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Background: Menstrual cycle characteristics—including age at menarche and cycle length—
have been associated with ovarian cancer risk in White women. However, the associations between
menstrual cycle characteristics and ovarian cancer risk among Black women have been sparsely
studied.

Methods: Using the Ovarian Cancer in Women of African Ancestry (OCWAA) Consortium that
includes 1,024 Black and 2,910 White women diagnosed with epithelial ovarian cancer (EOC) and
2,325 Black and 7,549 White matched controls, we investigated associations between menstrual
cycle characteristics (age at menarche, age at menstrual regularity, cycle length, and ever missing
three periods) and EOC risk by race and menopausal status. Multivariable logistic regression was
used to calculate odds ratios (ORs) and 95% confidence intervals (ClIs).

Results: Black women were more likely to be <11 years at menarche than White women
(controls: 9.9% vs 6.0%). Compared to =15 years at menarche, <11 years was associated with
increased EOC risk for White (OR=1.25, 95% CI: 0.99, 1.57) but not Black women (OR=1.10,
95% CI: 0.80, 1.55). Among White women only, the association was greater for premenopausal
(OR=2.20, 95% ClI: 1.31, 3.68) than postmenopausal women (OR=1.06, 95% CI: 0.82, 1.38).
Irregular cycle length was inversely associated with risk for White (OR=0.78, 95% CI: 0.62, 0.99)
but not Black women (OR=1.06, 95% ClI: 0.68, 1.66).

Conclusions: Earlier age at menarche and cycle irregularity are associated with increased EOC
risk for White but not Black women.

Impact: Associations between menstrual cycle characteristics and EOC risk were not uniform by
race.

INTRODUCTION

Ovarian cancer incidence is about 30% higher among White than Black women (1). Reasons
for this racial disparity are not fully understood—in part due to lack of sufficient sample
sizes to examine differences by race—but are likely to be multifactorial and interrelated

(2). Although incidence is lower, ovarian cancer survival is poorer among Black women,
even among women diagnosed with localized disease (3). Therefore, identifying factors
contributing to race differences is critical to reduce disparities and improve ovarian cancer
outcomes.

Factors that decrease the lifetime number of ovulatory cycles, including pregnancy,
breastfeeding, and oral contraceptive use, have been established as risk-reducing for ovarian
cancer (4-7). Ovulation disrupts the ovarian epithelium and promotes rapid cell division
and proliferation, which increases the potential for malignant transformation (8). Earlier
age at menarche, which could result in more years of ovulation, has been posited as an
additional reproductive-related ovarian cancer risk factor and has been associated with an
increased risk of other hormonally driven cancers, including breast and endometrial cancers
(9-11). However, epidemiologic evidence for an association between age at menarche and
ovarian cancer risk has been inconsistent and race differences in the association have not
been adequately examined (11-15). Other menstrual cycle characteristics, including cycle
irregularity, cycle length, and missing periods may also contribute to ovarian cancer risk.

A large pooled analysis of 14 case—control studies found irregular menstrual cycles and
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long menstrual cycles were each associated with a decreased risk of ovarian cancer (16)
but, other smaller studies have found null associations or associations only for specific
ovarian cancer histotypes (17,18). Cycle irregularity and missing periods may be caused

by a variety of underlying factors, including endocrine disorders or uterine fibroids, and
could result in fewer ovulatory cycles. One notable limitation of these previous studies is
that they were all conducted in entirely or majority White populations. Although there are
racial differences in the distributions of menstrual cycle characteristics (19), for example
menarche has been shown to be consistently earlier in Black girls than White girls (20,21), it
is not known whether there are also racial differences in the associations between menstrual
cycle characteristics and ovarian cancer risk. Understanding whether associations between
menstrual cycle characteristics and ovarian cancer differ by race may help inform ovarian
cancer etiology and explain racial disparities.

Most epidemiologic studies of ovarian cancer lack sufficient sample sizes of Black women
to investigate risk associations separately by race. Using data from the Ovarian Cancer

in Women of African Ancestry (OCWAA) consortium, we investigated the associations
between four menstrual cycle characteristics—age at menarche, age at menstrual regularity,
cycle length, and ever missing three periods—and risk of ovarian cancer, separately for
Black and White women. The OCWAA consortium consists of harmonized data from seven
well-established studies (22-28), and includes the largest number of Black women diagnosed
with ovarian cancer in an epidemiologic study to date (29).

