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Abstract

BACKGROUND: While childbearing protects against risk of epithelial ovarian cancer (EOC),
few studies have explored the impact on maternal EOC risk of sex of offspring, which may affect
the maternal environment during pregnancy.

METHODS: We performed a pooled analysis among parous participants from 12 case-controls
studies comprising 6,872 EOC patients and 9,101 controls. Odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated using multivariable logistic regression for case-control associations
and polytomous logistic regression for histotype-specific associations, all adjusted for potential
confounders.
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RESULTS: In general, no associations were found between offspring sex and EOC risk.
However, compared to bearing only female offspring, bearing one or more male offspring was
associated with increased risk of mucinous EOC (OR=1.45; 95%CI=1.01-2.07), which appeared
to be limited to women reporting menarche before age 13 compared to later menarche (OR=1.71
vs 0.99; P-interaction=0.02). Bearing increasing numbers of male offspring was associated with
greater risks of mucinous tumors (OR=1.31, 1.84, 2.31, for 1, 2 and 3 or more male offspring,
respectively; trend-p = 0.005). Stratifying by hormonally-associated conditions suggested that
compared to bearing all female offspring, bearing a male offspring was associated with lower risk
of endometrioid cancer among women with a history of adult acne, hirsutism, or polycystic ovary
syndrome (OR=0.49, 95%CI1=0.28-0.83) but with higher risk among women without any of those
conditions (OR=1.64 95%CIl=1.14-2.34; P-interaction=0.003).

CONCLUSION: Offspring sex influences the childbearing-EOC risk relationship for specific
histotypes and conditions. These findings support the differing etiologic origins of EOC histotypes
and highlight the importance of EOC histotype-specific epidemiologic studies. These findings also
suggest the need to better understand how pregnancy affects EOC risk

Keywords

epithelial ovarian cancer; offspring sex; mucinous ovarian cancer; endometrioid ovarian cancer;
case-control study; pooled analysis

INTRODUCTION

Ovarian cancer is the fifth most common cancer among women in developed countries and
the most fatal gynecological malignancy(1). In 2018, more than 295,000 women were newly
diagnosed with the disease and over 185,000 women died from it worldwide(1). More than
70% of cases are diagnosed at late stages when 5-year survival is less than 30%(2). This
high fatality coupled with the lack of a screening test for early detection(3) makes it critical
to understand risk factors in order to help inform prevention strategies(4).

Ever bearing children is associated with about a 30% decrease in risk of epithelial ovarian
cancer (EOC) in general (5) and increasing parity increases protection (6), although the
magnitudes of the relationship vary by histotype (7, 8). The exact mechanism underlying the
protective effect of pregnancy remains unknown, although it is frequently attributed to
ovulation suppression that accompanies pregnancy(9). However, an ovulation alone cannot
explain the magnitude of the protective effect(10), suggesting that other pregnancy-
associated factors may impact EOC risk. Alterations in the maternal hormonal and immune
milieus may be such factors(11-13). Fetal sex potentially affects these environments during
preghancy(14-21), can impact maternal physiology(22, 23), and is associated with
conditions that have long-term maternal health consequences(24, 25). Together these data
support the possibility that offspring sex may impact maternal EOC risk.

Few epidemiologic studies have explored the relationship between offspring sex and EOC,
and results have been inconsistent(26—30). Methodological limitations including small
sample sizes overall and for specific histotypes may account for these disparate findings.
EOC is a heterogeneous disease consisting of distinct histotypes exhibiting varied risk factor
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profiles(8) and likely having distinct etiologic pathways(31). The main aim of this study was
to evaluate the associations between offspring sex and EOC in an international collaborative
investigation using pooled data from 12 case-control studies participating in the Ovarian
Cancer Association Consortium (OCAC). Secondarily, we wished to evaluate associations
by histotype. The large sample size of the pooled analysis enabled more robust estimates of
the associations between offspring sex and EOC overall and by histotype than previously
reported. In addition, the pooled analysis enabled exploration of potential interactions with
hormonally-associated exposures.

Study population

OCAC was established in 2005 to promote collaborative research on epidemiologic and
genetic factors associated with EOC(32). The present analysis included participant-level data
for parous women from 12 OCAC case-control studies conducted in Australia, Canada,
Germany, the United Kingdom, and the United States with available information on
offspring sex(33-45). Characteristics of the studies are shown in Table 1. Because offspring
sex was inconsistently reported for non-singleton births across studies and because non-
singleton births may differentially impact EOC risk relative to singleton births, we excluded
subjects with any non-singleton births (n=528) from current analyses, resulting in 16,343
parous women with all singleton births. We then excluded women missing covariate data
(n=35) and women missing offspring sex information (n=335), resulting in a total sample of
15,973 participants for data analysis (6,872 EOC patients and 9,101 controls). All
participants provided informed consent and all participating institutions obtained approval
from relevant ethics committees.

Study variables

Information on offspring sex for each pregnancy lasting six months or longer (full-term) was
self-reported. Based on our previous work, we classified women according to the number of
male offspring(26). Ever having given birth to a boy was defined as reporting at least one
male offspring among all singleton full-term births. Giving birth to all boys was defined as
reporting a male offspring for each full-term, singleton pregnancy. The number of boys was
calculated by summing the total number of pregnancies resulting in male offspring. The
number of girls was calculated by subtracting the number of boys from the total number of
full-term pregnancies. The fraction of births that were boys was defined as the total number
of male offspring divided by the number of full-term pregnancies.

