ratios (HR) and 95% confidence intervals (CI) were estimated from Cox 
proportional hazards models stratified on study cohort and adjusted for baseline 
age (continuous), body mass index (<20, 20-24.9, 25-29.9, 30-34.9, ≥35 kg/m2), 
smoking status (never, former, current), and duration of menopausal hormone 
therapy use (never, ≤5, >5-10, >10 years).   
†P interaction from likelihood ratio test. 
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FIGURE LEGENDS:  

Figure 1.  The associations between total number of lifetime ovulatory cycles (LOC) 

and ovarian cancer risk among naturally menopausal women based on a 5-knot spline 

(knots at 10th, 25th, 50th, 75th and 90th percentiles): pooled analysis of individual-level 

data from 20 cohort studies participating in the Ovarian Cancer Cohort Consortium 

(OC3). 

 

Figure 2.  Graphical display of calculated values of total number of lifetime ovulatory 

cycles (LOC) among naturally postmenopausal women based on common reproductive 

characteristics, shading is based on LOC cutpoints corresponding to relative risk: 

low/blue (reference, hazard ratio=1.0), moderate/white (hazard ratio~1.4), and high/red 

(hazard ratio~2.0); and reflects the following range of absolute risks: lowest [blue,10-

year absolute risk for 55-year-old woman: average 0.31% (min-max) (0.21-0.44)] and 

highest ovarian cancer risk (red:10-year absolute risk for 55-year-old woman: average 

0.59% (min-max) (0.40-0.84)). 
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