MATERIALS AND METHODS

Study population

The OCWAA consortium includes data from more than 4,000 women diagnosed with
epithelial ovarian cancer (EOC), and race-, age-, and site-matched controls compiled from
four case—control studies and three case—control studies that were nested within large,
prospective cohorts. The OCWAA consortium has been previously described in detail

(29). Briefly, data from patient questionnaires, medical records, and cancer registry records
were harmonized for participants from the seven individual studies. The four case—control
studies include: the African American Cancer Epidemiology Study (AACES) (22), the
Cook County Case—Control Study (CCCCS) (23), the Los Angeles County Ovarian Cancer
Study (LACOCS) (24), and the North Carolina Ovarian Cancer Study (NCOCS) (25).

The nested case—control studies were within the Black Women’s Health Study (BWHS)
(26), the Multiethnic Cohort Study (MEC) (27), and the Women’s Health Initiative (WHI)
(28). Each study obtained informed consent from its participants. For the three cohort
studies, consent was determined as follows. For MEC, receipt of a completed, mailed
baseline questionnaire was considered implicit consent to participate. For BWHS, receipt of
a completed baseline questionnaire was considered implicit consent to participate. Finally
for WHI, participants provided written consent. The individual studies and the OCWAA
Consortium were approved by the relevant Institutional Review Boards.

The analytic dataset included participants with data on any of the four menstrual cycle
characteristics of interest (i.e., age at menarche, age at menstrual regularity, cycle length,
or ever missed three consecutive periods) (Supplemental Table 1). Participants missing
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information on all four characteristics were excluded. Approximately 84% of participants
in the OCWAA consortium had information on at least one of the four menstrual cycle
characteristics and were therefore included in the current analyses.

Exposure and covariate assessment

Participant race in all OCWAA studies was determined by self-report. Both Hispanic and
non-Hispanic ethnicities were included, however only 2.0% of White participants and 0.5%
of Black participants were of Hispanic ethnicity.

Other demographic, clinical, and medical history data were obtained by in-person or
telephone interviews or mailed questionnaires. Self-reported age at menarche was collected
in all seven studies. Age at menstrual regularity was collected in all studies except BWHS as
either the number of months after first menstrual period before regularity (AACES, NCOCS,
LACOCS) or the age at which periods became regular (MEC, CCCCS, WHI). Information
on the average length of the menstrual cycle and whether subjects ever missed three
consecutive periods was available in three studies only (AACES, NCOCS, and LACOCS)
(Supplemental Table 1). For participants who reported months until menstrual regularity, age
at menstrual regularity was calculated by adding the number of months to the self-reported
age at menarche because number of months until regularity was not collected by all studies.
Participants who reported never reaching menstrual regularity were excluded from age at
regularity analyses. Both age variables were analyzed as 4-level categorical variables (<11,
11-12, 13-14, =15 years).

Additional patient characteristics included age at diagnosis for cases or at interview for
controls, educational attainment (high school or less, some college, college graduate, or
graduate/professional school), marital status (single, married, separated, or widowed), parity
(0, 1-3, or >3 pregnancies), duration of oral contraceptive use (never, 1-5, or >5 years),
body mass index (BMI, <25, 25-<30, 30-<35, or =35 kg/m?), smoking status (never,
former, or current), history of tubal ligation (yes or no), first degree family history of

breast or ovarian cancer (yes or no), menopausal status at diagnosis (premenopausal or
postmenopausal), and post-menopausal hormone use (yes or no).

Outcome assessment

Eligible cases were diagnosed with EOC, the most common type of ovarian cancer,
accounting for more than 90% of all ovarian cancer cases (30). The four OCWAA case—
control studies identified cases through population-based cancer registries and the case—
control studies nested within cohort studies identified cases through self-report or linkage to
statewide cancer registries. Each study obtained pathology data to confirm EOC diagnosis.
EOC histotype was classified into seven mutually exclusive subtypes using both morphology
and grade information as previously described (29,31). Specifically, cases were classified as
high-grade serous, low-grade serous, endometrioid, clear cell, mucinous, carcinosarcoma, or
other histotype. Cases with serous histology were classified as low-grade serous if tumor
grade was 1 and as high-grade serous if tumor grade was 2 or higher. Endometrioid tumors
with grades 3 or 4 (N=141 White cases, 33 Black cases) were recategorized as high-grade
serous due to their biological similarity to high-grade serous tumors and the challenges
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with distinguishing the two histotypes (32,33). A sensitivity analysis, excluding high grade
endometrioid tumors from the high-grade serous category was performed.