Information on other relevant variables and potential confounders was obtained from the
OCAC core dataset and included age at diagnosis (cases) or interview (controls), race,
education, body mass index (BMI) at 18 years of age, recent BMI (defined as previously
reported as BMI 1 year prior or 5 year prior to diagnosis/interview or at diagnosis/
interview(46)), total duration of oral contraceptive (OC) use, number of full-term
pregnancies (parity), family history of ovarian or breast cancer, smoking status, and history
of endometriosis, adult acne, hirsutism, polycystic ovary syndrome (PCOS), and irregular
periods.
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Statistical analysis

We used unconditional logistic regression to estimate odds ratios (ORs) and their 95%
confidence intervals (95%ClIs) for associations between bearing male offspring and EOC
risk among parous women. The main multivariate model was adjusted for study site, age at
reference (continuous), duration of OC use (never, less than 1 year, 1-4 years, 5-9 years,
10+ years), parity (1, 2, 3, 4, 5+ offspring) and race (white, black, Asian, other). We also
considered adjustment for additional ovarian cancer risk factors including education (less
than high school, high school, post-high school, college graduate, post graduate), family
history of ovarian or breast cancer (yes/no), history of breastfeeding (yes/no), BMI at 18
(<18.5/18.5-24.9 / 25-30 / >=30 kg/m?), recent BMI (<18.5 / 18.5-24.9 / 25-30 / >=30
kg/m2), history of endometriosis (yes/no), history of irregular periods (yes/no), history of
polycystic ovary syndrome (PCOS), adult acne, or hirsutism (yes/no), smoking history
(never, ever), and age at menarche (<13 years/ >=13 years). These factors did not change the
association between bearing a male offspring and EOC risk in general by more than 10%
and were therefore not included in final models. Where they did alter associations by more
than 10%, we present both the parsimonious model and the more adjusted model.

Random effects meta-analyses across study sites of all cancer histotypes showed no evidence
of heterogeneity (12=0.0%; p-het=0.57 Figure 1). Consequently, all analyses were performed
using the pooled dataset adjusted for study site. We performed polytomous logistic
regression to evaluate associations between bearing male offspring and EOC risk by the
main histotypes (high-grade serous, mucinous, endometrioid, clear cell). We further
stratified analyses by number of full-term births to separate associations with offspring sex
from those with parity. We also explored models containing terms for total number of male
and total number of female offspring and models containing terms for total number of full-
term pregnancies and fraction of boys.

To identify potential interactions between offspring sex and hormonally-associated
exposures for EOC in general and by specific histotypes, we performed stratified analyses
by history of endometriosis (associated with excess estrogens(47) or reduced
progesterone(48)), history of acne or hirsutism or PCOS (associated with excess
androgens(49-51)), age at menarche less than 13 (which is associated with excess estrogens
and increased ovulations(52-54)), recent BMI greater than or equal to 30 kg/m?2 (which is
associated with hormonal imbalances(55, 56)), history of irregular periods (associated with
hormonal dysregulation(57)), history of ever using oral contraceptives (associated with
altered hormonal milieu(58-60)), and history of ever smoking cigarettes (associated with
anti-estrogenic effects(61)). Interactions and linear trends were assessed with Wald statistics.
Stata/SE version 15.1 (StataCorp, College Station, TX) was used to conduct all analyses. All
tests were two-sided with significance level of 5%.

RESULTS

Among parous controls, the study-specific frequency of never bearing a male offspring
ranged from 17% to 31%, whereas among parous cases it ranged from 19% to 36% (Table
1). Compared to controls, women with EOC were less likely to have used OCs, had more
than one child, attained a college education, reported a history of acne, hirsutism, or PCOS,
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and reported a history of irregular periods. Case women were more likely to have higher
recent BMI, reported histories of endometriosis, and family histories of breast or ovarian
cancer (Table 2).

Compared to bearing all females, ever having borne a male was not associated with EOC
overall (OR=1.05; 95%CI=0.96-1.14; Table 3); however, bearing a male offspring was
associated with increased risk of mucinous histotype (OR=1.25; 95%CI=1.02-1.54). This
association strengthened when we further adjusted for hormonally-associated conditions
(endometriosis, irregular periods, acne or PCOS or hirsutism, smoking, history of early
menarche and recent BMI; OR=1.45; 95%CI=1.01-2.07). Similarly, giving birth only to
boys was not associated with EOC risk overall, whereas compared to giving birth to at least
one girl, bearing all male offspring was associated with increased risk of mucinous tumors
(OR=1.29; 95%CI=1.07-1.55). The association was slightly strengthened when further
adjusted for hormonally-associated conditions (OR=1.35; 95%C1=0.99-1.84). Increasing
number of male offspring was associated with increasing risk of mucinous ovarian cancer in
both the most parsimonious model (OR=1.16, 1.56, 1.55, for 1, 2 and 3 or more male
offspring compared to all female offspring, respectively; trend-p = 0.006) and in a model
additionally controlling for hormonally-associated conditions (OR=1.31, 1.84, 2.31, for 1, 2
and 3 or more male offspring, respectively; trend-p = 0.005). There were no associations
between increasing number of male offspring and EOC risk overall or for any other
histotypes.

In models including separate quantitative terms for total number of male offspring and total
number of female offspring, each additional offspring was associated with about an 8%
decrease in EOC risk overall regardless of whether the offspring was male (OR=0.93;
959%C1=0.90-0.96) or female (OR=0.92; 95%CI=0.89-0.95) (Table 3). While the point
estimates for high-grade serous, clear cell, and endometrioid subtypes were similar for both
male and female offspring, for the mucinous histotype, each additional female offspring was
associated with a 12% decrease in risk (OR=0.88; 95%C1=0.810.96) whereas each male
offspring was not associated with risk (OR=1.03; 95%CI1=0.95-1.11). The results from
models controlling for total number of full-term births also showed that a 25% increase in
the fraction of births that were boys was associated with a 9% increase in risk of mucinous
EOC (OR=1.09; 95%CI=1.03-1.16). Fraction of male births was not associated with risk of
the other subtypes.

Stratifying by number of offspring (Table 3) yielded similar patterns of risk associated with
increasing male offspring for the mucinous histotype. Among women with exactly one full-
term birth, bearing a male offspring was associated with a 22% increased risk of mucinous
cancer compared to bearing a female offspring. Among women with exactly two births,
compared to bearing all female offspring, bearing exactly one male offspring was associated
with a 16% increased risk of mucinous tumors, whereas bearing two male offspring was
associated with a 58% increased risk (P-trend=0.01).