Statistical Analysis

Descriptive statistics were used to summarize subject characteristics by case/control

status and by race as frequency and percent for categorical variables or mean and

standard deviation (SD) for continuous variables. Multivariable logistic regression was
used to calculate adjusted odds ratios (aORs) and 95% confidence intervals (Cls) for the
associations between menstrual cycle characteristics and ovarian cancer risk. Data from the
seven studies was pooled and heterogeneity by study site was quantified by calculating
Cochran’s Q p-value. To control for study site heterogeneity, a random effect for study

site was assessed in each model. If all variance components were non-zero, then the
random effect for study site was included in the model. Otherwise, the model reduced to
fixed effects only. Multivariable models were adjusted for age at diagnosis (continuous)
and potential confounders, identified from previous literature and graphical representation
of relationships between variables (i.e., directed acyclic graphs). Since menstrual cycle
characteristics (especially age at menarche) occur prior to other reproductive-related ovarian
cancer risk factors, multivariable models were only adjusted for height, weight (young
adult), and education (as a proxy measure for socioeconomic status). All analyses were
stratified by race (Black or White). Models examining the associations for age at menarche
and age at menstrual regularity were also stratified by menopausal status. P-trend was
calculated by considering age at menarche or age at regularity as a continuous variable
(34). Statistical heterogeneity by race and menopausal status was assessed by joint Wald
chi-square tests of the interaction terms.

Subgroup Analyses

EOC is a heterogeneous disease that can be further subdivided into histotypes that have
distinct gene expression patterns, molecular characteristics, and clinical features (31,33,35).
Therefore, we assessed race-specific associations for age at menarche and age at menstrual
regularity, separately for high-grade serous tumors, the most common histotype (31). The
other histotypes (low-grade serous, endometrioid, clear cell, mucinous, carcinosarcoma,
and other) were grouped together because modest sample sizes precluded meaningful
separate analyses. For the histotype analysis only, polytomous logistic regression was used
to calculate aORs and 95% Cls. The outcomes in these models were high-grade serous or
other histotypes and the reference group was all eligible controls.

Genetic disposition to being taller has been associated with increased risk of ovarian cancer
(36) and age at menarche has been associated with height (37,38). Therefore, to determine
whether the association between age at menarche or age at menstrual regularity and EOC
risk is modified by adult height, we performed a subgroup analysis stratified by height.
Cases and controls were classified as being in the upper quartile for height versus the lower
three quartiles, based on heights from controls with non-missing data for age at menarche or
age at menstrual regularity.
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We also assessed whether associations between age at menarche or age at menstrual
regularity and EOC risk differed by obesity at diagnosis/interview (as determined by BMI
>30 kg/m?) because overweight/obesity has been associated with anovulation and may
impact menstrual cycle characteristics. Due to small numbers, 13-14 years and =15 years
were combined into one age category for associations among premenopausal women.

Last, we repeated the analysis examining race-specific associations between age at menarche
and EOC risk excluding AACES and NCOCS because these two studies have individually
reported results for age at menarche among Black women (13,14) and together they account
for 66% of the Black cases included in the OCWAA consortium.

The data underlying this article will be shared on reasonable request to the OCWAA
Consortium.

RESULTS

A total of 3,934 cases with EOC and 9,874 matched controls were included in the

analysis, with Black women accounting for 24% (1,024 cases, 2,325 controls) of the sample
population. Demographic and clinical characteristics by race and case/control status are
shown in Table 1. Black cases and controls were younger, had higher BMI at diagnosis/
interview, lower educational attainment, and were more likely to be divorced, separated

or never married than White cases and controls. Among both Black and White women
separately, cases were more likely than controls to be nulliparous (among Black women:
18.3% vs 15.7% and among White women: 23.7% vs 18.4%) and to have a family history of
breast or ovarian cancer (among Black women: 27.6% vs 15.6% and among White women:
20.9% vs 16.9%).

Distributions of menstrual cycle characteristics and associations with EOC are shown in
Table 2. Compared to White women, Black women were more likely to be <11 years

(cases: 9.9% vs 6.8%; controls: 9.9% vs 6.0%) or =15 years at menarche (cases: 12.2% vs
10.0%; controls: 12.3% vs 10.3%). Overall, compared with oldest age at menarche (=15
years), youngest age at menarche (<11 years) was associated with increased risk of EOC
for White (aOR=1.25, 95% ClI: 0.99, 1.57) but not Black women (aOR=1.10, 95% CI: 0.80,
1.55; p-heterogeneity=0.58) (Table 2). Among Black women, there was no trend in the
association between age at menarche and ovarian cancer (p-trend=0.56) but among White
women, EOC risk decreased with increasing age at menarche (11-12 years: aOR=1.13, 95%
Cl: 0.96, 1.32; 13-14 years: aOR=1.10, 95% CI: 0.94, 1.29; p-trend=0.07). The risk pattern
was observed among premenopausal White women (p-trend=0.002) but not postmenopausal
women (p-trend=0.76, p-heterogeneity=0.04) and not among Black women, regardless of
menopausal status (p-heterogeneity=0.85).

The associations between age at menstrual regularity and EOC followed a similar pattern as
the associations between age at menarche and EOC. Overall, younger ages at menstrual
regularity were associated with increased risk of EOC among White (p-trend=0.004)

but not Black (p-trend=0.84) women. The trend among White women was driven by
associations among premenopausal (<11 years aOR=2.17, 95% CI: 1.32, 3.57; 11-12 years:
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aOR=1.61, 95% ClI: 1.15, 2.26; 13-14 years aOR=1.32, 95% CI: 0.94, 1.86; p-trend<0.001)
but not postmenopausal women (<11 years aOR=1.16, 95% CI: 0.88, 1.52; 11-12 years
aOR=1.16, 95% CI: 0.99, 1.36; 13-14 years aOR=1.18, 95% CI: 1.01, 1.37; p-trend=0.18).
No trend was observed among either premenopausal (p-trend=0.55) or postmenopausal
(p-trend=0.45) Black women.

Black control women were more likely to report shorter (<25 days) menstrual cycles (7.6%
vs 4.6%) but less likely to report longer cycles (31+ days: 2.5% vs 7.6%) than White control
women (Table 2). However, associations between cycle length and EOC were similar by
race (p-heterogeneity=0.66). Compared to cycle length 26-30 days, longer cycle length was
associated with reduced EOC risk for both Black (aOR=0.60, 95% CI: 0.30, 1.22) and White
(aOR=0.65, 95% CI: 0.48, 0.88) women, while shorter cycle length was not associated

with risk for either Black (aOR=0.99, 95% CI: 0.68, 1.43) or White (aOR=0.90, 95% ClI:
0.63, 1.27) women. Irregular menstrual cycle length was less common among Black than
White control women (e.g., 5.3% vs 11.7%) and inversely associated with risk for White
(aOR=0.78, 95% CI: 0.62, 0.99) but not Black women (OR=1.06, 95% CI: 0.68, 1.66). Ever
missing three consecutive periods was not associated with EOC for both Black and White
women (p-heterogeneity=0.71).

Subgroup Analyses

Analyses for age at menarche and age at regularity were repeated for subgroups of

women to identify other potential differences in the associations. Risk patterns by EOC
histotype are presented in Table 3. Associations between age at menarche and EOC did

not differ consistently between high-grade serous and other histotypes for either Black
(p-heterogeneity=0.98) or White (p-heterogeneity=0.24) women. Associations between age
at menstrual regularity and EOC were also similar by histotype for both Black and White
women. Findings by histotype were largely similar in a sensitivity analysis excluding high-
grade endometrioid tumors from the high-grade serous category (Supplemental Table 2).

Associations between age at menarche and EOC were not different by height

overall for Black (p-heterogeneity=0.43) or White (p-heterogeneity=0.99) women.
However, differences by height were observed among premenopausal Black women (p-
heterogeneity=0.02, Table 4). Among premenopausal Black women in the upper quartile
for height, compared to =15 years at menarche, ages <11, 11-12, and 13-14 years were
associated with increased risk of EOC with aORs of 2.94 (95% CI: 1.04, 8.37), 1.60 (95%
Cl:0.70, 3.64), and 2.53 (95% CI: 1.09, 5.87), respectively (p-trend=0.40) (Table 4). In
contrast, among premenopausal Black women in the lower three quartiles for height, earlier
ages at menarche were not associated with EOC risk (<11 years aOR=0.66, 95% ClI: 0.30,
1.45; 11-12 years aOR=0.89, 95% CI: 0.47, 2.12; 13-14 years aOR=0.59, 95% ClI: 0.30,
1.18). Associations between age at menstrual regularity and EOC also differed by height for
premenopausal Black women (p-heterogeneity=0.03). Associations were more pronounced
among women in the upper quartile for height (<11 years aOR=1.62, 95% CI: 0.48, 5.52;
11-12 years aOR=1.21, 95% CI: 0.52, 2.81; 13-14 years aOR=3.31, 95% ClI: 1.39, 7.92)
than among women in the lower three quartiles for height (<11 years aOR=0.73, 95% ClI:
0.31, 1.68; 11-12 years aOR=1.08, 95% CI: 0.56, 2.07; 13-14 years aOR=0.85, 95% CI:
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0.41, 1.74) however, associations did not follow a monotonic trend for either group. EOC
risk patterns among White women did not differ by height (Supplemental Table 3).