For mucinous histotype, we further observed interactions with age at menarche (Table 4).
Compared to never giving birth to a boy, ever bearing a male offspring was associated with
an increased risk of mucinous cancer among women with menarche before age 13
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(OR=1.71, 95%CI=1.23-2.38) but no increased risk associated with menarche at a later age
(OR=0.99, 95%CI1=0.76-1.30; P-interaction=0.02). Results were similar when we examined
interactions between menarche and giving birth to all boys (OR=1.55 for early menarche
versus OR=1.08 for later menarche; P-interaction=0.08). Among women with menarche
prior to age 13, increasing number of male offspring was associated with increasing risk of
mucinous tumor (ORs for bearing 1, 2, 3+ male offspring: 1.54, 2.34, 2.24 compared to no
male offspring; P-trend =0.002). Among women with later menarche no trend was observed
(ORs for bearing 1, 2, 3+ male offspring: 0.94, 1.16, 1.20; P-trend=0.32; P-
interaction=0.10). Consistent with this observation, each 25% increase in fraction of male
offspring was associated with a significant 18% increase in mucinous cancer among women
with earlier menarche but no increase in women with later menarche (P-interaction=0.01).
We also observed an interaction between age at menarche and bearing female offspring, with
each female offspring associated with a significant 21% reduced risk of mucinous tumors
among women with earlier menarche but little or no association among women with later
menarche (OR=0.79 versus 0.94 for each female offspring in women with and without early
menarche, respectively; P-interaction=0.02). There was no interaction between age at
menarche and bearing male offspring (OR=1.04 versus 1.01 for each male offspring in
women with and without early menarche, respectively; P-interaction=0.51).

No other interactions between hormonal-associated exposures and EOC were observed,
except for self-reported history of acne or hirsutism or PCOS and risk of endometrioid
cancer (Table 5). Compared to bearing all female offspring, bearing at least one male
offspring was associated with reduced risk of endometrioid cancer among women with a
history of any of those conditions (OR=0.49, 95%CI=0.28-0.83), but an increased risk
among women with no history of any of those conditions (OR=1.64 95%CI=1.14-2.34; P-
interaction=0.003). Results were similar when we examined the interaction between
reported history of acne/hirsutism/PCOS and number of male offspring (ORs for bearing 1,
2 or 3+ male offspring: 0.47, 0.52, 0.47 versus 1.69, 1.59. 0.78, for women with and without
this history, respectively, P-interaction=0.007). An interaction was also observed between
reported history of those androgenic conditions and bearing female offspring, with each
female offspring associated with reduced endometrioid cancer risk in women with no
reported history compared to those with such a history (OR=0.80 vs 1.02 for each female
offspring in women without and with a history, respectively; P-interaction 0.03). There
appeared to be no interaction between a history of those androgenic conditions and bearing
male offspring (OR=0.82 vs 0.87 for each male offspring in women without and with a
history, respectively; P-interaction=0.44).

DISCUSSION

In this pooled analysis of data from 6,872 parous women with EOC and 9,101 parous
controls, sex of offspring was not associated with maternal EOC risk overall. However,
bearing male offspring was associated with less protection against mucinous cancers. When
examining the per-pregnancy association, offspring sex was not associated with EOC risk
overall or for high-grade serous, clear cell, and endometrioid histotypes, but was associated
with risk of mucinous tumors. In particular, bearing female offspring was associated with
decreased risk of mucinous tumors among parous women, whereas bearing male offspring
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appeared to have no relation to that histotype. We observed no interactions between
offspring sex and hormonally-associated exposures, except among women with mucinous
tumors and menarche prior to age 13 and among women with endometrioid tumors and a
history of acne, hirsutism, or PCOS. Among women with menarche before age 13, bearing
male children was associated with higher risk of mucinous cancer than in women with later
menarche. Among women with a history of acne, hirsutism, or PCOS, bearing male children
was associated with lower risk of endometrioid cancer than in women without those
conditions.

Five studies have reported the association between offspring sex and ovarian cancer risk(26—
30), including two studies included in this pooled analysis (HOPE and AUS). In the HOPE
Study, conducted in western Pennsylvania, USA from 2003-2008, compared to bearing all
female offspring, bearing any male offspring was associated with lower risk of EOC
(OR=0.92) and bearing all male offspring was associated with even lower risk (OR=0.86)
(30). A earlier population-based study of 511 cases and 1136 controls conducted in eastern
Pennsylvania, USA from 1994-1998 by the same group reported similar findings — relative
to all female offspring, bearing all male offspring was associated with decreased EOC risk
(OR=0.80)(26). These findings were supported by a nested case-control study within the
population-based Swedish Fertility Register that included 7,407 women diagnosed with
EOC between 1961 and 2001 and 37,658 controls(27): compared to bearing all female
offspring, bearing a male child was associated with reduced EOC risk in a dose-response
fashion (ORs: 0.92, 0.87, 0.82, for 1, 2 or 3+ boys, compared to all girls)(27). In contrast,
the Australia-wide population-based study (AUS) conducted between 2002 and 2005 and
included in this pooled analysis reported no association between offspring sex and EOC for
parous women in general but a 2-fold increased risk of the mucinous histotype associated
with bearing only male offspring(29). Notably, excluding AUS data from the current
analysis did not appreciably affect the observed association with mucinous tumors. A
population-based cohort study of 5,092 EOC cases in the Norwegian national registry also
reported no EOC-offspring sex association in general(28). However, that study reported an
increased risk of endometrioid tumors among women who gave birth only to girls compared
to those who gave birth only to boys (incidence ratio 1.35 based on 475 cases).

Although there are histotype differences in the magnitude of the protective effect, greater
parity has consistently been associated with reduced EOC risk(7, 8), especially among non-
mucinous disease; however, the mechanism underlying this association remains unknown.
Two theories have dominated the literature: suppressed ovulation(9) and lowered
gonadotropin levels(62). Pregnancy, regardless of fetal sex, should equally affect ovulation
and gonadotropin secretion; thus, our results suggest the possibility of additional
mechanisms. Reducing inflammation(12) and altering circulating steroid hormones(11) have
been postulated. During pregnancy, both maternal hormonal and immune milieus differ by
fetal sex. Carriage of a male fetus is associated with lower maternal levels of estradiol and
hCG(14, 15, 18) and higher maternal levels of progesterone(16) and testosterone(19). While
the role of hCG in EOC etiology is unclear, progesterone is believed to protect against EOC
while estrogens and androgens may increase risk(11) in a histotype-specific way(20, 21).
Whether the observed maternal hormonal differences by fetal sex are large enough to matter
in the context of the high hormonal levels of pregnancy is unknown. Women carrying male
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fetuses also exhibit more proinflammatory/proangiogenic immune milieus than women
carrying female fetuses(17). Pregnancy outcomes also vary by offspring sex, with preterm
birth, higher birth weight, and gestational diabetes associated with males(63-65), and
increased risk of maternal hypertensive disorders and asthma flares associated with
females(66, 67). Genetic and metabolic profiles of the placenta also vary by fetal sex(68),
and both hormones and cells derived from the fetoplacental unit persist in maternal
circulation for years after pregnancy ends(69). Moreover, male-origin microchimerism,
which arises predominantly but not exclusively from fetal cells acquired during
pregnancy(70) and persists for decades after pregnancy(71), has recently been associated
with reduced rates of ovarian cancer(72). Fetal sex also influences maternal physiology(22,
23), and pregnancy conditions that differ by fetal sex, such as preeclampsia and gestational
diabetes, may impact future maternal health outcomes(24, 25). Together, these observations
suggest that fetal sex-based differences can have long-term health consequences and support
a potential link between offspring sex and EOC risk.