Results stratified by BMI are shown in Supplemental Table 4. Among both White and
Black women, overall trends for age at menarche were similar by BMI category, however
the association for age at menarche <11 years, compared to =13 years, were of greater
magnitude among premenopausal White women with BMI =30 kg/m? (aOR = 2.43, 95%
Cl: 1.10, 5.36) than among premenopausal White women with BMI <30 kg/m? (aOR=1.59,
95% CI: 0.98, 2.57). Overall trends for age at regularity were also similar by BMI category
for both White and Black women but the association for <11 years among premenopausal
White women was of greater magnitude for women with BMI =30 kg/m? (aOR=3.07, 95%
Cl: 1.29, 7.38) than among women with BMI <30 kg/m? (aOR=1.68, 95% CI: 1.02, 2.76).

Last, we repeated the main analyses for age at menarche excluding AACES and NCOCS
from the pooled dataset (Supplemental Table 5). Results among White women were similar
to the primary analyses but results among Black women differed. With 35% of the Black
cases and 60% of the Black controls remaining after exclusion, compared to =15 years,
younger ages at menarche were associated with an increased risk of EOC among Black
women overall (p-trend=0.06); the trend was driven by associations among premenopausal
women (p-trend=0.04) but not postmenopausal women (p-trend=0.27). For example, ages
at menarche of <11, 11-12, and 13-14 years, compared to =15 years, were associated with
increased risk of EOC among premenopausal Black women with aORs of 2.94 (95% CI:
0.88, 9.76), 2.24 (95% CI: 0.80, 6.33), and 1.68 (95% CI: 0.56, 4.98), respectively.

DISCUSSION

In this large study, associations between menstrual cycle characteristics and risk of EOC
were not uniform among Black and White women. Near null associations between age at
menarche and EOC were observed among Black women regardless of menopausal status.
In contrast, younger ages at menarche were associated with an increased risk of EOC
among premenopausal White women; this trend was not observed among postmenopausal
White women. Associations between earlier age at menstrual regularity and risk of EOC
were similarly observed among premenopausal White but not Black women. In addition,
irregular cycle length was associated with reduced risk for White but not Black women. In
contrast, associations between longer menstrual cycle length (=31 days) and ever missing 3
consecutive periods were similar for Black and White women, although estimates for these
two factors were less precise because the sample of Black women was only about one-third
that of White women.

Prior investigations of the association between age at menarche and ovarian cancer risk

have mostly found older ages at menarche to be associated with reduced ovarian cancer risk
(11,14,15,39,40), which is supported by our findings among White women. These previous
reports rarely examined associations in non-White populations or by menopausal status. A
large 2013 meta-analysis consisting of 27 observational studies (22 case-control, 5 cohort
studies) found a 15% decrease in ovarian cancer risk comparing the oldest with the youngest
age at menarche category, in both case-control (RR=0.84, 95% CI: 0.75, 0.97) and cohort
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(RR=0.89, 95% CI: 0.76, 1.03) studies (15). A more recent pooled analysis of eight cohort
studies (none of which were included in the 2013 meta-analysis (15)) consisting mostly of
US and European White women found a small decrease in ovarian cancer risk (RR=0.98,
95% CI: 0.95, 1.01) with each additional year delay in the age at menarche (11). Race

was not considered in the pooled analysis of cohort studies (11) and the meta-analysis only
examined associations separately for Asians, Americans, and Europeans (15). Two studies
(AACES and NCOCS), included in the OCWAA consortium, have provided information on
age at menarche and risk of ovarian cancer in Black women (13,14). In the AACES study,
menarche at ages 12-13 years (compared to younger than 12 years) was associated with
increased EOC risk (OR=1.3, 95% CI: 1.0, 1.8) among postmenopausal Black women, but
this association was not found in premenopausal women (13). After excluding AACES and
NCOCS, which accounted for two-thirds of the Black cases in OCWAA, we observed an
increase in EOC risk for youngest ages at menarche among premenopausal Black women,
which is in contrast to the results observed among all women in OCWAA.

Literature on associations between other menstrual cycle characteristics and EOC is more
limited. A pooled analysis of more than 13,000 ovarian cancer cases from 14 case—control
studies (including NCOCS and LACOCS), as part of the Ovarian Cancer Association
Consortium (OCAC), found a decrease in EOC risk associated with both irregular and long
(>35 days) menstrual cycles (16). The analyses were adjusted for race, but race-specific
associations were not estimated. Smaller case—control studies conducted in majority White
populations have also found inverse associations for longer or irregular menstrual cycles
(17,18). In contrast, a prospective analysis using the Child Health and Development Studies
(CHDS) cohort established during 1959-1966 and followed through 2011 via linkage to
the California Cancer Registry, found elevated ovarian cancer risk with irregular menstrual
cycles, after adjustment for race and ethnicity, oral contraceptive use, parity, and other
factors (41). In addition, older age at menarche was associated with increased risk of ovarian
cancer in the CHDS cohort, also inconsistent with our results and results reported in the
meta-analysis (15) and pooled cohort analysis (11).

Age at menarche is influenced by several factors, including body weight and height, which
likely reflect the contribution of a myriad additional and complex factors such as overall
nutrition and health status (38,42-45). Some studies have shown that over the last several
decades, age at menarche has decreased, while adult height has increased (46,47). Taller
height has been associated with earlier menarche in multiethnic populations (38). However,
in a large study of mainly European whites, women with earlier menarche ultimately
reached a shorter adult height (37). Our subgroup analyses did not show significant
differences by height among White women, however, among premenopausal Black women
there was a non-linear increase in EOC for earlier ages at menarche among women in the
highest quartile of height. Differences by BMI were not significant for either race group,
although associations for the youngest age at menarche were of greater magnitude among
premenopausal White women with BMI =30 kg/m? than among premenopausal White
women with BMI <30 kg/m2.

Histotype differences in the associations between menstrual cycle characteristics and risk
of ovarian cancer have been explored in a few previous studies. In the 2013 meta-analysis,
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age at menarche was not associated with risk of invasive serous ovarian cancer but this was
based on only two studies (15). In an OCAC pooled analysis, both irregular cycles and long
cycles (>35 days) were associated with decreased risk of high grade serous EOC (16). In a
pooled analysis that included 1.3 million women in the Ovarian Cancer Cohort Consortium
(OC3), differences in associations between reproductive characteristics—including age at
menarche—and risk of ovarian cancer were observed. Oldest age at menarche (=15 years),
compared to youngest age (<11 years), was associated with reduced risk of clear cell
(RR=0.55, 95% CI: 0.34, 0.90) but not endometrioid (RR=0.98, 95% CI: 0.73, 1.31) or
mucinous (RR=1.13, 95% CI: 0.76, 1.66) tumors (40). Our subgroup analysis did not find
meaningful differences in the race-specific associations by histotype, however, data were
sparse and we were unable to examine histotypes other than high grade serous. Investigating
histotype differences in race-specific associations is an important area of future inquiry.

The association between earlier age at menarche and increased ovarian cancer risk may

be partly explained by the incessant ovulation hypothesis, which suggests there is a

positive association between frequency of ovulation and ovarian cancer risk, because earlier
menarcheal age results in an increase in the lifetime number of ovulations (48). In addition,
early menarche is associated with a more rapid onset of ovulatory cycles and a tendency to
sustain higher levels of circulating estrogens (49). Although a role of sex steroid hormones
in the etiology of ovarian cancer is biologically compelling, the mechanism for ovarian
carcinogenesis has not been well characterized. Exogenous hormones, administered as
menopausal hormone therapy, have been associated with an increased risk of ovarian cancer
(50), while those administered earlier in life, as oral contraceptives, have been associated
with a reduced risk of ovarian cancer (4). Evidence for the role of endogenous hormones is
conflicting and limited by small sample sizes or non-representative patient populations (e.g.,
pregnant women) (51-54).

In some previous studies of ovarian cancer, reproductive factors, including pregnancies and
oral contraceptive use and duration, were more strongly associated with premenopausal
than postmenopausal ovarian cancer risk (13,39,55). These and other reproductive-related
exposures, including age at menarche, have occurred in the more distant past for
postmenopausal than premenopausal women. Difficulty with recall, resulting in differential
misclassification by age, may have contributed to our weaker findings in postmenopausal
women. However, differences in associations with ovarian cancer risk by menopausal status
may also represent specific periods of susceptibility. The lifetime number of ovulatory
cycles is influenced by many factors, including age at menopause. Therefore, associations
among premenopausal women may reflect a greater lifetime number of ovulatory cycles

in women who are still ovulating. A better understanding of the underlying reasons
contributing to effect modification by menopausal status is needed.

Biological reasons for the largely null association between age at menarche and risk of
EOC among Black women, regardless of menopausal status, are unclear. One potential
mechanism is obesity-related anovulation, which may reduce ovarian cancer risk by
decreasing the lifetime number of ovulations. Among premenopausal women with EOC

in our study, only 32% of White but 78% of Black cases were overweight or obese. A
lower proportion of overweight/obesity observed among Black cases (59%) after excluding