Despite this apparent biologic plausibility, the results of this study did not show any overall
relationship between offspring sex and EOC risk. However, we did observe relationships
with offspring sex for the mucinous histotype in general and specifically for women with
menarche prior to age 13. We further observed an association for endometrioid tumors in
relation to maternal androgenic conditions.

It is now accepted that while pregnancy protects against EOC in general, the protection
varies by histotype. In the Ovarian Cancer Cohort Consortium (OCCC), ever bearing
offspring provided a 31% decrease in risk in general, with a greatest protection seen for the
clear cell histotype (RR=0.35, 95%CI:0.27-0.47) and the least protection observed in the
serous histotype (RR=0.81, 95%CI=0.73-0.90) (8). The Million Women Study also reported
a differing protective effect against EOC associated with every bearing offspring based on
histotype, with the greatest effect seen among clear cell cases and the least seen among
serous cases (7). Both studies also report histotype differences based on the number of
offspring. Given these differences in protective effect of pregnancy by hisotype, it is possible
that the relationship between offspring sex and EOC could also vary by histotype.

Thus, while our histotype-specific observations are plausible, the underlying biologic
reasons for these observations are unclear. Mucinous EOC is a relatively infrequent
histotype, representing some 5-20% of cases(73); however, epidemiologic evidence supports
a substantially different risk-factor profile than that of the other histotypes(74). Notably,
apart from pregnancy, the relationships between hormonal exposures and mucinous tumors
are less pronounced or perhaps nonexistent compared to other histotypes(74), suggesting
that alteration in the hormonal milieu may not account for our mucinous-disease findings in
general and among women with menarche prior to age 13. In addition to higher endogenous
estrogen exposure, earlier age at menarche is associated with earlier and more prolonged
ovulation(52, 53). That observation, however, cannot explain the mucinous-specific
association because increasing lifetime ovulations are associated with increased ovarian
cancer risk overall(75-77). Moreover, histotype-specific results show no relationship
between lifetime ovulations and the mucinous subtype(77). Similarly, it is unclear why the
relationship between offspring sex and endometrioid tumors should vary based on history of
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androgenic conditions, as endometrioid tumors are more closely associated with estrogenic
exposures(78-80) and possibly higher circulating androgen levels in the post-
menopause(20).

Regardless of the underlying biology, our findings underscore the need to further understand
the mechanisms whereby pregnancy impacts EOC risk. Moreover, they reflect the
heterogeneous etiologic nature of ovarian cancer(81), which is no longer believed to be a
single disease but a group of diseases with separate etiologic origins. EOC histotypes exhibit
differing clinical behavior and are believed to have different or differentially evolved cells of
origin leading to distinct carcinogenic pathways(82). Epidemiologic studies further support
the multifactorial origin of EOC, with most well-established risk factors exhibiting
substantial heterogeneity by histotype(8, 74). Our results lend further population-based
support to the distinct etiology of EOC histotypes, and in particular for that of mucinous
tumors compared to the others(8, 74).

A strength of the present study is the use of participant-level data from 12 population-based
case-control studies spanning three continents. The large sample size resulted in increased
statistical power to examine histotype-specific associations, which individual studies could
not adequately do. In addition, pooling data from population-based case-control studies with
detailed lifestyle, reproductive, and medical history data enabled us to control for potential
confounders and to stratify by hormonally-associated exposures, which the population-based
registry studies were unable to do. The included studies were all population-based, and the
majority of studies used in-person interviews to obtain data on offspring sex and other
exposures, increasing the generalizability of findings. Study-specific data were carefully
cleaned, harmonized, and entered into a single dataset, further increasing confidence in the
quality of the data and allowing us to adjust for a single set of standard confounders. Finally,
all available OCAC studies with information on offspring sex were included, thus mitigating
the possibility of publication bias.

Despite these strengths, some limitations should be considered. First, data were self-
reported; thus, potential confounding variables could be influenced by case/control status,
which could distort our findings. Moreover, due to missing data, we were not able to assess
relationships between offspring sex and some factors that may influence ovarian cancer risk,
such as age at first pregnancy. We also can not eliminate the possibility of unknown
confounders influencing results. Selection bias is also a concern as controls participating in
these studies may differ from cases by factors related to offspring sex or EOC risk, including
unknown factors that could not be accounted for in the analyses. Validation in prospective
cohorts is needed to address these concerns. Because our study population was
predominately white, we could not evaluate the impact of offspring sex in non-white women
and how it may differ across race. Finally, we cannot eliminate the possibility that our
findings are due to chance.