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nash et al. Page 11

AACES and NCOCS could partly explain the inverse association among premenopausal
Black women after the restriction, similar to the association observed among premenopausal
White women. Although obesity has been associated with an increased risk of ovarian
cancer in previous studies, the association may differ by menopausal status, age at
menarche, race, and histotype (56,57). Subgroup analyses in a 2012 meta-analysis that
included 47 epidemiologic studies found a small increased risk of ovarian cancer with higher
BMI for all women (relative risk (RR) per 5 kg/m? increase in BMI=1.05, standard error
(SE)=0.011); risk was slightly higher for premenopausal women (RR=1.12, SE=0.024),
weaker for women with younger (<13 years) ages at menarche (RR=1.05, SE=0.015)

and largely null for non-White women (RR=0.98, SE=0.059) (56). Unpublished OCWAA
consortium results showed BMI =30 kg/m?2 was associated with an overall increased

risk of EOC for Black but not White women and no association for high grade serous
EOC for either race group (58). The Black cases in our analysis were more likely to

be premenopausal at diagnosis, but also more likely to have younger ages at menarche.
Stratifying by BMI in our analysis did not explain null results among Black women. An
additional consideration may be race differences in age at menopause, which combined
with age at menarche, parity, oral contraceptive use, and breastfeeding duration, determine
the lifetime number of ovulatory cycles. These data are not yet harmonized for OCWAA,
and previous reports of race differences in timing of menopause have been mixed (59-62).
Disentangling the complex interactions between these factors is beyond the scope of the
current study but is an important area of future research.

There are some limitations to our current study, most notable is the potential for
misclassification of the exposure. Menstrual cycle characteristics were ascertained by patient
self-report, which is subject to misclassification and potentially differential by, case/control
status or age. Exposure information for the four case—control studies was collected several
decades after menarche for most women, and around the time of cancer diagnosis for cases.
Recall may also be differential with respect to age and menopausal status because the length
of time since onset of menarche and other menstrual cycle characteristics is longer for
postmenopausal women. Due to small sample sizes, we were unable to examine associations
separately for histotypes other than high-grade serous, potentially masking heterogeneity in
associations by tumor histotype. Despite these limitations, OCWAA is a rich resource with
sufficient sample size to examine ovarian cancer risk factors by race. This study is the largest
to investigate race differences in the association between menstrual cycle characteristics and
ovarian cancer risk but the sample size of Black cases and controls was only about one-third
the sample size of White cases and controls.

In conclusion, we observed differences in the associations between certain menstrual cycle
characteristics (i.e., age at menarche, age at menstrual regularity, and irregular menstrual
cycles) and risk of EOC by race. Earlier ages at menarche and menstrual regularity were
associated with an increased risk of EOC for premenopausal White women but not Black
women. As age at menarche among girls decreases, this warrants further attention. Recent
estimates from the National Health Statistics Report showed 14% of Black girls but only
9% of White girls had reached menarche by 10 years of age (63). We also found irregular
cycles reduced risk for White but not Black women, while long menstrual cycles appeared
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to reduce risk for both race groups. Future studies should examine EOC risk factors by race
and investigate reasons for these disparities.
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Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Demographic and clinical characteristics of the Ovarian Cancer in Women of African Ancestry (OCWAA)
Consortium study population by race and case/control status

Black (N = 3349) White (N = 10459)

Cases Controls Cases Controls
(N=1024) (N=2325) (N=2910) (N=7549)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Overall
Age at diagnosis/interview (years) 58 (11.4) 58 (13.2) 62 (11.9) 65 (12.6)
BMI at diagnosis/interview (kg/m?) 32(8.0) 30(7.3) 26 (6.0) 26 (5.8)
BMI at age 18 (kg/m?) 22 (4.6) 22 (4.4) 21(3.2) 21(3.1)
Height at diagnosis/interview (m) 1.64 (0.1) 1.64 (0.1) 1.63(0.1) 1.63(0.1)
Premenopausal (N=2678)
Age at diagnosis/interview (years) 45 (7.0) 43 (7.7) 45 (6.6) 44 (7.2)
BMI at age 18 (kg/m?) 24 (5.5) 23 (5.3) 22 (4.) 21 (3.6)
Height at diagnosis/interview (m) 1.65(0.1) 1.65(0.1) 1.64 (0.1) 1.65(0.1)
Postmenopausal (N=11130)
Age at diagnosis/interview (years) 63 (8.7) 64 (9.7) 66 (9.1) 69 (9.0)
BMI at diagnosis/interview (kg/m?) 22 (4.2) 21(3.9) 21 (2.9) 21 (3.0)
Height at diagnosis/interview (m) 1.64(0.1) 1.64(0.1) 1.63 (0.1) 1.63(0.1)
N (%) N (%) N (%) N (%)
Demogr aphic Characteristics
Study Site
AACES 558 (54.5) 746 (32.1) - -
BWHS 90 (8.8) 586 (25.2) - -
ccees 43 (4.2) 79 (3.4) 232(8.0) 413 (55)
LACOCS 127 (12.4)  145(6.2) 1176 (40.4) 1805 (23.9)
MEC 80 (7.8) 453 (195)  141(4.9)  829(11.0)
NCOCS 108 (10.6)  181(7.8)  791(27.2) 847 (11.2)
WHI 18 (1.8) 135 (5.8) 570 (19.6) 3655 (48.4)
Education
High school, GED or less 415 (405) 769 (33.1) 623 (21.4) 1454 (19.3)
Some college 265 (25.9) 700 (30.1) 797 (27.4) 2168 (28.7)
College graduate 201(19.6) 454 (19.5) 688(23.6) 1472 (19.5)
Graduate or professional school 143 (14.0) 402 (17.3) 802 (27.6) 2455 (32.5)
Marital Status
Single 164 (17.3) 383 (17.3) 166 (6.8) 363 (5.2)
Married or living with partner 360 (37.9) 917 (41.3) 1551(63.3) 4348(62.8)
Divorced or separated 249 (26.2) 569 (25.6) 338 (13.8) 941 (13.6)
Widowed 178(18.7) 350 (15.8) 394 (16.1) 1269 (18.3)
Unknown 73(-) 106 (-) 431 (-) 628 (-)

Clinical Characteristics *
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Black (N = 3349)

White (N = 10459)

Cases Controls Cases Controls
(N=1024) (N=2325) (N=2910) (N =7549)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
BMI
Normal weight (<25 kg/m?) 182 (17.8) 524 (22.6)  1515(52.4) 3737 (49.7)
Overweight (25-<30 kg/m?) 298 (29.2) 749 (32.3)  766(265) 2267 (30.2)
Obese (30-<35 kg/m?) 269 (26.3) 538 (23.2) 383(13.2) 946 (12.6)
Very obese (35+ kg/m?) 273(26.7) 506 (21.8)  228(7.9)  570(7.6)
Unknown 2(-) 8(-) 18 (-) 29 ()
Height ™™
Upper Quartile (=1.68 m) 408(39.8) 811(34.9) 881(30.3) 2088 (27.7)
Below Upper Quartile (<1.68 m) 616 (60.2) 1514 (65.1) 2029 (69.7) 5461 (72.3)
Smoking Status
Never 544 (53.2) 1219(52.7) 1455 (50.3) 3771 (50.3)
Former 343(335) 673(29.1) 1151(39.8) 3034 (40.5)
Current 136 (13.3)  422(18.2)  289(10.0)  692(9.2)
Unknown 1(-) 11(-) 15 (-) 52 (-)
Menopausal Status
Premenopausal 262 (25.6) 680(29.3) 566 (19.5) 1170 (15.5)
Postmenopausal 762 (74.4) 1645 (70.8) 2344 (80.6) 6379 (84.5)
Medical History
Family History of Breast or Ovarian Cancer
Yes 262(27.6) 347(15.6) 593(20.9) 1215 (16.9)
No 688 (72.4) 1872 (84.4) 2239 (79.1) 5996 (83.2)
Unknown 74 (-) 106 (-) 78 () 338 (-)
Parity o
0 pregnancies 187 (18.3) 363 (15.7)  690(23.7) 1382(18.4)
0-3 pregnancies 401(39.2) 1034 (44.6) 1259 (43.3) 3056 (40.7)
3+ pregnancies 435(425)  920(39.7)  958(33.0) 3075 (40.9)
Unknown 1(-) 8(-) 3(-) 36 (-)
Oral Contraceptive Use
Never 385(38.2) 876(38.2) 1352 (47.0) 3793 (50.5)
<5 years 367 (36.4) 744 (32.4) 905 (31.5) 1834 (24.4)
5+ years 257(255)  675(29.4) 619 (21.5) 1884 (25.1)
Unknown 15(-) 30 (-) 34 (-) 38 (-)
Tubal Ligation
Yes 307(30.3) 715(31.6)  432(14.9) 1336 (17.7)
No 707 (69.7) 1549 (68.4) 2476 (85.1) 6202 (82.3)
Unknonwn 10 () 61(-) 2(-) 11(-)
Post-M enopausal Hormone
Yes 234(23.0) 587 (25.6) 1474 (50.8) 4045 (53.7)
No 783(77.0) 1710 (74.4) 1429 (49.2) 3484 (46.3)
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Black (N = 3349) White (N = 10459)
Cases Controls Cases Controls
(N=1024) (N=2325) (N=2910) (N =7549)
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Unknown 7(-) 28 (-) 7(-) 20 (-)

*
Assessed at diagnosis (cases) or at time of interview (controls)

*:

AAA
Defined as delivery at 24 weeks gestation or later

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2023 February 02.

A
Quartiles for height were determined based on heights from controls with non-missing data for age at menarche or age at regularity
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