In conclusion, offspring sex appears to affect differentially EOC risk based on histotype and,
possibly, in combination with other host factors. Our findings support the distinct etiologic
pathways among EOC histotypes and suggest that current etiologic models of EOC may be
incomplete. Our findings also suggest the need to better understand how pregnancy affects
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EOC risk. Confirmation of these findings in prospective cohorts is needed to improve our
understanding of EOC etiology, thereby paving the way for new avenues of prevention
research for this highly fatal disease.
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TOR Canada 48 233 164 690 —+— 1,04 (0.71,152)
GER Germany 125 306 75 136 —_— 0.70 (0.47, 1.05)
NJO USA 92 275 41 116 —}0— 1.12(0.69, 1.82)
TBO USA 23 51 18 4l ———fp——— 153 (0.60, 3.89)
Overall (I-squared = 0.0%, p = 0.565) <? 1.04 (0.95, 1.13)
NOTE: Weights are from random effects analysis |
T T T T
25 5 1 2 4
B.
N N gave N N
never gave  birth to at never gave gave birth to Odds
birth to a boy least one boy birth to a at least one Ratio (Mucinous),
Study Region in controls in controls boy in cases boy in cases Random (95% CI)
HAW USA 181 715 25 86 —-0{— 1.14(0.67, 1.94)
USC USA 362 1308 19 63 —_—t— 0.92(0.52, 1.64)
|
AUS Australia 233 972 16 108 “T—%—— 190(1.07,339)
TOR Canada 48 233 23 103 ——-{0— 1.34(0.73, 2.46)
NCO USA 207 700 14 68 +———a—) 227(1.16,4.45)
|
SON Canada 88 379 12 48 —_— T 0.81(0.40, 1.67)
HOP USA 315 1207 10 30 —4—{— 0.97 (0.43,2.17)
UKO UK 180 648 1 28 —_— 1.17 (0.51, 2.69)
|
GER Germany 125 306 g 18 * T 0.77 (030, 1.99)
CON USA 105 348 6 31 ——LO—) 1.70 (0.66, 4.41)
Overall (l-squared =5.7%, p = 0.389) ¢ 1.25 (1.00, 1.56)
NOTE: Weights are from random effects analysis :
T T T T
25 5 1 2 4
Figure 1:

Association Between Offspring Sex and Epithelial Ovarian Cancer (EOC) among
Participants in 12 Population-Based, Case-Control Studies in Australia, Europe, and North
America from 1989-2010.

Footnote: Results presented according to study site and overall and are adjusted for age at
diagnosis/reference date (continous), race (Black, White. Asian, Other), duration of oral
contraceptive use (never, less than 1 years. 1-4 years, 5-9 years, and more than 10 years)
and number of full-term pregnancies (1, 2, 3, 4, 5+).
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Association for (a) EOC in general and for (b) the mucinous histotype.
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Table 2.

Page 20

Characteristics of Participants in the Ovarian Cancer Association Consortium (Australia, Europe, and North

America), 1989-2010”

Controls (N=9101) n (%) Cases (N=6872) n (%) P-Value
Age, years, mean (SD) 57.5(11.8) 58.6 (11.3) <0.0001
Race 0.42
White 7544 (83.0) 5633 (82.2)
Black 331 (3.6) 269 (3.9)
Asian 331 (3.6) 276 (4.0)
Other 880 (9.7) 677 (9.9)
Education <0.001
Less than High School 1233 (15.5) 1336 (22.4)
High School 2530 (31.9) 1958 (32.9)
Post High School Training 1964 (24.8) 1419 (23.8)
College Graduate 1194 (15.1) 710 (11.9)
Post graduate 1011 (12.7) 535 (9.0)
Body Mass Index (BMI) at 18, kg/m”2 0.064
<185 1246 (16.3) 792 (15.4)
18.5-24.9 5689 (74.3) 3788 (73.8)
25-29.9 551 (7.2) 429 (8.4)
>30 168 (2.2) 121 (2.4)
Recent Body Mass Index (BMI), kg/m”2
<185 108 (1.67) 68 (1.50) 0.006
18.5-24.9 2874 (44.43) 1906 (42.07)
25-29.9 1370 (30.24
1975 (30.53) )
>30 1512 (23.37) 1187 (26.2)
Duration of Oral Contraceptive Use, years <0.001
0 3031 (33.7) 2917 (43.0)
<1 1203 (13.4) 1070 (15.8)
1-4 1986 (22.1) 1277 (18.8)
5-9 1466 (16.3) 894 (13.2)
10+ 1316 (14.6) 619 (9.1)
Number of Full Term Pregnancies <0.001
1 1493 (16.4) 1356 (19.7)
2 3659 (40.2) 2632 (38.3)
3 2282 (25.1) 1664 (24.2)
4 1010 (11.1) 726 (10.5)
5+ 657 (7.2) 494 (7.2)
Endometriosis <0.001
No 8381 (94.5) 6180 (92.5)
Yes 485 (5.5) 501 (7.5)
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Controls (N=9101) n (%) Cases (N=6872) n (%) P-Value

Smoking Status
Never Smoker
Former Smoker

Current Smoker

Acne or Hirsutism or Polycystic ovary syndrome (PCOS)

No
Yes

Irregular periods
No
Yes

Age at Menarche
<13 years

>13 years

No

4426 (54.7) 3206 (53.4)
1171 (14.5) 902 (15.0)
2501 (30.9) 1894 (31.6)
3906 (77.1) 2831 (79.7)
1157 (22.9) 720 (20.3)
5692 (81.3) 4079 (83.6)
1308 (18.7) 798 (16.4)
4068 (44.96) 2972 (43.51)
4981 (55.04) 3859 (56.49)
Family History of Breast or Ovarian Cancer in first-relative
7516 (85.4) 4846 (80.7)
1285 (14.6) 1156 (19.3)

Yes

0.33

0.004

0.001

0.069

<0.001

'ZMissing data are as follows: race 15 controls, 17 cases; education 1169 controls, 914 cases; BMI at 18 1447 controls, 1742 cases; recent BMI

2632 controls, 2341 cases; duration of oral contraceptive use 99 controls, 95 cases; endometriosis 235 controls, 191 cases; smoking 1003 controls,
870 cases; acne or hirsutism or PCOS 4038 controls, 3321 cases; irregular period 2101 controls, 1995 cases; age at menarche 52 controls, 41 cases;
family history of breast or ovarian cancer first-relative 300 controls, 870 cases.

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 22

100 800 820 vZ'0 5000 9000 2€0 950 590 060 oy
(e01 (00t . (291 (teT : (627 (ezz : (€11 (11 . (o171 (e11 . _ 4o
‘62'0) ‘I%°0) Aw% YE'0) R Awwv Y1) '80'T) amwd '59°0) ‘12°0) AWNN% '6°0) 98°0) naws A.M%V sl0W 10 6 a
50 89°0 G0 GL0 1€°C 65T 980 G560 €60 66°0
(9T (17’1 . (re1 (zr'T ) (182 (zoz ) (62T (zzt . (teT (TzT . _
o w0 G en o0 Q9 ey en €9 g we0) G50 eg) ee) TS0 LD sfogz
11T 0Tl 0L0 00'T v8'T 95'T S0'T 50T T 60'T
(87’1 (92’1 . (281 (181 ) (16'T T . (¥z1 (zzt . (ozT (eTT . _
2o w0 G g w0 99 w6 o) TP g w0 (W 0 e G O Koq T
10T ‘€0'T 61T 02’1 16T oT'T v0'T 80°T 50T v0'T
JEY} JEY} AMM._”NV JEY} Jal QM.WMNV Jal 181 Am.,wﬁmv 181 18l Amwmmv 18l JEY} Awm%wv Awmﬂ%uv Aog oN
skoqg
10 JquINN
(oT'T (eT'T 6'2) (ge'T (te'T (©12) (¥8'1 (ss°1 (0'62) (eT'T (z0'T ('02) (91’1 (80°T (c's2) @22
‘85°0) ‘11°0) oqT ‘09°0) '6.°0) 201 '66'0) ‘L0°T) s '28°0) ‘18°0) 056 '06°0) ‘76°0) 19T 202 SOA
080 €60 060 20T Ge'T 62T 960 160 20T 66°0
moow @ e e e e @ e e B e e RO w
sAoq |[e 01
UHIqg anes
(T (sz1 (9'92) (197 (67'T (€92) (102 (#S'T (©°08) (zzt (0zT (9'62) (tztT 1T (5'82) (582)
‘81°0) 'G8°0) £66 ‘0L0) '18°0) cgz ‘70T) ‘20T) e '18°0) 'v6'0) ceTz '€6°0) '96°0) e - Jang
90'T ‘€0'T 90'T YT Sr'T STt €0'T 90'T 90'T 50T
JEY} JEY} AMM._”NV JEY} Jal QM.WMNV Jal 181 Am.,wﬁmv 181 18l Amwmmv 18l JEY} Awm%wv Awmﬂ%uv JEVEIN]
Aoge o0l
yHIqg anes
(fe} (fe} (fe} (e} (e} (1o (1o (fe) (fo) (fe}
9656) %G6) (%) U %G6) %56) (%) u %56) %56) (%) u %56) %56) (%) u %56) 9656) (%) U .
NN_O ._”N_O ‘sasen) NN_O HIO ‘sasen) NN_O HN_O ‘saseD) NN_O HN_O ‘saseD) NN_O HN_O ‘sasen) (%N
pawsnlpy  paisnipy pasnlpy  paisnipy pasnlpy  paisnipy pasnlpy  paisnipy pawsnipy  paisnipy
porawopug 1180 Je3|D snoulan D0OSOH si1a0ue) ||V $]0J3U0D

Modugno et al.

0T0Z-686T ‘(eouBWY YLON pue ‘adoin3 ‘elfesisny) WNILOSU0D UOKRIJ0SSY J18due)d) UeLIBAQ 8y} Ul syuig
uo019]6uIS AJUO YlIM UBWIOAA Shoded Buowy Jaour) uelieAQ [eljaylid3 pue xas BulidsyO usamiag UonRIJ0SSY 3l 10} SOy SPPO pajood paisnipy

‘€ 9IqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 23

Modugno et al.

(18'T (ee'T . (06T (T02 . (sz2 (T9°7 . (0g'T (7T . (Cra (0g'T . .
'690)  '720) Awwwv 250 '18°0) @M@ 00 '880) Awwﬁmv 80)  00'D) Aww% V80 00'D) mmﬁv AWNN% Aoq T
T '66°0 00T 0£'T 1271 9T'T 10T 0z'T 20T YT T
Jal Jal ?%MNV Jal JE]] Am%m.c IE]] It Aﬂmd Jal Jal AW.WNNV Jal Jal Awmmv AM_MUMV Aog oN
syuiq z Ajoexa
yum uswom Buowy
(69°T (827 (9'95) (sTe (98T (€£99) (vez (2Lt @19 (LrT (0z'T (©'8p) (7’1 (0z'T 025 (£05)
‘95°0) ‘16°0) 96 '6L°0) ‘08'0) o ‘€L°0) '98°0) 6 ‘11°0) '9/°0) 712 '180) ‘88°0) 07 - Aog
860 177 85'T T €T 448 90T 960 T 20T
Jal Jal ?mwvv Jal JE]] Qmw_\v IE]] It Awﬁwvv Jal Jal nw mmmmv Jal Jal ﬁ MM ) QN _wwv o
UuIg
T Apoexs yum buowy
mmmuoﬂam yuig Jo Jaquinu Aq paiinens
asealoul
(90T (90T (60T (60T Wzt (911 o1 (e0T (so'T 0T %S¢ Jod
o o (coom) A e (0oom) ‘o (000T) g g (coom) o i (00oT)  (0v00T) ‘shoq a1am
68°0) S6'0) w1/ 180) 6°0) T8 €0'T) €0'T) Ve 56°0) 96'0) €89z 86'0) 66'0) 2189 1016 ¥
160 00T 860 10T eT'T 60T 00T 00T 10T 70T Teu syMIq
10 uonoeIH
(00t @60 (oo (860 @80 ooy 60 ©60 ooy  (@OT ©0T  (gop (960 860 (oor)  (0'00T) s1b
LL°0) 84°0) w1l L9°0) ¥9°0) /8 69°0) 18°0) el 06°0) 26°0) €807 18°0) 68°0) 2189 1016 40 Jsquinu
88°0 '68°0 180 €0 080 880 S6'0 96'0 16'0 260
(160 (880 . (880 (080 . (T (trT . (66°0 (66°0 . (96'0 (960 _ )
o Dt oo haivd ioid hdd A A o, o sko
oo wo 0% ogg) gy QD ggg)  geg) OO0 ugg o) QD g 050 gD QoD e
08'0 '18°0 €0 0.0 20T €0'T €6'0 S6'0 16'0 £6'0
snonunuo:
c nuod
(fe} (fe} (fe} (e} (e} (10 (10 (fe) (fo) (fe}
9656) %G6) (%) U %G6) %56) (%) u %56) %56) (%) u %56) %56) (%) u %56) 9656) (%) U .
Nmo HW_O ‘sasen) Nmo Hw_o ‘sasen) Nw_o Hmo ‘saseD) Nmo Hw_o 'saseD) Nw_o Hw_o ‘sasen) (N
pasnlpy  paisnipy pasnipy  paisnipy pasnlpy  paisnipy pasnlpy  paisnipy pawsnlpy  paisnipy
porawopug 1180 Je3|D snoulan D0OSOH si1a0ue) ||V $]0J3U0D

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 24

Modugno et al.

(steak 0T
UBLj] 3J0W puUe ‘SIeak -G ‘sieak {—T ‘sieaA T uey) ssa| ‘1ansu) asn aA1dadrIjuod [elo 0 uoneInp pue (IBY10 ‘UeISY ‘@UYAN oe|d) aoel ‘(Snounuod) ayep aouaialal/sisoubelp e abe ‘salls Apnis Joy uﬁm:.—?\m

8]qeLIBA SNOUNUOD ® Se saroueufald Wwis) [Ny 40 Jaquinu [e10} Joy 1snipe m_mnos_v

saroueubald wJa) Ny Jo Jaquinu [e30} o4 Isn(pe jou pIp m_%os_m.
"(sreak £T= ‘sieak
€T>) ayaJeusw Je abe pue ‘(0€< ‘0€-6'vZ ‘6'2—S'8T ‘G'8T>) IING 1uadal ‘(ou ‘sak) spouiad Jejnbuil ‘(ou ‘sak) SODJ Jo wisinsIIy Jo aude ‘(Jansu ‘1ana) Buisjows ‘(ou ‘sak) sisoliawopus 1oy painsipe _wctsu_w
"SISA[eUB 8U} WO.J PAPN[IXd 81M asn dA1}dadeIu0d [eI0 JO 8d.J Ul Blep BUISSILU UHM USWOM 831y} AJusmy pelpuny om[ ‘(+§ ‘v ‘€ ‘g ‘T) seroueubaid wiusi-||ny Jo Jaquunu pue (sieak
0T UBLj] 2I0W pue ‘SIeak -G ‘sieak y—T ‘sieak T uey ssa| ‘1ansu) ash aAldadeiuod [elo 4o uonelnp ‘(Jayl0 ‘uelsy ‘@Y Yoe|g) adel ‘(snouuod) ayep aoualajals/sisoubelp e abe ‘salis Apnis 1oy paisnipy

N
110 500 €0 820 910 220 8.0 150 1€0 €20 puai o} d
110 500 €0 820 910 220 8.0 150 1€0 €20
(e17T (880 (98) (ezz (05T (0e1)  (orot (682 (ssT) (@sT (62T (9zn) (61T (901 en) (v skoq &
‘0T°0) ‘12°0) ST ‘€T°0) ‘92°0) 0T '99'0) ‘2L°0) 514 'G5°0) '29°0) /8 '¥5°0) ‘€9°0) 112 1743
€£°0 £7°0 850 €90 65T A 260 680 6.0 Z8°0
(sTC (597 . (127 (ve'1 ) (60°8 (182 . (99T (6T . (eT (0z'T . _
wo) w0 ©F urg ed T g o) €Y o wo G o0 w0 QI €8 s
160 00'T v50 99°0 €e'T 28T oT'T €0'T 160 160
(eLT (zzT . (152 (zr'T ) (se'L (9z'2 . (291 (g1 . (LzT (80T . _

0 wo  ©%® g s U g ) € egg) o) T egn)  ego)  GFD 0% goqy
9,0 2L0 280 TL0 80°C 12T 90T 20T 160 98°0
JEY} JEY} Cwmmﬂv JEY} Jal G%Hv Jal 181 AM.MV 181 18l ?%nd 18l JEY} AWMNS GNMNHV Aog oN
symig € Ajpoexs
yum uswom Buowy
L0 99°0 920 650 v0°0 100 560 950 Ge0 100 puaJl Joj d
(9T (ze'1 . (zr'T (e6'T . (zs¢ (822 . (91 (ee'T . (or'T (se'T . .
150 '590) amwmv 470 '690) :mmmmv 20T 0T aomu 5100 '980) AMM,NNV ‘680)  '66°0) cﬁm% Aww% shoq z
260 260 190 STl 68T 85T 10T 10T T STT
(fe} (fe} (fe} (e} (e} (10 (10 (fe) (fo) (fe}
9656) %G6) (%) U %G6) %56) (%) u %56) %56) (%) u %56) %56) (%) u %56) 9656) (%) U .
Nmo HW_O ‘sasen) Nmo Hw_o ‘sasen) Nw_o Hmo ‘saseD) Nmo Hw_o 'saseD) Nw_o Hw_o ‘sasen) (N
pasnlpy  paisnipy pasnipy  paisnipy pasnlpy  paisnipy pasnlpy  paisnipy pawsnlpy  paisnipy
porawopug 1180 Je3|D snoulan D0OSOH si1a0ue) ||V $]0J3U0D

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2021 November 01.

in

available

1

Eur J Epidemiol. Author manuscript



Page 25

Modugno et al.

(+G ‘v ‘s ‘2 ‘1) saroueufaid wis)-||ny 0 Jaquinu pue (sreak
0T UBY) 210W pue ‘SIeak 6—G ‘sIeak y—T ‘sieak T uey ssa| ‘1aAsu) asn aA1ldade.juod [elo Jo uonelnp ‘(Jaylo ‘uelsy ‘@lyan Yoe|g) adel ‘(snounuod) ayep adualayal/sisoubelp Je abe ‘says Apnis 1oy Uwums.—c,qw

T00 uonoelduI 10} d
(TTT'56°0) €0'T (0000T) vZv  (00°00T) T86Y (82T'60TIST'T (00°00T) ZET  (00'00T) 6T6T  ¢SERIIUI %G '5A0] 213M By} SULIIQ JO UONoRI
200 uonoeJdlul 10§ d
(50T 'v8°0) ¥6°0 (0000T) ¥2r  (00°00T) T86Y (16'0 '69°0) 6.0 (0000T) ZET  (00°00T) 6T6T ZSH1640 JaquInN
150 uonoeJalul 104 d
(eT1'06'0) 10T (0000T) ¥2v  (00°00T) T86Y (87T '26'0) 0T (o000T) ZET  (00°00T) 6T6T 75400 Jo JsquinN
0T'0 uonoeIgUI 10} 4
€0 2000 pualiy 10} 4
(e6'T'5L°0) 02T (9z'eT) 25 (S8'T1)06S (86'¢'L2T)VC'C (szom) €€ (L) eLy sAog aow 10 €
(€97 '28°0) 9T'T (92ve)sot  (eSve) zeet (es€'sSTIVEC (T0'82) 98 (e8'v2) 0T0T skoq g
(72’1 '1L°0) ¥6'0 (T5'TV) 9LT (06'2v) LT (8T'2'60TIVST (00'ev) z€T (88°0%) €99T foqt
Jal (9v'12) 16 (zL°02) zeoT ol (vz'81)95 (zg'22)916 Kog oN
sAoq Jo 'ON
800 uonoeIgIUI 10} 4
(0v'1'€8'0) 80'T (¥6'Se) 0TT (v'12) 890T (¥0'2 '8T'T) ST (zz'eg) 2ot (tz'ee) vv6 skoq |1V
Ja1 (9ov2) v1e  (958L) €16 Ja1 (82'99)S0¢  (6L'9L) veie skoq ||e 10N
m>on le 01 yuiqg snesy
200 uoI9RIAUI J0) d
(0£'7'92°0) 660 (rs8L)eee  (8z'6L) 6Y6E (8e2'ecT) TLT (9218)15¢  (8¥'LL) 2GTE an3
Jal (9v'12) 16 (zL°02) zeoT Jal (vz'81)95 (z5'22)916 JaneN

Aoq e 01 yuIqg anes)
(10 9%56) HO pawsnlpy  (96)N s3seD  (%)N s|0430D (1D 9%G6) HO pawsnlpy  (96)N s8seD  (%)N $|043U0D

s1eak £T< ayoaeudl Je aby saeak £T> ayoaeus|y 1e aby

,0702-686T
‘(eolaWY YLION pue ‘adoin3 ‘elfesisny) WNILIOSUOD UOIIRIJOSSY JdueD UBLIBAQ 8y} Ul Syuig uols|Buls AJuQ Yyiim UsWopA snoted Buowy suonipuo)
a1uabous3 Jo AlolsiH Aq paljinens Jadued ueLRAQ [eljaylid3 snouldnin pue xeS BuldsyO usamiag uoneId0ssy ay) 1o) soney SppO Pajood paisnipy

‘v algeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 26

Modugno et al.

3|geLIeA SNOUNUO0 e se sajoueuBaid wis) Ny JO Jaquinu [e101 Joy isnipe m_muo_\,_m

13410 yoea Joy u&:m._u,qw

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 27

Modugno et al.

(+G ‘v ‘s ‘2 ‘1) saroueufaid wis)-||ny 0 Jaquinu pue (sreak
0T UBY) 210W pue ‘SIeak 6—G ‘sIeak y—T ‘sieak T uey ssa| ‘1aAsu) asn aA1ldade.juod [elo Jo uonelnp ‘(Jaylo ‘uelsy ‘@lyan Yoe|g) adel ‘(snounuod) ayep adualayal/sisoubelp Je abe ‘says Apnis 1oy Uwums.—c,qw

€00 uonoelduI 10} d
(STT'960) 90°'T (0oot)ssz  (000T) 906€ (00T ‘z2°0) 580 (00T Z8  (0'00T) LGTT  oPSBR4OUL %G 'SK0 alam 1l SULIQ 40 Uonde.y
€00 uonoeJdlul 10§ d
(€6'0'69'0) 08'0 (0oot)sse  (0'00T) 906¢€ (0£7'180) 20T (0oom)zs  (0'00T) £STT ZSH1640 JaquInN
240 uoloeJalul Joj d
(56'0'72°0) 280 (0oot)ssz  (0'00T) 906¢€ (660'09°0) L2'0 (ooom)zs  (000T) L6TT ZSA0a 0 15quinN
000 uondelaul 104 4
L0 120 pualiy 10} 4
(95T '6€°0) 8L'0 (e'9)9T (6'TT)V9Y (L9'T'9T°0) L¥'0 (011) 6 (8'11) 28T sAog aow 10 €
(672 ‘'20T) 6ST (T'52) v9 (2'52) v0OT (90T '92°0) 250 (0zo)et (8'€2) SLe skoq g
(¥v'2 '8T'T) 69'T (g'6v) L2T (T'T) 909T (s8'0°22°0) Li'0 (62¢) L2 (52v) 26y foqt
5l (8'8T)8Y (e'12) 2¢8 2l (T've) 8¢ (6'12) £5¢ Kog oN
sAoq Jo 'ON
990 uonoeIgIUI 10} 4
(82'T'29°0) €6°0 (L'22) 85 (e'12) 1€8 (65T ‘61°0) 88°0 (202) LT (2'22) €92 skoq |1V
Ja1 (e22) L6T (£8L) GL0g a1 (e62) 59 (e22) v68 skoq ||e 10N
skoq e 01 yuIq aneD
€000 uoI9RIAUI J0) d
(reT YT TIv'T (¢18) L0Z (L8L) vL0g (€8'0'82°0) 670 (6'59) vS (T'82) v06 an3
$l (g'8T)8Y (e'12) 28 I (T've) 8¢ (6'12) £5¢ JaneN

Aoq e 01 yuIqg anes)
(10 %56) HO pawsnlpy  (%)N $8seD  (96)N sjouod (10 %S6) HO paisnlpy  (96)N sased  (9%)N sjosuod

SODd 40 WSINSAIH 10 3UdY Jo A101SIY ON SODd 40 WSINSAIH 10 3UdY JO A101SIH

;01026867 ‘(BolIaWY

YMON pue ‘adoin3 ‘eljeisny) WNILIOSUOD UOIILII0SSY Jadue) URLIBAQ 8y} Ul Syuig uola|buls AJuQ yim uswopn snosed Buowy suonipuo) diusbolpuy
10 AI01SIH Aq paljiens Jsaue)d uelieAQ [eljaylid3 pioLawopul pue xaS BuldsyO usamiag uoneId0ssy ay) 1) soney sppO Pajood paisnipy

‘g 9|geL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



Page 28

Modugno et al.

3|geLIeA SNOUNUO0 e se sajoueuBaid wis) Ny JO Jaquinu [e101 Joy isnipe m_muo_\,_m

13410 yoea Joy u&:m._u,qw

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Eur J Epidemiol. Author manuscript; available in PMC 2021 November 01.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	Study variables
	Statistical analysis

	RESULTS
	DISCUSSION
	References
	Figure 1:
	Table 1.
	Table 2.
	Table 3:
	Table 4:
	Table 5:

