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ABSTRACT IN ENGLISH

Background: Menopause is an inflexion point in women’s health. Menopause is related
to increased risk in osteoporosis and cardiovascular diseases. However, the risk of
hormone-related cancers decreases after menopause. Tobacco smoking is the most
established risk factor of earlier age at natural menopause. Educational level, physical
activity, and oral contraceptive use (OC) use are potential modifiers of age at natural
menopause. It has been shown that age at natural menopause varies across countries, but

only few studies have included Spanish participants.

Incidence for cancers of the pancreas, non-Hodgkin lymphoma, and urothelial
carcinoma is higher in men than in women. One possible explanation is due to the
exposure to sex hormones, including estrogens, which may decrease female’s incidence.
Nevertheless, the influence of menstrual factors, reproductive factors and exogenous
hormones use on the risk of pancreatic cancer and non-Hodgkin lymphoma is still
unclear. Whereas, some reproductive factors, such as parity, independent of the number
of births, and menopausal hormone therapy (MHT) have been already associated with
lower urothelial carcinoma risk in few studies. Furthermore, an increased risk of

urothelial carcinoma was observed in women with an earlier age at menopause.

Objective: to assess the role of menstrual factors, reproductive history, and exogenous
hormones use on women’s health, especially their influence on age at natural
menopause, and cancers of the pancreas, non-Hodgkin lymphoma, and urothelial

carcinoma.

Methods: we used two different studies and populations: the European Prospective
Investigation into Cancer and Nutrition (EPIC) and the Pancreatic Cancer Case-Control
Consortium (PanC4).

Results: to evaluate the role of lifestyle factors, diet, and menstrual and reproductive
history, and OC use in age at natural menopause a total of 12,562 premenopausal
women at recruitment were followed-up a median of 3 years. During the follow-up,
1,166 women became postmenopausal with a median age at natural menopause of 51
years. We observed that current smokers at baseline had a 29% higher risk of an earlier

onset of menopause. Furthermore, we observed an inverse associations with age at
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natural menopause in women with irregular menses during the first 10 years after the
menarche (HR: 0.71; 95%ClI: 0.56- 0.91), women with more than 1 full-term
pregnancies (HRx4ys0: 0.74; 95%CI: 0.56- 0.94), and women who started the use of OC
between the ages of 25 and 30 years compared to those who started after the age of 31
years (HR: 0.72; 95%CI: 0.58- 0.89).

The second sub-objective was to evaluate the role of menstrual factors, reproductive
history, and exogenous hormones use in the risk of pancreatic cancer, non-Hodgkin
lymphoma, and urothelial carcinoma. We observed an inverse association between
pancreatic cancer and hysterectomized women who took MHT (OR: 0.64; 95%CI: 0.48-
0.84). Contrary, women with hysterectomy plus oophorectomy (especially bilateral
oophorectomy) were positively associated with the risk of non-Hodgkin lymphoma
(HR: 1.26; 95%CI: 1.01- 1.56). Finally, results on urothelial carcinoma showed a
positive association between urothelial carcinoma and MHT-users compared to never-
users (HR: 1.27; 95%CI: 1.03-1.57) and an inverse trend between the number of full-
term pregnancies and the risk of urothelial carcinoma was shown (HRssys: 0.48;
95%CI; 0.25- 0.90; P for trend in parous women only 0.010).

Conclusion: In conclusion, our results confirm that women who smoked had an earlier
age at natural menopause; while use of OC, higher number of pregnancies, and
irregularity of menses the first 10 years after menarche were associated with a
prolonged reproductive lifespan. Menstrual and reproductive factors, and exogenous
hormone use are unlike to play a role in the cancer risk of the pancreas and non-
Hodgkin lymphoma. Lastly, we found that increasing number of full-term pregnancies
might reduce urothelial carcinoma risk and limited evidence of the role of MHT-use in

the risk of urothelial carcinoma.

Vi
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RESUMEN EN CASTELLANO

Antecedentes: La menopausia es un punto de inflexion en la salud de la mujer y esta
relacionada con un aumento del riesgo de osteoporosis y enfermedades
cardiovasculares. Sin embargo, el riesgo de los canceres relacionados con los niveles
hormonales desciende tras la menopausia. El factor de riesgo mas conocido que
adelanta la edad de la menopausia es el tabaco. El nivel educacional, la actividad fisica
y el uso de anticonceptivos orales son potenciales modificadores de la edad de la
menopausia. Ha sido visto que la edad de la menopausia varia segun el pais, pero pocos

estudios han incluido participantes espafiolas.

La incidencia de los canceres de pancreas, linfoma no Hodgkin y el carcinoma urotelial
es mayor en hombres que en mujeres. Una posible explicacion es que la exposicion a las
hormonas sexuales, incluyendo los estrégenos, pueden reducir la incidencia en la muijer.
Sin embargo, la influencia de los factores menstruales y reproductivos y la utilizacion
de hormonas exdgenas en los riesgos de los canceres de pancreas y linfoma de no
Hodgkin aun no esta clara. Sin embargo, algunos factores reproductores, como por
ejemplo la paridad, independientemente del nimero de hijos, y el uso de terapia
hormonal sustitutoria han sido relacionados con un riesgo menor de carcinoma urotelial
en algunos estudios. Ademas, se observd un mayor riesgo de carcinoma urotelial en

mujeres con una edad mas temprana en la menopausia.

Objetivo: Evaluar el rol de los factores menstruales, la historia reproductiva y el uso de
hormonas exdgenas en la salud de la mujer, especialmente su influencia en la edad de la
menopausia natural y en los canceres de pancreas, linfoma no Hodgkin y carcinoma

urotelial.

Meétodos: Utilizamos dos diferentes estudios y poblaciones: Estudio Prospectivo
Europeo sobre Cancer y Nutricion y en el consorcio caso-control de cancer de pancreas.

Resultados: Para evaluar el rol de los factores de estilo de vida, la dieta y la historia
reproductiva y la utilizacion de anticonceptivos orales, un total de 12,562 mujeres pre
menopausicas al reclutamiento fueron seguidas una mediana de 3 afios. Al finalizar el
seguimiento 1,166 mujeres habian alcanzado la menopausia de manera natural con una
mediana de edad de 51 afios. Observamos que las fumadoras actuales al reclutamiento

tenian un riesgo un 29% mayor de un inicio temprano de la menopausia. Ademas,

Vil
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observamos una asociacion inversa en la edad de la menopausia natural en las mujeres
con menstruaciones irregulares durante los primeros 10 afios después de la menarquia
(HR: 0.71; 95%IC: 0.56- 0.91), en las mujeres con mas de 1 embarazo a término
(HR>4vs0: 0.74; 95%CI: 0.56- 0.94) y en las mujeres que empezaron a utilizar los
anticonceptivos orales entre las edades de 25 y 30 afios comparadas con aquellas que
empezaron después de los 31 afios (HR: 0.72; 95%CI: 0.58- 0.89).

El segundo sub-objetivo fue evaluar el rol de los factores menstruales y reproductivos y
el uso de hormonas exdgenas en relacion al riesgo del cancer de pancreas, linfoma de no
Hodgkin y el carcinoma urotelial. Observamos una asociacion inversa entre el cancer de
pancreas y las mujeres histerectomizadas que tomaron terapia hormonal sustitutoria
(OR: 0.64; 95%CI: 0.48- 0.84). Por el contrario, las mujeres con histerectomia y
ovariotomia (especialmente la bilateral) fueron asociadas de manera positiva con el
riesgo de linfoma de no Hodgkin (HR: 1.26; 95%CI: 1.01- 1.56). Finalmente, los
resultados en carcinoma urotelial mostraron una asociacion positiva entre el carcinoma
urotelial y el uso de terapia hormonal sustitutoria comparado con las que nunca la
usaron (HR: 1.27; 95%CI: 1.03-1.57) y observamos una tendencia inversa entre el
numero total de embarazos a término y el riego de carcinoma urotelial (HR>sys1: 0.48;
95%Cl; 0.25- 0.90; P de tendencia en mujeres que tuvieron hijos 0.010).

Conclusion: En conclusién, nuestros resultados confirmaron que las mujeres que
fumaban tenian una edad mas temprana en la menopausia natural; mientras que la
utilizacion de anticonceptivos orales, mayor numero de embarazos y tener
menstruaciones irregulares los primeros 10 afios después de la menarquia estuvo
asociado con una vida reproductiva prolongada. Los factores menstruales y
reproductivos y el uso de hormonas exdgenas no desempefian un papel importante en el
riesgo del cancer de pancreas y linfoma de no Hodgkin. Finalmente, encontramos que
un namero creciente de embarazos a término podria reducir el riesgo de carcinoma
urotelial y una evidencia limitada del rol del uso terapia hormonal sustitutoria en el

riego de carcinoma urotelial.

viii
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INTRODUCTION

1. INTRODUCTION

1.1. Pancreatic cancer

1.1.1. Epidemiology

Pancreatic cancer was the 15" most common cancer and the 9" cause of cancer
mortality worldwide (Figure 1) in 2018 (1). Age-adjusted incident rates of pancreatic
cancer were generally higher at high-income countries; being the highest in Europe,
followed by North America and Australia/New Zealand. While in Europe the incident
rate was 7.7 per 100,000 inhabitants, in low-income countries it was 2.2 per 100,000
inhabitants. Furthermore, pancreatic cancer incidence was slightly higher in men than in
women, in men age-adjusted incident rate worldwide was 5.5 and 4 per 100,000

inhabitants in men and women, respectively (1).

Figure 1: Estimated age-standardized incidence and mortality rates (per 100,000

inhabitants) worldwide in both sexes combined in 2018
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The most common pancreatic cancer histological subtype is ductal adenocarcinoma

accounting for 95% of cases, the remaining 5% of exocrine cancers include
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adenosquamous carcinomas, squamous cell carcinomas, signet ring cell carcinomas,
undifferentiated carcinomas, and undifferentiated carcinomas with giant cells.

Ductal adenocarcinoma starts when the exocrine cells in the pancreas grow out of
control. Pancreatic cancer is frequently diagnosed between the ages of 65 and 74, being
the mean age at diagnosis 69 years for men and 72 years for women.

Early symptoms of pancreatic cancer could indicate different illnesses of the abdomen
or gastrointestinal tract. Some of these symptoms consist of abdominal pain, weight
loss, yellowing of the skin and eyes, anorexia (loss of appetite), nausea, changes in
stool, and type 2 diabetes. Due to the late detection of the cancer, surgical removal of
the tumor is only performed in less than 20% of patients. Thus, the aggressive nature of
the disease, the lack of early markers and the lack of effective treatment options result in
the lowest 5-year survival rate (3%- 7%) of all cancers in the United States (2-4)
(Figure 2).

Figure 2: Age-specific 5-year relative survival (2000-2007) of pancreatic, bladder,

and non-Hodgkin lymphoma cancers in both sexes in Europe.
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Adapted from European cancer information system (ECIS) (4).
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1.1.2. Risk factors

1.1.2.1. Non-modifiable risk factors:

Non-modifiable risk factors include type 2 diabetes (which starts at adulthood and is
usually related to obesity), family history of pancreatic cancer, chronic pancreatitis
(inflammation of the pancreas), ABO non-O blood group, and genetic mutations in
BRCA2, p16, and other (5-7).

1.1.2.2. Modifiable risk factors:

Tobacco smoking is the main modifiable risk factor for pancreatic cancer and explains
approximately 20% of the risk in a population where the prevalence of smoking is 30%.
The pancreatic cancer risk increases with both smoking duration and intensity (8).
Another well-established modifiable risk factor is obesity. Finally, red meat, processed
meat, and heavy alcohol consumption may also increase the risk of pancreatic cancer
(5-7).

1.2.  Non-Hodgkin lymphoma
1.2.1. Epidemiology

In 2018, non-Hodgkin lymphoma was the 13" most common incident cancer and the
13" cause of cancer mortality worldwide (Figure 1). The aged-adjusted incidence rate of
non-Hodgkin lymphoma was 12.5 and 8.1 per 100,000 inhabitants in North America
and Europe, respectively, while in Asia was only 4.1 per 100,000 inhabitants (1).
Incidence rates were higher in men than in women where the estimated male:female
ratio in Europe was 1.5 to 1 in 2018 (1).

Non-Hodgkin lymphoma begins in the lymphocytes (white blood cells) which are part
of the body’s immune system, and its proliferation is located in a lymph gland. Non-
Hodgkin lymphoma can start in any part of the body where lymph tissue can be found.

However, the major sites are the lymph nodes.

Non-Hodgkin lymphoma cancers can be classified by type of white blood cell (T-cell or
B-cell), where B-cell lymphoma is the predominant non-Hodgkin lymphoma (about

90% of all lymphomas). Among B-cell non-Hodgkin lymphoma, the most common
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subtypes are diffuse large B-cell lymphoma, chronic lymphocytic leukemia / small

lymphocytic lymphoma, follicular lymphoma, and multiple myeloma (9).

The mean age at diagnoses for non-Hodgkin lymphomas cancers is 60 (9). The 5-year
relative survival rate ranges from 59% in Europe to 72% in the United States (4,10)
(Figure 2).

1.2.2. Risk factors

1.2.2.1. Non-modifiable risk factors

Non-modifiable risk factors for non-Hodgkin lymphoma include several autoimmune
diseases (such as rheumatoid arthritis, Sjogren’s syndrome, and systemic lupus
erythematosus), organ transplantation, HIV-infection, and family history of blood
malignancies. Further, hepatitis C virus has been associated with diffuse large B-cell
lymphoma. Contrary, it has been observed that hay fever and any allergy (including
plant, food, animal, dust, insect, or mold, but excluding drug allergies) are associated
with lower non-Hodgkin lymphoma risk (11,12).

1.2.2.2. Modifiable risk factors

Certain occupations have been related to an increased risk of non-Hodgkin lymphoma,
such as painter or farm worker. Obesity and tobacco smoking have also been associated
with a higher risk of diffuse large B-cell lymphoma and follicular lymphoma,
respectively. Higher socioeconomic status and recreational sun exposure are considered
protective factors of non-Hodgkin lymphoma cancer. Finally, some evidence showed

that alcohol intake might be associated with lower non-Hodgkin lymphoma risk (11,12).
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1.3. Bladder cancer
1.3.1. Epidemiology

Bladder cancer was the 12" most common incident cancer and the 15" cause of cancer
mortality worldwide (Figure 1) in 2018. Age-adjusted incident rates of bladder cancer
were higher in high-income countries; being the highest in North America, followed by
Europe and Australia/New Zealand. Rates in both North America and Europe were over
11 per 100,000 while in low-income countries were 3.6 per 100,000 inhabitants. In

2018, the estimated male:female ratio in Europe was 4.7 to 1 (1).

Urothelial carcinoma is the predominant bladder cancer type accounting for 95% of all
cases in industrialized countries, other types of bladder cancers include squamous cell
carcinoma, adenocarcinoma, small cell carcinoma, and sarcoma (13).
Urothelial carcinomas can be classified based on their grade and stage as (14):
a. Non-aggressive tumors: these include pTa Grade 1 or 2 (where p indicates that
the stage and grade have been based on pathology reports).
b. Aggressive tumors: these that are carcinoma in situ (CIS), or World Health
Organization (WHO) Grade 3, or pT1 and higher.
More recent recommendations suggest to classify urothelial carcinomas by their tumor
grade (15):
a. Low-grade tumors: these that are Grade 1.
b. High-grade tumors: these included Grades 2 and 3.
Urothelial carcinoma is considered a disease of the elderly being the mean age at
diagnosis approximately 67 years (13). The 5-year survival rates depend on people
diagnosed and ranges from 97% to 22%. The 5-years relative survival rate for all stages
combined ranges from 68% in Europe to 76% in the United States. Moreover, the 5-

year relative rate is higher in men (84%) than in women (75%) (4,13,16) (Figure 2).
1.3.2. Risk factors

1.3.2.1. Non-modifiable risk factors:

Non-modifiable risk factors comprise positive family history of urothelial carcinoma,

genetic mutations in p53 (tumor suppressor gene), GSTM1 (Glutathione S-Transferase
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Mu 1), and NAT2 (N-Acetyltransferase 2) genes, and abnormalities in chromosome 9
(13,16).

1.3.2.2. Modifiable risk factors:

Between 50-64% of urothelial carcinoma in men and 20-50% in women are attributable
to tobacco use; and the risk increases with both intensity and duration of smoking (17).
There is strong evidence that the ingestion of inorganic arsenic via drinking water is
also related to an increased risk of urothelial carcinoma. Finally, people who work
exposed to aromatic amines and dyes are at higher risk of developing urothelial

carcinoma (13,16).

1.4.  Endogenous hormones

From menarche to menopause, each endogenous hormone plays a role in the
development and regulation of women’s reproductive system. Periodically, hormonal
levels fluctuate during the menstrual cycle, which starts the first day of menstruation
and has a median duration of 28 days. The menstrual cycle could be divided into two

phases: the follicular and the luteal phases (Figure 3).

Figure 3: Hormonal levels during the menstrual cycle
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1.4.1. Follicular phase

During the follicular phase, the follicle-stimulating hormone (FSH; hormone that
regulates the development, growth, pubertal maturation, and reproductive processes of
the body) achieves its highest level stimulating the secretion of estrogen. This increased
level of estrogens rises the production of luteinizing hormone (LH; hormone that
controls the ovulation); that achieves its highest peak approximately 34-36 hours
previous to the ovulation. Estrogens levels gradually rise until day 14 when they

dramatically drop and ovulation occurs. Then, the luteal phase begins (19).
1.4.2. Luteal phase

In the luteal phase, the predominant hormone is progesterone, which is responsible for
preparing the endometrium for the implantation of the embryo. If pregnancy occurs its

levels are maintained, if not its concentration decreases, and menstruation starts (19).
1.4.3. Menarche

During childhood FSH, LH, and estrogen levels are very low. Once puberty starts, FSH
and LH levels increase gradually stimulating follicle maturation and estrogen synthesis
in the ovaries (Figure 4). The increase of estradiol levels stimulates the growth of the
endometrium and leads to menarche. Menarche is considered the first menstrual period
in women and marks the beginning of a woman’s fertile life. The firsts woman’s cycles

are usually irregular and anovulatory due to estradiol levels are still relatively low (20).

Age at menarche differs across countries and basically depends on both genetic (e.g.
race/ethnicity) and environmental factors (e.g. social status, physical activity, diet, and
overall health status). A decline in mean age at menarche was observed between the
mid-19" and the mid-20" century, decreasing from 17 years to less than 14 years in the
US and Western Europe. An improvement in nutrition could explain these secular
trends (21). The International Collaboration for a Life Course Approach to
Reproductive Health and Chronic Disease Events (InterLACE) consortium based on 23
studies (from 10 different countries) observed that the estimated mean age at menarche
was 12.9 years, with a high heterogeneity between studies ranging from 12.5 to 13.6
years (22). Earlier ages at menarche (<12 years old) are related to a higher incidence of

breast cancer and all causes of mortality (23).
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Figure 4: Follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels

during woman life
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FSH: Follicle-stimulating hormone // LH: Luteinizing hormone. Adapted from Jameson 2010 (18)

1.4.4. Pregnancy and breastfeeding

Women experience several hormonal changes during pregnancy including an increase in
estrogen and progesterone, which are 10 times higher at the end of pregnancy than in
the luteal phase (24) (Figure 5). Further, during pregnancy prolactin levels progressively
increase promoting breast growth in order to produce milk after birth (25). Prolactin
serum levels reach 10 times pre-pregnancy levels during pregnancy; and during

lactation, prolactin levels are about 30 times higher than pre-pregnancy levels.
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Figure 5: Hormonal levels during pregnancy compared to hormonal levels in non-

pregnant woman.
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Age at first pregnancy, nulliparity, and the number of pregnancies vary depending on
women’s educational level. Later ages at first birth are related to higher educational
level. Moreover, there is a higher proportion of nulliparous women associated with this
group of highly educated women (22). Later age at pregnancy is also associated with a
higher risk of miscarriage. Studies have shown an increased risk of miscarriage in
women with more than 30 years; while after the age of 40 years, the risk of miscarriage

increases rapidly (27-29). Miscarriage usually occurs before the 20th week.

Consistent epidemiological evidence has shown that nulliparous women are more likely
to develop ovarian, endometrial, and breast cancer than women with children. Indeed,
this protective effect is cumulative with each additional birth (30). Having the first birth
after the age of 35 years increases the risk of developing breast cancer compare to

women who have their birth before the age of 20 (31).

WHO recommends exclusively breastfeeding the first six months of the babies’ life for
the health of both mother and child, and a combination of breastfeeding with other
foods and drinks for up to two years or longer (32). There is strong evidence that

breastfeeding decreases the risk of breast cancer and limited evidence of a decreased
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risk of ovarian cancer. During the breastfeeding period, women experience amenorrhea
(absence of menstrual period) and infertility, which explain the lower risks of both
breast and ovarian cancers (33).

1.4.5. Menopause

Menopause marks the end of a woman’s fertile life and is an indicator of aging (34).
Natural menopause is usually defined as 12 consecutive months without menstrual
periods not associated with clinical causes. Before and during menopause, estrogen,
progesterone, and androgens levels decrease, while FSH and LH levels increase (Figure
4). Anti-Mdillerian hormone is used as an ovarian marker and as an indicator of a
woman’s ovarian reserve. Low levels of anti-Mullerian hormone can mean woman may

have infertility problems or woman may undergo menopause (35,36).

Age at natural menopause differs across countries and in general occurs between 45 and
55 years (high-income countries from 50 to 52 years). Thus, if age at natural menopause
occurs between 40 and 44 years is considered “early menopause” and if it occurs before

40 years “premature menopause” (37).

Later age at natural menopause is related to lower overall mortality and the risk of
several diseases (e.g. osteoporosis and cardiovascular disease), but it is considered a risk
factor for breast, endometrial and ovary cancers (38). Tobacco is the main risk factor of
earlier age at natural menopause, where current smokers have a double risk of earlier
age at natural menopause compared to nonsmokers (39). Some studies observed that
high educational level, active lifestyle (only in former- or current-heavy smokers), high
parity, oral contraceptive (OC) use, and alcohol intake are associated with later age at
natural menopause (40). Inconsistent findings have been reported in relation to body
mass index (BMI) (34). Influence of diet on age at natural menopause was also studied,
but inconsistent results for vegetables, carbohydrates, and fiber intake were observed
(37-39).

In epidemiological studies age at menarche and age at menopause are considered a
proxy for endogenous hormone levels during fertile life. Furthermore, the number of
pregnancies and breastfeeding are considered proxies of endogenous hormone changes

during these phases of woman life.

10
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1.4.6. Oophorectomy and hysterectomy

Oophorectomy is used to describe the surgical removal of one or both of the ovaries and
it is used as a treatment of ovarian cancer, endometriosis, and pelvic inflammatory
disease.

The term hysterectomy is used to describe the surgical removal of the uterus and cervix,
while in partial hysterectomy it is only uterus is removed. Hysterectomy is the most
common surgical procedure worldwide in gynecology worldwide. This surgery is used
as a treatment for uterine, cervical and ovarian cancers, and non-cancerous uterine
diseases, such as fibroids and hyperplasia. Almost 70% of American women will have
fibroids during their fertile life (44). Fibroids can cause abnormal bleeding, elevated
levels of pain, pelvic pressure, and emotional distress (44,45). Both fibroids and
hyperplasia are related to high levels of estrogens; but, while elevated levels of
progesterone are associated with fibroids, hyperplasia is associated with insufficient
levels of progesterone (45,46).

Between 2000 and 2004, approximately 90% of hysterectomies in the United States
were performed for a noncancerous cause. Further, the proportion of women undergoing
both hysterectomy and oophorectomy at the same time was about 37% for women aged
between 15 and 44 years, and 78% in those women older than 50 years (47).
Hysterectomy was related to decreasing levels of anti-Mdullerian hormone (48) and
elevated levels of FSH (49,50), causing that hysterectomized women with intact ovaries
reach menopause about 4 years earlier than women without hysterectomy or
oophorectomy. In addition, if at the same time of hysterectomy, one ovary is removed,
premature ovarian function is over 4 years earlier compared to those women with
hysterectomy and intact ovaries (49). Finally, women with one ovary removed enter
menopause about two years earlier than women with intact ovaries (51).

The impact of hysterectomy with or without bilateral oophorectomy in hormone-related
cancers is almost known. While hysterectomy with bilateral oophorectomy reduces the
risk of breast and ovarian cancers; simple hysterectomy (with ovarian conservation)
may increase the risk of ovarian cancer (52). Elevated risk of thyroid cancer was also
related to hysterectomy with or without bilateral oophorectomy (53-55).

11
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1.5. Exogenous hormones

The use of exogenous hormones, such as OC and menopausal hormone therapy (MHT),
modifies hormone levels, and it depends on the type, dosage and route of administration

of exogenous hormones.

The contraceptive pill is one of the main methods of contraception in Europe and the
United States. It has been estimated that between 100 and 150 million women (about
10% of all women at reproductive age) women use contraceptive pills worldwide (56).
OC preparations combined both estrogen (ethinyl estradiol) and progestogen and their
combination have changed since they were introduced in the 1960s. Early OC
preparations contained >50ug ethinyl estradiol, and these doses were reduced in the
1970s to 30pg. Current doses can be as low as 15ug. In OC users, the ovulation is
suppressed because the progestin component inhibits LH secretion and/or the estrogenic
component suppresses FSH secretion. So, during OC use women have lower plasma

levels of natural estrogens and progesterone.

Until 2002, MHT was used to reduce menopause symptoms and to prevent osteoporosis
and coronary heart diseases. Patterns of use of MHT type have changed during the past
decades, with eras of estrogen alone or estrogen plus progestin. In 2002, the Women's
Health Initiative (WHI), which included a clinical trial component and an observational
study component, found that estrogen alone or estrogen plus progestin may not have the
same biological effects. WHI assigned the treatment independently of the risk factors
for the disease, which removes the potential confounding from observational studies.
WHI observed that women who reported the combination of estrogen and progestin had
a significantly increased risk of stroke, coronary heart diseases, breast cancer and a
nonsignificantly decreased risk of endometrial cancer; however, taking estrogen alone
did not show an increase of breast cancer in women with hysterectomy. Thus, estrogen-
only MHT is usually recommended for women who have had a hysterectomy. These
findings resulted in more than 50% reduction in MHT prescriptions (57,58).

In 2005, OCs and MHTs were classified as Group 1 carcinogens by the International
Agency of Research of Cancer (IARC). Combined estrogen-progestin OCs have been
associated with higher risks of breast, cervix, and liver cancers, but they have been

inversely associated with endometrium and ovarian cancer risks. Estrogen-only MHT

12
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has been directly associated with endometrial and ovarian cancers, and combined
estrogen-progestogen MHT was also directly associated with breast cancers; while a
decreased risk of endometrial cancer was observed for each day of use of progesterone
(59,60).

1.6. Previous studies: endogenous hormones and exogenous hormones and

cancers of the pancreas, non-Hodgkin lymphoma, and urothelial carcinoma

Animal studies examined the effect of sex hormones in relation to the growth of
pancreatic, Non-Hodgkin lymphoma, and bladder cancers. Studies using castrated rats
showed that the administration of sex steroids inhibits the development and growth of
preneoplastic lesions of the pancreas (61,62). Furthermore, estrogen receptor (ER) 3
agonists have been reported to strongly inhibit the growth of lymphoma and leukemia
cells in mice (63,64). Moreover, it has been shown that the incidence of bladder cancer
was higher in male rats treated with testosterone supplementation than treated with
estrogen supplementation (65). Finally, castration of male mice and pregnancy and/or
lactation in female mice can decrease the growth of bladder cancer (66). It has been
shown that ERa and ERf are expressed in normal human peripheral blood cells and
normal urothelial cells. Whereas, ERp is the dominant receptor expressed in lymphoid

neoplasms and urothelial carcinoma cells (64-67).

It has been described that reproductive hormones interact with the immune system and
play a significant role in the etiology and pathophysiology of autoimmune diseases
(71,72). Women produce a more vigorous cellular and humoral immune response than
men. Thus, women suffer a higher incidence of autoimmune diseases (73), which are a

known risk factor of non-Hodgkin lymphoma.

Motivated by these observations, several epidemiological studies have examined the
possible associations between menstrual and reproductive factors, and hormone use, and
the risks of pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma. At the
beginning of this doctoral thesis results in relation to reproductive factors and
exogenous hormone use with pancreatic cancer risk and non-Hodgkin lymphoma risk
were weak and inconsistent (74-78). Comparing and summarizing previous evidence is
not a simple task. Inconsistencies in results may arise from different categorization and

reference categories of exposure variables, different adjustment or confounding

13
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variables, and different study designs and target populations. In addition, many of

previous studies were limited to statistical power to examine these associations.

The most consistent results were observed in relation to parity, age at natural
menopause and urothelial carcinoma risk. Previous studies observed a lower risk of
urothelial carcinoma with parity (79-83). An inverse trend between the number of births
and urothelial carcinoma risk was only reported by one study (Weibull et al: Hazard
Ratio (HR) for >3 vs. 1 full-term pregnancy: 0.76; 95% Confidence Interval (Cl): 0.68-
0.86) (80). Earlier age at menopause (natural or surgical) was associated with an
increased risk of Urothelial carcinoma (83). In general, no associations between age at
menarche, the use of OC, age at first full-term pregnancy, and breastfeeding and
urothelial carcinoma have been observed (79-89). A meta-analysis by MHT
formulation, based on four studies, showed a possible reduced risk of urothelial
carcinoma in women who used estrogen plus progestin MHT compared to never users

of MHT (79). Nevertheless, in the WHI no such association was observed (81).

14
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2. RATIONALE

As shown in the previous chapter, menopause is an inflexion point in women’s health.
Decreasing levels of estrogen, progesterone, and androgens are related to several
diseases, such as osteoporosis and cardiovascular diseases. However, the risk of
hormone-related cancers decreases after menopause. Thus, studying modifiable risk
factors that are sensible to modify age at natural menopause are of special interest for

women’s health.

The most established modifiable factor is tobacco smoking. Several European studies
observed some associations between educational level, physical activity, and OC use.
Inconsistent results were observed in relation to diet. Finally, previous studies observed
a reduced risk of earlier age at natural menopause with alcohol intake. It has been
shown that age at natural menopause varies across countries and few studies have
included Spanish participants. Therefore, this doctoral thesis has been focused on

Caucasian women, particularly Spanish women.

Women are exposed to endogenous hormonal changes during their life. Additionally,
exogenous hormones for both contraception and minimizing menopause symptoms are
taken frequently. Thus, clarifying the role of endogenous and exogenous hormones in
women health is of great interest to the scientific community, especially the role of

exogenous hormones.

Menstrual factors, reproductive factors and history of exogenous hormones are well-
established risk factors of hormone-related cancers (such as breast, endometrial, and
ovarian tumors). In general, earlier age at menarche was related to breast cancer and
ovarian cancers. Nulliparity and late age at menopause increase the risk of developing
hormone-related cancers. OC therapy increases the risk of breast cancer, but it protects
against ovarian and endometrial cancers. Finally, the use of MHT has been shown to
increase the risk of these three cancers (90). Nevertheless, the influence of menstrual
factors, reproductive factors and exogenous hormones is still unclear in non-hormone
related cancers with a different incidence in men and women. Pancreatic cancer, non-

Hodgkin lymphoma, and urothelial carcinoma are more common in men than women.

15
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As shown in the previous chapter, the role of endogenous and exogenous hormones is
not clear in relation to pancreatic cancer risk and non-Hodgkin lymphoma risk yet.
Contrary, some evidence has been observed in relation to endogenous and exogenous
hormones and the risk of urothelial carcinoma. Several studies observed the relation of
reduced risks of urothelial carcinoma with some reproductive factors, such as parity,
independent of the number of births, and OC use. A possible reduction in urothelial

carcinoma risk in women who used estrogen plus progestin has been found.

The work of this doctoral thesis will contribute to increasing the existing scientific
evidence for understanding the role of modifiable factors in age at natural menopause.
Moreover, this thesis will help to figure out whether endogenous and exogenous
hormones influence the risks of the pancreatic cancer, non-Hodgkin lymphoma, and

urothelial carcinoma.
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3. HYPOTHESES AND OBJECTIVES

3.1. Hypotheses

Hypothesis 1: Lifestyle factors (including educational level, BMI, physical activity, and

tobacco), diet, and menstrual and reproductive history, and OC use influence on the age of

natural menopause.

1. Smoking habits, sedentary lifestyle, and low educational level increase the risk
of an earlier age at natural menopause.

2. Healthy dietary habits, and foods and nutrients with known estrogenic potential
(soy, fiber, fats, vitamin D, polyphenols, and nuts) are protective against an
earlier age at natural menopause.

3. Parity and OC use are protective against an earlier age at natural menopause.

Hypothesis 2: Menstrual factors, reproductive history, and exogenous hormone use are
protective factors of pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma.
1. A greater exposure to female sex hormones (i.e., earlier age at menarche, later
age at menopause, parity, and use of exogenous hormones) is a protective factor
against pancreatic cancer.
2. Parity, later age at menopause and use of exogenous hormones are protective
factors against urothelial carcinoma.
3. Parity and exogenous hormone use are protective factors against non-Hodgkin

lymphoma.

3.2.  Objectives

Objective 1: To evaluate the role of lifestyle factors, diet, and menstrual and reproductive

history, and oral contraceptive use in age at natural menopause.

Obijective 2: To evaluate the role of menstrual factors, reproductive history, and exogenous
hormones and the risk of pancreatic cancer, non-Hodgkin lymphoma, and urothelial
carcinoma.

17
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4. METHODS

This doctoral thesis is based on the results of two large epidemiological studies:

e PanC4 (Pancreatic Cancer Case-Control Consortium), an international consortium
of case-control studies of pancreatic cancer including studies from around the
world (i.e. North America, Western and Eastern Europe, Asia, and the Middle
East).

e EPIC (European Prospective Investigation into Cancer and Nutrition), a
multicenter cohort study, run in 23 centers from 10 European countries.

The aims and methods of these two studies are summarized in the next sections:
4.1. PanC4 study

The PanC4 study is an international consortium of case-control studies of pancreatic
cancer. The aim of PanC4 is to increase the knowledge about the risk factors and
preventive factors for pancreatic cancer, including environmental, lifestyle, dietary,
genetic, and social factors. Nowadays, 26 case-control studies comprise the PanC4
consortium. At the beginning of this doctoral thesis, from these 26 case-control studies,
eleven provided information on menstrual and reproductive factors and use of exogenous
hormones. At least all included studies in this doctoral thesis were able to provide
information on ages at menarche and menopause. Of these, four studies were conducted in
North America, four in Europe, two in China, and one was a multicenter study from

Canada, Europe, and Australia.

The total number of women available in the combined dataset was 2,838 participants with
pancreatic cancer and 4,748 controls. A summary description of the general characteristics
of the individual studies is presented in Table 1. Briefly, controls from Toronto, the
University of California, San Francisco (UCSF), Central Europe study, China (Shanghai |
and II), and the Surveillance of Environmental Aspects Related to Cancer in Humans
(SEARCH) were from the general population of study areas. The MD Anderson Cancer
Center (MDACC) study and the Memorial Sloan Kettering Cancer Center (MSKCC) study
selected controls from hospital visitors genetically unrelated to cases. Hospital-based
controls were selected in Milan and Italy. Finally, Greece included both hospital visitors
and hospital-based controls. The SEARCH study, Toronto, and Shanghai-1 studies
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included proxy responders, accounting for 14.5% of the case and 4.4% of the control

women.

Table 1: Summary description of individual studies included in the International

Pancreatic Cancer Case-Control Consortium (PanC4) on pancreatic cancer and
reproductive factors and exogenous hormones use.
Source Type of
0, [0)
Cemsm () Sl () of controls interview
Pancreatic cancer 2838 (37.4) 4748 (62.6)
Study
North America
MDACC (2004-2008) 257 (9.1) 288 (6.1) Hospital visitors Direct
MSKCC (2003-2010) 424 (14.9) 242 (5.1) Hospital visitors Direct
) 217 (7.7) 134 (2.8) . Direct/
Toronto (2003-2006) (6.5% proxies) Population Proxy (4%)
UCSF (1995-1999) 237 (8.4) 818 (17.2) Population Direct
Europe
Central Europe study; Poland,
Czech Republic, Slovakia 361 (12.7) 435 (9.2) Population Direct
(2004-2009)
Hospital, .
Greece (1990-1992) 66 (2.3) 132 (2.8) Hospital visitors Direct
Milan (1982-1999) 133 (4.7) 409 (8.6) Hospital Direct
Italy (1991-2008) 148 (5.2) 304 (6.4) Hospital Direct
China
Direct /
. i 187 (6.6) 701 (14.8) .
Shanghai-I (1990-1993) (29.4% proxies)  (5.6% proxies) Population (5506)%)
Shanghai-I1 (2006-2011) 445 (15.7) 464 (9.8) Population Direct
International
SEARCH; Canada, 363 (12.8) 821 (17.3) Direct /
The Netherlands, Poland, (58.4% rc;xies) (16.81% Population Proxy
Australia (1983-1989) AP proxies) (29.6%)

MDACC indicates MD Anderson Cancer Center; MSKCC, Memorial Sloan Kettering Cancer Center; SEARCH, Surveillance of

Environmental Aspects Related to Cancer in Humans; UCSF, University of California, San Francisco. Adapted from Lujan-Barroso et al

(91).
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4.1.1. Core variables

Individual data on sociodemographic factors, anthropometric measures, tobacco
smoking, alcohol consumption, and history of pancreatitis was collected in each study.
History of diabetes was based on self-reported information from a questionnaire
including age at first diagnosis. The original datasets were restructured either by the
study investigators or central coordinators using a uniform format for data
harmonization. Information on alcohol was not available in the MSKCC study, and

history of pancreatitis was not collected in the Italian study.

4.1.2. Menstrual and reproductive history, and use of exogenous hormones

variables

The principal investigators of the included studies on this doctoral thesis shared with us
their individual datasets with information on menstrual and reproductive history, and
use of exogenous hormones. Collected data about menstrual and reproductive factors
and exogenous hormone use was generally similar across all studies; however, full
harmonization of the data was performed with the collaboration of the investigators of
each study. The information available for each study is tabulated in Table 2.

4.1.3. Statistical analyses

To estimate pooled odd ratios (ORs) and 95% CI for the eleven case-control studies on
menstrual and reproductive factors, and exogenous hormones and the risk of pancreatic
cancer two-stage statistical models were used. At the first stage, study-specific logistic
regression models were performed in order to assess the association between each
exposure factor and pancreatic cancer risk (92). All models were adjusted for age (<45,
45-49,50-54, 55-59, 60-64, 65-69, 70-75, >75 years), education (<8" grade, 9"-11"
grade, 12 grade or high school graduates, some college or college graduate, > 1 year of
graduate school), usual BMI (<20, 20-<25, 25-<30, >30kg/m?), history of non-
gestational diabetes mellitus, cigarette smoking (never-smokers, current smokers <20
cigarettes/day, current smokers >20 cigarettes/day, former smokers <10 years after
quitting, former smokers >10 years after quitting), alcohol (no info available, 0-<1, 1-
<4, >4 drinks/day), race (non-Hispanic white, non-Hispanic black, Hispanic,
Asian/Pacific Islander, American Indian/Alaskan native) and center (for multicentric
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studies). History of pancreatitis was not included as an adjustment covariate in the
present analysis because some of the studies did not have controls with this exposure.
At the second step, pooled effect estimates across studies were calculated using random
effect meta-analysis (93). To evaluate heterogeneity across studies, we calculated the 2
statistic and the index 17 (that represents the proportion of total variation in the estimates
of the exposure factor effect that is due to heterogeneity between studies) (94). In those
models with a significant heterogeneity between studies, Galbraith plots were used to
examine sources of heterogeneity (95), and sensitivity analyses excluding the identified

study/studies were performed to evaluate study influence on pooled ORs.
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Table 2: Menstrual and reproductive history, and use of exogenous hormones provided by each study and center.

Age at menarche
Cumulative duration of
menstrual cycling

Use of OC

Duration OC use, year
Menopausal status

Type of menopause

Age at menopause, years

Use of MHT
Duration MHT use, years

Type of MHT
Oophorectomy

Hysterectomy

Parity
Number of full-term
pregnancies

Age at first full-term pregnancy

Breastfeeding

Duration of breastfeeding, all

pregnancies
Induced abortions
Spontaneous abortions

Fertility problems

PanC4

EPIC study

All studies have information.

Information not available in MDACC, SEARCH,

Toronto and Greek studies.

Information not available in the Greek study.
Information not available in the Greek study.
All studies have information.

Information not available in Shanghai-1 study.

All studies have information.

Information not available in the Greek study.
Information not available in the Greek study.
Not available.

Information not available in the Milan, Greek,
Shanghai-1 and Shanghai-I1 studies.
Information not available in the Milan, Greek,
Shanghai-1 and Shanghai-I1 studies.

Information not available in the MDACC study.
Information not available in the MDACC study.
Information not available in the MDACC study.

Not available.

Not available.

Information not available in the MDACC study.
Information not available in the MDACC study.

Not available.

All centers have information.
All centers have information.

All centers have information.
Information not available in Bilthoven.
All centers have information.
All centers have information.
All centers have information.

All centers have information.

All centers have information.

Available in France, Italy, Spain, United Kingdom, The Netherlands, Germany,
Denmark, and Norway.

Information not available in Malma.

Information not available in Malmo.
All centers have information.
Information not available in Bilthoven.

All centers have information.
Information not available in Bilthoven and Umeé.

Information not available in Bilthoven and Umea.

Information not available in Bilthoven, Malmg, Umed, and Norway.
Information not available in Bilthoven, Umed, and Norway.

Available in France, Italy, Spain, United Kingdom, Utrecht, Greece, and
Germany.

MDACC indicates MD Anderson Cancer Center; MSKCC, Memorial Sloan Kettering Cancer Center; SEARCH, Surveillance of Environmental Aspects Related to Cancer in Humans; UCSF, University of California,

San Francisco.
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4.2. EPIC study

The EPIC study is an ongoing multicenter prospective cohort study that recruited
volunteer participants from 23 centers located in ten European countries including
Sweden, Denmark, Norway, the Netherlands, United Kingdom, France, Germany,
Spain, Italy, and Greece (Figure 6). The aim of the study is to evaluate the association
between diet and life-style habits and the risk of cancer and other chronic diseases. It is
based on healthy adults which their health status have been followed over time.

Figure 6: Location of all EPIC collaboration centers

European Prospective Investigation into Cancer and Nutrition (EPIC)

A total of 521,324 participants were recruited between 1992 and 2000, mostly aged 35-
70 years. The majority of the participants were invited from the general adult
population; however, there were several exceptions. The French cohort was based on
members of the health insurance for teachers; participants of the Italian and Spanish
cohorts included members of local blood donor associations; Utrecht (The Netherlands)
and Florence (Italy) cohorts invited women from a local population-based breast cancer
screening program. In Oxford (United Kingdom) half of the cohort was recruited among

subjects who did not eat meat (including vegans, lacto-ovo vegetarians and fish
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consumers). Finally, France, Norway, Utrecht (The Netherlands), and Naples (ltaly)
cohorts only recruited women (96).

Information on diet, lifestyle, and anthropometric measurements was collected only at
baseline. Questionnaires specific to women were used to collect information on

menstrual factors, reproductive history, and use of exogenous hormones.

4.2.1. Dietary intake assessments

Country-specific validated questionnaires, which included a complete list of different
types of foods, were used to collect dietary information. In northern Italy, The
Netherlands, Germany and Greece self-administrated quantitative dietary questionnaires
containing up to 260 food items and estimating individual average portions
systematically were used. Self-administrated quantitative questionnaires structured by
meals were used in Spain, France and Ragusa (South Italy). While in Spain and Ragusa,
dietary data was collected in face-to-face interviews; in France, questionnaires were
self-reported. Denmark, Norway, Naples (Italy) and Umeéa (Sweden) used semi-
quantitative food-frequency questionnaires. Finally, combined dietary methods were
used in the United Kingdom and Malmd (Sweden) cohorts. Energy and nutrient intakes
were estimated using the standardized EPIC Nutrient Database (ENDB) (96).

To assess objective 1, adherence to the Mediterranean diet was analyzed using the
adapted relative Mediterranean diet (arMED) index. The arMED index consists of a 16-
point scale that incorporates eight key components of the Mediterranean diet. For the
six components presumed to fit a Mediterranean diet: fruits (including nuts and seeds),
vegetables (excluding potatoes), legumes, fish (fresh or frozen, excluding fish products
and preserved fish), olive oil and cereals, a score of 0-2 was assigned to tertiles of
intake. The scoring was inverted for the components presumed to not fit a
Mediterranean diet: meat and dairy products. The points were summed to define the
arMED score that ranges from 0 (no adherence) to 16 (maximum adherence) and
represents the level of adherence to the Mediterranean diet (97). Alcohol was not
included in the arMED index since it is a potential risk factor for a later age at natural
menopause. Information on past alcohol intake was assessed as average number of
glasses of beverage consumed per week at ages 20, 30, 40, and 50 years. The weighted
average intake with weights equal to the amount of time of exposure to alcohol during

decades was calculated to determine average lifetime alcohol intake (98).
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4.2.2. Lifestyle information assessments

Information on lifestyle factors (including smoking history, physical activity,
educational level, current and past occupation which might have led to exposure to
carcinogens, and alcohol drinking), health factors (history of previous illness, disorders
or surgical interventions), and menstrual and reproductive history, and use of exogenous
hormones (OC and MHT) were collected at baseline. The information available for each
EPIC center regarding menstrual and reproductive factors, and use of exogenous

hormones is shown in Table 2.

The questionnaire on physical activity consisted of three different domains of physical
activity: occupational, recreational, and household activity. Since the occupational
physical activity data did not include the duration and the frequency of the activity, it
was not possible to combine all activity collected into one overall variable expressed as
MET-hours/week. Thus, we used physical activity level based on the validated
Cambridge Physical Activity Index, where work activity and leisure time physical
activity were combined (Table 3) (99).

Table 3: Classification of physical activity according to the Cambridge Physical
Activity Index:

Leisure time physical activity
(Duration of sport and cycling in hours/week)

Work activity No <35 >3.5and <7.0 >7.0

Sedentary Inactive Moderately inactive Moderately active  Active
Standing Moderately inactive  Moderately active Active Active
Manual Moderately active Active Active Active
Heavy manual Active Active Active Active

Finally, baseline anthropometry information (including height, weight, and waist and
hip circumference) was measured by the interviewers in all centers except in France,
Oxford and Norway where weight and height data were self-reported. In Oxford, self-
reported waist and hip circumference measurements were also collected. Umea
(Sweden) and France did not collect data on waist and hip circumference. Table 4
summarizes the non-dietary information provided by each EPIC center.
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Table 4: Non-dietary information provided by each center

EPIC study

All centers except Umed and Tromsg have either self-reported (France and part of the
Anthropometry United Kingdom) or measured information on weight, hip circumference and waist

circumference. Umea and Tromsg information is available on weight and height.

All core centers have information on type of physical activity at work, physical exercise

gardening, housework, and number of stairs climbed per day. Of the associated
Physical activity participants, the Danish centers have complete information, the center in Malmé has the
majority of information, and the center in Umea information is limited on type of physical
activity at work.
All centers have information on smoking status at baseline and number of cigarettes
smoked.
The core centers have information on past amount of wine, beer/cider, fortified wine, and
spirit/liquor consumed. In addition, for Cambridge, Bilthoven, and Greece, information on
current levels of consumption for each of these types of alcohol is available as non-dietary
variable. Of the associated participants, the Danish and Naples centers have complete
information. Malm® and Norway center have information on current alcohol consumption
only. No information on past alcohol consumption is available in Umea. For all EPIC
centers, additional information on current alcohol consumption is available from the
dietary questionnaires.

Tobacco smoking

Alcohol consumption

Information available in centers from lItaly, Spain, Cambridge, Greece, Germany, and

e lenEl e Denmark. The Norwegian center has information on current occupation.

Socio-economic status All centers have information on highest school level achieved.

All centers have information on heart disease and diabetes, while the majority of centers
have information on stroke, hypertension, hyperlipidemia, gall stones, polyps of the large
bowl, hysterectomy, oophorectomy, and breast surgery, and information on age of onset of
each of these events.

Previous illnesses

Core centers include centers in France, Italy (except Naples), Spain, United Kingdom, The Netherlands, Greece, and Germany. The

associated participants include centers in Sweden, Denmark, Norway, and Naples. Adapted from Riboli 2002 (96)

4.2.3. ldentification of menopausal cases during the follow-up

Updated information on menopausal status and age at menopause was collected after a
median follow-up of three years in the EPIC-Spanish cohort. A total of 15,659 women
completed a short follow-up questionnaire, including information on reproductive

history.

For those women who were identified as premenopausal at recruitment, age at natural
menopause was defined as the age at the last menstrual period (years) for those women
without menstrual periods for at least 12 consecutive months. Women who reported
bilateral oophorectomy or hysterectomy previous to natural menopause or use of MHT
without recoding age at menopause (natural menopause can be masked by bleeding
caused by the therapy) were excluded for the analyses of the objective 1. Furthermore,
women with possible underlying menopausal symptoms (OC users older than 40 years)

were also excluded.
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4.2.4. Ascertainment of cancer cases and vital status

Incident cancer cases and data on vital status (cause and date of the death) were
identified through population registries (Denmark, Italy, The Netherlands, Norway,
Spain, Sweden, and United Kingdom) and active follow-up, including use of health
insurance records, hospital registries, and direct contacts with participants or next-of-kin
(France, Germany, and Greece). For this doctoral thesis, the follow-up for cancer cases
was completed between December 2011 and December 2013, depending on the center.

Lymphoid neoplasms were initially classified according to the International
Classification of Diseases for Oncology, Second Edition (ICD-0-2), and were later
recoded according to the International Classification of Diseases for Oncology, Third
Edition, from the WHO Classification of Tumors of Hematopoietic and Lymphoid
Tissues (100). The conversion was made using an algorithm available on the
Surveillance, Epidemiology, and End Results web page (http://www.seer.cancer.gov/)
and involved a pathology expert and local expertise from participating EPIC centers.
Cases with ICD-0O-2 codes that could not be translated unequivocally into a lymphoid
neoplasm according to the WHO classification system were categorized as “lymphoid
neoplasm, unclassified”. The classification was further revised by participating EPIC
centers using the InterLymph PathologyWorking Group classification, which is based
on the 2008 WHO classification (100).

Bladder cancer diagnoses were coded according to the ICD-O-3 as C67 based on ICD-
O-3 and cases with morphology codes 812*-813* were identified as urothelial
carcinoma cases (14). Only urothelial carcinoma was included in the present analyses;
since it approximately represents 95% of all bladder cancers in industrialized countries.
Definitions and classifications of urothelial carcinoma subtype are heterogeneous in the
literature. In previous EPIC studies, urothelial carcinoma was classified by pathology
reports as aggressive (pT1 and higher or carcinoma in situ (CIS) or WHO Grade 3), and
non-aggressive (pTa Grade 1 and 2) (14). We also analyzed urothelial carcinoma by
tumor grade using WHO-definition: Grades 2 and 3 as “high-grade”, and Grade 1 as
“low-grade” (15).
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4.2.5. Statistical analyses

To evaluate associations between exposure factors and age at natural menopause, non-
Hodgkin lymphoma, or urothelial carcinoma, Cox proportional hazards regression
models were used to estimate hazard ratios (HRs) and 95%CI. Ordinal variables were
scored from 0O to their maximum value and trend tests were calculated on these scores.
Age was used as the time scale, with age at recruitment as the entry time, and age at the
date of age at natural menopause, non-Hodgkin lymphoma, urothelial carcinoma, or end
of follow-up (whichever came first) as the exit time. All Cox proportional hazard
regression models were stratified by center, and age at recruitment (1-year categories)
and adjusted for each respective outcome confounders. Stratified models by centers
allowed us to give each center its own baseline hazard, thus the variation in menstrual
and reproductive history, hormone use, and cancer patterns across centers are included
in the model. Further, stratified by age provided left truncation of the data (the risk of
developing the outcomes of interest is only included during the follow-up). Finally,
these stratified models assume proportional hazard between the centers.

Additional analyses to evaluate the heterogeneity of the risk between non-Hodgkin
lymphoma subtypes, and urothelial carcinoma tumor aggressiveness and urothelial
carcinoma tumor grade were performed by means of the Wald test statistic using the
%SUBTYPE SAS macro (101).

A brief summary of the material and methods used in the articles can be found in the
Table 5.
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Table 5: Summary of main methodological issues by study and publication

Publication 1 Publication 2 Publication 3 Publication 4
Design Multicenter Spanish cohort Pooled analysis of case-control studies Multicenter European cohort
. Non-Hodgkin Urothelial
Outcome Age at natural menopause Pancreatic cancer lymphoma Carcinoma
Study EPIC-Spain PanC4 EPIC EPIC
Number of cases 1,166 2,838 1,427 529
Total number of 12,562 7,586 343,458 333,919

participants

Exposures

Statistical methods

Statistical software

Lifestyle, diet, reproductive

history, and OC use Menstrual and Reproductive factors and exogenous hormone

Cox proportional hazard Logistics regressions W|th_random effects Cox proportional hazard models
models meta-analysis
SASv9.2.1
SAS v9.4 Stata v15.0 SAS v9.4 SAS v9.4

EPIC: European Prospective Investigation into Cancer and Nutrition // PanC4: Pancreatic Cancer

Case-Control Consortium // OC: oral contraceptive
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S. ETHICAL ASPECTS

All participants who accepted to be involved in any of the studies included in both the
PanC4 and EPIC projects signed an informed consent form. Moreover, all data derived
from the questionnaires was used anonymously for the study. The EPIC cohort and
PanC4 studies were approved by center-based ethical committees in their respective
countries, and EPIC cohort was also globally approved by the IARC ethical committee.
This doctoral thesis proposal has been approved by the ethical committee of the
Bellvitge Hospital (Comité Etico de Investigacion Clinica sobre Proyectos de

Investigacion — CEIC) (Annex 1).
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6. RESULTS

RESULTS

The present chapter introduces the 4 publications presented in this doctoral thesis, three

of them have been published in international journals (Table 6).

Table 6: Impact factor, category, and journal rank of the articles presented in this

doctoral thesis

Authors and title

Journal & publication date

Category -
Journal rank

Lujan-Barroso L, Gibert K, Ob6n-Santacana M, Dolores
Chirlaque M, Sanchez MJ, et al. The influence of lifestyle,
diet, and reproductive history on age at natural menopause
in Spain: Analysis from the EPIC-Spain sub-cohort.

Lujan-Barroso L, Zhang W, Gao Y-T, Yu H, Bracci PM,
Baghurst PA, et al. Menstrual and Reproductive factors,
hormone use, and risk of pancreatic cancer case-control
consortium (PanC4).

Costas L, Lujan-Barroso L, Benavente Y, Allen NE,
Amiano P, Ardanaz E, et al. Reproductive Factors,
Exogenous Hormone Use, and Risk of B-Cell Non-
Hodgkin Lymphoma in a Cohort of Women from the
European Prospective Investigation Into Cancer and
Nutrition.

Lujan-Barroso L, Botteri E, Caini S, Ljungberg B,
Roswall N, Tjenneland A, et al. Menstrual factors,
reproductive  history, hormone use, and Urothelial
carcinoma risk: A prospective study in the EPIC cohort

Am J Hum Biol (2018) 30(6) e23181

Pancreas (2016); 45 (10): 1401-10

Am J Epidemiol (2018); 188 (2): 274-81

British Journal of Cancer; under-review

1.438

2.967

4.473

5.416

Anthropology - Q2

Gastroenterology &
Hepatology — Q2

Public,
environmental &
occupational health

-Q1

Oncology — Q1

IF: Impact factor
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6.1. Summary of results

6.1.1. Lifestyle, diet, and reproductive history in earlier age at natural menopause

risk

In total 12,562 pre-menopausal Spanish women were included in the analysis. After a
median of 3 years of follow-up, 1,166 became postmenopausal. The median age at
natural menopause in the EPIC-Spain cohort was 51 years. Earlier age at natural
menopause was associated with current smokers at baseline (HR: 1.29; 95%CI: 1.08-
1.55). A later age at natural menopause was observed in women with irregular menses
the first 10 years after menarche (HR: 0.71; 95%CI: 0.56- 0.91) and in women with
more than 1 full-term pregnancies (HRs4us0: 0.74 95%CI: 0.56- 0.94; P for trend =
0.027). Finally, among OC users, later age at natural menopause was observed in
women who started treatment between the ages of 25 and 30 years compared to those
who started after the age of 31 years (HR: 0.72; 95%CI: 0.58- 0.89). No associations
were observed for dietary variables and the remaining lifestyle and reproductive history

factors.

6.1.2. Menstrual factors, reproductive history, and exogenous hormones in

pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma risks
6.1.2.1.  Pancreatic cancer

Eleven case-control studies within the PanC4 consortium took part in the analysis,
including in total 2,838 case and 4,748 control women. An inverse association was
observed between pancreatic cancer and women who reported having had hysterectomy
(OR: 0.78; 95%CI: 0.67- 0.91), remaining significant in postmenopausal women and in
never-smoking women. A model including the join effect for MHT and hysterectomy
showed a significant inverse association with pancreatic cancer in women who reported
having had hysterectomy with MHT use (OR: 0.64; 95%CI: 0.48- 0.84). No
associations were observed for menstrual and reproductive factors and OC use and

pancreatic cancer.
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6.1.2.2.  Non-Hodgkin lymphoma

A total of 343,458 women, from the EPIC study, were included for the analysis. After a
median of 15 years of follow-up of 1,427 incident cases of non-Hodgkin lymphoma
were identified. Overall, non-statistically significant associations between parity, age at
first birth, breastfeeding, OC use, MHT use and the risk of non-Hodgkin lymphoma was
observed. Women who had undergone surgical menopause were at higher risk of non-
Hodgkin lymphoma compare to natural menopause (HR: 1.51; 95%CI: 1.17- 1.94).
Either hysterectomy or oophorectomy alone were associated with non-Hodgkin
lymphoma risk, while women with hysterectomy plus oophorectomy (especially
bilateral oophorectomy) showed a higher risk of non-Hodgkin lymphoma (HR: 1.26;
95%ClI: 1.01- 1.56).

6.1.2.3.  Urothelial carcinoma

After exclusions, a total of 333,919 women, from the EPIC study, were included for the
analysis. After a median follow-up time of 15 years, 529 urothelial carcinoma cases
were identified. Elevated and statistically significant HR for urothelial carcinoma was
observed for peri-/postmenopausal (natural or surgical) MHT-users compared to peri-
/postmenopausal women never-users (HR: 1.27; 95%CI: 1.03- 1.57). Statistically
significant inverse associations between number of full-term pregnancies and UC risk
were observed (HRsys1: 0.70; 95%CI, 0.52- 0.94; HR>sys1: 0.48; 95%Cl, 0.25-0.90; P for
trend in parous women only 0.010). Age at menarche, cumulative duration of menstrual
cycling, history and duration of OC use, age at first birth, breastfeeding, abortions
(spontaneous and induced), age at natural menopause, oophorectomy, and hysterectomy

showed no association with urothelial carcinoma risk.
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1 | INTRODUCTION

Abstract

Objective: To determinate the role of lifestyle factors, recent diet, menstrual fac-
tors, and reproductive history in age at natural menopause in adult Spanish women.
Methods: In total, 12 562 pre-menopausal women were available for analysis from
the EPIC-Spain sub-cohort. Women were recruited between 1992 and 1996 in five
regions of Spain (Asturias, Granada, Murcia, Navarra, and San Sebastian) and, for
these analyses, were followed for 3 years. Questionnaires on diet, lifestyle, anthro-
pometric measurements, and reproductive and exogenous hormones history were
collected at baseline. Menopause status was updated at a median of 3 years of
follow-up.

Results: After a median of 3 years of follow-up 1166 women became postmeno-
pausal. An earlier age at menopause was observed in current smokers (HR: 1.29;
95%CI 1.08-1.55) and in non-users of oral contraceptives (HR: 1.32; 95%CI
1.01-1.57). A later age at menopause was observed in women with irregular men-
ses (HR: 0.71; 95%CI 0.56-0.91) and in women with a higher number of pregnan-
cies (HR: 0.74; 95%CI 0.56-0.94).

Conclusions: Our results confirm that women who smoked had an earlier age at
natural menopause, while use of oral contraceptives, higher number of pregnancies,
and irregularity of menses were associated with a prolonged reproductive lifespan.
No associations were observed for dietary habits assessed after the age of 40 years.

KEYWORDS

age at menopause, diet, lifestyle, menopause, reproductive history

during menopause, women experience changes in endoge-
nous sex hormones such as decreasing levels of estrogen,

Menopause marks the end of a woman's fertile life, and is an
indicator of aging (Gold, 2011). Natural menopause is usu-
ally defined as 12 consecutive months without menstrual
periods not associated with clinical causes (NAMS (The
North American Menopasue Society), 2017). Before and

progesterone, and androgens. However, follicle-stimulating
(FSH) and luteinizing (LH) hormone levels increase at men-
opause (NAMS, 2017). Thus, menopause can be considered
an inflection point in a woman's overall health. Later age at
menopause reduces overall mortality and the risk of several
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diseases (eg, osteoporosis and cardiovascular diseases). How-
ever, later age at natural menopause (ANM) is also considered
a risk factor for cancers of the breast, endometrium and ovary
(Daan & Fauser, 2015). Thus, a more complete understanding
of determinants of natural menopause is of clinical interest.

ANM varies across different countries, and in general
occurs between 45 and 55 years. “Early menopause” occurs
between 40 and 44 years, and before 40 years it is considered
“premature menopause” (Dratva et al., 2009; NAMS, 2017). In
developed countries, ANM typically ranges from 50 to 52 years
(Gold, 2011). Further, some studies in women of European
descent observed later ANM with higher educational level
(Kaczmarek, 2007; Martin et al., 2006; Stepaniak et al., 2013).
A previous meta-analysis (Sun et al., 2012) observed that cur-
rent smokers presented an approximate twofold risk of an earlier
ANM compared to nonsmokers, and women with an active life-
style had a later ANM (Dratva et al., 2009; Gudmundsdottir,
Flanders, & Augestad, 2013; Stepaniak et al., 2013). Emaus
et al. (2013) suggested that physical activity was associated with
a later ANM only in former- or current-heavy smokers, and had
no effect on ANM in the absence of smoking. High parity
(Dratva et al., 2009; Kaczmarek, 2007; Martin et al., 2006;
Mishra et al., 2017; Morris et al., 2012) and oral contraceptive
use (Kaczmarek, 2007; Stepaniak et al., 2013; Zsakai,
Mascie-Taylor, & Bodzsar, 2015) have been associated with
later ANM. Inconsistent findings have been reported in rela-
tion to body mass index (BMI) (Gold, 2011; Tao et al., 2015).

Some studies in women of European descent examined
dietary habits (Martin et al., 2006; Nagel, Altenburg,
Nieters, Boffetta, & Linseisen, 2005; Stepaniak et al., 2013),
showing inconsistent results for vegetables, carbohydrates
(Nagel et al., 2005; Stepaniak et al., 2013), and fiber intake
(Martin et al.,, 2006; Nagel et al., 2005). While Nagel
et al. (2005) in the Heidelberg sub-cohort of the European
Prospective Investigation into Cancer and Nutrition (EPIC)
showed a later ANM with higher intake of vegetables, carbo-
hydrates and fiber, no effect on menopause was reported
from intakes of fats and proteins (Martin et al., 2006). Fur-
ther, alcohol intake has been associated with a later ANM
(Taneri et al., 2016).

Since ANM differs across countries and few studies
included Spanish participants (Dratva et al., 2009; Reyn-
olds & Obermeyer, 2005), our aim was to evaluate the role
of lifestyle factors (including educational level, BMI, physi-
cal activity, and tobacco), recent diet (including alcohol con-
sumption), menstrual factors, and reproductive history in
ANM in the Spanish sub-cohort of the EPIC cohort.

2 | MATERIALS AND METHODS

The EPIC-Spain sub-cohort includes 25 808 women, of
which 15 844 were pre-menopausal at baseline, aged
29-67 years (68.6% older than 40 years), who were recruited
between 1992 and 1996 from five regions of Spain: Asturias,

Granada, Murcia, Navarra and San Sebastian. All partici-
pants signed an informed consent form, and this study was
approved by the Ethics Committee of the Bellvitge Hospital
(Barcelona). At recruitment, face-to-face interviews were
performed, and validated self-administrated quantitative
questionnaires structured by meals, which included an
exhaustive list of different types of foods, were used to col-
lect diet information. Further, information on lifestyle and
anthropometric measurements was collected. The question-
naire on physical activity consisted of three different types
of physical activity assessment: occupational, recreational,
and household activity. Since the occupational physical
activity data did not include the duration and the frequency
of the activity, it was not possible to combine all of the
activity collected into one overall variable expressed as the
MET-hours/week. Thus, we used physical activity level
based on the validated Cambridge Physical Activity Index,
where work activity and leisure time physical activity were
combined (Supporting Information Table 1) (Wareham
et al., 2003). Questionnaires collected information on men-
strual factors, reproductive history, and exogenous hormones
used (Gonzalez et al., 2004; Riboli et al., 2002). After a
median of 3 years, 15 659 women completed a short follow-
up questionnaire, also including information on reproductive
history.

ANM was defined as the age at the last menstrual period
(years) for those women without menstrual periods for at
least 12 consecutive months. Women who reported bilateral
oophorectomy or hysterectomy or use of menopausal hor-
mone therapy (natural menopause can be masked by bleed-
ing caused by the therapy [MedlinePlus, 2018]) at baseline
or during the follow-up were excluded from the analysis
(n = 1645). Furthermore, women with possible underlying
menopausal symptoms, (oral contraceptive [OC] users older
than 40 years, n = 230) were also excluded. Thus, 13 784
pre-menopausal women were eligible for the analysis at
baseline, and completed the follow-up questionnaire. Nine
women were excluded because they did not report their age
or menopause status during follow-up.

Women who reported an ANM at follow-up that was
younger than the age at recruitment were excluded from the
analysis (n = 680). Women with ages at recruitment
<35 years were considered not at risk of developing meno-
pause during the follow-up, so were excluded from the pre-
sent analysis (n = 284). Finally, since dietary variables were
studied, 249 women without dietary information or who had
extreme or implausible caloric intake (top or bottom 1% of
the ratio of energy intake to estimated energy requirement
[Ferrari et al., 2002]) were excluded. A total of 12 562 pre-
menopausal women who were at risk of becoming meno-
pausal during follow-up were included in the present
analysis.

The following baseline lifestyle variables were included
in the analysis: physical activity (including leisure and work
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activity: inactive, moderately inactive, moderately active,
and active), BMI (kg/m2), height (cm), educational level
(categories were based on the Spanish education system:
none, general basic education, job training, high school, and
university), smoking status (never, former, current), number
of cigarettes for current smokers, and time since quitting
smoking for former smokers. Passive smoking information
was not collected in the EPIC-Spain sub-cohort.

Dietary variables included intakes of fruit and vegeta-
bles, legumes, cereals, fish, dairy products, meat (including
red, white, and processed meat), olive oil, and lifetime alco-
hol intake. Potentially estrogenic foods and dietary compo-
nents including soy products, polyphenols (isoflavones and
lignans, which were estimated using composition databases
[Zamora-Ros et al., 2012]), fiber, vitamin D, nuts, and per-
centage of energy from fat and from carbohydrates, were
also evaluated. Further, adherence to the Mediterranean diet
was analyzed using the adapted relative Mediterranean diet
(arMED) index (Buckland et al., 2013). The arMED score
consists of a 16-point scale that incorporates eight key com-
ponents of the Mediterranean diet (MD). For the six compo-
nents presumed to fit the MD; fruits (including nuts and
seeds), vegetables (excluding potatoes), legumes, fish (fresh
or frozen, excluding fish products and preserved fish), olive
oil and cereals, a score of 0-2 was assigned to tertiles of
intake. The scoring was inverted for the components pre-
sumed to not fit MD, meat and dairy products. The points
were summed to define the arMED score that ranges from
0 (no adherence) to 16 (maximum adherence) and represents
the level of adherence to the MD. Alcohol was not included
in the arMED index since it is a potential risk factor for a
later ANM. Information on past alcohol intake was assessed
as average number of glasses of beverage consumed per
week at ages 20, 30, 40, and 50 years. Weighted average
intake with weights equal to the amount of time of exposure
to alcohol during decades was calculated to determine aver-
age lifetime alcohol intake (Klipstein-Grobusch et al., 2002).

Variables for menstrual factors were age at menarche
(<12, 12, 13, 14, >14 years), mean time between menarche
and regular menses (regular since menarche, regular after
1 year, regular after >2 years, and irregular the 1st 10 years/
irregular pregnancy). Reproductive history
included number of pregnancies (including live and still-
birth, and induced and spontaneous abortion; 0, 1, 2, 3, >4
pregnancies), number of full-term pregnancies (including
live and stillbirth; 0, 1, 2, 3, >4 births), age at first full-term
pregnancy (<20, 20-23, 24-27, >27 years), breastfeeding
(yes, no). OC variables were: use (yes, no), duration (based
on tertiles; 1, 2-4, >4 years), and age at first use (<25,
25-30, >31 years). Further analysis was performed to evalu-
ate differences between high and low doses of OC (where
low dose was considered if OC was prescribed after the year
1972 [<50 pg ethinyl estradiol] [de Vries et al., 2001]).
Finally, unilateral oophorectomy (yes, no) was analyzed.

since 1st
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Cox proportional hazard models were used to estimate
hazard ratios (HRs) and 95% confidence interval (CIs) for
each exposure variable and incident menopause. Age at
recruitment was used as entry time, and ANM (the event) or
age at the end of follow-up, were used as exit time. All
models were stratified by center and age at recruitment. To
account for all sources of hormone exposure and hormonal
modifying factors, mutually adjusted models were evaluated
for all identified factors. Restricted cubic splines with 3-5
knots were used to explore the shape of the dose-response
for each continuous exposure variable. Effect-measure modi-
fication by smoking status (never, former, current) was eval-
uated using a likelihood ratio test (LRT) in the mutually
adjusted model.

All analyses were performed using SAS v. 9.4 (Cary,
North Carolina, USA).

3 | RESULTS

After a median of 3 years of follow-up, 1166 pre-
menopausal women at baseline (9.3%) from EPIC-Spain
experienced natural menopause with a median age of
51 years [percentile 25-75, 49-53 years], approximately 5%
of whom were under 45 years and 3% were older than
55 years. Baseline characteristics of the participants accord-
ing to ANM quartiles are reported in Table 1. Women with
youngest ANM (<48 years) were mostly overweight, inac-
tive, and had basic education. Further, they had the highest
proportion of ever smokers, and OC users who started
between 25 and 30 years, and with OC duration shorter than
1 year.

Compared with never-smoking women, current smokers
had increased risk of having an earlier ANM (HR: 1.26; 95%
CI 1.05-1.51); however, an inverse association was observed
in former smokers (HR: 0.77; 95%CI 0.60-0.99) (Table 1).
Women whose menses were irregular had a later ANM com-
pared with women with regular menses (HR: 0.70; 95%CI
0.55-0.89) (Table 1). Increasing number of pregnancies was
associated with a later ANM (HRs4ysmever: 0.70; 95%CI
0.56-0.88). Among ever-pregnant women, a similar, but
non-significant, pattern was seen for number of full-term
pregnancies and a later ANM. A statistically significant
inverse association (later ANM) was observed in women
who reported ever use of OC (HR: 0.85; 95%CI 0.75-0.97)
(Table 1). Among OC users, women who started treatment
between the ages of 25 and 30 years compared with those
who started after the age of 31 years of age had a reduced
risk of an earlier ANM (HR: 0.69; 95%CI 0.55-0.87). Physi-
cal activity was not associated with ANM in this study. Null
associations were observed for the rest of the studied vari-
ables, including dietary habits, lifetime alcohol intake, and
the Mediterranean dietary index (Table 1). Alcohol intakes
at 20 years, at 30 years, and 40 years were also analyzed
and no associations were observed (data not shown). Cubic
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TABLE 1 Descriptive characteristics by age at natural menopause (ANM), and hazard ratios for ANM and baseline lifestyle, dietary, and reproductive

factors in EPIC-Spain women

Age at recruitment (years)
LIFESTYLE
BMI (kg/m?)
<25: normal®
25-30: Overweight
>30: Obese
P-trend
Height (cm)
Q1 (£153.0)
Q2 (>153.0-156.3)
Q3 (>156.3-159.0)
Q4 (>159.0-162.5)
Q5 (>162.5)
P-trend
Physical activity index
Inactive
Moderately inactive
Moderately active
Active
P-trend
Educational level
None
General basic education
Job training
High school
University
Missing
P-trend
Smoking status
Never
Former
Current
Unknown
Smoking status and intensity of smoking
Never
Former, quit 20+ years
Former, quit 11-20 years
Former, quit < 10 years
Current, 1-15 cig/day
Current, 15+ cig/day

Current, pipe/cigar/occasional
cigarette smokers

Current/former, missing
Unknown
P-trend”
DIET®
Vegetables (100 g/2000 kcal/day)
Fruits (100 g/2000 kcal/day)
Legumes (50 g/2000 kcal/day)

Post-menopausal®
(n = 1166, 9.3%)

49.4 (47.4-51.3)

258 (22.1)
496 (42.5)
412 (35.3)

291 (25.0)
262 (22.5)
247 (21.2)
206 (13.7)
160 (13.7)

609 (52.2)
408 (35)
119 (10.2)
30 (2.6)

506 (43.4)
500 (42.9)
42 (3.6)
39 (3.3)
70 (6)
9(0.8)

943 (80.9)
68 (5.8)
154 (13.2)
1(0.1)

943 (80.9)
11 (0.9)
16 (1.4)
41 (3.5)
102 (8.7)
48 (4.1)
2(0.2)

2(0.2)
1(0.1)

2.5 (1.6-3.4)
3.2 (2.0-4.8)
0.8 (0.5-1.2)

Age at natural menopause®

Q1 (<£48-year,
n = 268)

45.72 (44.37-46.69)

77 (28.7)
113 42.2)
78 (29.1)

69 (25.8)
67 (25.0)
56 (20.9)
42 (15.7)
34 (12.7)

136 (50.8)
87 (32.5)
33(12.3)
12 4.5)

96 (35.8)
128 (47.8)
14 (5.2)
9(3.4)

20 (7.5)
1(0.4)

180 (67.2)
21 (7.8)
67 (25.0)

180 (67.2)
2(0.8)
3(1.1)

16 (6.0)
39 (14.6)
27 (10.1)
1(0.4)

2.53 (1.56-3.38)
2.93 (1.76-4.75)
0.80 (0.47-1.14)

Q4 (>53-year,
n=291)

52.81 (52.00-53.76)

38 (13.1)
120 41.2)
133 (45.7)

84 (28.9)
70 (24.1)
54 (18.6)
48 (16.5)
35 (12.0)

173 (59.5)
95 (32.7)
20 (6.9)
3(1.0)

152 (52.2)
107 (36.8)
6(2.1)
8(2.8)

14 (4.8)
4(1.4)

265 (91.1)
93.1)
16 (5.5)
1(0.3)

265 (91.1)
3(1.0)
4(1.4)
2(0.7)

10 3.4)
4(1.4)
1(0.3)

1(0.3)
1(0.3)

2.44 (1.49-3.25)
3.41 (2.15-4.94)
0.83 (0.48-1.23)

HR (95%CI)
for ANM"

1.00 (referent)
0.89 (0.76-1.04)
0.89 (0.75-1.04)
0.195

1.00 (referent)
1.13 (0.94-1.32)
1.06 (0.90-1.27)
0.99 (0.82-1.19)
0.93 (0.76-1.13)
0.399

1.00 (referent)
1.02 (0.90-1.16)
1.06 (0.87-1.30)
0.80 (0.55-1.17)
0.846

1.00 (referent)

0.95 (0.83-1.08)
0.85 (0.61-1.17)
0.94 (0.67-1.31)
0.85 (0.66-1.09)

0.154

1.00 (referent)
0.77 (0.60-0.99)
1.26 (1.05-1.51)

1.00 (referent)

0.57 (0.32-1.04)
0.66 (0.40-1.09)
0.97 (0.71-1.34)
1.27 (1.03-1.57)
1.31 (0.97-1.76)
1.28 (0.31-5.23)

0.36 (0.09-1.50)

0.036

1.00 (0.96-1.04)
0.98 (0.96-1.01)
1.04 (0.94-1.15)

(Continues)
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TABLE 1 (Continued)

Post-menopausal®
(n = 1166, 9.3%)

Age at natural menopause®

Q1 (<48-year,
n = 268)

Q4 (=53-year,
n = 291)

HR (95%CI)
for ANM"

Cereals (50 g/2000 kcal/day) 3.4 (2.5-4.5) 3.42 (2.45-4.53) 3.54 (2.67-4.53) 0.99 (0.95-1.03)
Fish (50 g/2000 kcal/day) 1.0 (0.6-1.6) 0.96 (0.55-1.45) 0.93 (0.56-1.52) 1.06 (0.99-1.14)
Dairy products (100 g/2000 kcal/day) 3.2(2.1-4.5) 3.01 (1.98-4.18) 3.22(2.21-4.78) 0.97 (0.94-1.00)
Meat (100 g/2000 kcal/day) 1.1 (0.8-1.5) 1.12 (0.90-1.44) 1.15 (0.82-1.50) 1.02 (0.90-1.15)
Olive oil (10 g/2000 kcal/day) 2.2(1.3-3.0) 2.18 (1.14-3.13) 2.07 (1.30-3.04) 1.04 (0.99-1.09)
arMED score'
Low (0-5) 187 (16.0) 43 (16.0) 46 (15.8) 1.00 (referent)
Medium (6-9) 621 (53.3) 137 (51.1) 157 (54.0) 0.97 (0.82-1.15)
High (10-16) 358 (30.7) 88 (32.8) 88 (30.2) 0.98 (0.82-1.18)
P-trend 0.982

Lifetime alcohol intake (g/day)

Never-consumer 441 (37.8) 102 (38.1) 112 (38.5) 1.00 (referent)
<6 432 (37.0) 102 (38.1) 105 (36.1) 0.93 (0.81-1.07)
>6-12 129 (11.1) 23 (8.6) 32 (11.0) 0.89 (0.73-1.10)
>12 159 (13.6) 41 (15.3) 39 (13.4) 1.09 (0.90-1.33)
Missing 5(0.4) 3 (1.0
P-trend 0.748

Isoflavones (mg/day) 0 (0-0.1) 0.04 (0.02-0.06) 0.04 (0.03-0.07) 0.91 (0.69-1.20)

Lignans (mg/day) 1.5 (1.1-2) 1.48 (1.08-1.90) 1.52 (1.13-2.02) 1.01 (0.90-1.13)

Vitamin D (pg/day) 3.1 (1.9-4.5) 3.03 (1.84-4.32) 3.14 (1.78-4.50) 1.01 (0.98-1.04)

Fiber (g/day) 21.4 (17.5-26.4) 21.17 (17.07-25.19) 21.84 (17.96-27.23) 1.00 (0.99-1.01)

Nuts (g/day)

Nonconsumers 723 (62.0) 169 (63.1) 182 (62.5) 1.00 (referent)
<5 198 (17.0) 43 (16.0) 45 (15.5) 1.01 (0.83-1.22)
>5 245 (21.0) 56 (20.9) 64 (22.0) 1.01 (0.85-1.19)
P-trend 0.910

% of energy from fat
% of energy from carbohydrates
REPRODUCTIVE HISTORY

Age at menarche (years)

12.8 (9.6-16.4)
41.9 (37.7-46.1)

12.8 (9.6-16.5)
41.9 (38.4-45.9)

12.6 (9.4-16.7)
42.2 (37.5-46.9)

1.01 (0.91-1.13)
0.99 (0.99-1.00)

<12 219 (18.8) 50 (18.7) 44 (15.1) 1.00 (referent)
12 231 (19.8) 70 (26.1) 44 (15.1) 1.05 (0.87-1.27)
13 289 (24.8) 57 (21.3) 73 (25.1) 1.00 (0.84-1.20)
14 238 (20.4) 56 (20.9) 64 (22.0) 0.85 (0.70-1.02)
>14 188 (16.1) 35(13.1) 65 (22.3) 1.02 (0.83-1.24)
Missing 1(0.1) 1(0.3)
P-trend 0.289
Mean time between menarche
and regular menses
Regular since menarche 1010 (86.6) 232 (86.6) 250 (85.9) 1.00 (referent)
Regular after 1 year 45 (3.9) 9(3.4) 10 3.4) 0.95 (0.70-1.29)
Regular after >2 years 27 (2.3) 8 (3.0) 6 (2.1) 0.85 (0.57-1.25)
Irregular the 1st 10 years/irregular 75 (6.4) 17 (6.3) 24 (8.3) 0.70 (0.55-0.89)
since 1st pregnancy
Missing 9(0.8) 2(0.8) 1(0.3)
P-trend 0.003
Number of pregnancies
0 106 (9.1) 25(9.3) 20 (6.9) 1.00 (referent)
1 75 (6.4) 23 (8.6) 17 (5.8) 0.88 (0.65-1.20)
2 298 (25.6) 82 (30.6) 71 (24.4) 0.73 (0.58-0.91)

(Continues)
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TABLE 1 (Continued)

>4
Missing
P-trend
Number of full-term pregnancies
0
1
2

>4
Missing
P-trend
Age at first full-term pregnancy (years)®
<20
20-23
24-27
>27
Missing
P-trend
Breastfeeding®
No
Yes
Missing
OC use
No
Yes
Age at start OC use (years)
<25
25-30
>31
Missing
P-trend
Duration OC use (years)
<1
2-4
>4
Missing
P-trend
Unilateral oophorectomy
No
Yes

LUJAN-BARROSO ET AL.

Post-menopausal®
(n = 1166, 9.3%)

337 (28.9)
344 (29.5)
6 (0.5)

9 (0.8)

85 (7.3)
392 (33.6)
340 (29.2)
228 (19.6)
6(0.5)

46 (3.9)
338 (29.0)
481 (41.3)
180 (15.4)
6 (0.5)

140 (13.3)
912 (86.5)
8(0.2)

773 (66.3)

52 (4.5)
165 (14.2)
174 (14.9)
2(0.2)

173 (44.0)
99 (25.2)
119 (30.3)
2(0.5)

1151 (98.7)
15 (1.3)

Age at natural menopause®

Q1 (<48-year,
n = 268)

75 (28.0)
62 (23.1)
1(0.4)

1(0.4)

28 (10.5)
110 (41.0)
68 (25.4)
35 (13.1)
1(0.4)

93.7)
103 (42.6)
98 (40.5)
31(12.8)
1(0.4)

47 (19.5)
194 (80.5)

152 (56.7)

31 (26.7)
52 (44.8)
33 (28.4)

49 (42.2)
26 (22.4)
41 (35.3)

265 (98.9)
3.1

% n(%) for qualitative variables and median (25th-75th percentiles) for quantitative variables.
® HR > 1 indicates that the risk factor was associated with an earlier ANM and a HR <1 indicates that the risk factor was associated with a later ANM. Crude cox

models stratified by center and age at recruitment.

¢ Including underweight (21 pre-menopausal/l post-menopausal).

4 P-trend excluding the categories “current, pipe/cigar/occasional cigarette smokers,

¢ Adjusted for total energy intake.

" Adjusted for total energy intake and lifetime alcohol intake.

€ In parous women.

2 <

Q4 (=53-year,
n = 291)

79 (27.2)
103 (35.4)
1(0.3)

2(0.7)
19 (6.5)
85 (29.2)
89 (30.6)
75 (25.8)
1(0.3)

10 3.7)
77 (28.6)
141 (52.4)
40 (14.9)
1(0.4)

21 (7.8)
242 (92.2)

219 (75.3)

3(4.2)
26 (36.1)
41 (56.9)
2(2.8)

28 (38.9)
19 (26.4)
23 (31.9)
2(2.8)

287 (98.6)
4(1.4)

current/former, missing,” and “Unknown.”

HR (95%CI)
for ANM"

0.78 (0.62-0.98)
0.70 (0.56-0.88)

0.006

1.12 (0.55-2.25)
1.00 (referent)

0.90 (0.71-1.15)
0.86 (0.67-1.11)
0.81 (0.62-1.06)

0.077

1.00 (referent)
0.99 (0.73-1.36)
1.03 (0.75-1.40)
1.01 (0.72-1.41)
0.773

1.00 (referent)
0.91 (0.76-1.09)
1.00 (referent)
0.85 (0.75-0.97)
0.73 (0.52-1.03)
0.69 (0.55-0.87)
1.00 (referent)
0.009

1.00 (referent)
0.81 (0.63-1.04)
1.10 (0.86-1.41)

0.590

1.00 (referent)
1.04 (0.63-1.75)
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TABLE 2 Mutually adjusted cox model for smoking status, time since regular menses, oral contraceptive use, and age at natural menopause in EPIC-Spain

women

Smoking status
Never
Former
Current
Mean time between menarche and regular menses
Regular since menarche
Regular after 1 year
Regular after > 2 years
Irregular the 1st 10 years/irregular since 1st pregnancy
OC use and age at start (years)
Never use
<25
25-30
>31
Number of pregnancies
0
1
2

>4

OC, Oral contraceptive.

Post-menopausal HR (95%CI)* P-trend
934 1.00 (referent)

67 0.78 (0.61-1.01)

151 1.29 (1.08-1.55)

1002 1.00 (referent) 0.004
45 0.95 (0.70-1.30)

27 0.86 (0.58-1.26)

74 0.70 (0.55-0.90)

760 0.94 (0.79-1.11) 0.009
52 0.82 (0.59-1.13)

163 0.72 (0.58-0.89)

173 1.00 (referent)

104 1.00 (referent) 0.027
74 0.91 (0.67-1.24)

297 0.76 (0.61-0.97)

333 0.83 (0.65-1.04)

340 0.74 (0.56-0.94)

“HR > 1 indicates that the risk factor was associated with an earlier ANM and a HR <1 indicates that the risk factor was associated with a later ANM. Mutually

adjusted Cox model stratified by center and age at recruitment.

spline modeling demonstrated that all continuous variables
were linear in relation to ANM.

A mutually adjusted Cox model was evaluated including
the variables that were statistically significant in the univari-
ate analysis: smoking status, number of pregnancies, time
since regular menses, OC use, and age at first use of
OC. OC use and age at starting OC use were combined into
one variable (never use, <25, 25-30, >31 years), to obtain
comparable results with those observed in Table 1 (the refer-
ent category in the model was >31 years). Table 2 gives the
final multivariate Cox model where the risk of an earlier
ANM in current vs never smokers was 1.29 (95%CI
1.08-1.55), while the risk of a later ANM in former vs never
smokers was 0.78 (95%CI 0.61-1.01). For women who
started taking OC pills between ages from 25 to 30 years,
compared with the age of at least 31 years, relative risk was
0.72(95%CI 0.58-0.89), while women with irregular menses
had a later ANM (HRjyrepuiarvsreguiar: 0-70; 95%CI 0.55-0.90).
Finally, a greater number of pregnancies (>4) decreased the
risk of an earlier ANM compared with women who never
became pregnant (HR: 0.74; 95%CI 0.56-0.94) (Table 2).
There was no evidence for effect-measure modification of
ANM relations by smoking status in the mutually adjusted
model (all P-values >0.1) (data not shown).

A sensitivity analysis was performed to qualitatively
evaluate estrogen dose changes for OC preparations
(Supporting Information Table 2). Short-term (<4 years) use
of high dose OCs (prescription year <1972) was associated

with a reduction of the risk of an earlier ANM compared to
never never-use of OC (HR: 0.74; 95%CI 0.58-0.93).

4 | DISCUSSION

The median ANM in our study population of 12 562 pre-
menopausal Spanish women was 51 years. Current smokers
had a 29% increased risk of experiencing menopause at
younger ages compared with never smokers. A later ANM
was observed in women who started using OC between the
ages of 25 and 30 years. Finally, a later ANM was associ-
ated with a higher number of pregnancies and with reporting
a history of irregular menses. No associations were observed
for dietary variables and the remaining lifestyle and repro-
ductive history factors.

In previous studies, elevated intakes of vegetables were
inconsistently related with ANM (Nagel et al., 2005; Stepa-
niak et al., 2013). Stepaniak et al. (2013) suggested that
higher intakes of vegetables were associated with an earlier
ANM, while Nagel et al. (2005) observed a later ANM. Our
results showed no association between vegetable intake,
high adherence to arMED (characterized by elevated intakes
of fruit and vegetables), and ANM. In contrast with previous
studies, our results were based on a shorter follow-up and a
lower cumulative incidence of menopause (EPIC-Spain:
9.3%, Nagel: 21%, and Stepaniak: 72%). Further, we only
evaluated dietary habits a median of 3 years after the age of
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40 years (ie, we did not assess diet during earlier periods of
the fertile lifespan).

Alcohol influences serum concentrations of androgen
and estrone (E;) by increasing their levels in blood (Rinaldi
et al., 2006), and some authors have reported that alcohol
may be inversely associated with ANM (Taneri et al., 2016).
No association between alcohol intake and ANM was
observed in the present study.

The association between current smoking and an earlier
ANM is well-established (Sun et al., 2012). Cigarette smoking
has an anti-estrogenic effect in women and is considered an
important sex hormone modifier (Kapoor & Jones, 2005). In
our mutually adjusted model we observed a 29% increased
risk of having an earlier ANM in women who reported that
they smoked at baseline, and an unexpected nonsignificant
risk reduction in former smokers. Hayatbakhsh, Clavarino,
Williams, Sina, and Najman (2012) suggested that the effect
of smoking on ANM is reversible if women quit during earlier
reproductive life (Hayatbakhsh et al., 2012). Although the
inverse association in former smokers was not statistically sig-
nificant, additional studies are needed before any conclusions
can be made.

A literature review observed inconsistent findings in relation
to BMI and ANM, and the author suggested that this was due to
differences in the study design and adjustment variables (Gold,
2011). A meta-analysis by Tao et al. (2015) observed that
underweight women were younger at the time of menopause,
compared with normal-weight women. Further, they observed
that overweight women underwent later menopause possibly
due to higher estrogen levels in adipose tissue (Tao et al., 2015).
We observed associations between a later ANM and overweight
and obesity, but neither was statistically significant. In the
Spanish-EPIC cohort most of the women (n = 8018, 63.8%)
were classified as obese or overweight, 36% as normal weight,
and only 22 (0.2%) as underweight.

Consistent results in relation to parity and OC use and a
later ANM have been reported (Dratva et al., 2009; Kacz-
marek, 2007; Martin et al., 2006; Morris et al., 2012; Stepa-
niak et al.,, 2013; Zsakai et al., 2015). We observed that
women with more than one pregnancy (including full-term
pregnancies and abortions) and OC users were older at the
moment of menopause, especially women who started OC
use between the ages of 25 and 30 years compared with
those who started at the age of 31 or later. The mechanism
by which OC use might affect the reproductive lifespan is
not yet clear. Some authors suggested that a later ANM
among OC users could be caused by a delay in the depletion
of oocytes by OCs (Gold, 2011). Use of OC alters hormone
levels, and this further depends on the type, dosage, and
mode of administration of OC. It has been observed by
others that FSH, LH, and estradiol serum concentration
levels decrease during OC use (D'Arpe et al., 2016). Incon-
sistent results were reported in relation to anti-Mullerian hor-
mone (AMH) which is used as an ovarian aging marker and

an indicator of a woman's ovarian reserve. While some stud-
ies observed that OC use did not influence AMH concentra-
tions, other studies reported lower levels of AMH in OC
users than in non-users (D'Arpe et al., 2016).

OC formulations have changed since they were intro-
duced in the 1960s. Early OC preparations contained
>50 pg ethinyl estradiol, and doses decreased in the 1970s
to 30 pg ethinyl estradiol. Current doses could be as low as
15 pg. The “Doorlopend Onderzoek Morbiditeit/Mortaliteit”
(DOM-3) cohort compared the effect of long-term use of
high and low doses of OC with non-OC users in relation to
the ANM. They observed that DOM-3 participants with
long-term (>3 years) use of high doses of OC (prescribed
prior to 1972) had an increased risk of earlier menopause
compared (HR:1.12; 95%CI 1.03-1.21)
(de Vries et al., 2001), and there was no effect of lower
doses of OC, possibly due to moderate exposure to estrogens
and progestin. In Spain, the use of OC as a contraceptive
method was legalized in 1978; previously it was prescribed
to regulate menstrual cycles. In the EPIC-Spain sub-cohort,
51.5% of OC-users started the treatment before 1978 and
only 13% before 1972. Our results by dose of OC are not in
agreement with the DOM-3 study, but are in accordance
with the hypothesis that a reduction in FHS and LH levels
may delay ANM. We observed that short-term users of high
dose OCs had a reduced risk of earlier menopause compared
to non-users. In EPIC-Spain, long-term users of high dose
OC:s reported last use of OC after the year 1972, so it is pos-
sible that during the period that they were taking OC, the
formulation changed from high to low dose and any possible
effect on ANM was diminished. These results should be
interpreted with caution because information on actual doses
was not collected in our study, and the cut-off we used was
somewhat arbitrary.

Higher physical activity levels have been associated with
a later ANM (Dratva et al., 2009; Emaus et al., 2013; Gud-
mundsdottir et al., 2013; Stepaniak et al., 2013). Our data
suggested that ANM is not associated with physical activity
at baseline (after the age of 40 years). Physical activity tends
to reduce circulating sex hormones, especially total and free
circulating estradiol concentrations (Ennour-Idrissi, Maun-
sell, & Diorio, 2015) causing irregular menstrual cycles or
amenorrhea in extremely active women. Our results suggest
that irregular menses were associated with a later ANM, in
agreement with an EPIC-Heidelberg sub-cohort study where
women with irregular menses during the first 5 years after
menarche had a later ANM compared to women who had
regular menses since the first year of menarche (HR: 0.67;
95%CI 0.5-0.89) (Nagel et al., 2005). In our study, the
observed association remained significant after adjusting for
smoking status and OC use. Polycystic ovary syndrome
(PCOS) is associated with irregular menses; and almost 10%
of women worldwide are affected by PCOS. A recent study
found that women with PCOS had longer reproductive life

to non-users
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spans. Women diagnosed with PCOS had higher testoster-
one levels, and a higher number of follicles (Li, Eriksson,
Czene, Hall, & Rodriguez-Wallberg, 2016). Measures of
FSH and LH levels in serum provide an accurate diagnosis
of menopause status (NAMS, 2017). Unfortunately, infor-
mation on FSH and LH levels was not available in the pre-
sent study.

To our knowledge this is the largest prospective study of
lifestyle, diet, menstrual factors and reproductive history,
and age at natural menopause carried out in five Spanish
regions. Further, to the best of our knowledge, this is the first
study to examine the Mediterranean dietary pattern (using
the arMED index) and ANM.

Our results support previous evidence that smokers
undergo earlier menopause; however, women who took OC,
had a higher number of pregnancies, or had irregular menses
had a later ANM. Our results suggest that dietary habits
assessed after the age of 40 years have no effect on ANM.
Further investigations of the role of modifiable factors
(including also dietary habits in earlier life, second-hand
tobacco smoke exposure, and exposure to environmental
contaminants) on ANM using FSH and LH levels in serum
to more accurately diagnose menopause status are needed.
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Objectives: We aimed to evaluate the relation between menstrual
and reproductive factors, exogenous hormones, and risk of pancreatic
cancer (PC).

Methods: Eleven case—control studies within the International Pancreatic
Cancer Case—control Consortium took part in the present study, including
in total 2838 case and 4748 control women. Pooled estimates of odds ratios
(ORs) and their 95% confidence intervals (CIs) were calculated using a
2-step logistic regression model and adjusting for relevant covariates.
Results: An inverse OR was observed in women who reported having had
hysterectomy (ORyesys.n0s 0.78; 95% CI, 0.67-0.91), remaining significant
in postmenopausal women and never-smoking women, adjusted for poten-
tial PC confounders. A mutually adjusted model with the joint effect for
hormone replacement therapy (HRT) and hysterectomy showed significant
inverse associations with PC in women who reported having had hysterec-
tomy with HRT use (OR, 0.64; 95% CI, 0.48-0.84).
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Conclusions: Our large pooled analysis suggests that women who have
had a hysterectomy may have reduced risk of PC. However, we cannot rule
out that the reduced risk could be due to factors or indications for having
had a hysterectomy. Further investigation of risk according to HRT use
and reason for hysterectomy may be necessary.

Key Words: pancreatic cancer, menstrual and reproductive factors,
exogenous hormones, hysterectomy, consortium
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ancreatic cancer (PC) is the 12th most common cancer in the

world,' but has among the poorest survival of all cancers.
The aggressive nature of the disease and the lack of early markers
or effective treatment options result in the lowest 5-year survival
rate (3%—7%) of all cancers in the United States.”*> Approxi-
mately 95% of PCs are ductal adenocarcinomas. Tobacco
smoking is the main risk factor for PC and explains approximately
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20% of the risk in a population where prevalence of smoking is
30%.*> ABO non-O blood group, obesity, long-term type 2 dia-
betes, family history of PC, histories of pancreatitis and possibly
heavy alcohol consumption, familial rare inherited mutations in
BRCA2, p16, and other genes, and common variants in at least 8
genetic loci are the other known PC risk factors.5®

Pancreatic cancer incidence is somewhat higher in men than
in women. In the United States, between 2007 and 2011, the sex
ratio ranged from 1.3 (for ages 40-44 years), to 1.1 (for ages
85 years and older).” In Europe, the estimated sex ratio in 2012
is highest at 1.9, for ages 40 to 44 years, and is 1.1 at ages
75 years and older.'® Some studies, using castrated rats, showed
that administration of sex steroids inhibits the development and
growth of preneoplastic lesions of the pancreas.'"'> Motivated
by these observations, and under the hypothesis that greater expo-
sure to female sex hormones (through early menarche, later men-
opause, high number of pregnancies, and having a history of
hormone use) decreases the risk of PC, several epidemiological
studies have examined possible risk associations with menstrual
and reproductive factors, and hormone use, but with inconsistent re-
sults. A review paper on reproductive factors and PC,"> 2 meta-
analyses on parity,'*'> and a recent meta-analysis'® attempted to
make clear the relations between these factors and PC risk. Compar-
ing and summarizing previous evidence, however, is not a simple
task. Inconsistencies in results may arise from different categoriza-
tion and reference categories of exposure variables, different adjust-
ment or confounding variables, and various study designs and target
populations. Further, many of the previous studies were limited by
small numbers of cases, and some were limited by inadequate ad-
justment for smoking, the primary risk factor for PC.

The aim of the present study was to assess whether menstrual
or reproductive factors or hormone use are associated with risk of
developing PC. Pooled individual analyses of 11 case—control
studies in the Pancreatic Cancer Case—Control Consortium
(PanC4) allowed us to obtain precise estimates of risks and to an-
alyze the associations in detail.

MATERIALS AND METHODS

Studies

Eleven case—control studies with information on menstrual
and reproductive factors and hormone use were available within
the PanC4.'72% At a minimum, the studies were able to provide
information on age at menarche and age at menopause. The total
number of women available in the combined data set was 2838
with PC and 4748 controls. The Surveillance of Environmental
Aspects Related to Cancer in Humans (SEARCH), Toronto and
Shanghai-I studies included proxy responders, accounting for
14.5% of the case and 4.4% of the control women (Table 1).

Exposure Variables

Questions about menstrual and reproductive factors and ex-
ogenous hormone were generally similar across all the studies;
however, full harmonization of the data was performed with the
collaboration of the study investigators. Variables included in
the analysis were the following: reported age at menarche, age at
menopause, type of menopause (natural or surgical), history of
oophorectomy, hysterectomy, age at hysterectomy, number of
pregnancies, number of births (including live and stillbirths), age
at first birth, number of abortions (including induced and sponta-
neous), history of oral contraceptive (OC) use, duration of OC use,
use of menopause hormone replacement therapy (HRT), and

1402 | www.pancreasjournal.com

duration of HRT. We also calculated the cumulative lifetime num-
ber of menstrual cycles, by adapting the index proposed by
Chavez-MacGregor et al’’ as follows: for postmenopausal
women, we calculated the difference between age at menopause
and age at menarche; for each birth and stillbirth, we subtracted
cycles during 36 weeks, and 12 weeks for each abortion. Men-
strual cycles absent while under OC use were assumed to last
28 days duration. For premenopausal or perimenopausal women,
we used age at recruitment instead of age at menopause. Missing
age at menopause was imputed using the study-specific mean age
at menopause or in case of both ovaries removed, the age
at surgery.

Statistical Analysis

Two-stage models were used to estimate pooled odds ratios
(ORs) between menstrual and reproductive factors, hormone
use, and PC risk. At the first stage, for each study, the association
between each factor and PC risk was assessed by estimating the
OR and 95% confidence interval (CI) using study-specific logistic
regression models.?® All models in the first step were adjusted by
age (<45,45-49,50-54,55-59, 6064, 65-69, 70-75, 275 years),
education (=8th grade, 9th—11th grade, 12th grade or high school
graduates, some college or college graduate, 21 year of graduate
school), usual body mass index (BMI, <20, 20 to <25, 25 to
<30, 230 kg/m?), history of nongestational diabetes mellitus, cig-
arette smoking (never-smokers, current smokers < 20 cigarettes/d,
current smokers 220 cigarettes/d, ex-smokers < 10 years, ex-
smokers 210 years), alcohol (no information available, 0 to <1
drink/d, 1 to <4 drinks/d, 24 drinks/d), race (non-Hispanic white,
non-Hispanic black, Hispanic, Asian/Pacific Islander, American
Indian/Alaskan native) and center (for multicentric studies). His-
tory of pancreatitis was not included as an adjustment covariate
in the present analysis because some of the studies observed no
controls with this exposure. To account for possible differences
in hormone levels during pregnancies, number of pregnancies
was included when lifetime cumulative cycles was evaluated. At
the second stage, pooled effect estimates across studies were cal-
culated using random effects meta-analysis.?® To evaluate study-
based heterogeneity, we calculated the x? statistic and the index
P2.3% Galbraith plots were used to examine sources of heterogene-
ity,! and sensitivity analyses excluding the study/studies identi-
fied with Galbraith plots were performed to evaluate study
influence on pooled ORs. Studies that contributed significantly
to heterogeneity in the pooled estimates for reproductive factors
were excluded from the analysis of that factor. To account for all
sources of hormone exposure at the same time, mutually adjusted
models were evaluated after possible collinearity between ex-
posure variables was assessed. Effect-measure modification
by tobacco use (never, current, former), BMI (under + normal
weight vs obese + overweight), and histories of diabetes were
evaluated using the likelihood-ratio statistic. All analyses were ad-
ditionally examined restricted to postmenopausal women and to
never smokers. Finally, sensitivity analyses excluding the proxy
respondents and stratifying by source of control participants
(population- or hospital-based) from the mutually adjusted
models were also performed.

RESULTS
Table 1 gives study characteristics and distributions of the
core variables according to PC status. Case subjects were older
than controls, reported higher BMIs, and were more likely to be
current or ex-smokers. Greater proportions of women who had
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TABLE 1. Studies and Core Variables by Case and Control Status in PanC4 Women

Source of Type of
Cases, n (%) Controls, n (%) Controls Interview
PC 2838 (37.4) 4748 (62.6)
Study Principal investigator
North America
MDACC (2004-2008)  Li, D 257 (9.1) 288 (6.1) Hospital visitors ~ Direct
MSKCC (2003-2010)  Olson, S 424 (14.9) 242 (5.1) Hospital visitors ~ Direct
Toronto (2003-2006) Gallinger, S 217 (7.7) 134 (2.8) Population Direct/proxy (4%)
(6.5% proxies)
UCSF (1995-1999) Bracci, PM 237 (8.4) 818 (17.2) Population Direct
Europe
Central Europe study; Scélo, G; Holcatova, | 361 (12.7) 435(9.2) Population Direct
Poland, Czech
Republic,
Slovakia (2004-2009)
Greece (1990-1992) Lagiou, P 66 (2.3) 132 (2.8) Hospital, Direct
hospital visitors
Milan (1982-1999) La Vecchia, C 133 (4.7) 409 (8.6) Hospital Direct
Italy (1991-2008) Serraino, D 148 (5.2) 304 (6.4) Hospital Direct
China
Shanghai-1 Ji, B-T 187 (6.6) 701 (14.8) Population Direct/proxy
(1990-1993) (29.4% proxies) (5.6% proxies) (10.6%)
Shanghai-II Risch, HA; Gao, Y-T 445 (15.7) 464 (9.8) Population Direct
(2006-2011)
International
SEARCH; Canada, Bueno-de-Mesquita, HB; 363 (12.8) 821 (17.3) Population Direct/proxy
The Netherlands, Miller, AB; Baghurst, (58.4% proxies) (16.8% proxies) (29.6%)
Poland, PA; Zatonski, W
Australia (1983-1989)
Age,y
<45 112 (4.0) 329 (6.9)
45-49 148 (5.2) 282 (5.9)
50-54 228 (8.0) 488 (10.3)
55-59 371 (13.1) 675 (14.2)
60-64 466 (16.4) 746 (15.7)
65-69 544 (19.2) 832 (17.5)
70-75 504 (17.8) 778 (16.4)
=75 465 (16.4) 618 (13.0)
Race
Non-Hispanic white 1555 (67.6) 2839 (65.6)
Non-Hispanic black 46 (2.0) 54 (1.2)
Hispanic 18 (0.8) 53(1.2)
Asian/Pacific Islander 665 (28.9) 1221 (28.2)
American Indian/Alaskan native 2(0.1) 3(0.1)
Other 12 (0.5) 24 (0.6)
Missing 1(0.04) 133 (3.1)
Education
<8th grade 833 (29.4) 1708 (36.0)
9th—11th grade 455 (16.0) 715 (15.1)
12th grade/high school graduate 607 (21.4) 850 (17.9)
Some college/college graduate 581 (20.5) 990 (20.9)
21 y of graduate school 341 (12.0) 454 (9.6)
Missing 21(0.7) 31(0.7)

(Continued on next page)

© 2016 Wolters Kluwer Health, Inc. All rights reserved. www.pancreasjournal.com | 1403

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pancreasjournal.com

Lujan-Barroso et al

Pancreas ¢ Volume 45, Number 10, November 2016

TABLE 1. (Continued)

Source of Type of
Cases, n (%) Controls, n (%) Controls Interview
BMI, kg/m>
<20 319 (11.2) 623 (13.1)
220 to <25 1298 (45.7) 2361 (49.7)
225 to <30 801 (28.2) 1204 (25.4)
230 391 (13.8) 511 (10.8)
Missing 29 (1.0) 49 (1.0)
Tobacco smoking
Never 1730 (61.0) 3250 (68.5)
Current smokers (cigarettes/d)
<20 335(11.8) 486 (10.2)
220 142 (5.0) 113 (2.4)
Ex-smokers (years since quitting)
<10 141 (5.0) 223 (4.7)
=10 417 (14.7) 622 (13.1)
Missing 73 (2.6) 54 (1.1)
Alcohol drinking (drinks/d)*
0to <1 1675 (69.4) 3367 (74.7)
1to<4 317 (13.1) 690 (15.3)
24 104 (4.3) 180 (4.0)
Missing 318 (13.2) 269 (6.0)
History of diabetes
No 2269 (80.0) 4391 (92.5)
Yes 561 (19.8) 357 (7.5)
Missing 8(0.3) 0 (0.0)
History of pancreatitis’
No 1987 (73.9) 3912 (88.0)
Yes 123 (4.6) 49 (1.1)
Missing 580 (21.6) 483 (10.9)

*Information not available in the MSKCC study.
TInformation not available in the Italian study.

MDACC indicates MD Anderson Cancer Center; MSKCC, Memorial Sloan Kettering Cancer Center; SEARCH, Surveillance of Environmental Aspects

Related to Cancer in Humans; UCSE, University of California, San Francisco.

had diabetes or pancreatitis were observed among cases than
in controls.

To account for possible differences in the exposure variables
by race/ethnicity, distributions were evaluated and only minor dif-
ferences in age at menarche were observed between Asian and
non-Asian ethnicities; however, these differences were not statisti-
cally significant (data not shown).

All models of menstrual and reproductive factors and hor-
mone use variables were adjusted for attained age, education, race,
usual BMI, cigarette smoking, histories of diabetes and use of al-
cohol, and center. A statistically significant inverse association
was observed in women who reported having had hysterectomy
(OR, 0.78; 95% CI, 0.67-0.91), remaining consistent in postmen-
opausal and never-smoking women (Table 2). Earlier hysterec-
tomy (<41 years) showed nonsignificant inverse associations
with PC risk (OR537VS>52, 087, 053*142, OR>37&S41VS>527
0.62; 0.37-1.05) (Table 2). The observed OR for HRT users was
0.82 (95% CI, 0.68—0.98) (Table 2).

Nonsignificant ORs below unity were observed in women
who had later menarche (OR-4,5<12, 0.85; 95% CI, 0.66—1.08),
bilateral oophorectomy (OR, 0.83; 95% CI, 0.64—1.06), used
OC (OR, 0.83; 95% CI, 0.69-1.01), reported long-term use of
HRT (OR>36usnon-userss 0-81; 95% CI, 0.66-1.00), or had high
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number of menstrual cycles (OR-o4ss,5<333, 0.74; 95% CIL,
0.54-1.06) (Table 2). Although the association of high number
of menstrual cycles was nonsignificant, in the subset of never-
smokers, the pooled OR was 0.68 (95% CI, 0.60-0.91) (Table 2).
An elevated but nonsignificant OR was observed in women with later
menopause (ORxss,.<30, 1.32; 95% CI, 0.93—1.87) (P trend = 0.63).
Number of pregnancies, number of births, and age at first birth
showed no associations with PC risk (Table 2). We also evaluated
amutually adjusted model including all sources of hormone expo-
sure: exogenous hormones, lifetime cumulative menstrual cycles
(as a summary variable for endogenous hormone exposure); and
gynecological surgery: hysterectomy and oophorectomy. Because
not all the studies collected all the information mentioned previ-
ously, 2 separate models were analyzed. Studies that contributed
significantly to heterogeneity in the pooled estimates in Table 2
were excluded for the mutually adjusted model. The first model
included lifetime cumulative menstrual cycles, HRT, and OC
use; the studies that provided information were MSKCC, Central
Europe and Shanghai-II. A nonsignificant pooled OR below unity
was observed in women with more than 455 cycles compared with
women with at most 333 cycles (OR-4ss,5<333, 0.75; 95% CIL,
0.51-1.12); the pooled OR for HRT users was 0.87 (95% CI,
0.55-1.24). A null effect was observed for OC users (model 1;
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TABLE 2. Menstrual, Reproductive Factors, and Hormone Use in Relation to PC Risk in PanC4 Women

Pooled OR (95% CI)* Pooled OR (95% CI)}

Cases, n (%) Controls, n (%) Pooled OR (95% CI)* Postmenopausal Never Smokers
Menstrual factors
Age at menarche, y
<12* 343 (12.1) 571 (12.0) 0.98 (0.79-1.21) 0.96 (0.76-1.21) 0.91 (0.68-1.21)
12 467 (16.5) 783 (16.5) Reference Reference Reference
13 634 (22.3) 949 (20.0) 1.03 (0.86-1.24) 1.05 (0.87-1.26) 1.01 (0.80-1.29)
14 475 (16.7) 871 (18.3) 0.92 (0.72-1.17) 0.92 (0.73-1.17) 0.84 (0.62-1.12)
>14 734 (25.9) 1441 (30.4) 0.85 (0.66-1.08) 0.85 (0.66-1.10) 0.85 (0.65-1.01)
Missing 185 (6.5) 133 (2.8)
Type of menopause’!
Natural menopause 2053 (78.6) 3214 (78.7) Reference Reference
Surgical menopause 504 (19.3) 832 (20.4) 0.91 (0.77-1.08) 091 (0.74-1.11)
Missing 56 (2.1) 39(0.9)
Age at menopause, yH
<39 209 (7.7) 352 (8.1) Reference Reference
40-44 290 (10.7) 492 (11.3) 0.99 (0.75-1.31) 1.19 (0.81-1.77)
45-49 704 (25.9) 1120 (25.8) 1.26 (0.98-1.62) 1.41 (0.92-2.15)
50-54 1013 (37.3) 1495 (34.4) 1.27 (0.97-1.66) 1.46 (0.96-2.20)
255 243 (8.9) 353 (8.1) 1.32(0.93-1.87) 1.58 (0.86-2.88)
Missing 255(9.4) 532(12.3)
Lifetime cumulative menstrual
cycles (cycles)™
<333 239 (14.1) 474 (18.6) Reference Reference Reference
>333-383 329 (19.4) 552 (21.6) 1.01 (0.74-1.38) 0.96 (0.75-1.24) 1.01 (0.62-1.63)
>383-419 378 (22.3) 536 (21.0) 1.13 (0.87-1.46) 1.08 (0.83-1.40) 1.07 (0.70-1.63)
>419-455 379 (22.3) 502 (19.7) 0.98 (0.75-1.29) 0.98 (0.74-1.28) 1.03 (0.75-1.43)
>455 336 (19.8) 468 (18.3) 0.74 (0.54-1.03) 0.75 (0.53-1.06) 0.68 (0.48-0.97)
Missing 37 (2.2) 23(0.9)
Oophorectomy**
No 1512 (75.3) 2309 (75.9) Reference Reference Reference
1 ovary removed 126 (6.3) 177 (5.8) 0.96 (0.72-1.27) 0.96 (0.71-1.29) 0.99 (0.67-1.45)
2 ovaries removed 279 (13.9) 442 (14.5) 0.83 (0.64-1.06) 0.84 (0.65-1.08) 0.77 (0.58-1.02)
Missing 90 (4.5) 114 (3.8)
Hysterectomy**
No 1361 (67.8) 1930 (63.5) Reference Reference Reference
Yes 562 (28.0) 925 (30.4) 0.78 (0.67-0.91) 0.82 (0.70-0.97) 0.74 (0.60-0.91)
Missing 84 (4.2) 187 (6.2)
Age at hysterectomy, y**7
<37 128 (24.3) 181 (18.7) 0.87 (0.53-1.42) 0.96 (0.57-1.62) 0.86 (0.48-1.55)
>37-41 64 (12.1) 158 (16.3) 0.62 (0.37-1.05) 0.66 (0.38-1.14) 0.51 (0.26-0.98)
>41-46 109 (20.7) 167 (17.2) 1.01 (0.53-1.91) 1.01 (0.51-2.01) 1.40 (0.79-2.47)
>46-52 90 (17.1) 163 (16.8) 0.95 (0.58-1.54) 1.01 (0.60-1.70) 0.84 (0.47-1.51)
>52 83 (15.8) 150 (15.5) Reference Reference Reference
Missing 53 (10.1) 151 (15.6)
Hysterectomy and oophorectomy**
None of them 1265 (63.0) 1830 (60.2) Reference Reference Reference
Oophorectomy 54 (2.7) 73 (2.40) 0.91 (0.60-1.39) 0.81 (0.62-1.05) 0.83 (0.63-1.08)
Hysterectomy 206 (10.3) 366 (12.0) 0.77 (0.60—1.00) 0.85 (0.64-1.14) 0.83 (0.61-1.13)
Oophorectomy and hysterectomy 348 (17.3) 540 (17.8) 0.79 (0.62-1.00) 0.85 (0.55-1.30) 0.73 (0.33-1.64)
Missing 134 (6.7) 233 (7.7)
Reproductive factors
No. pregnancies**
Never pregnant 233 (9.0) 461 (10.3) Reference Reference Reference
1 294 (11.4) 536 (12.0) 1.05 (0.77-1.43) 1.01 (0.73-1.40) 1.06 (0.77-1.45)
2 641 (24.8) 1043 (23.4) 1.25 (0.86-1.83) 1.31 (0.89-1.95) 1.35 (0.87-1.68)
3 562 (21.8) 885 (19.8) 1.16 (0.92-1.45) 1.19 (0.93-1.52) 1.22 (0.89-1.68)
=4 808 (31.3) 1501 (33.6) 1.10 (0.79-1.52) 1.13 (0.80-1.59) 1.23 (0.83-1.82)
Missing 43 (1.7) 36 (0.8)
No. births (live births and stillbirths)**
Never pregnant 175 (6.8) 258 (5.8) 0.93 (0.62-1.39) 0.89 (0.58-1.37) 0.83 (0.60-1.16)
(Continued on next page)
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TABLE 2. (Continued)

Pooled OR (95% CI)* Pooled OR (95% CI)t
Cases, n (%) Controls, n (%) Pooled OR (95% CI)* Postmenopausal Never Smokers

Nulliparous 32(1.2) 94 (2.1) 0.49 (0.29-0.83) 0.47 (0.28-0.81) 0.50 (0.22-1.13)
1 493 (19.1) 811 (18.2) Reference Reference reference
2 788 (30.5) 1347 (30.2) 0.92 (0.77-1.10) 0.94 (0.78-1.15) 0.85 (0.70-1.03)
3 518 (20.1) 799 (17.9) 1.06 (0.86-1.29) 1.05 (0.83-1.32) 1.02 (0.82-1.26)
=4 473 (18.3) 895 (20.1) 1.05 (0.83-1.32) 1.05 (0.81-1.37) 0.94 (0.74-1.18)
Missing 102 (4.0 256 (5.7)

Age at first birth, y##%
<20 214 (11.0) 370 (10.1) Reference Reference Reference
20-23 656 (33.7) 1185 (32.3) 0.98 (0.78-1.24) 1.00 (0.75-1.35) 1.02 (0.75-1.39)
24-27 509 (26.2) 1034 (28.2) 0.90 (0.70-1.15) 0.97 (0.69-1.35) 0.88 (0.63-1.22)
>27 455 (23.4) 801 (21.8) 1.01 (0.65-1.55) 1.04 (0.64-1.69) 1.07 (0.76-1.52)
Missing 110 (5.7) 277 (7.6)

No. abortions (induced and spontaneous)n
Never pregnant 175 (6.9) 258 (5.8) Reference Reference Reference
0 1361 (52.7) 2204 (49.4) 1.26 (0.82-1.96) 1.40 (0.90-2.07) 1.40 (0.91-2.41)
1 562 (21.8) 1010 (22.7) 0.98 (0.75-1.27) 1.09 (0.80-1.48) 1.03 (0.67-1.60)
2 259 (10.0) 475 (10.7) 0.85 (0.55-1.33) 0.99 (0.60-1.64) 0.97 (0.53-1.80)
>3 122 (4.7) 257 (5.8) 0.88 (0.58-1.35) 1.06 (0.68-1.65) 0.93 (0.51-1.69)
Missing 102 (3.9) 256 (5.7)

Exogenous hormone use

OC usell
Non-user 1863 (67.2) 3266 (70.8) Reference Reference Reference
Yes 660 (23.8) 1177 (25.5) 0.83 (0.69-1.01) 0.82 (0.65-1.02) 0.86 (0.67-1.09)
Missing 249 (9.0) 173 (3.8)

OC duration, moll#
Non-user 1568 (73.8) 2574 (71.3) Reference Reference Reference
<12 78 (3.7) 176 (4.9) 0.77 (0.49-1.21) 0.79 (0.52-1.19) 0.76 (0.41-1.40)
12-<36 131 (6.2) 225 (6.2) 0.90 (0.67-1.20) 0.88 (0.65-1.19) 1.30 (0.87-1.94)
236 332 (15.6) 627 (17.4) 0.84 (0.67-1.06) 0.84 (0.63-1.11) 0.85 (0.64-1.13)
Missing 15(0.7) 9(0.25)

HRT uselll##*
No 1395 (65.2) 2251 (65.2) Reference Reference Reference
Yes 632 (29.5) 1105 (32.0) 0.82 (0.68-0.98) 0.79 (0.65-0.97) 0.78 (0.58-1.05)
Missing 113 (5.3) 95(2.8)

HRT duration, mo!"
Non-user 1395 (68.8) 2251 (67.1) Reference Reference Reference
<12 95 (4.7) 184 (5.5) 0.86 (0.55-1.33) 0.88 (0.56-1.38) 0.92 (0.61-1.39)
12 to <36 128 (6.3) 182 (5.4) 1.04 (0.72-1.49) 1.04 (0.71-1.53) 0.94 (0.61-1.46)
236 393 (19.4) 703 (21.0) 0.81 (0.66-1.00) 0.80 (0.63-1.01) 0.75 (0.56-1.00)
Missing 16 (0.8) 36 (1.1)

*Adjusted for: age in 5-year categories, education, BMI, tobacco smoking, diabetes (yes/no), alcohol, and center.
TAdjusted for: age in 5-year categories, education, BMI, diabetes (yes/no), alcohol, and center.

*Shanghai-I was not included in this category because there were 0 cases and 2 controls.

SInformation not available in Shanghai-I study.
Itn postmenopausal women.

nformation not available in MDACC, SEARCH, Toronto and Greek studies. UCSF was excluded due to heterogeneity (2 = 62%) and its influence in

the pooled estimates.

#Adjusted for age in S-year categories, education, BMI, tobacco smoking, diabetes (yes/no), alcohol, center, and number of pregnancies.
**Information not available in the Milan, Greek, Shanghai-I, and Shanghai-II studies.
T Central Europe study excluded due to high heterogeneity (*= 53.4%) and its influence in the pooled estimations.
HInformation on parity not available in the MDACC study.

810 parous women.
Ilnformation not available in the Greek study.

MShanghai I study was not included due to the proportion of non-users and short-users (<6 months) was 295%.
#Toronto study was not included due to the lack of controls in the highest category.

***Shanghai-1 study was not included due to the proportion of non-users was 295%. Italy + Milan studies were excluded due to heterogeneity

(# = 58.2%) and its influence in the pooled estimates.

TT"Milan, Italy, Shanghai-I and Shanghai-II were not included due to the proportion of non-users and short-users (<6 months) was 290%.
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TABLE 3. Mutually Adjusted Models for Cumulative Number of Menstrual Cycles, Hormone Use, Gynecological Surgery, and PC Risk

in Panc4 Women

Pooled OR (95% CI)  Pooled OR (95% CI)

Cases/Controls  Pooled OR (95% CI) Postmenopausal Never Smokers
Model 1*7  Lifetime cumulative menstrual

cycles (cycles)
<333 161/135 Reference Reference Reference
>333-383 208/215 0.81 (0.58-1.14) 0.81 (0.58-1.15) 0.71 (0.48-1.06)
>383-419 2731247 0.93 (0.66-1.31) 0.94 (0.67-1.32) 0.81 (0.54-1.21)
>419-455 288/273 0.85 (0.60-1.19) 0.85 (0.60-1.20) 0.79 (0.52-1.18)
>455 267/252 0.75 (0.51-1.12) 0.76 (0.52-1.11) 0.65 (0.42-1.01)
Missing 33/19

HRT use
No 995/912 Reference Reference Reference
Yes 185/166 0.87 (0.55-1.39) 0.87 (0.55-1.39) 0.87 (0.53-1.42)
Missing 60/63

OC use
Non-user 796/785 Reference Reference Reference
Yes 231/223 0.95 (0.72-1.24) 0.94 (0.72-1.23) 0.95 (0.68-1.32)
Missing 203/133

Model 2¥¥  Hysterectomy and HRT use

Neither 865/1114 Reference Reference Reference
HRT use alone 303/492 0.84 (0.64-1.10) 0.84 (0.63-1.12) 0.73 (0.46-1.15)
Hysterectomy alone 234/323 0.70 (0.54-0.92) 0.80 (0.60-1.07) 0.57 (0.39-0.83)
Hysterectomy and HRT use 287/534 0.64 (0.48-0.84) 0.65 (0.48-0.88) 0.55 (0.37-0.83)
Missing 170/275

Oophorectomy
No 1611/1144 Reference Reference Reference
1 ovary removed 113/147 1.13 (0.81-1.58) 1.08 (0.77-1.53) 1.34 (0.82-2.19)
2 ovaries removed 269/413 1.12 (0.83-1.52) 1.09 (0.80-1.48) 1.13 (0.77-1.66)
Missing 88/101

OC use
Non-user 1046/1576 Reference Reference Reference
Yes 565/990 0.78 (0.61-0.99) 0.76 (0.57-1.01) 0.83 (0.59-1.15)
Missing 248/172

*Adjusted for: age in S5-year categories, education, BMI, tobacco smoking, diabetes (yes/no), alcohol, center, and number of pregnancies. Never smokers

model did not include tobacco smoking variable.
TStudies included MSKCC, Central Europe, and Shanghai-II.

*Adjusted for: age in 5-year categories, education, BMI, tobacco smoking, diabetes (yes/no), alcohol and center. Never smokers model did not include

tobacco smoking variable.

$Studies included MDACC, MSKCC, Toronto, UCSF, Central Europe, and SEARCH.

Table 3). The second mutually adjusted model included MDACC,
MSKCC, Toronto, UCSE, Central Europe, and SEARCH studies.
For this model, the joint effect of hysterectomy and HRT use was
evaluated according to the following categories: use of neither,
HRT use alone, hysterectomy alone, and both hysterectomy plus
HRT use (model 2; Table 3). This joint effect variable was evaluated
because the frequency of HRT use was 3 times as high in women
who had had hysterectomies than not (data not shown). History of
oophorectomy and OC use were also included in the model (model
2; Table 3). The joint effect analysis of hysterectomy and HRT use
showed that HRT use without hysterectomy conveyed a nonsignifi-
cant inverse association with PC (ORprrysnones 0.84; 95%
CIL, 0.64-1.10), whereas a significant inverse association with
PC risk was observed in women with hysterectomy without HRT
use (ORypystercctomyvsnones 0.70; 95% CI, 0.54-0.92) which was

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

somewhat lower (ORpygerectomy+HRTvsneither 0.64;  95%  CI,
0.48-0.84) for women also taking HRT. No statistically significant
association was observed in relation to oophorectomy. A sensitivity
analysis was performed, where the joint effect was considered only
when HRT use started at the same time or after the hysterectomy;
however, the results did not change (data not shown). A forest plot
of the study-specific and the pooled ORs for the joint effect of hys-
terectomy and use of HRT and PC risk is presented in Figure 1.
We found no evidence for effect-measure modification of
the relation between each factor and PC risk by cigarette smoking,
BMI, and history of diabetes (all likelihood ratio statistic P> 0.05)
(data not shown). Sensitivity analyses in never-smoking women
and in postmenopausal women were performed, but in general, ex-
cept as noted previously, results did not change (Tables 2 and 3).
No major differences in pooled OR estimates were observed when

www.pancreasjournal.com | 1407

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.


http://www.pancreasjournal.com

Lujan-Barroso et al

Pancreas ¢ Volume 45, Number 10, November 2016

Study Cases  Controls OR (95% CI)
HRT use
MDACC 52 65 —_— 0.74 (0.41-1.31)
MSKCC 66 55 ———— 0.65 (0.35- 1.08)
Toronto 44 40 0.62 (0.30- 1.28)
UCSF 66 208 — 0.84 (0.56- 1.26)
Central Europe EL 33 —— 1.73(0.96-3.11)
SEARCH 36 89 -+ 0.80 (0.50-1.28)
Pooled estimate - 0.84 (0.64- 1.10)
Heterogeneity between studies §2=35%; P=0,174
Hysterectomy
MDACC N 35 0.60(0.29-1.24)
MSKCC a4 19 -+ 0.83 (0.40-1.71)
Toronto 33 15 + 1.34 (0,50~ 3.60)
UCSF 18 62 0.58 (0.30-1.14)
Central Europe 63 a1 —_— 0.90(0.51=1.60)
SEARCH 39 129 —_— 0,55 (0,34 0.90)
Pooled estimate e 0.70 (0.54- 0.92)
Heterogeneity between studies 12)»0%; P=0.549
Hysterectomy & HRT use
MDACC 76 115 - 0,52 (0.27-1.00)
MSKCC 50 37 0.62 (0.28-1.39)
Toronto 39 30 + 1.19 (0.46— 3.10)
UCSF 64 249 —_— 0.64 (0.38- 1.08)
Central Europe 18 5 € 0.57 (0.24-1.32)
SEARCH 29 75 _— 0.64 (0.36- 1.14)
Pooled estimate s 0.64 (0.48- 0.84)
Heterogenelty between studies [2)»0%; Pe0834
I |
244 1 4.09

FIGURE 1. Study-specific and pooled OR estimates for the associations of hysterectomy and HRT use with risk of PC in PanC4 women
(model 2; Table 3). Adjusted for: age in 5-year categories, education, BMI, cigarette smoking, diabetes, alcohol, center, oophorectomy,

and OC use. Box sizes are weighted by the inverse of the variance.

proxy-respondents were excluded from the mutually adjusted
models or when models were stratified by the source of control
participants (data not shown).

DISCUSSION

The present pooled data analysis of 11 case—control studies,
including 2838 PC case women and 4748 controls, allowed us to
estimate more precisely possible relations between menstrual and
reproductive factors, hormone use, and PC risk. Our results sug-
gest that undergoing hysterectomy may significantly reduce the
risk of developing PC by 22%.

A nonstatistically significant OR below unity was observed
with high lifetime cumulative number of menstrual cycles (>455
cycles). When the analysis was restricted to never-smokers, this
association became statistically significant. Lifetime cumulative
menstrual cycles are an index for total exposure to endogenous
hormones. Because hormonal levels differ during pregnancy, we
subtracted from the calculation 36 and 12 weeks for each birth
and abortion, respectively, and included the number of pregnan-
cies as an adjustment variable; and hormone use (HRT and OC)
was also included in the model. Chavez-MacGregor et al*’ also
excluded from the calculation a 6-week absence of cycles for
women who reported lactation, and they accounted for menstrual
cycle irregularity. Unfortunately, this information was not avail-
able in the included PanC4 studies. Because smoking is an impor-
tant risk factor for PC and may also affect sex hormone levels,*
we carried out additional analyses limited to never-smokers, al-
though similar patterns of relative risk were observed. Obese
and overweight persons have an increased risk of PC,*® and high
BMI is positively associated with high estrogens levels®*; but in
our analysis, different levels of BMI did not alter our OR estima-
tions. Further analyses were also performed in postmenopausal
women, and similar estimates of risk and 95% CIs were observed.

1408 | www.pancreasjournal.com

In the published literature, 7 previous studies of PC col-
lected information on oophorectomy and hysterectomy; and all
case—control studies that collected this information'®2%3% were
included in the present pooled analysis. Hysterectomy prevalence
in PanC4 cases is almost 28% (American studies: 33%, European
studies: 21%). In the American cohort studies, hysterectomy prev-
alence in PC cases is approximately 40%,>%>7 whereas in the
European Prospective Investigation into Cancer and Nutrition
(EPIC) cohort the prevalence was almost 15%.% The Iowa
Women's health study (IWHS) cohort showed a statistically signif-
icant increase in risk for both hysterectomy (hazard ratio [HR],
1.37; 95% CI, 1.02-1.82) and bilateral oophorectomy (HR,
1.43; 95% CI, 1.01-2.00).>” The EPIC cohort observed a no effect
of bilateral oophorectomy and hysterectomy with ovarian conser-
vation on PC risk.>® The Cancer Prevention Study-II Nutrition
Cohort found that hysterectomy with ovarian conservation
was associated with an increased risk of PC (OR, 1.48; 95%
CI, 1.03-2.14), although no effect of hysterectomy with bilat-
eral oophorectomy on PC was observed (OR, 0.97; 95% CI,
0.69-1.37).3° A recent meta-analysis observed!® an inverse asso-
ciation in relation to hysterectomy and PC risk in case—control
studies (OR, 0.77; 95% CI, 0.64-0.94) and no association in co-
hort studies. This result in case—control studies agreed with our
general findings on hysterectomy (OR, 0.78; 95% CI, 0.67-0.91).
Discrepancies between cohort studies and case—controls studies
might be explained by selection bias in hospital-based (HB)
case—control studies; however, we observed that the association
between hysterectomy and PC was borderline in the population-
based (PB) case—control studies (PB: OR, 0.84; 95% CI,
0.69-1.01; HB: OR, 0.70; 95% CI, 0.54-0.90) and results by
source of controls were not considered heterogeneous (Wald sta-
tistic for heterogeneity: 1.21, P =0.271).

The role of HRT in relation to PC risk is not clear. Although 2
cohort’”* showed nonsignificant inverse associations, one cohort

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
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study*' and a case—control studies** showed nonsignificant in-
creases in risk. Finally, 2 studies showed relative risk estimates
for HRT close to unity.*®>° All remaining case—control studies
were included in our pooled analysis.'®2%>> None of these stud-
ies, or our pooled analyses, was able to distinguish the type of hor-
mone therapy used, for example, whether combinations of
estrogen and progestin were used, or estrogen alone. Use patterns
for type of hormone therapy have changed during the past de-
cades, with eras of estrogen alone and estrogen plus progestin.*?
The Women's Health Initiative (WHI) randomized controlled trial
findings support the hypothesis that estrogen alone or estrogen
plus progestin may not have the same biological effects. The
WHI observed that women who reported the combination of es-
trogen and progestin had an increased risk of breast cancer and
a nonsignificant decrease in the risk of endometrial cancer,*
whereas taking estrogen alone did not show an increase of breast
cancer in women with hysterectomy.*> Thus, estrogen-only HRT
is usually recommended for women who have had hysterec-
tomy.*> To evaluate the influence of changes in the consumption
patterns of HRT, we analyzed the use of HRT by study year (be-
fore 2002 vs after 2002); and we observed no differences in the
pooled risk estimate.

In PanC4, information on HRT type was not available; how-
ever, we did observe that the frequency of HRT use was 3 times as
high among women who reported hysterectomy than not. Further,
almost 57% of women started the HRT treatment at the age of the
hysterectomy, and 30% after hysterectomy. We observed a 36%
lower risk in comparison to women with intact uteri and who
had not used HRT. It is possible that women who have had hyster-
ectomy and used HRT may have lower PC risk because of other
factors besides hysterectomy and HRT.

Some diseases, for which the treatment is hysterectomy, are
directly related with increased female hormone levels. Almost
70% of American women*® during their fertile life will have fi-
broids. In many cases, fibroids do not cause symptoms, however,
they can cause abnormal bleeding, and pelvic pressure, for which
hysterectomy is the recommended treatment.***’ Among the fac-
tors that can contribute to fibroid growth are elevated levels of es-
trogens and progesterone.*’ Further, women diagnosed with
hyperplasia tend to undergo hysterectomy surgery.*® Hyperplasia
is associated with higher levels of estrogens and insufficient levels
of progesterone, and may evolve to endometrial cancer.*® Unfortu-
nately, the specific reason for having a hysterectomy was not avail-
able in PanC4 data, so we could not verify if the observed
protective effect that was shown with hysterectomy was due to un-
derlying elevated estrogen levels in the mentioned diseases or to
other factors related to having a hysterectomy.

Lifetime cumulative menstrual cycle is an index that attempts
to summarize reproductive information, including information on
menarche, menopause, pregnancies, OC, and lactation. Our ana-
lytical approach allowed us to evaluate the index including these
factors, with the exception of lactation. Three previous studies
of PC have evaluated the index, but each study used a different
calculation and different adjustment variables.*®>%%° All the stud-
ies, including our analysis, found no association between lifetime
cumulative menstrual cycles and PC risk, suggesting little or no
effect of female hormones on PC risk.

In light of the inconsistent results between the studies on
menstrual and reproductive factors, hormone use and PC risk, it
is worth noting that previous studies had diverse study designs,
target populations, and confounder and adjustment variables; spe-
cifically, adjustments for smoking and alcohol. Furthermore, risk
estimates for hysterectomy and for oophorectomy were inconsis-
tent in our analysis with those provided by cohort studies,*®*%3
possibly caused by selection bias in case—control studies.

© 2016 Wolters Kluwer Health, Inc. All rights reserved.

The main weakness of our analysis is that not all of the stud-
ies collected all of the information on menstrual and reproductive
factors and hormone use. Thus, mutually adjusted models could
be obtained in only 4 or 6 studies, depending on the included var-
iables, and a model that contained all collected factors in all stud-
ies was not possible. Another weakness of our analyses is that for
some variables such as age at menopause, and for OC and HRT
durations, we received categorical variables from some of the
studies, so cut points for these variables had to be based on the re-
ceived information, or the information could not be included in
the calculation of lifetime cumulative menstrual cycles. Also, time
periods of studies vary from the 1980s to 2011, however, low
heterogeneity between studies in each pooled OR estimation
was observed. Even so, the PanC4 consortium includes a large
data set which allowed us to adjust for cigarette smoking, alco-
hol intake, and other potential confounding variables, and with
sufficient power to estimate ORs across strata of major PC risk
factors, for example, smoking, BMI, and diabetes.

In conclusion, our pooled analysis found no associations be-
tween age at menarche, menopause, lifetime cumulative men-
strual cycles, oophorectomy, parity, history of OC use, and PC
risk, but suggests that women who have had hysterectomy may
be at lower risk of PC. Further investigations by type and formu-
lation of HRT and reason for hysterectomy could clarify the role,
if any, of hysterectomy in relation to PC risk.
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The role of hormonal factors in the etiology of lymphoid neoplasms remains unclear. Previous studies have yielded
conflicting results, have lacked sufficient statistical power to assess many lymphoma subtypes, or have lacked detailed
information on relevant exposures. Within the European Prospective Investigation Into Cancer and Nutrition cohort, we
analyzed comprehensive data on reproductive factors and exogenous hormone use collected at baseline (1992—-2000)
among 343,458 women, including data on 1,427 incident cases of B-cell non-Hodgkin lymphoma (NHL) and its major
subtypes identified after a mean follow-up period of 14 years (through 2015). We estimated hazard ratios and 95% con-
fidence intervals using multivariable proportional hazards modeling. Overall, we observed no statistically significant as-
sociations between parity, age at first birth, breastfeeding, oral contraceptive use, or ever use of postmenopausal
hormone therapy and risk of B-cell NHL or its subtypes. Women who had undergone surgical menopause had a 51%
higher risk of B-cell NHL (based on 67 cases) than women with natural menopause (hazard ratio = 1.51, 95% confi-
dence interval: 1.17, 1.94). Given that this result may have been due to chance, our results provide little support for the
hypothesis that sex hormones play a role in lymphomagenesis.

cohort studies; hormone therapy; hysterectomy; lymphoma; menopause; menstrual factors; oophorectomy; parity

Abbreviations: Cl, confidence interval; EPIC, European Prospective Investigation Into Cancer and Nutrition; HR, hazard ratio;
ICD-0-2, International Classification of Diseases for Oncology, Second Edition; NHL, non-Hodgkin lymphoma.

Non-Hodgkin lymphoma (NHL) is a heterogeneous group
of hematological malignancies, the incidence of which has risen
in some Western countries since the 1970s, although it seems to
have reached a plateau during the last few decades. Incidence
rates of NHL are higher in men than in women for most NHL
subtypes (1). Reproductive hormones interact with the immune
system in numerous ways (2, 3), and women produce a more
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vigorous cellular and humoral response than men (4). Increasing
evidence suggests a role of estrogens in hematological malignan-
cies (5). While normal human peripheral blood cells express both
estrogen receptor o and estrogen receptor 3, lymphoid neoplasms
express and up-regulate estrogen receptor 3 (6, 7). Furthermore,
estrogen receptor § agonists have been shown to strongly inhibit
the growth of lymphoma and leukemia cells in mice (8, 9).
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Although the interaction between the endocrine and immune
systems is complex, hormonal influences in NHL etiology seem
biologically plausible. However, analyses that have examined
the association of reproductive factors with NHL risk have been
inconsistent, probably because of study limitations (10), includ-
ing lack of detailed data on hormonal factors and limited statisti-
cal power to examine these associations for different NHL
subtypes, which may have different etiologies (11). We therefore
investigated the roles of reproductive factors and exogenous hor-
mone use in risk of B-cell NHL using detailed data from a large
cohort study, the European Prospective Investigation Into Cancer
and Nutrition (EPIC).

METHODS

EPIC is an ongoing multicenter cohort study that recruited
521,324 participants between 1992 and 2000 from 23 research
centers in 10 European countries. Participants were generally
recruited from the general population residing in a geographic
area. Exceptions were the cities of Utrecht, the Netherlands, and
Florence, Italy (women participating in breast cancer screening
programs); parts of the Italian and Spanish cohorts (blood do-
nors); most of the Oxford, United Kingdom, cohort (vegetarian
volunteers); and participants from France and Germany (health
care insurance organizations). In France, Norway, Utrecht, and
Naples, Italy, only women were enrolled (12). At recruitment,
participants signed a consent form and provided information
on diet and lifestyle, and anthropometric measurements were
taken. Data collection procedures were centralized as those of
a single study with multiple centers. Specific questionnaires for
women were used to collect information on menstrual factors,
reproductive history, and use of exogenous hormones (12). Parti-
cipants with prevalent cancer (except nonmelanoma skin cancer)
and those with missing follow-up information were excluded
(n =29,332). Men (n = 148,007) and persons with incomplete
information on lifestyle factors (n = 527) were excluded from
the present analysis.

Incident lymphoma cases were identified through population
cancer registries and active follow-up (through 2015), including
use of health insurance records, hospital registries, and direct
contacts with participants or next of kin. Lymphoid neoplasms
were initially classified according to the Infernational Classifi-
cation of Diseases for Oncology, Second Edition (ICD-0-2),
and were then later recoded to the International Classification
of Diseases for Oncology, Third Edition, from the World
Health Organization Classification of Tumours of Haemato-
poietic and Lymphoid Tissues (13). The conversion was made
using an algorithm available on the Surveillance, Epidemiol-
ogy, and End Results web page (http://www.seer.cancer.gov/)
and involved a pathology expert and local expertise from partic-
ipating EPIC centers. Cases with ICD-O-2 codes that could not
be translated unequivocally into a lymphoid neoplasm diagno-
sis according to the World Health Organization classification
system were categorized as “lymphoid neoplasm, unclassified”
(“NOS”). The classification was further revised by participating
centers using the InterLymph Pathology Working Group classi-
fication, which is based in the 2008 World Health Organization
classification (13). We refer here to “B-cell NHL,” which
is equivalent to “mature B-cell neoplasms” as defined by the
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World Health Organization and which includes multiple mye-
loma and chronic lymphocytic leukemia/small lymphocytic
leukemia in its definition. The total number of cases included
1,849 lymphomas, of which 1,427 were B-cell NHL, 73 were
T-cell NHL, 80 were Hodgkin lymphoma, and 269 were other
unclassified subtypes of lymphoma. The 1,427 B-cell NHL cases
were further categorized into 302 cases of diffuse large-cell lym-
phoma, 264 cases of follicular lymphoma, 289 cases of chronic
lymphocytic leukemia/small lymphocytic lymphoma, 387 cases
of multiple myeloma, and 185 cases of other subtypes of B-cell
NHL. Analyses of Hodgkin lymphoma, T-cell NHL, and other
unclassified subtypes of lymphoma were not performed
owing to small numbers. Thus, the present analyses were
based on 343,458 women and 1,427 cases of B-cell NHL.

Information on variables included in the analysis was col-
lected at baseline using standardized questionnaires. These
variables included reported age at menarche, number of full-
term pregnancies, age at first birth, breastfeeding, duration of
breastfeeding, history and duration of oral contraceptive use
and postmenopausal hormone therapy, menopausal status, re-
ported age at natural menopause, oophorectomy, and hyster-
ectomy. For the hormone therapy variables, participants were
asked whether they had ever used these drugs and about the
timing of use, age at starting use, total duration of use, and type
of formulation (estrogen alone, progestin alone, or estrogen +
progestin). Self-reported baseline menopausal status was defined
as menopausal (natural cessation of menses in the last 12 months
or surgical menopause due to bilateral ovariectomy), perimen-
opausal (no longer naturally menstruating at the time of recruit-
ment or fewer than 9 menstrual cycles in the past 12 months),
and premenopausal (regular menses or at least 9 menstrual cy-
cles in the past 12 months).

Proportional hazards modeling was used to estimate hazard
ratios and 95% confidence intervals for reproductive factors
and risk of B-cell NHL and its major subtypes. Age was used
as the underlying time scale, and all models stratified by age at
recruitment (1 year-categories) and study center and adjusted
for educational level. Body mass index, physical activity, and
smoking status were not included as adjustment covariates
because they did not change the risk estimates by more than
10%. The proportional hazards assumption was checked using
graphical methods and a goodness-of-fit test. Additional analy-
ses were performed by means of the Wald test statistic to assess
the homogeneity of the risk between lymphoma subtypes, using
the SAS macro %SUBTYPE (SAS Institute, Inc., Cary, North
Carolina) (14). All analyses were performed with SAS, version 9.4.

RESULTS

The analytical cohort was followed for an average of 14
years, for a total of 4,792,436 person-years. Baseline character-
istics of participants are presented in Web Table 1 (available at
https://academic.oup.com/aje). Overall, age at menarche, parity,
and breastfeeding (Table 1), as well as oral contraceptive use
and age at natural menopause (Table 2), were not statistically
significantly associated with B-cell NHL risk.

Surgical menopause was significantly associated with B-cell
NHL risk as compared with natural menopause (hazard ratio
(HR) = 1.51,95% confidence interval (CI): 1.17, 1.94; Table 2).
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Table 1. Risk of B-Cell Non-Hodgkin Lymphoma According to Baseline Menstrual and Reproductive
Characteristics, European Prospective Investigation Into Cancer and Nutrition, 1992—-2000

Characteristic No. of Person-Years  No. of Cases® HR® 95% CI P for Trend
Age at menarche, years 0.65
<12 699,808 191 1.00  Referent
12 978,186 251 0.92 0.76,1.11
13 1,194,471 372 1.06 0.89,1.27
14 1,002,365 326 1.02 0.85,1.23
>14 741,051 241 0.90 0.74,1.10
Missing data 46
Parity (no. of full-term pregnancies) 0.82
0 (nulliparous) 706,477 176 1.00 Referent
1 683,853 207 0.97 0.79,1.19
2 1,832,221 516 0.87 0.73,1.04
>3 1,244,184 458 1.02 0.85,1.22
Missing data 70
Age at first full-term pregnancy®, years 0.91
<20 563,887 172 1.00 Referent
21-23 1,029,538 319 1.01 0.84,1.22
24-25 760,262 248 1.05 0.86,1.28
26-30 1,112,936 335 0.97 0.80,1.17
>30 392,245 125 1.08 0.85,1.38
Missing data 4
Breastfeeding®
Never breast-fed 541,260 138 1.00 Referent
Ever breast-fed 3,058,525 984 116 0.97,1.39
Missing data 81
Duration of breastfeedingd, months 0.41
<2(T1) 976,473 304 1.00  Referent
3-8(T2) 1,005,212 304 091 0.77,1.07
>9(T3) 1,044,614 370 1.06 0.90,1.26
Missing data 6

Abbreviations: ClI, confidence interval; HR, hazard ratio; T, tertile.
2 Numbers may not sum to totals because of missing values.
b All models stratified the data by center and age and adjusted the results for educational level.

¢ Among parous women (n = 1,203 cases).

¢ Among parous women who had ever breast-fed (n = 984 cases).

Accordingly, women who had undergone both hysterectomy and
oophorectomy had a 26% higher risk of B-cell NHL compared
with women who had not (HR = 1.26, 95% CI: 1.01, 1.56). As-
sociations were more pronounced among women who had under-
gone bilateral oophorectomy (HR = 1.51, 95% CI: 1.19, 1.91)
than among women who had undergone unilateral oophorectomy
(HR = 0.81,95% CI: 0.59, 1.10), as compared with women with
intact ovaries (data not shown). Postmenopausal hormone therapy
was not associated with B-cell NHL (HR = 1.03, 95% CI: 0.91,
1.18) overall or by formulation (estrogen alone, progestin alone,
or estrogen plus progestin). Among women with no postmeno-
pausal hormone therapy use, having a surgical menopause was
still associated with greater B-cell NHL risk than having a natural
menopause (HR = 1.74, 95% CI: 1.19, 2.49; data not shown).

No consistent associations were found in the analyses by lym-
phoma subtype (Web Tables 2 and 3). No significant heterogene-
ity was observed by subtype for any of the potential risk factors
evaluated (data not shown). Results of analyses combining
B-cell and T-cell subtypes and censoring multiple myeloma
from the definition of lymphoma are provided in Web Tables 4
and 5 for comparability with previous studies; results were
similar.

DISCUSSION

In this analysis of women from a large prospective cohort
study, we generally observed null associations with reproductive
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Table 2. Risk of B-Cell Non-Hodgkin Lymphoma According to Baseline Exogenous Hormone Use and Menopausal
Factors, European Prospective Investigation Into Cancer and Nutrition, 1992—-2000

Characteristic No. of Person-Years No.of Cases® HRP 95% CI P for Trend

Oral contraceptive use

Never use 1,919,675 687 1.00 Referent
Everuse 2,731,051 706 0.93 0.83,1.05
Missing data 34

Duration of oral contraceptive use, years 0.16
0 (never use) 1,919,675 687 1.00 Referent
0.2-3.9(T1) 759,811 222 1.02 0.87,1.20
4.0-9.9(T2) 879,090 206 0.90 0.76,1.07
>10.0(T3) 833,513 220 0.91 0.77,1.07
Missing data 92

Menopausal status
Premenopausal 1,693,207 256 1.19 0.92,1.54
Perimenopausal 918,876 249 093 0.77,1.13
Postmenopausal

Natural 2,058,663 855 1.00 Referent
Surgical 121,690 67 151 1.17,1.94

Missing data 0

Age at natural menopause (n = 855), years 0.83
<45 331,008 132 1.00 Referent
46-50 661,418 274 1.03 0.83,1.27
>50 595,101 256 1.00 0.80,1.23
Missing data 193

Oophorectomy and hysterectomy status
Neither 3,253,667 885 1.00 Referent
Oophorectomy 87,407 28 0.97 0.64,1.42
Hysterectomy 244,685 105 1.17 0.95,1.43
Hysterectomy + oophorectomy 82,879 95 1.26 1.01,1.56
Missing data 314

PHT status®
Never use 1,797,159 657 1.00 Referent
Everuse 1,001,200 427 1.03 0.91,1.18
Missing data 87

Duration of PHT, years 0.1
0 (never use) 1,797,159 657 1.00 Referent
0.10-1.25(T1) 330,183 115 0.98 0.80,1.20
1.26-4.00(T2) 345,001 123 1.01 0.83,1.24
>4.00 (T3) 317,805 136 1.00 0.82,1.22
Missing data 53

Type of PHT®
Never use 1,797,159 657 1.00 Referent
Estrogen alone 428,936 137 0.95 0.78,1.17
Progestin alone 11,837 5 1.27 0.51,3.12
Estrogen + progestin 290,446 131 1.13 0.92,1.38
Missing data 241

Abbreviations: Cl, confidence interval; HR, hazard ratio; PHT, postmenopausal hormone therapy; T, tertile.
2 Numbers may not sum to totals because of missing values.

b All models stratified the data by center and age and adjusted the results for educational level.

¢ Among peri- and postmenopausal women (including women with surgical menopause) (n = 1,171 cases).
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factors and exogenous hormone use and B-cell NHL, except for
a moderately increased risk among women who at baseline re-
ported having had a surgical menopause as compared with
women who did not. Hysterectomy alone was not associated
with B-cell NHL risk, while women with hysterectomy plus
oophorectomy (especially bilateral oophorectomy) showed a
higher risk of B-cell NHL.

The subject of the role of reproductive factors in lymphoma-
genesis has been controversial. Evidence for a role of hormonal
factors in NHL etiology comes mainly from observational data
summarized in a systematic review of the literature (10) and
randomized data from the Women’s Health Initiative Clinical
Trial (15). In summary, regarding observational data, 7 cohort
studies (16-25), 13 case-control studies (26-39), and pooled
analysis of 2 consortia of case-control studies (40—42) found as-
sociations between reproductive factors or hormone use and
incident lymphoma. Several studies lacked detailed data
on hormonal exposures and used heterogeneous defini-
tions of lymphoma and hormonal exposures that hampered
the performance of a meta-analysis (10). The present anal-
ysis was based on detailed hormonal assessments, and it
was the third largest individual study in terms of number
of cases after 2 registry-based studies carried out in Sweden and
Denmark, which assessed pregnancy variables and included
1,744 and 1,573 cases, respectively (20, 28).

Our finding of no association with parity is consistent
with findings from the pooled analyses of the International
Lymphoma Epidemiology Consortium (InterLymph), which
included 3,816 cases and 5,151 controls from 18 studies (40).
We observed null results for oral contraception, in accordance
with previous studies (16, 23, 24). Postmenopausal hormone
therapy has yielded contradictory findings. The protective role
of hormone therapy observed in case-control studies (31-33,
36, 39, 42) has not been replicated in cohort studies (16, 19, 21,
24, 25). Additionally, in a systematic review of the literature,
we concluded that the association between NHL and postmeno-
pausal hormone therapy probably depends on the formulation
used and oophorectomy status, which have been rarely assessed
(10). When these data were available, associations were derived
from unopposed estrogen use, rather than use of estrogen +
progestin, although there were still inconsistencies. However, in
the present cohort analyses, we did not find associations between
B-cell NHL and unopposed estrogen use or combined therapy.
Randomized data can help in disentangling the role of hormone
use in lymphoma risk and help to avoid biases commonly
observed in observational studies (43). In the Women’s Health
Initiative Clinical Trial, conjugated equine estrogens plus me-
droxyprogesterone acetate or conjugated equine estrogens
alone were tested against placebo, and incidence rates of NHL
were calculated by treatment group (15). During the 13 years
of follow-up, 27,229 women were randomized to treatments,
and 383 incident NHL cases were identified. In that study,
incidence of NHL was similar in the treatment and placebo
groups. Together with our data and other cohort data, this sug-
gests that hormone therapy is not associated with NHL.

We observed that women with surgical menopause, particu-
larly women with hysterectomy and bilateral oophorectomy,
showed a significantly higher risk of B-cell NHL. The ovaries
secrete sex hormones, and several studies have suggested that
women who undergo bilateral oophorectomy have reduced

serum concentrations of androgens, rather than estrogens, com-
pared with postmenopausal women with intact ovaries (44, 45).
However, steroid metabolism is very complex, and in vitro data
suggest that androgens could modulate NHL risk in either
direction (46, 47). Epidemiologic literature on the role of
oophorectomy in NHL risk or its subtypes is scarce. In the
California Teachers Study cohort, Lu et al. (25) observed that
women with bilateral oophorectomy had a significant 37%
increased risk of NHL compared with women with natural
menopause, in accordance with our results. In a case-control
study evaluating risk factors for multiple myeloma, surgical men-
opause by hysterectomy with bilateral oophorectomy was statisti-
cally significantly associated with an 85% increased risk of
multiple myeloma (38). However, Lee et al. (31) found null re-
sults for NHL in a population-based case-control study, although
women with oophorectomy and hysterectomy alone (with-
out oophorectomy) were analyzed together and relevant
misclassification of the surgical menopause may occurred.
Considering our results and the 2 previous positive findings
(25, 38), further assessment of bilateral oophorectomy is there-
fore warranted. However, the association was based on a small
number of subjects, and the estimate for unilateral oophorec-
tomy was below 1, which hampered the biological interpreta-
tion of this exposure. Therefore, this result could simply reflect
type 1 error, given the large number of factors evaluated in the
present analyses. Pooled analyses of cohort studies may provide
the statistical power needed to corroborate or rule out
these associations.

Our study was based on a large data set with a prospective
design and detailed information on reproductive factors and
exogenous hormone use, including formulations. In spite our
relatively large sample size, associations for less common ex-
posures among specific lymphoma subtypes relied on small
numbers of cases. We had the ability to control for a variety of
potential confounders, including education and body mass
index, which biased previous studies of hormone therapy and
disease because of confounding and a healthy user effect (43).
However, these variables may imprecisely measure complex
factors such as socioeconomic factors or adiposity, and there-
fore residual confounding cannot completely be ruled out. A
concern in this study is that menstrual and reproductive vari-
ables were based on self-reported data. However, the reliability
of responses to questions on reproductive history, including self-
reported oophorectomy and use of hormones, has been shown to
be very high (48). In addition, information on hormone therapy
was not periodically updated; therefore, we could not evaluate
incident use. Importantly, the reported association between
B-cell NHL and surgical menopause may have been due to
chance, because we performed multiple comparisons.

In conclusion, our prospective analysis does not support a
strong role for reproductive factors or exogenous hormones in
lymphomagenesis.
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Abstract:

Background

Urothelial carcinoma (UC) is the predominant (95%) bladder cancer cell type in
industrialised nations. Animal and human studies suggest that hormonal factors may
influence UC risk.

Methods

We used an analytic cohort of 333 919 women from the European Prospective
Investigation into Cancer and Nutrition Cohort (EPIC). Associations between exposure
variables and incident UC risk were evaluated using Cox proportional hazards models.
All models were stratified by age at recruitment and study centre, and adjusted for
smoking status and intensity, fruit and vegetable intakes.

Results

During a mean of 15 years of follow-up, 529 women developed UC. A final mutually-
adjusted model including number of full-term pregnancies (FTP), menopausal status,
and menopausal hormone therapy (MHT) showed an inverse association between
number of FTP and UC (HRss,5=0.48, 0.25-0.90; P-trend in parous women=0.010).
MHT-use (compared to non-use) was positively associated with UC (HR=1.27, 1.03-
1.57). No modification of HRs by smoking status was observed. Sensitivity analysis in
never-smokers showed similar HRs patterns for number of FTP and no association
between MHT-use and UC.

Conclusion

We observed that increasing number of FTP may reduce UC risk and limited evidence
of the role of MHT-use in UC. More detailed studies on parity are needed to understand

any effect of perinatal hormone changes in urothelial cells.
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Key words: Bladder cancer; menopausal hormone therapy; menstrual and reproductive

factors; parity; urothelial carcinoma.

Introduction:

Bladder cancer is the 12 most common cancer in the world, accounting for 4.8% and
1.5% of incident cancers in men and women, respectively(1). In 2018, the estimated
male:female sex ratio in Europe was 4.7 to 1(1). The predominant bladder cancer cell
type is urothelial carcinoma (UC), accounting for 95% of all cases in industrialise
nations(2). Between 50-64% of UC cases in men and 20-50% in women are attributable
to tobacco use; and the risk increases with both intensity and duration of smoking(3).
Other established risk factors for UC include occupational exposure to aromatic amines
and dyes, ingestion of inorganic arsenic via drinking water, a positive family history,

and constitutional variants in at least a dozen genes(2,4).

Sex differences in UC incidence may be explained to a large extent by sex differences
in the prevalence and intensity of exposure to known risk factors(2). However, several
studies suggest that female hormones may have a beneficial effect on UC risk. An
experimental animal study that examined effect of the hormones on oncogenesis in male
rat bladders suggested that incidence of bladder cancer was higher in the group with
testosterone supplementation than in the group with oestrogen supplementation (5).
Moreover, castration of male mice and pregnancy and/or lactation in female mice can
decrease the growth of bladder cancer(6). Previous epidemiological studies have
reported a reduced risk of UC in parous women compared to nulliparous women(7-10);
and an increased risk in postmenopausal women, particularly those with an earlier age at
menopause(9,11,12). In general, no associations between age at menarche, the use of

oral contraceptives (OC), age at first full-term pregnancy, and breastfeeding and UC

6



159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

have been observed(7-17). A meta-analysis by MHT formulation(9), based on four
studies, showed a possible reduction in risk of UC in women who used oestrogen plus
progestin MHT compared to never users of MHT. Nevertheless, in the Women's Health
Initiative (WHI), which included a clinical trial component and an observational study
component, no such association was observed(16).

The aim of the present study was to assess the associations between menstrual factors,
reproductive history, use of exogenous hormones, and the risk of developing UC, both
overall and by tumour grade and by tumour aggressiveness, and accounting for smoking

status, within a prospective cohort study of European women.

Methods:

Study design and population

The European Prospective Investigation into Cancer and Nutrition Cohort (EPIC) is an
ongoing multicentre cohort study that recruited participants from 23 centres located in
ten European countries. At recruitment (baseline), information on diet, lifestyle, and
anthropometric measurements was collected. Lifestyle questionnaires included
questions on education, occupation, medical history, lifetime history of consumption of
tobacco, alcoholic beverages, and physical activity. Questionnaires specific to women
were used to collect information on menstrual factors, reproductive history, and use of
exogenous hormones. Details on the study design have been described previously(18).
A total of 521 324 participants were recruited between 1992 and 2000.

Participants with prevalent cancers, except non-melanoma skin cancer, or participants
with missing follow-up information were excluded (n=29 332). Only women were
eligible for the present analysis (n=343 985). Women with incomplete information on

dietary intake or lifestyle or who had extreme or implausible caloric intake (top or
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bottom 1% of the ratio of energy intake to estimated energy required(19)) were
excluded (n=10 066). After these exclusions, the present analysis included 333 919
women.

Exposure of interests

Self-reported menstrual factors, and exogenous hormone use included: age at menarche
(<12, 12, 13, 14, >14 years), history (yes/no) and duration of OC use (nhon-user, >0-<I,
>1-5, >5-10 years), menopausal status at baseline (premenopausal: >9 cycles over the
past 12 months, perimenopausal: <9 cycles, natural menopause in case of no menses,
and surgical menopause in case of bilateral oophorectomy), age at natural menopause
(surgical menopause were excluded, <46, 47-49, 50-52, >53 years) , age at any
menopause (surgical and natural, <46, 47-49, 50-52, >53 years) , MHT-use (yes/no) and
duration (non-user, >0-<1.25, >1.25-4, >4 vyears), type of MHT (oestrogen alone,
progestin alone, or oestrogen plus progestin), oophorectomy (yes/no), hysterectomy
(yes/no), and calculated cumulative duration of menstrual cycling. Cumulative duration
of menstrual cycling (in years) was calculated as follows: for postmenopausal women, it
was the difference between the age at menopause and the age at menarche minus the
total time pregnant (number of FTP x 9 months). For pre- and perimenopausal women,
cumulative duration of menstrual cycling was the difference between age at recruitment
and age at menarche minus the total time pregnant. Total time taking OCs was
subtracted from cumulative duration of menstrual cycling(20) for pre-, peri-, and
postmenopausal women.

Self-reported reproductive history included: parity (yes/no), number of full-term
pregnancies (FTP, including livebirths and stillbirths; 0, 1, 2, 3, 4, >5), age at first FTP
(in parous women; <20, 21-13, 24-25, 26-30, >30 years), number of induced (never

pregnant, 0, 1, >2) and spontaneous abortions (never pregnant, 0, 1, >2), breastfeeding
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(in parous women; yes/no), and duration of breastfeeding (in parous women who
breastfeed; 0>-<3, >3-12, >12 months).

Endpoint assessments

Incident bladder cancers were identified through population registries (Denmark, Italy,
The Netherlands, Norway, Spain, Sweden, and United Kingdom) and active follow-up,
including use of health insurance records, hospital registries, and direct contacts with
participants or next-of-kin (France, Germany, and Greece). For these analyses, the
follow-up for UC was completed between December 2011 and December 2013,
depending on the centre.

Bladder cancers were defined by ICD-0-3, including first invasive cancer (coded C67
based) and UC (morphology codes 812*-813*)(21). Only incident UC was included in
the present analyses; since it represents 95% of all bladder cancers. Definitions of UC
subtype classifications are heterogeneous in the literature. In previous EPIC studies, UC
was classified by pathology reports as aggressive (pT1 and higher or carcinoma in situ
(CIS) or World Health Organization (WHO) Grade 3), and non-aggressive (pTa Grade 1
and 2)(21). We also analysed UC by tumour grade (using WHO-defined Grades 2 and 3
as “high-grade” and Grade 1 as “low-grade”)(22).

Statistical analysis

To evaluate associations between hormonal factors and UC risk, Cox proportional
hazards regression was used to estimate hazard ratios (HRs) and 95% confidence
intervals (95%Cl). Ordinal variables were scored and trend tests were calculated on
these scores, “unknown” category was excluded for trend test calculation. Age was used
as the time scale, with age at recruitment as the entry time, and age at the date of UC or
the end of follow-up (whichever came first) as the exit time. Additional models were

performed to describe the risk of UC by tumour aggressiveness and tumour grade. All
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models were stratified by age at recruitment (1 year-categories) and study centre, and
adjusted for smoking status and intensity at baseline (never-smokers, current smokers
<15 cigarettes/day, current smokers >15 cigarettes/day, ex-smokers <10 years, ex-
smokers >10 years, current: pipe/cigar/occasional cigarette smokers, current/former:
missing intensity, and unknown), and fruit (g/d) and vegetable (g/d) intake(2). Physical
activity and body mass index (BMI) were not included as adjustment covariates because
they did not change effect estimates >10%. Other potential confounders were
occupations at risk of potentially carcinogenic exposures. To adjust models for
occupational risks a dichotomous score (yes/no) was defined, where it was coded as
“yes” if the participant worked in occupations with exposure to heavy metals (present in
foundries, in metal industries, and in occupation related to welding, turning and
electroplating), aromatic amines (present in, e.g. dye production, textile and leather
dying, and hairdressers), PAHs (polycyclic aromatic hydrocarbons; associated with
refineries, asphalt work, the transport sector, and car repair stations), and environmental
tobacco smoking (particularly elevated for workers in bars and restaurants), detailed
information in Bichner et al (2009)(23). Nevertheless, occupation was ultimately not
included in the multivariable-adjusted models because <7% of women worked in a
potential high-risk job for UC, and adjusting for occupational exposure did not change
any estimated HRs. To evaluate all identified factors in one model, mutually-adjusted
models were evaluated. The proportional hazard assumption was checked using
Schoenfeld residuals. Also, all the time-dependent variables (interactions of predictors

and time) were included in the mutually-adjusted model and evaluated.

Modification of the HRs by tobacco use at baseline (never, former, and current) was

evaluated using a likelihood ratio test (LRT). Joint effect variables (with a common
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referent group) for tobacco with each variable included in the final model were also

evaluated.

Sensitivity analyses were performed in never smokers to reduce the likelihood of
residual confounding by smoking at baseline. Finally, to address possible changes in the
reproductive history during the follow-up, a sensitivity analysis including only women
with completed reproductive history (peri-/postmenopausal women at recruitment) was

performed for the final model.

All statistical tests were two-sided and evaluated at a-level 0.05. All analyses were

performed using SAS v. 9.4 (Cary, North Carolina, USA).

Results:

Descriptive statistics

After a median follow-up time of 15 years, 529 UC cases were identified including 146
non-aggressive tumours, 230 aggressive tumours, and 153 with unknown tumour
aggressiveness; and among the 529 cases, there were 80 low-grade tumours, 233 high-
grade tumours, and 216 with unknown tumour grade. The median age at recruitment
was 51 years (y) (25" and 75" percentile (p25-p75): 45-58-y) for the whole cohort and
58-y (p25-p75: 52-63-y) for UC cases. The median age at diagnosis was 68-y (p25-p75:
62-74-y). Baseline characteristics of participants by country are presented in

Supplemental Table 1.

11



277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

Menstrual factors, and exogenous hormone use

Age at menarche, cumulative duration of menstrual cycling, history and duration of OC
use, age at natural menopause, oophorectomy, and hysterectomy showed no association
with UC risk (Table 1). Elevated and statistically significant HRs for UC were observed
for postmenopausal status (natural or surgical) compared to premenopausal status
(HRnaturaivspre: 1.88; 95%CI, 1.09-3.25; HRsurgicawspre: 2.15; 95%CI, 1.10-4.20) (Table 1).
MHT use in peri-/postmenopausal women (natural or surgical) was associated with
overall UC independently of the duration of MHT use (Table 1). For the 67%
(n=52,892, 82 cases) of women with information on formulation of MHT available,
25% (n=13,123, 32 cases) took oestrogen alone (HR: 1.43; 95%CI: 0.97-2.10). No
association was observed for use of oestrogen plus progestin MHT formulations (HR:

1.08; 95%Cl, 0.77- 1.51) (Table 1).

Reproductive factors

There was a statistically significant inverse association for number of FTP and UC risk
(HR3ys1: 0.70; 95%Cl, 0.52-0.94; HR>s5ys1F1p: 0.46; 95%CI, 0.25-0.88; P-trend in parous
women only = 0.008). No statistically significant associations were observed for the

other variables in Table 2.

Results on menstrual factors, reproductive factors, and exogenous hormone use by

tumour aggressiveness and tumour grade are presented in supplemental table 2.

Mutually-adjusted Cox proportional hazards regression for UC

Models included number of FTP and menopausal status, where peri-/postmenopausal
women were further classified by MHT history. Statistically significant inverse

associations between number of FTP and UC risk were observed (HR3ys1: 0.70; 95%Cl,

12
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0.52-0.94; HRssys1r1p: 0.48; 95%CI, 0.25-0.90; P-trend in parous women only 0.010)
(Table 3). Further, the HR for peri-/postmenopausal MHT-users compared to peri-

/postmenopausal women never-users was 1.27 (95%Cl, 1.03-1.57) (Table 3).

Modification of the HRs by tobacco

No evidence for modification of HRs for each factor and UC by cigarette smoking
status was found (all likelihood ratio statistics P-value>0.05) with the exception of
induced abortions (P-value=0.028). Different estimations of the HR of the number of
induced abortions were observed by smoking status. While no association between
number of induced abortions and the risk of UC was observed; HR for never smoking
women with at least 2 induced abortions compare to 0 abortions was 2.52 (95%CI:

1.33- 4.78, P-trend = 0.012) (Supplemental table 3).

No modification of HRs in the mutually adjusted model by cigarette smoking status was
observed. Nonetheless, the higher risk of MHT-use was only observed in peri-
/postmenopausal women (natural or surgical) who were smokers at baseline (HR: 1.56;
95%CI: 1.10, 2.21) (Supplemental table 4). No statistically significant associations were
observed when joint-effect variables for tobacco and FTP, and tobacco and menopausal

status were evaluated.

Sensitivity analyses

In general, patterns of HRs did not change substantially when we restricted analyses to
the subgroup of never smokers (Supplemental table 3 and Supplemental table 4), nor in
the subgroup of participants who were peri-/postmenopausal at recruitment (data not

shown).
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Discussion:

The present analyses based on 529 women, showed evidence that women who had
experienced more than one birth are at lower risk of developing UC compared to
uniparous women; further, we observed evidence of an inverse trend between UC risk
and number of births. Furthermore, in peri-/postmenopausal women, MHT-use may
increase the risk of UC. No associations were observed for the remaining menstrual
factors, reproductive history variables, or exogenous hormone use variables. Never
smoking women who had two or more induced abortions were at higher risk of UC

compared to women with no abortions.

Previous studies(9,10,16) and two meta-analyses(8,15) observed a reduced risk of UC
in parous women, independent of the number of births(8,9,11,12,14-16). Nearly all
these studies used “nulliparous” as the referent category(9,11,12,14,15). Nulliparous
women likely represent a heterogeneous group that includes women with and women
without fertility problems. In our study, “one birth” was used as a referent category, and
we found a linear trend of decreasing UC risk with increasing number of FTP. This
reduction in risk with increasing FTP was also observed in never-smokers. The
observed trend in our study was similar to the trend reported by Weibull et al. (HR for
>3 vs. 1 FTP: 0.76; 95%CI: 0.68-0.86)(10).

Women experience several hormonal changes during pregnancy, including an increase
in oestrogen and progesterone levels(24). An animal study observed that these increased
levels, particularly progesterone levels, may be related with changes in the bladder
structure related to greater bladder capacity and compliance(25). Further, it has been
shown that oestrogen receptors (ER) and progesterone receptors (PR), that mediate

oestrogen and progesterone levels, are expressed in both normal and cancerous
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urothelial cells(26,27). ERs have different roles in cancer biology, in general ER-a has
been related with cell growth, while ER-B has been suggested to act as a suppressor of
tumour growth, thus ER-o and ER-B may have opposing effects on cellular
processes(28). It has been observed that ER-B is the dominant receptor expressed in
urothelial carcinoma cells(6,26). Few studies have been done in relation to ERs and
progesterone in urothelial carcinoma cells, but it has been suggested that progesterone
suppress ER expression during pregnancy(29). Consequently, It can be hypothesized
that these increased levels of oestrogen and progesterone may reduce UC risk in parous
women(7-10,15,30).

Two previous studies have examined the association between induced abortions and the
risk of UC (13,31). These two case-control studies did not observe that the number of
induced abortion was associated with UC risk. Our results on never-smokers were based
in a small number of cases, and in view of the large number of associations tested, the
association in never-smokers between induced abortion and UC risk may be due to
chance.

It has been hypothesized that earlier age at menopause increases UC risk due to lower
levels of oestrogen after menopause(12). Earlier age at menopause (natural or surgical)
was associated with an increased risk of UC in a meta-analysis(15), that included 4
case-control studies and 3 cohort studies. We observed no association between earlier
age at menopause and UC, in agreement with other recent prospective cohort
studies(8,9,16).

The higher UC risk we observed in peri-/postmenopausal MHT users, when compared
to peri-/postmenopausal non-users, is inconsistent with previous studies which found no
relation(8,15,16). Since no association was observed in never-smokers, and the overall

MHT effect only remained significant in current-smokers, residual confounding from

15


http://paperrater.com/vocab_builder/show/consequently

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

tobacco smoking is a likely explanation for our MHT results. The WHI found no
influence of the formulation of MHT on the risk of UC (results for oestrogen: n=136
cases; HR: 0.93; 95%CI: 0.74-1.17; results for oestrogen plus progestin: n=103 cases;
HR: 1.05; 95%CI: 0.81-1.36)(16). A meta-analysis (based on 4 cohort studies) of MHT
by formulation (oestrogen or oestrogen plus progestin) showed a 39% decreased UC
risk in users of oestrogen plus progestin (n=84 cases; RR: 0.61; 95%CI: 0.47-0.78), and
no effect for users of oestrogen alone (n=217 cases; RR: 1.03; 95%CI: 0.87-1.24)(9).
Our results, based on smaller sample sizes (52 UC for oestrogen, and 30 UC for

oestrogen plus progestin), were in agreement with those from the WHI.

Our study strengths include its prospective cohort design and a relatively large number
of incident cases from 10 European countries, which allowed us to investigate
associations by strata of smoking status. To our knowledge, this is the first study on
menstrual factors, reproductive history, hormone use, and UC risk that includes

information on tumour classification.

One potential weakness of our analysis is that information on reproductive history and
hormone use was available only at cohort enrolment; however, we noted that 78.7% of
the cases were postmenopausal at recruitment, so reproductive history was essentially
complete for most participants. We performed sensitivity analyses restricted to
postmenopausal women, whose reproductive exposures were unlikely to change. We
observed similar results for the final mutually-adjusted model in the analysis restricted
to postmenopausal women as we observed for all study participants. Thus, our results
were unlikely to be affected by changes in reproductive history during the follow-up.
Another potential weakness of our study was the large number of missing values in the
MHT variables (duration and formulation). We observed almost the twice of missing

MHT information in women diagnosed with UC who were current-smokers than those
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who were never-smokers. Thus, it seems that current-smokers tended to omit their use
of MHT and their risk of UC maybe was underestimated. Also, information on MHT
was not periodically updated, and therefore, we could not evaluate risk in women who
started using MHT or who modified their use after enrolment. Further, tumour grade
and tumour aggressiveness had a large number of missing values which could bias HR
estimates. Another weakness was that information on smoking habits was not
periodically updated. Results from the sensitivity analyses in never smoking women
showed that our results in general were not affected by residual confounding by
smoking status. Finally, we could not consider occupational exposure in our analysis, as
not all EPIC-centres collected such information. Further, occupational exposure was
available for 32% (n=169) of UC cases; of which 10% (n=17) reported jobs considered
at risk. Despite this, a sensitivity analysis was performed including occupational
exposures in the final UC model and similar HR estimates for menopausal status, MHT-

use, and number of full-term pregnancies were observed.

Conclusion:

Our results confirm the increasing benefit of each birth after the first on UC risk. Our
results provided little support for the hypothesis that MHT-use lowers the risk of UC.
Results from other large cohorts and consortia with a large sample of never-smokers,
might help to clarify the evidence provided by this analysis. More studies on number of
FTP are needed to elucidate the putative “protective” effects of parity. Further
investigations of the role of perinatal hormonal changes and how these changes may

affect to ER and PR levels and urothelial cells in the bladder are needed.
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Table 1:

Menstrual factors, and exogenous hormone use in relation to UC risk in EPIC Women.

Overall
0]
Person-years Cisféz(:)) HR (95%CI) ?
Age at menarche, years
<12 678 236 64 (12.1) 1.00 (referent)
12 955 271 103 (19.5) 1.10 (0.80- 1.51)
13 1 166 665 128 (24.2) 1.05 (0.78- 1.43)
14 976 383 108 (20.4) 0.92 (0.67- 1.26)
>14 718 342 113 (21.4) 1.07 (0.78- 1.48)
Unknown 166 304 13 (2.5)
P trend 0.845
Cumulative duration of menstrual
cycling, accounting for OC use, years °
<23 960 018 72 (13.6) 1.00 (referent)
23-<30 693 105 96 (18.2) 1.01 (0.73- 1.39)
30- <35 920 740 108 (20.4) 0.87 (0.63- 1.21)
>35 805 979 142 (26.8) 1.00 (0.71- 1.40)
Unknown 1011 360 111 (21.0) 1.05 (0.74- 1.48)
P trend 0.924
Use of OC
No 1 859 302 278 (52.6) 1.00 (referent)
Yes 2 668 828 239 (45.2) 0.93 (0.77- 1.14)
Unknown 133 072 12 (2.3)
Duration OC use, years
No 1859 302 278 (52.6) 1.00 (referent)
>0-<1 495 753 34 (6.4) 0.70 (0.49- 1.01)
>1-5 780 263 63 (11.9) 0.94 (0.71- 1.26)
>5- 10 594 859 69 (13.0) 1.22 (0.92- 1.63)
>10 546 567 51 (9.6) 0.82 (0.59- 1.13)
Unknown duration 251 386 22 (4.2)
Missing use of OC 133 072 12 (2.3)
P trend 0.259
Menopausal status
Premenopausal 1654 703 49 (9.3) 1.00 (referent)
Perimenopausal 896 065 64 (12.1) 1.32(0.77- 2.8)
Natural postmenopausal 1992 700 394 (74.5) 1.88 (1.09- 3.25)
Surgical postmenopuasal 117 733 22 (4.2) 2.15(1.10- 4.20)
Age at natural menopause, years °
<46 385834 85 (21.6) 1.17 (0.87- 1.58)
47- 49 337 177 68 (17.3) 1.08 (0.79- 1.48)
50 - 52 509 460 97 (24.6) 1.00 (referent)
>53 305 850 79 (20.1) 1.33 (0.99- 1.80)
Unknown 454 379 65 (16.5) 1.21 (0.86- 1.70)
P trend 0.527
Age at any menopause, years
<46 450 220 100 (24.0) 1.21 (0.91- 1.60)
47- 49 360 268 70 (16.8) 1.04 (0.76- 1.42)
50 - 52 527 478 101 (24.3) 1.00 (referent)
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>53 315 160 80 (19.6) 1.31(0.97- 1.77)
Unknown 457 307 65 (15.6) 1.20 (0.86- 1.68)
P trend 0.853
Use of MHT ¢
No 1740 862 247 (51.5) 1.00 (referent)
Yes 1072 357 172 (35.8) 1.28 (1.04- 1.58)
Unknown 193278 61 (12.7) 1.32 (0.90- 1.95)
Duration MHT use, years®
No 1740 862 247 (51.5) 1.00 (referent)
>0- <1.25 321348 51 (10.6) 1.33(0.98- 1.81)
>1.25-4 336 578 47 (9.8) 1.37 (0.99- 1.90)
>4 310 366 56 (11.7) 1.27 (0.93- 1.73)
Unknown duration 104 065 18 (3.8)
Unknown use of MHT 193 278 61 (12.7) 1.03 (0.74- 1.43)
P trend 0.152
Type of MHT %€
Non-users of MHT 1527 202 215 (58.0) 1.00 (referent)
Oestrogen alone 178 339 32 (8.6) 1.43 (0.97- 2.10)
Oestrogen + Progestin 527 153 50 (13.5) 1.08 (0.77- 1.51)
Unknown type of MHT 329 620 74 (20.0) 1.37 (1.04- 1.81)
Oophorectomy '
No 3407 081 344 (76.1) 1.00 (referent)
Unilateral 145533 28 (6.2) 1.32 (0.90- 1.95)
Bilateral 131175 23(5.1) 1.12 (0.73- 1.72)
Unknown if unilateral or bilateral |11 831 2(0.4)
Unknown 965 580 55 (12.2) 0.91 (0.47- 1.78)
Hysterectomy '
No 3640 275 344 (76.1) 1.00 (referent)
Yes 472 260 76 (16.8) 1.09 (0.84- 1.40)
Unknown 548 667 32(7.1)

UC: Urothelial Carcinoma // OC: oral contraceptive // MHT: menopause hormone therapy

Estimations of “Unknown” category is provided when more than 10% of the cases are classified as
“Unknown”.

& Cox proportional hazards model stratified by centre and age at recruitment and adjusted by smoking status
and intensity, fruits and vegetables intake.

P Cox proportional hazards model stratified by centre and age at recruitment and adjusted by smoking status
and intensity, fruits and vegetables intake, OC use, and full-term pregnancies

“ Women who had surgical menopause were excluded.

91n peri- and postmenopausal (natural or surgical).

¢ Available in France, Italy, Spain, United kingdom, The Netherlands, Germany, Denmark, and Norway.

f Available in all centres except Malmo.
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572  Table 2: Reproductive factors in relation to UC risk in EPIC Women.

573
0,
Person-years Cisfzz(:) ) HR (95%CI)?
Parity
No 686 624 73 (13.8) 1.00 (referent)
Yes 3774138 440 (83.2) |0.87(0.68-1.12)
Unknown 200 439 16 (3.0)
Number of full-term pregnancies®
0° 686 624 69 (13.5) 0.92 (0.67- 1.25)
1 663 853 99 (19.4) 1.00 (referent)
2 1787539 192 (37.6) |0.80 (0.62- 1.02)
3 845 995 89 (17.4) 0.70 (0.52- 0.94)
4 253 868 35 (6.9) 0.79 (0.53- 1.18)
>5 110 467 11 (2.2) 0.47 (0.25- 0.88)
Unknown parity 200 439 16 (3.1)
P-trend® 0.008
Age at first full-term pregnancy, years °
<20 546 150 68 (15.5) 1.00 (referent)
21-23 1001 554 119 (27.1) |1.03(0.76- 1.40)
24- 25 742 124 73 (16.6) 0.86 (0.61- 1.20)
26- 30 1086 162 139 (31.6) |1.03(0.76- 1.39)
>30 382 435 40 (9.1) 0.89 (0.59- 1.32)
Unknown 15713 1(0.2)
P-trend 0.688
Breastfeeding % ¢
No 523 624 57 (14.1) 1.00 (referent)
Yes 2984 829 341 (83.8) |0.85(0.64- 1.14)
Unknown 63513 9(2.2)
Duration of breastfeeding, all
pregnancies, months *
>0-<3 854 602 115 (33.7) |1.00 (referent)
>3- 12 1327975 142 (41.6) |0.73(0.56- 0.95)
>12 771517 79 (23.2) 0.78 (0.55- 1.09)
Unknown 31193 5(1.5)
P-trend 0.092
Induced abortions *
Never pregnant 483 030 48 (12.4) 1.19 (0.91- 1.56)
0 2 466 069 269 (69.7) |1.00 (referent)
1 404 767 45 (11.7) 1.12 (0.81- 1.56)
>2 176 646 19 (4.9) 1.01 (0.62- 1.64)
Unknown 69 032 5(1.3)
P-trend 0.759
Spontaneous abortions "
Never pregnant 508 626 56 (12.1) 1.14 (0.85- 1.52)
0 2469123 295 (63.7) | 1.00 (referent)
1 587 558 78 (16.9) 1.10 (0.86- 1.42)
>2 200 186 27 (5.8) 1.05 (0.71- 1.56)
Unknown 73119 7(1.5)
P-trend 0.497

Infertility problems '
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No 2872 888 255 (83.3) | 1.00 (referety4
Yes 142 531 16(5.2)  [1.61(0.97- 269
Unknown 151 702 35(11.4) |1.72(0.24- L251)

578
579
580
581
582
583
584
585
586
587
588
589
590

591

o077

UC: Urothelial Carcinoma

Estimations of “Unknown” category is provided when more than 10% of the cases are classified as “Unknown”.

& Cox proportional hazards model stratified by centre and age at recruitment and adjusted by smoking status and
intensity, fruits and vegetables intake.

® Available in all centres except Bilthoven.

¢ Including nulliparous women and women without full-term pregnancies.

9 In parous women.

¢ Available in all centres except Bilthoven and Umea.

fIn parous women who has ever breastfed.

9 Available in all centres except Bilthoven, Malmd, Umed, and Norway.

" Available in all centres except Bilthoven, Ume&, and Norway.

" Available in France, Italy, Spain, United Kingdom, Utrecht, Greece, and Germany.
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592  Table 3: Mutually adjusted models for menopause status, MHT, and parity, and UC
Overall Never smokers
Cases o a Cases o b
(%) HR (95%CI) (%) HR (95%Cl)
Full cohort n=529 n=195
Menopausal status & use of MHT
49 18
Premenopausal (9.26) 0.73(0.43- 1.22) (9.23) 1.23 (0.52- 2.43)
. 247 105
Peri-/Postmenopausal & non-users of MHT (46.7) 1.00 (referent) (53.9) 1.00 (referent)
: 172 52
Peri-/Postmenopausal & users of MHT (32.5) 1.27 (1.03- 1.57) (26.7) 1.02 (0.71- 1.47)
. 61 20
Peri-/Postmenopausal & unknown MHT-use (11.5) 1.35(0.88- 2.07) (10.26) 1.12 (0.53- 2.39)
Number of full-term pregnancies ©
69 19
d
0 (13.5) 0.92 (0.67- 1.25) 9.7) 0.72 (0.40- 1.29)
99 32
1 (19.4) 1.00 (referent) (16.4) 1.00 (referent)
192 83
2 (37.6) 0.80 (0.62- 1.02) (42.6) 0.95 (0.63- 1.45)
89 39
3 (17.4) 0.70 (0.52- 0.94) (20.0) 0.85 (0.52- 1.37)
4 % 0.80 (0.54- 1.19 9 0.57 (0.27-1.21
6.9) 080084119 5 0.57(0.27-121)
>5 3 0.48 (0.25- 0.90 5 0.49 (0.18-1.29
= 22 048025090 5 049(018-129)
. 16 8
Unknown parity (3.1) (4.1)
Information not available 18
P-trend® 0.010 0.069
593 UC: Urothelial Carcinoma // MHT: menopausal hormone therapy
594 & Cox proportional hazards model stratified by centre and age at recruitment and adjusted by menopausal status and
595 MHT, number of full-term pregnancies, smoking status and intensity, fruits and vegetables intake.
596 ® Cox proportional hazards model stratified by centre and age at recruitment and adjusted by menopausal status and
597 MHT, number of full-term pregnancies, fruits and vegetables intake.
598 © Available in all centres have information except Bilthoven.
599 d Including nulliparous women and women without full-term pregnancies.
600 ¢ In parous women
601
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DISCUSSION

7. DISCUSSION

Each paper of this doctoral thesis includes a discussion section. In the next section, a
global discussion of the main results is presented. The discussion is organized in two
sections: 1) lifestyle, diet, and reproductive history at earlier age at natural menopause
risk, and 2) menstrual factors, reproductive history, and exogenous hormones in

pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma risks.

7.1.  Lifestyle, diet, and reproductive history in earlier age at natural menopause

risk

We have evaluated the role of lifestyle, diet, and reproductive history in the risk of
earlier age at natural menopause in the largest prospective cohort in Spain. In our study,
we observed a median age at natural menopause of 51 years. Our results confirm the
association between tobacco smoking and earlier age at natural menopause. Later ages
at natural menopause were observed in those women who had irregular menses the first
10 years after menarche, who use OC, and have higher number of total pregnancies
(including full-term pregnancies and abortions). The observed relations remained
significant after mutually adjusted for smoking status, regular menses, history of OC
use and age at start of OCs, and the number of pregnancies. Each block of factors is
separately discussed in detail below.

7.1.1. Lifestyle factors and age at natural menopause

Our results in tobacco use are in agreement with the literature (7). We observed a 29%
increased risk of having an earlier age at natural menopause in women who reported
that they smoked tobacco at baseline. Cigarette smoking has an anti-estrogenic effect on
women and is considered an important sex hormone modifier (102). It has been
suggested that the effect of smoking on age at natural menopause is reversible if woman
quit smoking during her earlier reproductive life (103), but unexpectedly we did not
find a significant reduction in former smokers. Passive smoking exposure has been less
studied and may be also associated with earlier age at natural menopause (104).

Unfortunately, passive smoking information is not available in the EPIC-Spain cohort.
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Inconsistent results in relation to BMI and age at natural menopause were observed in
the literature (34); although a weak association was observed in a meta-analysis
between women with overweight and later age at natural menopause compared to
women with normo-weight. This relationship may be to higher estrogen levels in
adipose tissue (105). Inconsistencies in the results may be explained by differences in
the study design and in the adjustment for potential confounder variables, especially
tobacco smoking which is the main predictor of earlier age at natural menopause. Our
results were not able to clarify if BMI plays a role in age at natural menopause. We
observed no statistically significant inverse association between overweight and obese
women and age at natural menopause. In the Spanish-EPIC cohort most of the women
were classified as obese or overweight (n=8,018, 63.8%), 36% as normal weight and
0.2% as underweight. Since the publication of our results, the InterLACE consortium
(including 11 prospective studies and 24,196 postmenopausal women) has shown that
being underweight may increase the risk of an earlier age at natural menopause, while
being overweight or obese may delay the onset of menopause (106). Based on the
published literature and our results, the role of BMI in age at natural menopause is still
unclear. Further cohort studies, including a large variability in women’s BMI, will be

need to clarify, if any, the effect of BMI on age at natural menopause.

The EPIC-PANACEA study (European Prospective Investigation into Cancer-Physical
Activity, Nutrition, Alcohol, Cessation of Smoking, Eating out of home And Obesity)
has found that physical activity and educational level were inversely associated with
BMI (107), thus our results for active life, and university studies and age at natural
menopause were in concordance with our results for overweight and obese women and
age at natural menopause. A few studies have shown that higher overall physical
activity was weakly associated with later age at natural menopause (42,108,109), others
(including our) observed no association (41,110,111). Emaus et al. (110) and Zhao et al.
(111) found that the effect of high physical differed by smoking status. Emaus et al.
(110) observed later age at natural menopause in former heavy smokers (HR: 0.88; 95%
Cl: 0.81-0.97); on the contrary, Zhao et al. (111) detected a later age at natural
menopause in never smokers (HR: 0.77; 95% CI: 0.63- 0.95). Overall, this suggests that
physical activity does not have an important role in regard to the risk of earlier age at

natural menopause.
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7.1.2. Dietary factors and age at natural menopause

A few studies in European women have examined dietary habits (41-43). A previous
study showed an association between earlier age at natural menopause and higher intake
of vegetables, carbohydrates, fiber, soy products, and cereal products; while later age at
natural menopause was associated with higher consumption of fat, meat, and protein
(41). No effect on menopause of fats and carbohydrate was reported in a randomized
clinical trial (low-fat, high-carbohydrate [LFHC] dietary intervention) in women with
greater risk of breast cancer (43). However, higher intakes of vegetables were associated
with later age at natural menopause in Central and Eastern European urban populations
(42). A recent study found that later age at natural menopause was associated with high
intakes of oily fish and fresh legumes; while earlier age at natural menopause was
related to a high consumption of refined pasta/rice (112). Finally, vegetarian diet may

be associated with an earlier age at natural menopause (112,113).

Our results on diet showed no association between dietary habits assessed after the age
of 40 years and age at natural menopause. Furthermore, no association was observed
between arMED index (characterized by elevated intakes of fruit and vegetables) and
age at natural menopause. Longer exposures to foods and nutrients with known
estrogenic potential (such as soy, fiber, fats, vitamin D, polyphenols, and nuts) should

be examined.

7.1.3. Reproductive factors and age at natural menopause

Our null results on age at menarche, age at first full-term pregnancy, and history of
breastfeeding in relation to age at natural menopause are in concordance with the
literature (34). In agreement with other studies (41,114), we observed that women who
had irregular menses during the first 10 years after menarche might delay age at natural
menopause. As mentioned previously, the first few years after menarche, menstrual
periods are usually irregular and anovulatory. Long irregular menstrual periods are also
due to polycystic ovary syndrome (PCOS), and almost 10% of women are affected by
PCOS worldwide. It has been seen that women with PCOS have longer reproductive
life spans (115,116), which could explain our results on time to regular menses. OC use
is usually prescribed to regulate menstrual cycles. Overall, we observed that women

who had use OC were older at the moment of menopause, especially women who
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started OC use between the ages of 25 and 30 years compared to those who started after
31 years. Based on the “Doorlopend Onderzoek Morbiditeit/Mortaliteit” (DOM-3)
cohort results (117), we performed the analysis by OC dose; and on the contrary to their
results we observed that short-term users of high doses OCs had a reduced risk of earlier
age at natural menopause compared to non-users. These findings support the hypothesis
that a reduction in FHS and LH may delay age at natural menopause. In the EPIC-
cohort, long-term users of high OC doses may have changed their doses to a lower one
and therefore, the potential effect on age at natural menopause might have been
attenuated. Based on the reviewed literature and our results, we can presume that
women with irregular menses the first years after menarche undergo later menopause.

The prescription of OC to regulate menstrual periods could explain this association.

Finally, we observed that women with more than one pregnancy (including full-term
pregnancies and abortions) were older at the moment of menopause in agreement with
the literature (42,43,108,113,118,119). The absence of ovulation during pregnancy
could delay oocytes depletion, which may delay natural menopause (34).

Little information has been published in relation to premature ovarian failure and its
relation to unilateral oophorectomy. It has been found that age at natural menopause
occurs approximately between 1 to 2 years earlier in women with unilateral
oophorectomy compared to those with intact ovaries (51,120). We observed no

association between unilateral oophorectomy and age at natural menopause.

7.2.  Menstrual factors, reproductive history, and exogenous hormones in

pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma risks

We have assessed the relation between menstrual factors, reproductive history, and
exogenous hormones and pancreatic cancer, non-Hodgkin lymphoma, and urothelial
carcinoma risks in a large international case-control consortium (PANC4) and a large
European cohort (EPIC). Our results provided little support to the hypothesis that sex
hormones play a role in either pancreatic cancer or non-Hodgkin lymphoma. However,
strong evidence of the role of parity in urothelial carcinogenesis was observed. We
observed no statistically significant associations between these factors and the risk of

either non-Hodgkin lymphoma subtypes or urothelial carcinoma tumor grades or

102



DISCUSSION

urothelial carcinoma tumor aggressiveness. Each block of factors will be discussed in

detail below.
7.2.1. Menstrual factors

Our results are in agreement with the literature and do not support the hypothesis that
either earlier menarche nor later age at natural menopause influence the risk of the
studied cancers. Thus, longer exposure to endogenous hormones through an earlier age
at menarche and/or a later age at menopause does not change the risk of these cancers.

7.2.2. Reproductive history

Women experience several hormonal changes during pregnancy, including an increase
in both estrogen and progesterone levels. Furthermore, hormonal changes continue
during breastfeeding. We hypothesized that pregnancy increases hormone levels and
therefore protects against pancreatic cancer, non-Hodgkin lymphoma, and urothelial
carcinoma. Scattered reports of associations between parity and pancreatic cancer have
been published. Consistent results were observed in relation to parity and urothelial
carcinoma and non-Hodgkin lymphoma risks. No associations were found between age

at first full-term pregnancy and breastfeeding, and the studied cancers.

Two meta-analyses (both published in 2014) attempted to elucidate the relations
between parity and pancreatic cancer risk. Some differences in the included studies
were found between both meta-analyses. One found an inverse linear trend between
number of full-term pregnancies and pancreatic cancer risk (76). The other one
observed that giving birth to twice reduce the risk of pancreatic cancer, but they did not
observe a linear trend between number of full-term pregnancies and the risk of
pancreatic cancer (77). Our results are in agreement with most of recent publications
(121-123), showing no association between number of the full-term pregnancies
(including live births and stillbirths) or number of pregnancies (including number of

full-term pregnancies and abortions), and the risk of pancreatic cancer.

We observed null findings in relation to reproductive history and non-Hodgkin
lymphoma. Findings from the pooled analysis of the International Lymphoma
Epidemiology Consortium (InterLymph; including 18 case-control studies with 3,816

cases and 5,151 controls) (124) and from a systematic review (74) were also nulls,
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concluding that the increased levels of estrogens during pregnancy does not explain the

reduction of the non-Hodgkin lymphoma risk in women.

Previous prospective studies (79-81) and two meta-analyses (82,83) observed a reduced
risk of urothelial carcinoma in parous women, independent of the number of births
(79,81-83,86,88,125). Contrary, Weibull et al. (80) and our findings showed an
association between higher number of full-term pregnancies and a lower risk of
urothelial carcinoma. The main difference between these results is the category of
reference; while most of the studies that found no linear trend used “nulliparous” as a
referent category, Weibull et al. and us used “one birth”. Nulliparous women are more
likely to represent a heterogeneous group that includes women with and without fertility
problems. It has been suggested that progesterone suppresses ER expression (expressed
in both normal and cancerous urothelial cells) during pregnancy (126). Thus, it
can be hypothesized that these increased levels of both estrogen and progesterone may

reduce urothelial carcinoma risk in parous women.

In summary, reproductive history does not influence on the risk of developing
pancreatic cancer and non-Hodgkin lymphoma. Women with more than one birth may

be at lower risk of urothelial carcinoma
7.2.3. Oophorectomy and hysterectomy

We observed no association between oophorectomy and hysterectomy and urothelial
carcinoma risk. Nevertheless, our results suggested a lower risk of pancreatic cancer in
hysterectomized women and a higher risk of non-Hodgkin lymphoma in women with

either hysterectomy or bilateral oophorectomy.

Epidemiologic evidence on the role of oophorectomy and hysterectomy in the studied
cancers is still scarce. In relation to pancreatic cancer, the lowa Women’s Health Study
(IWHS) cohort observed an increase risk with both hysterectomy and bilateral
oophorectomy (86). The Cancer Prevention Study-11 Nutrition Cohort found an
increased pancreatic cancer risk associated with hysterectomy (with intact ovaries)
compared to no surgery; while no effect was observed with hysterectomy with bilateral
oophorectomy (52). In the EPIC cohort and the WHI, no association was observed

between either oophorectomy or hysterectomy and pancreatic cancer risk (121,127).
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Some diseases, for which usual treatment is hysterectomy, are directly associated with
increased female hormone levels (such as fibroids and hyperplasia). Unfortunately, the
specific reason for having a hysterectomy was not available in PanC4 data, so we could
not verify if the observed protective effect that was shown with hysterectomy was due
to underlying elevated estrogen levels in the mentioned diseases or to other factors

related to having a hysterectomy.

Regarding non-Hodgkin lymphoma, the California Teachers Study (CTS) cohort
observed that women with bilateral oophorectomy and who had never used any MHT
had a significant higher non-Hodgkin lymphoma risk (128). Furthermore, in a case-
control study that evaluated multiple myeloma subtypes, surgical menopause (i.e.
hysterectomy and bilateral oophorectomy) was associated with higher risk of multiple
myeloma (129); but this association was not observed in the CTS cohort (129). A
population-based case-control study found null results for non-Hodgkin lymphoma risk

in relation to hysterectomy and oophorectomy (130).

The positive association that we observed between hysterectomy and bilateral
oophorectomy and non-Hodgkin lymphoma risk was based on a small number of cases,
and the estimate for oophorectomy without a hysterectomy was below 1, which
hampered the biological interpretation of the exposure. Furthermore, our result could
simply reflect type 1 error, given the large number of factors evaluated in the analyses.
Pooled analyses of cohort studies may provide the statistical power needed to rule out
the role, if any, of hysterectomy and oophorectomy in the risk of non-Hodgkin

lymphoma.

Finally, an increased risk of urothelial carcinoma in women with bilateral
oophorectomy compared to women with intact ovaries was observed in the IWHS (86).
A population-based case-control study observed that women who underwent a bilateral
oophorectomy at earlier ages (<45 years) were at higher risk of developing urothelial
carcinoma than those who underwent bilateral oophorectomy after 45 years (83).
However, Davis-Dao et al. (82) observed no association between urothelial carcinoma
and bilateral oophorectomy. In general, no association has been observed between

hysterectomy and urothelial carcinoma risk (79,82,121).
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Based on our results and previous results, we cannot confirm that either hysterectomy or
oophorectomy play a role in the carcinogenesis of pancreatic cancer, non-Hodgkin

lymphoma, or urothelial carcinoma.
7.2.4. Exogenous hormones
7.2.4.1.  Hormonal contraception

Most of the previous studies, including ours, observed no association between OC use
and the risks of both pancreatic cancer and urothelial carcinoma. However, the CTS
study found that a longer exposure (>10 years) to OC increased to 72% the risk of
developing pancreatic cancer compared to never OC users (131). Recently, the WHI
study observed no association between OC use and duration of OC use and pancreatic
cancer risk (121). Furthermore, a large cohort study among premenopausal women
(132) concluded that the use of total OC and any the type of OC did not influence on the
risk of pancreatic cancer. This study included all women living in Denmark aged
between 15 and 49 years at the begging of 1995 and collected information from the
Danish Cancer Register, the National Register of Medical Product Statistics (which

provided information on OC use), and the National Birth Register.

Results on OC use and non-Hodgkin lymphoma risk are inconsistent depending on the
study and non-Hodgkin lymphoma subtype. We observed null results between OC use
and non-Hodgkin lymphoma risk, as in two cohort studies (133,134); although a longer
duration of OC use was related to lower risk in the diffuse large B-cell lymphoma
subtype (133). The CTS study found that women who start OC use at 25 years old were
at lower risk of non-Hodgkin lymphoma compared to never users (128). The
InterLymph (including 9 case-control studies) found no association between overall
non-Hodgkin lymphoma and OC use, but an increased risk in the follicular lymphoma
subtype (124). Finally, the EpiLymph study (European case-control study) observed
that a shorter duration of OC use, starting OC use after 25 years old, the longer mean
time after the last OC use, or starting OC use between 1970-79 were associated with a
higher risk of non-Hodgkin lymphoma (especially diffuse large B-cell lymphoma
subtype, follicular lymphoma subtype, and Chronis lymphocytic leukemia / small

lymphocytic leukemia compared to never users (135).

106



DISCUSSION

7.2.4.2.  Menopausal hormone therapy

We observed no association between MHT and pancreatic cancer risk; however, women
who had a hysterectomy and had used MHT were at reduced pancreatic cancer risk.
Generally, no association between MHT and pancreatic cancer risk was found in the
literature (127,136-139). No other studies have analyzed the joint effect of
hysterectomy and MHT. In our analysis, we were not able to distinguish the type of
MHT; however, estrogen-only MHT is usually recommended for women who have had
a hysterectomy. Two studies found that users of estrogen-only MHT had a reduced risk
of pancreatic cancer compared to never users (123,131), although both studies were
based on a small number of cancer cases. However, the WHI, based on a larger number
of pancreatic cancer cases, observed no association between MHT and any type of
MHT, and the risk of pancreatic cancer (121).

Our results on the relation between total and by subtype of MHT and non-Hodgkin
lymphoma risk were null; although contradictory findings were observed in the
literature. In case-control studies, an inverse association between MHT and non-
Hodgkin lymphoma risk was detected (124,130,140-143); while in cohort studies
association were observed (128,133,134,144,145). A systematic review of previous
literature suggested that the association between MHT and non-Hodgkin lymphoma
may depend on the MHT formulation and oophorectomy status (74). Nevertheless, in
the WHI, the risk of non-Hodgkin lymphoma was similar in the MHT-users and the

non-users (146).

We observed a higher urothelial carcinoma risk among MHT users compared to non-
users, contrary to previous studies which found no relation between them (81-83).
Since we did not observe the association in never-smokers, and the overall MHT effect
only remained significant in ever-smokers, residual confounding from tobacco smoking
is a possible explanation for our MHT results. A meta-analysis (based on 4 cohort
studies) of MHT, by formulation (estrogen or estrogen plus progestin), showed a 39%
decreased urothelial carcinoma risk in users of estrogen plus progestin, while no effect
was found with the use of estrogen alone (79). The WHI found no influence on of the

formulation of MHT on the urothelial carcinoma risk (81).
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Overall, our and other cohort data suggest that exogenous hormones are not associated

with pancreatic cancer, non-Hodgkin lymphoma, and urothelial carcinoma.
7.3.  Strengths and limitations

Our study on age at natural menopause contain the largest number of subjects evaluated
to date to study lifestyle, diet, menstrual factors and reproductive history, and age at
natural menopause in five Spanish regions. To evaluate associations on hormonal
factors and the studied cancers, we used two large datasets (PanC4 consortium and
EPIC study) which allowed us to evaluate the role of hormones in non-Hodgkin
lymphoma, by histological subtypes, and in urothelial carcinoma, by urothelial
carcinoma subtypes, being the first study taking into account urothelial carcinoma
subtypes. We could control for potential confounders at baseline (such as education and
BMI) which might have biased previous studies of MHT and diseases due to a healthy
user effect (147). However, these variables may imprecisely measure complex factors
such as socioeconomic or adiposity, and therefore residual confounding cannot
completely be ruled out.

In our studies we used self-reported questionnaires to collect reproductive information
which can affect the reliability of exposure because of recall bias. In general, women
tend to report correctly the number of births (148). Menopause is a prolonged biological
event which can last one year or more, so accurate ages at menopause are more common
in women with surgical than with natural menopause. However, some studies have
shown that age at natural menopause was self-reported correctly within 1 year (148—
150). Self-reported information on OC use has been shown to be comparable with
pharmacy reports; although, it is preferable to use pharmacy reports for former OC-
users and interviews for current OC-users (151). Finally, >90% of self-reported
hysterectomy, oophorectomy, and HRT cases were in accordance between baseline and

follow-up interview in a cohort of Portuguese adults (148).

We would also like to highlight that information on reproductive history and exogenous
hormone use was available only at cohort enrolment; however, we noted that 78.7% of
the cases were postmenopausal at recruitment, so reproductive history was essentially
complete for most participants. Moreover, we observed similar results for the final

mutually-adjusted models in analyses restricted to postmenopausal women as we
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observed for all study participants. Another potential limitation of our studies is the
large number of missing values in the MHT variables (duration and formulation).
Moreover, information on MHT was not periodically updated, and therefore, we could
not evaluate risk in women who started using MHT or modified their use after

enrolment.

In the analysis of age at natural menopause, we excluded participants with ages <35
years at recruitment, that we considered at lower risk of undergoing menopausal during
the three years of follow-up. Hereby, we excluded women with premature ovarian
failure; although based on the Spanish fertility association, premature ovarian failure
prevalence in European women is only 1%. We repeated the final table of the paper
including women with ages <35 years and the results were essentially the same (Table
7). In this study, we have relatively short follow-up at the end of the fertile life span to

evaluate the influence of past diet on age at natural menopause.

Table 7: Sensitivity analysis of the mutually adjusted model including women with

ages <35 years at recruitment

Post-menopausal ~ HR (95%CI1)? P for trend

Smoking status

Never 934 Reference
Former 67 0.78 (0.61- 1.01)
Current 151 1.29 (1.08- 1.55)
Time since regular menses
Always regular 1002 Reference 0.004
After 1 years 45 0.95 (0.70- 1.30)
After 2-5+ years 27 0.86 (0.58- 1.26)
Always irregular the 1st 10 years 74 0.70 (0.55- 0.90)
OC use and start (years)
Never use 760 1.32(1.01-1.57) 0.009
<25 52 1.16 (0.84- 1.60)
25-30 163 Reference
>31 173 1.42 (1.14- 1.76)
Number of pregnancies
Never pregnant 104 Reference 0.027
1 74 0.91 (0.67- 1.24)
2 297 0.76 (0.61- 0.97)
3 333 0.83 (0.65- 1.04)
>4 340 0.74 (0.56- 0.94)

2 HR > 1 indicates that the risk factor was associated with an earlier ANM and a HR <1 indicates that the risk factor was associated

with a later ANM. Mutually adjusted Cox model stratified by center and age at recruitment
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7.4.  Benefits of research, applicability, and future research lines

This doctoral thesis provides comprehensive results on the role of lifestyle and
reproductive factors in the age at natural menopause. Further, it provides unique
epidemiological evidence on the relationships between reproductive factors and
exogenous hormones use, and the risk of pancreatic cancer, non-Hodgkin lymphoma,

and urothelial carcinoma of the bladder.

These results can help to detect women with increased risk of chronic diseases (such as
osteoporosis and cardiovascular disease) associated with earlier age at menopause and
strengthens the possibility of early preventive strategies and clinical surveillance.
Further investigations on the role of modifiable factors (including also dietary habits in
earlier life, second-hand tobacco smoke exposure, and exposure to environmental
contaminants) in self-reported age at natural menopause and the use of serum FSH and

LH levels to more accurately diagnose menopause status are needed.

Based on our findings, reproductive factors, and exogenous hormones do not seem to
substantially contribute to the carcinogenesis of pancreatic cancer and non-Hodgkin
lymphoma. However, our results confirm the increasing benefit of having more than
one birth on urothelial carcinoma risk. Our results could provide additional information
for early detection of urothelial cancer, taking into account that nulliparous women on
their sixties are a higher risk of developing urothelial cancer. Results from other large
cohorts and consortia with a large sample of never-smokers, might help to clarify the
evidence provided by this analysis. More studies on number of full-term pregnancy are
needed to elucidate the putative “protective” effects of parity. Further investigations of
the role of perinatal hormonal changes and how these changes may affect to ER and PR

levels and urothelial cells in the bladder are also needed.
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8.  CONCLUSIONS

The conclusions are present as response to each hypothesis enumerated at the beginning

of this doctoral thesis:

Hypothesis 1: Lifestyle factors (including educational level, BMI, physical activity, and
tobacco), diet, and menstrual and reproductive history, and oral contraceptive use

influence on age at natural menopause.

- Current smokers increased 29% the risk of an earlier age at natural menopause.

- We observed no statistically significant inverse association between being
overweight and later age at natural menopause.

- Physical activity and educational level do not have an important role in regard to
the risk of an earlier menopause.

- We observed no effect of dietary habits assessed after the age of 40 years on age at
natural menopause.

- We observed that women with a longer mean time from menarche and regular
menses, those who have history of OC, and women with more than one pregnancy

were older at the onset of menopause.
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Hypothesis 2: Menstrual factors, reproductive history, and hormone use are protective

factors of pancreatic cancer, Non-Hodgkin lymphoma, and Urothelial carcinoma.

1. Earlier age at menarche, later age at menopause, parity, and heaving history

of hormone use are protective against pancreatic cancer.

- Menstrual factors, reproductive history, and hormone are not associated with

the risk of pancreatic cancer.

2. Parity, later age at menopause and heaving history of hormone use are
protective against Urothelial carcinoma.

- We observed an increasing benefit of each birth after the first on urothelial
carcinoma risk.
- Our study suggests that MHT do not play any role in the risk of urothelial

carcinoma.

3. Parity and heaving history of hormone use are protective against Non-
Hodgkin lymphoma.

- Menstrual factors, reproductive history, and hormone use are not associated

with the risk of non-Hodgkin lymphoma.
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ANNEX

10.2. Annex 2: Publication 1; Supplemental table

Table 8: Supplemental Table 1: Cox model for dose and duration of OC and

menopause status in EPIC-Spain women

Dose and duration of OC* Post-menopausal HR (95%CI)"

Never used OC 773 Reference
Low dose of OC 262 0.96 (0.83-1.12)
1-4 years high dose OC 79 0.74 (0.58- 0.93)
>4 years high dose OC 50 0.96 (0.71- 1.31)
Unknown 2

# Where low dose of OC was considered if the year of first use was after 1972.
® HR > 1 indicates that the risk factor was associated with an earlier ANM and a HR <1 indicates that the risk factor was associated
with a later ANM. Cox model stratified by center and age at recruitment and adjusted by smoking status, number of pregnancies,

and time since regular menses.
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10.3. Annex 3: Publication 3; web tables

ANNEX

Table 9: Web table 1: Baseline characteristics of women in the EPIC cohort, 1992-

2000

Age at recruitment (years),
mean (range)

Age at diagnosis (years), mean 64.13 (58.67-

(range)

BMI, No. (%)

<25 kg/m2

25- <30 kg/m2

>30 kg/m2

Physical activity, No. (%)
Inactive

Moderately inactive
Moderately active

Active

Unknown

Educational level, No. (%)
None

Primary school completed

Technical/professional school

Secondary school
Longer education
Not Specified
Smoking status, No. (%)
Never

Former

Current
Unknown
Country, No. (%)
France

Italy

Spain

UK

The Netherlands
Greece

Germany
Sweden
Denmark
Norway

Alcohol consumption, No. (%)

Never
Former
Current
Unknown

High parit S i oft\rlrfgnti)seaﬂcsal AR IS
Ever parity® ghp X contraceptives P P bilateral
(3+ births) u hormone a
use A oophorectomy
therapy
51.6(46.0-  53.60 (47.77-48.70 (43.35-  54.95 (51.67-
57.92) 59.95) 53.81) 59.22) S (Ea55- G121
64.69 (59.50- 62.11 (56.77- 65.09 (61.00-
70.04) 70.75) 67.87) 70.24) 68.27 (63.94- 71.61)
156138 (56.0) 43910 (49.5) 126227 (64.6) 47830 (59.3) 3686 (40.6)
84727 (30.4) 29196 (32.9) 50858 (26.0) 24551 (30.4) 3390 (37.4)
38163 (13.7) 15658 (17.6) 18284 (9.4) 8290 (10.3) 1998 (22.0)
63355 (22.7) 23710 (26.7) 30924 (15.8) 15613 (19.4) 3172 (35.0)
03846 (33.6) 28621 (32.2) 66818 (34.2) 29298 (36.3) 3160 (34.8)
76450 (27.4) 23049 (26.0) 59580 (30.5) 22329 (27.7) 1625 (17.9)
41218 (14.8) 12457 (14.0) 34554 (17.7) 12495 (15.5) 1074 (11.8)
4159 (1.5)  927(1.0) 3493 (1.8) 936 (1.2) 43 (0.5)
14333 (5.1) 8006 (9.0) 3770 (1.9) 1546 (1.9) 986 (10.9)
73744 (26.4) 25952 (29.2) 34430 (17.6) 19281 (23.9) 3005 (33.1)
61835 (22.2) 16791 (18.9) 49083 (25.1) 20320 (25.2) 1656 (18.3)
63991 (22.9) 18788 (21.2) 48823 (25.0) 19615 (24.3) 1662 (18.3)
54727 (19.6) 15460 (17.4) 52850 (27.1) 16082 (19.9) 1241 (13.7)
10398 (3.8) 3767 (4.2) 6413 (3.3) 3837 (4.7) 524 (5.8)
155256 (55.6) 53173 (59.9) 97466 (49.9) 42815 (53.1) 5744 (63.3)
63616 (22.8) 18351 (20.7) 50920 (26.1) 20215 (25.1) 1808 (19.9)
54219 (19.4) 15194 (17.1) 42891 (22.0) 15859 (19.7) 1389 (15.3)
5937 (2.1) 2046 (2.3) 4092 (2.1) 1782 (2.2) 133(1.5)
57587 (20.6) 18575 (20.9) 41788 (21.4) 21310 (26.4) 1707 (18.8)
27035 (9.7) 6526 (7.4) 12751 (6.5) 4602 (5.7) 1136 (12.5)
22455 (8.1) 10724 (12.1) 10679 (5.5) 2197 (2.7) 1217 (13.4)
37316 (13.4) 11875 (13.4) 36481 (18.7) 11095 (13.8) 1551 (17.1)
21480 (7.7) 6445(7.3) 20021 (10.3) 4892 (6.1) 728 (8.0)
13923 (5.0) 4672 (5.3) 1482 (0.8) 672 (0.8) 783 (8.6)
23809 (8.5) 4648 (5.2) 22615 (11.6) 8345 (10.3) 793 (8.7)
17890 (6.4) 5430(6.1) 10536 (5.4) 4692 (5.8) 0 (0)
25812 (9.3) 7974 (9.0) 16900 (8.7) 12715 (15.8) 1159 (12.8)
31721 (11.4) 11895 (13.4) 22116 (11.3) 10151 (12.6) 0 (0)
24056 (8.6) 9271 (10.4) 10064 (5.2) 4219 (5.2) 1186 (13.1)
11014 (4.0) 4357 (4.9) 5203 (2.7) 2436 (3.0) 694 (7.7)
178304 (63.9) 54451 (61.3) 134003 (68.6) 56385 (69.9) 6581 (72.5)
65654 (23.5) 20685 (23.3) 46099 (23.6) 17631 (21.9) 613 (6.8)

Abbreviations: BMI = body mass index; EPIC= European Prospective Investigation Into Cancer and Nutrition; NHL = non-Hodgkin

lymphoma; p25-p75 = 25th—75th percentiles.

a) Numbers do not always add to the total because of missing values.
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Table 10: Web table 2: Menstrual and reproductive characteristics collected at baseline (1992-2000) and risk of B-cell NHL in the EPIC
cohort, by subtype

MM (n=387)  CLL/SLL (n=289) DLBCL (n=302) FL (n=264)

w -
e GRS Person-years'y, ¢ 4rd 9596CI1) No.© HR® (95%C1) No.° HRY (95%CI) No.° HRY (95%CI)

Age at menarche

<12 699808 65 Reference 38 Reference 38 Reference 27 Reference

12 978186 77 0.84 (0.60-1.17) 43 0.78 (0.50- 1.21) 46 0.83 (0.54-1.27) 48 1.28 (0.80- 2.05)
13 1194471 94 0.79 (0.57- 1.08) 78 1.12 (0.76- 1.66) 87 1.23 (0.84-1.81) 70 1.44 (0.92- 2.26)
14 1002365 78 0.70 (0.50-0.98) 69 1.08 (0.72- 1.61) 62 0.96 (0.63- 1.44) 69 1.58 (1.01-2.49)
>14 741051 65 0.68 (0.48-0.97) 50 0.90 (0.58- 1.40) 55 1.00 (0.66- 1.54) 41 1.20 (0.73- 1.96)
P for trend 0.02 0.77 0.78 0.34
Full-term pregnancies

Never 706477 46 Reference 34 Reference 36 Reference 39 Reference

1 birth 683853 54 0.91 (0.61- 1.36) 44 1.09 (0.69- 1.72) 41 0.97 (0.61- 1.53) 43 0.89 (0.57- 1.40)
2 births 1832221 137 0.86 (0.62- 1.21) 112 0.98 (0.66- 1.45) 108 0.91 (0.62- 1.34) 88 0.66 (0.44- 0.98)
3+ births 1244184 128 1.01 (0.72- 1.43) 86 0.95 (0.63- 1.43) 100 1.12 (0.76- 1.67) 83 0.90 (0.61- 1.35)
P for trend 0.88 0.60 0.49 0.54

Age at first full term pregnancy ?

<=20 563887 42 Reference 37 Reference 34 Reference 34 Reference
21- 23 1029538 86 1.09 (0.75-1.59) 72 1.03 (0.69- 1.55) 55 0.90 (0.59- 1.40) 65 1.12 (0.73-1.70)
24- 25 760262 77 1.28 (0.87-1.88) 46 0.86 (0.55- 1.35) 64 1.39 (0.90-2.14) 37 0.89 (0.55- 1.43)
26- 30 1112936 96 1.08 (0.74- 1.58) 59 0.73 (0.47-1.13) 76 1.13(0.74-1.73) 61 1.00 (0.64- 1.55)
>30 392245 26 0.89 (0.53-1.47) 30 1.09 (0.66- 1.81) 23 1.07 (0.62-1.86) 20 0.94 (0.53- 1.68)
P for trend 0.80 0.37 0.38 0.64
Breastfeeding®

Never 541260 37 Reference 25 Reference 30 Reference 28 Reference
Ever 3058525 262 1.10 (0.77- 1.57) 209 1.36 (0.89- 2.09) 209 1.10 (0.74- 1.64) 172 1.04 (0.69- 1.57)
Duration of breastfeeding”

T1 (<2 months) 976473 81 Reference 70 Reference 61 Reference 44 Reference
T2 (3- 8 months) 1005212 70 0.78 (0.56- 1.08) 74 0.94 (0.67- 1.31) 60 0.91 (0.63-1.31) 65 1.40 (0.94-2.07)
T3 (>9 months) 1044614 111 1.13(0.82- 1.54) 63 0.72 (0.50- 1.04) 85 1.31 (0.92- 1.86) 62 1.36 (0.89- 2.08)
P for trend 0.37 0.08 0.11 0.17

ClI = confidence interval; CLL = chronic lymphocytic leukemia; DLBCL = diffuse ratio; MM = multiple myeloma; SLL = small lymphocytic lymphoma; T = Tertile.
a) Among parous women. // b) Among parous women who had ever breastfed. // ¢) Numbers do not always add to the total because of missing values. // d) All models stratified the data by center and age and adjusted

the results for educational level.
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Table 11: Web table 3: Exogenous hormone use and menopausal factors collected at baseline (1992-2000) and risk of B-cell NHL in the

EPIC cohort, by subtype.

L Person- MM (n=387) CLL/SLL (n=289) DLBCL (n=302) FL (n=264)

e GRS years® No.” HR® (95%C1)  No." HR®(95%CI) No.” HR®(95%C1) No.” HR® (95%Cl)
Oral contraceptives use

Never 1919675 194 Reference 139 Reference 157 Reference 110 Reference

Ever 2731051 183 0.99 (0.79-1.24) 142 0.97 (0.75-1.27) 138 0.78 (0.61- 1.01) 148 0.98 (0.75- 1.29)
Duration of oral contraception

Never 1919675 194 Reference 139 Reference 157 Reference 110 Reference

T1 (0.23- 3.9 years) 759811 48 0.91(0.66-1.27) 51 1.21(0.86-1.70) 36 0.71(0.49-1.04) 49 1.16 (0.82-1.66)
T2 (4.0- 9.9 years) 879090 54 1.00(0.72-1.38) 40 0.92(0.63-1.35) 42 0.79 (0.55-1.14) 48 1.02 (0.71-1.47)
T3 (>10 years) 833513 67 1.13(0.83-1.54) 38 0.80(0.54-1.19) 49 0.85(0.60-1.21) 41  0.86 (0.58-1.27)
p-trend 0,50 0,24 0,37 0,52
Menopausal status

Premenopausal 1693207 53 1.17 (0.70-1.95) 52 1.67(0.93-2.99) 53 1.03(0.58-1.84) 61 1.16 (0.68- 1.96)
Perimenopausal 918876 66 1.04(0.71-1.53) 58 1.47(0.96-2.26) 41 0.71 (0.46-1.09) 53 0.82 (0.56- 1.23)
Postmenopausal 2058663 250 Reference 166 Reference 190 Reference 140 Reference
Surgical postmenopuasal 121690 18 1.50(0.93-2.45) 13 1.48(0.83-2.62) 18 1.79(1.10-2.93) 10 1.33(0.69- 2.55)
Age at natural menopause

<45 331008 36 Reference 29 Reference 30 Reference 24  Reference

>45- 50 661418 76 1.01(0.68-1.52) 54 0.90(0.57-1.42) 68 1.13(0.73-1.75) 47 1.01 (0.60- 1.68)
>50 595101 85 1.15(0.77-1.71) 53 0.87 (0.55-1.37) 49  0.83 (0.53- 1.32) 38  0.94 (0.55- 1.60)
p-trend 0,43 0,49 0,32 0,73
Oophorectomy + Hysterectomy

Neither 3253667 241 Reference 177 Reference 183 Reference 155 Reference
Oophorectomy 87407 6 0.77(0.34-1.72) 5 0.89(0.36-2.16) 10 1.62(0.86-3.07) 6  1.19 (0.53-2.71)
Hysterectomy 244685 22 0.86(0.55-1.34) 24 1.43(0.93-2.21)25 1.29(0.84-1.97)20 1.29 (0.80- 2.08)
Hysterectomy + oophorectomy 82879 28 1.27(0.85-1.89) 21 1.41(0.89-2.23)19 1.18(0.73-1.91) 18 1.49 (0.91- 2.46)
Use of postmenopausal hormone therapy®

No 1797159 186 Reference 132 Reference 149 Reference 105 Reference

Yes 11001200 115 1.04 (0.81-1.34) 85 1.08(0.80-1.45) 88 0.95(0.72-1.26) 81  1.09 (0.80- 1.48)
Duration of postmenopausal hormone therapy

Never 1797159 186 Reference 132 Reference 149 Reference 105 Reference

T1 (0.1- 1.25 years) 330183 28 0.90(0.60-1.35) 23 1.06 (0.67-1.66) 25 0.93 (0.60- 1.43) 22  1.02 (0.64- 1.63)
T2 (1.33- 4.0 years) 345001 33 1.06(0.72-1.56) 22 0.98(0.61-1.57) 23 0.84 (0.53-1.33) 28 1.18 (0.76- 1.82)

130



T3 (>4 years) 317805 39 1.09 (0.76-1.60) 26 0.94 (0.60-1.48) 33 1.04 (0.70- 1.55) 20  0.90 (0.55- 1.49)
p-trend 0,40 0,07 0,84 0,58

Type of postmenopausal hormone therapy?

No 1797159 186 Reference 132 Reference 149 Reference 105 Reference
Estrogen alone 428936 32 0.93(0.62-1.39) 26 0.92(0.57-1.47)29 0.87 (0.56-1.36) 31  1.22(0.78- 1.92)
Progestin alone 11837 2 NE 1 NE 1 NE 0 NE

Estrogen + Progestin 290446 39 0.95(0.67-1.35) 28 1.28(0.82-2.01) 24 0.96 (0.60- 1.53) 21  0.89 (0.54- 1.47)

ANNEX

CI = confidence interval; CLL = chronic lymphocytic leukemia; DLBCL = diffuse ratio; EPIC = European Prospective Investigation Into Cancer and Nutrition; HR= Hazard ratio; MM = multiple myeloma; NE= Not

estimated; SLL = small lymphocytic lymphoma; T = Tertile. a) Among peri- and postmenopausal women (including surgical menopause).
b) Numbers do not always add to the total because of missing values.

¢) All models stratified the data by center and age and adjusted the results for educational level.
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Table 12: Web table 4: Menstrual and reproductive characteristic collected at
baseline (1992-2000) and risk of B-cell NHL in the EPIC cohort (combining T and
B subtypes and censoring multiple myeloma)

Person-

N HR 95%ClI P-trend
years

Age at menarche, years
<12 699808 138 Reference 0.46
12 978186 186 0.94 0.75,1.17
13 1194471 295 1.16 0.95,1.43
14 1002365 265 1.16 0.94,1.43

>14 741051 189 0.99 0.79,1.24
Missing 40
Parity, no. of full-term pregnancies
Nulliparous 706477 139 Reference 0.85

1 683853 163 0.98 0.78,1.23
2 1832221 411 0.88 0.72,1.08
3+ 1244184 352 1.02 0.83,1.25

Missing 14
Age at first full term pregnancy, years ®
<=20 563887 134 Reference 0.57

21- 23 1029538 251 1.03 0.83,1.27
24- 25 760262 187 1.03 0.82,1.30
26- 30 1112936 253 0.95 0.76,1.19

>30 392245 109 1.22 0.94,1.59
Missing 6
Breastfeeding"
Never 541260 107 Reference
Ever 3058525 775 1.19 0.97,1.47
Missing 58
Duration of breastfeeding °
T1 (<2 months) 976473 243 Reference 0.67

T2 (3- 8 months) 1005212 245 0.92 0.77,1.11
T3 (=9 months) 1044614 281 1.04 0.86,1.25
Missing 6
All models were adjusted by center, age and educational level. Numbers do not always add to the total because of missing

values.Abbreviations: EPIC, European Prospective Investigation Into Cancer and Nutrition; HR = hazard ratio; T = Tertile;
NHL = non-Hodgkin lymphoma.
a) Among parous women.

b) Among parous women who had ever breastfed.
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Table 13: Web table 5: Exogenous hormone use and menopausal factors collected
at baseline and risk of B-cell NHL in the EPIC cohort, 1992-1999 (combining T
and B subtypes and censoring multiple myeloma)

Person-years N HR 95%CI P-trend
Oral contraceptives use
Never 1919675 524 Reference
Ever 2731051 565 0.92 0.80,1.05
Missing 24
Duration of oral contraception
Never 1919675 548 Reference 0.10
T1 (0.2- 3.9 years) 759811 182 1.02 0.86,1.22
T2 (4.0- 9.9 years) 879090 167 0.89 0.74,1.07
T3 (>10.0 years) 833513 170 0.87 0.72,1.05
Missing 46
Menopausal status
Premenopausal 1693207 218 1.20 0.90,1.59
Perimenopausal 918876 200 0.90 0.73,1.10
Postmenopausal (natural) 2058663 642 Reference
Surgical postmenopausal 121690 53 154 1.16,2.05
Missing 0
Age at natural menopause, years
<45 331008 102 Reference 0.41
>45- 50 661418 212 1.03 0.81,1.31
>50 595101 181 0.94 0.73,1.20
Missing 147
Oophorectomy + Hysterectomy
Neither 3253667 683 Reference
Oophorectomy 87407 25 1.13 0.76,1.69
Hysterectomy 244685 85 1.25 0.99,1.57
Hysterectomy + oophorectomy 82879 75 1.33 1.04,1.69
Missing 245
Use of postmenopausal hormone therapy ?
Never 1797159 507 Reference
Ever 11001200 331 1.01 0.87,1.17
Missing 57
Duration of postmenopausal hormone therapy
Never 1797159 507 Reference 0.60
T1 (0.1- 1.25 years) 330183 109 1.01 0.81,1.26
T2 (1.26- 4.0 years) 345001 98 0.97 0.77,1.21
T3 (>4 years) 317805 121 0.94 0.75,1.18
Missing 57
Type of postmenopausal hormone therapy ?
Never 1797159 507 Reference
Estrogen alone 428936 109 0.94 0.74,1.18
Progestin alone 11837 3 NE
Estrogen + Progestin 290446 98 1.03 0.81,1.30
Missing 121

All models were stratified by center and age and adjusted by educational level. Numbers do not always add to the total because

of missing values. Abbreviations: EPIC, European Prospective Investigation Into Cancer and Nutrition; HR = hazard ratio; T =

Tertile; NHL = non-Hodgkin lymphoma; NE= Not estimated

a) Among peri- and postmenopausal women (including surgical menopause).
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10.4. Annex 4: Publication 4; Supplemental table

Table 14: Supplemental Table 1: Baseline characteristics of women in the EPIC cohort by country

Urothelial Carcinoma cases

Age at recruitment(years)®
Age at diagnosis(years)?

BMI(kg/m?)?
Physical activity °

Inactive
Moderately inactive
Moderately active
Active

Unknown

Smoking status °

Never
Former
Current

Unknown

Smoking status and intensity °
Never
Current <15 cigarettes/day

Current >15 cigarettes/day

ANNEX

Cohort France Italy Spain KLiJr?gltieodm Netf;lt—a rr]fan ds Greece Germany Sweden Denmark Norway
(n=333919) (n=67403) (n=30513) (n=24 850) (n= 52 566) (n= 26 912) (n=15233) (n=27379) (n=26368) (n=28720) (n=33975)
529 40 72 32 68 80 7 25 105 80 20
51 51 51 48 48 53 54 48 51 56 48
(45- 58) (47- 57) (44-57) (41- 55) (36- 58) (46- 59) (43- 64) (41-57) (47- 60) (53- 60) (44-52)
68 65 65 64 63 67 65 59 69 72 61
(62- 74) (60- 71) (59- 71) (57-71) (52-73) (59- 73) (54- 75) (52- 67) (60- 78) (68- 76) (58- 65)
24.1 225 25.0 275 23.4 24.5 28.2 24.7 24.1 24.8 23.8
(21.9-27.2) (20.8-24.7) (22.6-27.9) (24.7-30.9) (21.4- 26.1) (22.3-27.3) (24.8-316) (22.3-28.0) (21.9-27.0) (22.5-27.8) (21.8-26.2)
73114 12 623 11201 12071 12 581 1897 8157 4756 5532 3050 1246
(21.9) (18.7) (36.7) (48.6) (23.9) (7.1) (53.6) (17.4) (21.0) (10.6) (3.7)
113 292 26 969 11 940 8745 18 867 6410 3997 10378 9480 9235 7271
(33.9) (40.0) (39.1) (35.2) (35.9) (23.8) (26.2) (37.9) (36.0) (32.2) (21.4)
90 980 21813 4557 2983 12 075 6 480 2 460 7110 6912 7148 19 442
(27.3) (32.4) (14.9) (12.0) (23.0) (24.1) (16.2) (26.0) (26.2) (24.9) (57.2)
50 782 5998 2815 1051 8056 9399 619 5129 4400 9 265 4050
(15.2) (8.9 9.2) (4.2) (15.3) (34.9) 4.2) (18.7) (16.7) (32.3) (11.9)
5751 987 2726 6 44 22 1966
1.7) (1.9) (10.1) (0.02) 0.2) 0.1) (5.8)
186 228 44938 16 376 17 740 31544 10 984 11 144 15333 13 957 12 563 11 649
(55.8) (66.7) (53.7) (71.4) (60.0) (40.8) (73.2) (56.0) (52.9) (43.7) (34.3)
75216 12 896 6162 2446 14 457 8425 816 7017 6 004 7074 9919
(22.5) (19.1) (20.2) (9.8) (27.5) (31.3) (5.4) (25.6) (22.8) (24.6) (29.2)
64 756 5807 7974 4652 5543 7409 2594 4980 6282 9021 10 494
(19.4) (8.6) (26.1) (18.7) (10.5) (27.5) (17.0) (18.2) (23.8) (31.4) (30.9)
7719 3762 1 12 1022 94 679 49 125 62 1913
(23) (5.6) (0.0) (0.1) 1.9) (0.4) (4.5) (0.2) (0.5) (0.2) (5.6)
161 061 25164 12 657 17 740 31544 10938 11101 15 333 12 436 12 563 11 585
(48.2) (37.3) (41.5) (71.4) (60.0) (40.6) (72.9) (56.0) (47.2) (43.7) (34.2)
40 802 2971 4611 2950 3675 4435 1425 3491 4482 5978 6784
(12.2) 4.4 (15.1) (11.9) (7.0) (16.5) 9.4) (12.8) (17.0) (20.8) (20.0)
21318 1924 3360 1660 1409 2540 1162 1 467 1512 2954 3330
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(6.4) 2.9) (11.0) 6.7) @7) 9.4) (7.6) (5.4) (5.7) (10.3) 9.8)
Former auit <10 vears 27 304 3628 2959 1473 4887 3011 478 2363 2349 2322 3924
quit<10y 82) (5.4) ©.7) (5.9) 9.3) (11.2) @.1) (8.6) (8.9) 6.1) (11.6)
. 44918 8 581 3188 936 8977 5215 208 4361 3482 4268
Rl RIS (13.5) (12.7) (105) (3.8) (17.1) (19.4) 2.0) (15.9) (13.2) (149 61201695
Current,
- . 27610 21818 3719 13 145 46 " 21 1672 68 64
pipe/cigar/occasional
Ciomtotts amorers 8.3) (32.4) (12.2) 0.1) 0.3) 0.2) (0.3) ©.1) (6.3) 0.2) 0.2)
. 4854 1312 18 66 907 633 46 204 310 505 763
Current/Former, missing (L5) 2.0) ©.1) 0.3) L 2.4) 0.3) (L1) (L2) (L8) 23)
5962 2005 1 1022 94 679 49 125 62 1913
Unknown (18) (3.0) (0.0) 120D (L9) 0.4) (4.5) 0.2) ©.5) ©.2) (5.6)
P—————— 186 264 162 216 256 127 412 117 119 172 126
9 g/day (118-286)  (189-356)  (109-232)  (138-315) (186-347) (98-162)  (317527)  (89-156)  (70-184)  (112-244)  (87-179)
Eruit intake(g/day)’ 216 242 320 286 229 195 344 126 179 172 138
g/day (125-332)  (153-339)  (221-443)  (176-436) (143-345) (123-288)  (244-457)  (92204)  (114-269)  (100-276)  (79-219)
Job exposure > ¢ ¢
o 100 681 23673 10971 14730 24900 26 407
(93.6) (95.3) (94.8) (96.9) (91.0) (92.3)
Ves 6920 1177 599 465 2 479 2 200
(6.4) 4.7) (5.2) (3.2) (9.1) (7.7)
Diabetes ®
\o 300 864 65 960 29 846 23681 35647 26 229 14182 26590 24437 27117 27175
(97.3) (98.0) (97.9) (95.5) (98.3) (97.8) (93.3) (97.1) (98.2) (94.8) (98.5)
Ves 7422 1379 1) 633 1124 633 581 1016 775 445 430 406
(2.4) ' (2.1) (4.5) (1.7 (2.2) (6.7) (2.8) (1.8) (1.5) (1.5)
1078 8 1070
Do not known (0.4) (0.03) 3.7)

UC: Urothelial Carcinoma // BMI: Body mass index

2 Median (percentile 25" and percentile 75™)

®n (%)

¢ Available in Spain, Cambridge, Greece, Germany, and Denmark, Germany.

d Job exposure was coded as “yes” if the participant worked exposure to heavy metals, aromatic amines, polycyclic aromatic hydrocarbons, and environmental tobacco smoking.
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Table 15: Supplemental Table 2: Reproductive factors, menstrual, menopausal factors, and exogenous hormone use in relation to UC by
aggressiveness and by grade in EPIC Women.

Nonaggressive (n=146) Aggressive (n=230) Low-Grade (n=80) High-Grade (n=233)

Cases (%) HR (95%CI)? Cases (%) HR (95%CI)?*  Cases (%) HR (95%CI)?  Cases (%) HR (95%CI)?
Age at menarche, years
<12 12 (8.4) 1.00 (referent) 33 (14.4) 1.00 (referent) 10(12.5) 1.00 (referent) 25(10.7) 1.00 (referent)
12 26 (17.8) 1.39 (0.70- 2.76) 45 (19.6) 0.96 (0.61- 1.51) 7(8.8) 0.47(0.18-1.24)  51(21.9) 1.41(0.87-2.29)
13 37 (25.3) 1.64 (0.85-3.17) 55 (23.9) 0.91 (0.59- 1.41) 23(28.8) 1.29(0.61-2.75)  60(25.8) 1.36(0.85-2.19)
14 36 (24.7) 1.74 (0.90- 3.39) 45 (19.6) 0.74 (0.47- 1.18) 20(25.0) 1.26(0.58-2.76)  50(21.5) 1.23(0.75-2.00)
>14 32 (21.9) 1.80 (0.91-3.57) 47 (20.4) 0.81 (0.51- 1.29) 19(23.8) 1.46(0.65-3.24)  41(17.6) 1.13(0.68-1.89)
Unknown 3(2.1) 5(2.2) 1(1.3) 6 (2.6)
P-trend 0.075 0.188 0.057 0.903
Cumulative duration of menstrual
cycling, accounting for OC use, years °
<23 17 (11.6) 1.00 (referent) 29 (12.6) 1.00 (referent) 9(11.3) 1.00 (referent) 28(12.0) 1.00 (referent)
23-<30 31 (21.2) 1.29 (0.70- 2.36) 41 (17.8) 1.09 (0.67-1.78) 18(22.5) 1.59(0.69-3.65)  44(18.9) 0.98(0.60-1.59)
30- <35 32 (21.9) 1.14 (0.62-2.12) 47 (20.4) 0.94 (0.58- 1.53) 19(23.8) 1.48(0.63-3.46)  42(18.0) 0.74(0.45-1.22)
>35 37 (25.3) 1.14 (0.61- 2.12) 63 (27.4) 1.17 (0.73- 1.87) 21(26.2) 1.57(0.66-3.71)  65(27.9) 0.99(0.61-1.61)
Unknown 29 (18.9) 1.19 (0.60-2.35) 50 (21.7) 1.01 (0.61- 1.67) 13 (16.3) 1.53(0.59-3.98) 54 (23.2) 1.01 (0.60- 1.71)
P-trend 0.396 0.610 0.348 0.982
Use of OC
No 80 (54.8) 1.00 (referent) 123 (53.5)  1.00 (referent) 38(47.5) 1.00 (referent) 137(58.8)  1.00 (referent)
Yes 65 (44.5) 0.79 (0.54- 1.15) 103 (44.8) 0.90 (0.67- 1.21) 42(52.5) 0.98(0.59-1.63)  94(40.3) 0.80(0.59-1.08)
Unknown 1(0.7) 4(1.7) 2(0.9)
Duration OC use, years
No 80 (54.8) 1.00 (referent) 123 (53.5)  1.00 (referent) 38 (47.5) 1.00 (referent) 137 (58.8)  1.00 (referent)
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>0-<1
>1-5
>5-10
>10
Unknown duration
Unknown use of OC
P trend
Menopausal status

Premenopausal

Perimenopausal
Natural postmenopausal

Surgical postmenopuasal
Age at natural menopause, years °
<46
47- 49
50 - 52
>53
Unknown
P-trend
Age at menopause, years
<46
47- 49
50 - 52
>53
Unknown
P-trend
Use of MHT ¢

6(4.1)
16 (11.0)
19 (13.0)
17 (11.6)
7(4.8)
1(0.7)

18 (12.3)

21 (14.9)
102 (69.9)

5 (3.4)

21 (20.6)
23 (22.6)
26 (25.5)
16 (15.7)
16 (15.7)

24 (22.4)
24 (22.4)
27 (25.2)
16 (15.0)
16 (15.0)

0.40 (0.17- 0.82)
0.79 (0.45- 1.40)
1.03 (0.60- 1.78)
0.86 (0.48- 1.53)

0.769

1.00 (referent)

0.87 (0.37- 2.04)
1.26 (0.52- 3.02)

1.11 (0.33- 3.75)

1.14 (0.64- 2.05
1.40 (0.79- 2.47)
1.00 (referent)
1.01 (0.54- 1.91)
1.26 (0.63- 2.51)
0.688

1.14 (0.65- 2.0)
1.37 (0.78- 2.38)
1.00 (referent)
0.98 (0.52- 1.83)
1.31 (0.66- 2.60)
0.635

19 (8.3)
24 (10.4)
28 (12.2)
22 (9.6)
10 (4.4)
4(1.7)

15 (6.5)
22 (9.6)
180 (78.3)

13 (5.7)

39 (21.7)
28 (15.6)
43 (23.9)
40 (22.2)
30 (16.7)

49 (25.4)
28 (14.5)
46 (23.8)
40 (20.7)
30 (15.5)

0.84 (0.51- 1.39)
0.85 (0.54- 1.35)
1.12 (0.72- 1.74)
0.74 (0.46- 1.21)

0.469

1.00 (referent)

1.64 (0.67- 4.00)
2.47 (1.01- 6.03)

3.25 (1.18- 8.97)

1.14 (0.73- 1.76)
1.00 (0.62- 1.63)
1.00 (referent)
1.49 (0.96- 2.31)
1.18 (0.72- 1.95)
0.324

1.19 (0.79- 1.80)
0.92 (0.57- 1.47)
1.00 (referent)
1.43 (0.93- 2.20)
1.11 (0.68- 1.82)
0.479

5(6.3)
10 (12.5)
15 (18.8)
6 (7.5)
6 (7.5)

12(15.0)

15(18.8)
51(63.8)

2(2.5)

8(15.7)

12(23.5)
14(27.5)
10(19.6)
7(13.7)

9 (17.0)
13 (24.5)
14 (26.4)
10 (18.9)
7(13.2)

0.65 (0.25- 1.70)
0.94 (0.45- 1.98)
1.53 (0.79- 2.99)
0.41 (0.20- 1.31)

0.712

1.00 (referent)

1.19(0.39-3.58)
1.16(0.35-3.81)

0.80(0.13-4.81)

0.84 (0.35- 2.02)
1.32 (0.60- 2.89)
1.00 (referent)
1.21 (0.52- 2.79)
1.11 (0.41- 3.06)
0.53

0.83 (0.36- 1.96)
1.37 (0.64- 2.95)
1.00 (referent)
1.21 (0.53- 2.79)
1.20 (0.44- 3.29)
0.532

14 (6.0)
19 (8.2)
25 (10.7)
25 (10.7)
11 (4.7)
2(0.9)

23(9.9)
25(10.7)
175(75.1)

10( 4.3)

39(22.3)
25(14.3)
45(25.7)
36(20.6)
30(17.1)

47 (25.4)
25 (13.5)
47 (25.4)
36 (19.5)
30 (16.2)

ANNEX

0.57 (0.32-1.00)
0.65 (0.39- 1.07)
0.96 (0.61- 1.52)
0.93 (0.58- 1.50)

0.549

1.00 (referent)

1.56(0.71-3.43)
1.60(0.60-4.22)

1.08(0.50-2.36)

1.16 (0.75- 1.79)
0.87 (0.53- 1.43)
1.00 (referent)
1.35(0.86- 2.10)
1.26 (0.76- 2.09)
0.571

1.17 (0.76- 1.76)
0.82 (0.50- 1.34)
1.00 (referent)
1.30 (0.83- 2.02)
1.24 (0.75- 2.05)
0.681
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No 60 (46.9) 1.00 (referent) 122 (56.7)  1.00 (referent) 28(41.2) 1.00 (referent) 124(62.9)  1.00 (referent)
Yes 53 (41.4) 1.93(1.29-2.87) 85(39.5) 1.27 (0.94-1.71) 31(45.6) 2.37(1.37-4.12)  73(37.1) 1.33(0.97-1.82)
Unknown 15 (11.7) 1.72(0.76-3.87) 8 (3.7) 9(13.2) 2.93 (0.94-9.11) 13(6.2)
Duration MHT use, yearsd
No 60 (46.9) 1.00 (referent) 122 (56.7)  1.00 (referent) 28 (41.2) 1.00 (referent) 124 (59.1)  1.00 (referent)
<1.25 19 (14.8) 2.31(1.35-3.94) 22(10.2) 1.11 (0.70-1. 77)  15(22.1) 3.77 (1.95-7.31) 19(9.1) 1.10 (0.67-1.80)
>1.25-4 12 (9.4) 1.47 (0.77-2.80) 27 (12.6) 1.60 (1.03-2.48) 9(13.2) 2.28 (1.03-5.04) 18(8.6) 1.16 (0.69- 1.94)
>4 17 (13.3) 2.32(1.29-4.17)  29(13.5) 1.11(0.72-1.72) 6(8.8) 1.79 (0.70- 4.60) 24(11.4) 1.48 (0.92- 2.38)
Unknown duration 5 (3.9) 7 (3.3) 1(1.5) 12 (5.7)
Unknown use of MHT 15 (11.7) 1.56 (0.67-3.61)  8(3.7) 9(13.2) 2.26 (0.68-7.49) 13 (6.2)
P-trend 0.002 0.242 0.023 0.100
Type of MHT ¢
Non-users of MHT 55 (53.4) 1.00 (referent) 111 (58.4)  1.00 (referent) 26(48.2) 1.00 (referent) 114(64.0)  1.00 (referent)
Oestrogen alone 7 (6.8) 1.47 (0.65- 3.30) 19 (10.0) 1.59 (0.96- 2.64) 5(9.3) 2.59 (0.97-6.95) 13(7.3) 1.26(0.69-2.28)
Oestrogen + Progestin 17 (23.3) 1.57 (0.84-2.94) 22 (11.6) 0.92 (0.56- 1.50) 9(16.7) 1.59 (0.67-3.77) 23(12.9) 1.09(0.65-1.80)
Unknown type 24 (23.3) 2.37(1.44-3.91)  38(20.0) 1.16 (0.79- 1.70) 14(25.9) 2.76 (1.40- 5.46) 28(15.7) 1.23 (0.80- 1.87)
Oophorectomy f
No 102 (81.0) 171 (77.4)  1.00 (referent) 56(82.4) 170(78.7)  1.00 (referent)
Unilateral 5 (4.0) 16 (7.2) 1.51(0.90- 2.52) 3(4.4) 11(5.1) 1.06(0.57-1.95)
Bilateral 5 (4.0) 14 (6.3) 1.36 (0.78- 2.36) 2(2.9) 11(5.1) 1.04(0.56-1.94)
Unknown if unilateral or bilateral 0 (0) 1(0.5) 19(10.3) 24 (11.2) 0.85 (0.31- 2.28)
Unknown 14 (11.1) 19 (8.6)
Hysterectomy
No 99 (78.6) 1.00 (referent) 169 (76.5)  1.00 (referent) 55(80.5) 1.00 (referent) 166(78.7)  1.00 (referent)
Yes 20 (15.9) 0.96 (0.59 1.57) 38 (17.2) 1.11(0.78-1.59) 11(16.2) 1.03(0.53-1.99)  37(17.1) 1.06(0.73-1.52)
Unknown 7 (5.6) 14 (6.3) 2(2.9) 13(6.0)
Parity
No 27 (18.5) 1.00 (referent) 29 (12.6) 1.00 (referent) 18(22.5) 1.00 (referent) 29(12.5) 1.00 (referent)
Yes 115(78.8) 0.59 (0.39-0.90) 196 (85.2) 0.91(0.62-1.35) 59(73.8) 0.44(0.26-0.75)  199(85.4)  0.96(0.65-1.43)
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Unknown 4(2.7) 5(2.2) 3(3.8) 5(2.2)

Number of full-term pregnancies
on 26 (18.7) 1.42 (0.81-2.51) 26 (11.9) 0.79 (0.48- 1.29) 18(23.1) 1.70 (0.83- 3.46) 25(11.5) 0.80 (0.48-1.33)
1 23 (16.5) 1.00 (referent) 43 (19.6) 1.00 (referent) 14(18.0) 1.00 (referent) 39(18.0) 1.00 (referent)
2 43 (30.9) 0.71(0.42-1.19) 89 (40.6) 0.81 (0.56- 1.17) 24(30.8) 0.65(0.33-1.28)  77(35.5) 0.78(0.53-1.16)
>3 43 (30.9) 0.83 (0.49-1.41) 56 (25.6) 0.59 (0.39- 0.90) 19(24.4) 0.63(0.30-1.29) 71(32.7) 0.81(0.53-1.21)
Unknown 4(2.9) 5 (2.3) 3(3.9) 5(2.3)
P-trend ' 0.039 0.067 0.002 0.674

Age at first full term
pregnancy, years’

<20 15 (13.0) 1.00 (referent) 33 (16.8) 1.00 (referent) 12 (20.3) 1.00 (referent) 28 (14.1) 1.00 (referent)
21-23 30 (26.1) 0.98 (0.52-1.83) 57 (29.1) 1.09 (0.70- 1.68) 13 (22.0) 0.57 (0.26-1.26) 49 (24.6) 0.84 (0.53-1.35)
24- 25 21 (18.3) 0.83(0.42-1.64) 33 (16.8) 0.88 (0.53-1.44) 9(15.3) 0.51(0.21-1.25) 38 (19.1) 0.81 (0.49-1.35)
26- 30 38 (33.0) 0.94 (0.50-1.74) 55 (28.1) 0.96 (0.61- 1.52) 22 (37.3) 0.79 (0.37-1.65) 60 (30.2) 0.80 (0.50-1.27)
>30 11 (9.6) 0.85(0.38-1.88) 17 (8.7) 0.96 (0.53-1.76) 3 (5.1) 0.33(0.09-1.22) 23 (11.6) 0.95 (0.54-1.68)
Unknown 1(0.5) 1(0.5)
P-trend 0.702 0.661 0.402 0.713
Breastfeeding "’
No 19 (18.1) 1.00 (referent) 24 (13.4) 1.00 (referent) 11 (20.0) 1.00 (referent) 32 (17.8) 1.00 (referent)
Yes 83 (79.1) 0.82(0.49-1.36) 155(86.6) 0.97 (0.62- 1.51) 43 (78.2) 0.66 (0.33-1.32) 146 (81.1) 0.83(0.56-1.24)
Unknown 3(2.9) 1(1.8) 2(1.1)

Duration of breastfeeding, all
pregnancies, months

>0-<3 26 (31.3) 1.00 (referent) 53 (34.2) 1.00 (referent) 14 (32.6) 1.00 (referent) 46 (31.5) 1.00 (referent)

>3- 12 39 (47.0) 0.98 (0.58- 1.66) 66 (42.6) 0.75(0.51-1.11) 16 (37.2) 0.83 (0.39-1.76) 68 (46.6) 0.93 (0.63-1.39)

>12 18 (21.7) 0.82 (0.41-1.65) 33(21.3) 0.75 (0.45-1.24) 13 (30.2) 1.42 (0.60-3.34) 31(21.2) 0.69 (0.40-1.16)

Unknown 3(1.9) 1(0.7)

P-trend 0.600 0.234 0.388 0.219
Induced abortions'

Never pregnant 17 (15.9) 1.70 (1.00-2.91) 19 (9.8) 1.01 (0.63-1.64) 13(21.7) 2.66 (1.40-5.07) 16(9.0) 0.83 (0.49- 1.40)

0 69 (64.5) 1.00 (referent) 137 (70.6)  1.00 (referent) 35(58.3) 1.00 (referent) 134(74.4)  1.00 (referent)

1 14 (14.0) 1.90 (1.05-3.42) 25 (12.9) 1.04 (0.67- 1.62) 9(15.0) 1.67 (0.77- 3.61) 18(10.0) 1.22 (0.73- 2.04)

>2 5 (3.5) 1.22(0.47-3.16) 11 (5.7) 1.00 (0.53-1.90) 2(3.3) 0.67 (0.16-2.91) 10(5.6) 1.19 (0.60- 2.36)

Unknown 1(0.9) 2 (1.0) 1(2.7) 2(1.2)
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P-trend 0.657 0.947 0.119 0.261
Spontaneous abortions ™

Never pregnant 22 (17.3) 1.77 (1.10- 2.86) 19 (9.4) 0.95(0.59- 1.55) 17(23.6) 2.83(1.59-5.03) 17(8.6) 0.80(0.48-1.34)

0 76 (59.8) 1.00 (referent) 135 (66.5)  1.00 (referent) 40(55.6) 1.00 (referent) 128(65.0)  1.00 (referent)

1 21 (16.5) 1.15(0.71-1.86)  33(16.3) 1.01 (0.69- 1.48) 10(13.9) 1.05(0.53-2.11) 35(17.8) 1.13(0.78-1.65)

>2 7 (5.5) 0.96 (0.44-2.09) 14 (6.9) 1.25(0.72- 2.17)  4(5.6) 1.16 (0.41- 3.24) 15(7.6) 1.26(0.72-2.15)

Unknown 1(0.8) 2 (1.0) 1(1.4) 2 (1.0)

P-trend 0.225 0.710 0.048 0.164
Fertility problems "

No 82 (73.2) 107 (77.5) 45(75.0) - 142(75.5)

Yes 7(6.3) 4 (2.9) 2(3.3) - 8(4.3)

Missing 23 (20.5) 27 (19.6) 13 (21.7) 38(20.2)

OC: oral contraceptive // MHT: menopause hormone therapy

®Cox proportional hazards model stratified by center and age at recruitment and adjusted by smoking status and intensity, fruits and vegetables intake.

®Cox proportional hazards model stratified by center and age at recruitment and adjusted by smoking status and intensity, fruits and vegetables intake, OC use, and full-term pregnancies.
¢ Women who had surgical menopause were excluded

91n peri and postmenopausal women (natural or surgical).

¢ Available in France, Italy, Spain, United kingdom, The Netherlands, Germany, Denmark, and Norway.

f Available in all centers except Malmo.

9 Available in all centers excepte Bilthoven.

" Including nulliparous women and women without full-term pregnancies.

"In parous women.
I Available in all centers except Bilthoven and Umea.

¥ In parous women who has ever breastfed.
' Available in all centers excepte Bilthoven, Umed, Malmg, and Norway
™ Available in all centers excepte Bilthoven, Umed, and Norway.

" Available in France, Italy, Spain, United Kingdom, Utrecht, Greece, and Germany.
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Table 16: Supplemental table 3: Reproductive factors, menstrual, menopausal

factors, and exogenous hormone use in relation to UC by smoking status in EPIC

Women.

Age at menarche, years
<12
12
13
14
>14
Unknown

P trend
Cumulative duration of

menstrual cycling, accounting

for OC use, years °
<23

23-<30

30- <35

>35

Unknown

P trend
Use of OC

No

Yes

Unknown
Duration OC use, years

No

>0-<1

>1-5

>5- 10

>10

Unknown duration

Missing use of OC

P trend
Menopausal status

Premenopausal

Perimenopausal

Natural postmenopausal

Surgical postmenopausal
Age at natural menopause,

years ¢
<46
47- 49
50 - 52

Never Former Current

Cﬁsislgg/") HR (95%CI)? Cffié;/") HR (95%CI)° Cffié;@ HR (95%CI)°
25(12.8)  1.00 (referent) 13 (9.8) 1.00 (referent) 26 (13.2) 1.00 (referent)
35(18.0) 0.95(0.57-1.60) 31 (23.3) 1.73 (0.90-3.34) 37(18.8)  0.99 (0.60- 1.65)
46 (23.6)  0.96 (0.59- 1.58) 26 (19.6) 1.01 (0.51-1.99) 55 (27.9) 1.17 (0.72- 1.90)
40 (20.5) 0.86 (0.52-1.43) 32 (24.1) 1.24 (0.64-2.41) 35(17.8)  0.76 (0.45- 1.29)
43 (22.1) 1.07(0.64-1.78) 29 (21.8) 1.26 (0.64-2.49) 39(19.8)  0.97 (0.57- 1.63)
6(3.1) 2(15) 5(2.5)

0.847 0.874 0.506
26 (13.3)  1.00 (referent) 13 (9.8) 1.00 (referent) 33 (16.6) 1.00 (referent)
27(13.9) 0.62(0.35-1.09) 30 (22.6) 1.86 (0.93-3.71) 39(19.8)  0.99 (0.60- 1.61)
37(19.0) 0.55(0.31-0.96) 33(17.3) 1.18 (0.56- 2.49) 47 (23.9) 1.05 (0.64- 1.74)
64 (32.8) 0.75(0.43-1.28) 31 (23.3) 1.24 (0.58-2.64) 45 (22.8) 1.15 (0.67- 1.97)
41 (21.0) 0.93(0.53-1.64) 36 (27.1) 1.81(0.87 -3.77) 33(16.8)  0.73(0.40-1.33)

0.863 0.857 0.725
123 (63.1) 1.00 (referent) 64 (48.1) 1.00 (referent) 90 (45.7) 1.00 (referent)
68 (34.9) 0.84(0.60-1.18) 66 (49.6) 1.07 (0.72-1.59) 102 (51.8) 0.93(0.67-1.28)
4(2.1) 3(2.3) 5(2.5)
123 (63.1) 1.00 (referent) 64 (48.1) 1.00 (referent) 90 (45.7) 1.00 (referent)
11 (5.6) 0.71(0.38-1.33) 4(3.0) 0.38 (0.14- 1.06) 19 (9.6) 0.85 (0.51- 1.44)
15 (7.7) 0.69 (0.40- 1.21) 17 (12.8) 1.03 (0.58-1.82) 30 (15.2) 1.08 (0.69- 1.68)
20(10.3) 1.20(0.72-1.99) 24 (18.1) 1.76 (1.05-2.95) 23(11.7)  0.93(0.57-1.53)
17 (8.7) 0.93 (0.53-1.61) 9 (6.8) 0.59 (0.28-1.24) 25(12.7)  0.92 (0.57- 1.51)
5(2.6) 12 (9.0) 5(2.5)
4(2.1) 3(2.3) 5(2.5)

0.359 0.720 0.615
18 (9.5) 1.00 (referent) 9 (6.8) 1.00 (referent) 22 (11.2) 1.00 (referent)
19 (10.0) 1.05(0.46-2.39) 100(75.2) 1.48(0.46-4.78) 140(71.1) 3.57 (1.55-8.24)
150 (78.9) 0.78 (0.34-1.78) 18(13.5) 1.22 (0.39-3.89) 27(13.7)  2.31(1.01-5.30)
8(1.6) 1.07 (0.38-3.05) 6 (4.5) 2.06 (0.51-8.33) 8(4.1) 3.81 (1.33- 10.94)
25(16.7) 1.15(0.67-1.93) 19 (19.0) 1.01 (0.55-1.85) 41 (29.3) 1.23 (0.76- 1.97)
26 (17.3) 1.25(0.75-2.10) 16 (16.0) 1.14 (0.60- 2.15) 26 (18.6)  0.92 (0.54- 1.55)
36 (24.0)  1.00 (referent) 26 (26.0) 1.00 (referent) 35 (25.0) 1.00 (referent)

141



>53
Unknown
P trend

Age at any menopause, years

<46

47-49

50 - 52

>53

Unknown

P trend
Use of MHT ¢

No

Yes

Unknown

Duration MHT use, years®

No

>0-<1.25

>1.25-4

>4

Unknown duration

Unknown use of MHT

P trend

Type of MHT &
Non-users of MHT
Oestrogen alone

Oestrogen + Progestin
Unknown type of MHT

Oophorectomy 9
No
Unilateral
Bilateral

Unknown if unilateral or

bilateral
Unknown

Hysterectomy ¢

No
Yes
Unknown
Parity
No
Yes
Unknown

Number of full-term
pregnancies "

0 i
1
2

35 (23.3)
28 (18.7)

29 (18.4)
26 (16.5)
39 (24.7)
36 (22.8)
28 (17.7)

105 (59.3)
52 (29.4)
20 (11.3)

105 (59.3)
18 (10.2)
12 (6.8)
19 (10.7)
3(L7)

20 (11.3)

88 (63.8)
7(5.1)

22 (15.9)
21 (15.2)

141 (82.0)
9(5.2)
8 (4.7)

14 (8.1)

139 (80.8)
23 (13.4)
10 (5.8)

19 (9.7)
170 (87.2)
6(3.1)

19 (9.8)
32 (16.6)
83 (43.0)

1.25 (0.75- 2.10)
1.84 (1.07- 3.16)
0.532

1.11 (0.68- 1.81)
1.13 (0.68- 1.88)
1.00 (referent)
1.44 (0.91- 2.29)
1.75 (1.02- 2.97)
0.464

1.00 (referent)
1.02 (0.71- 1.47)
1.14 (0.58- 2.25)

1.00 (referent)

1.16 (0.69- 1.95)
0.87 (0.47- 1.62)
1.24 (0.73- 2.11)

0.567

1.00 (referent)

0.87 (0.40- 1.92)
1.22 (0.72- 2.08)
1.10 (0.67- 1.80)

1.00 (referent)
1.21 (0.61- 2.40)
0.91 (0.44- 1.87)

0.07 (0.00- 1.29)

1.00 (referent)
0.83 (0.53- 1.30)
0.61 (0.19- 1.95)

1.00 (referent)
1.23 (0.76- 1.99)

0.72 (0.40- 1.28)
1.00 (referent)
0.96 (0.63- 1.45)

22 (22.0)
17 (17.0)

24 (22.6)
16 (15.1)
27 (25.5)
22 (20.8)
17 (16.0)

63 (47.4)
45 (33.8)
25 (18.8)

63 (47.4)
10 (7.5)
14 (10.5)
14 (10.5)
7 (5.3)
25 (18.8)

52 (57.1)
8 (8.8)

14 (15.4)
17 (18.7)

76 (70.4)
6 (5.6)

6 (5.6)
1(0.93)
19 (17.6)

76 (70.4)
20 (18.5)
12 (11.1)

26 (19.6)
103 (77.4)
4(3.0)

25 (19.7)
26 (20.5)
36 (28.4)

1.27 (0.71- 2.29)
1.07 (0.55- 2.10)
0.592

1.13 (0.64- 2.00)
1.05 (0.56- 1.97)
1.00 (referent)
1.25 (0.70- 2.22)
1.05 (0.54- 2.03)
0.954

1.00 (referent)
1.21 (0.80- 1.84)
0.87 (0.41- 1.85)

1.00 (referent)

1.07 (0.54- 2.11)
1.50 (0.82- 2.76)
1.23 (0.66- 2.30)

0.412

1.00 (referent)

1.41 (0.65- 3.07)
1.21 (0.63- 2.32)
1.49 (0.84- 2.66)

1.00 (referent)
1.03 (0.44- 2.39)
1.21 (0.52- 2.83)

1.25 (0.45- 3.48)

1.00 (referent)
1.11 (0.67- 1.84)
1.22 (0.42- 3.53)

1.00 (referent)
0.61( 0.39- 0.95)

1.17 (0.67- 2.06)
1.00 (referent)
0.57 (.34- 0.96)

19 (13.6)
19 (13.6)

47 (31.8)
28 (18.9)
35 (23.7)
19 (12.8)
19 (12.8)

77 (39.1)
73 (37.1)
47 (23.9)

77 (39.1)
22 (11.2)
21 (10.7)
22 (11.2)
8 (4.1)

73 (52.5)
17 (12.2)
13 (9.4)

36 (25.9)

125 (74.4)
13 (7.7)
9 (5.4)

21 (12.5)

127 (75.6)
32 (19.1)
9 (5.4)

27 (13.7)
164 (83.3)
6 (3.1)

27 (12.8)
40 (21.4)
72 (38.5)

ANNEX

1.12 (0.63- 2.00)
1.05 (0.57- 1.93)
0.562

1.28 (0.81- 2.02)

0.96 (0.57- 1.60)

1.00 (referent)

1.13 (0.64- 2.02)

1.07 (0.59- 1.96)
0.424

1.00 (referent)
1.58 (1.12- 2.23)
2.55 (1.34- 4.86)

1.00 (referent)

1.73 (1.06- 2.82)
1.87 (1.12- 3.10)
1.26 (0.75- 2.11)

0.421

1.00 (referent)

2.08 (1.19- 3.62)
0.79 (0.42- 1.48)
1.68 (1.10- 2.56)

1.00 (referent)
1.51 (0.84- 2.70)
1.25 (0.62- 2.52)

2.00 (0.79- 5.03)

1.00 (referent)
1.38 (0.92- 2.08)
0.89 (0.27- 2.94)

1.00 (referent)
1.35(0.51- 3.61)

0.81 (0.48- 1.35)
1.00 (referent)
0.78 (0.52- 1.16)
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3
4
>5

Unknown parity

P-trend’

Age at first full-term
pregnancy, years’

<20
21-23
24-25
26- 30
>30
Unknown
P-trend
Breastfeeding ' ¢

No

Yes
Unknown

Duration of breastfeeding, all

pregnancies, months *'
>0-<3
>3- 12
>12
Unknown
P-trend
Induced abortions ™

Never pregnant

0

1

>2
Unknown
P-trend

Spontaneous abortions "
Never pregnant

0

1

>2

Unknown

P-trend
Infertility problems °

No

Yes

Unknown

39 (20.2)
9(4.7)
5 (2.6)
6(3.1)

19 (11.2)
40 (23.5)
34 (20.0)
57 (33.5)
20 (11.8)

24 (14.9)
133 (82.6)
4(2.5)

49 (36.8)
49 (36.8)
34 (25.6)
1(0.8)

14 (9.0)
114 (73.1)
15 (9.6)
12 (7.7)
1(0.6)

16 (8.9)
120 (67.0)
35 (19.6)
7 (3.9)
1(0.6)

122 (89.7)
4(2.9)
10 (7.4)

0.85 (0.52- 1.37)
0.56 (0.26- 1.20)
0.48 (0.18- 1.28)

0.064

1.00 (referent)

0.95 (0.55- 1.65)
0.90 (0.51- 1.61)
0.93 (0.54- 1.58)
0.98 (0.51- 1.86)

0.906

1.00 (referent)
0.78 (0.50- 1.22)

1.00 (referent)
0.51 (0.34- 0.78)
0.47 (0.29- 0.76)

0.015

0.90 (0.51- 1.59)
1.00 (referent)

1.29 (0.73- 2.26)
2.52 (1.33- 4.78)

0.012

0.84 (0.49- 1.42)
1.00 (referent)

1.26 (0.86- 1.84)
0.69 (0.32- 1.49)

0.679

1.00 (referent)
0.93 (0.34- 2.55)

25 (19.7)
11(8.7)
0(0)
4(3.2)

13 (12.6)
32 (31.1)
15 (14.6)
35 (34.0)
7(6.8)
1(1.0)

9(9.9)
79 (86.8)
3(3.3)

28 (35.4)
32 (40.5)
19 (24.1)

17 (19.8)
56 (65.1)
9 (10.5)
2(2.3)
2(2.3)

20 (18.0)
67 (60.4)
15 (13.5)
6 (5.4)
3(2.7)

57 (79.2)
7(9.7)
8 (11.1)

0.74 (0.42- 1.31)
0.93 (0.45- 1.93)

0.208

1.00 (referent)

1.31 (0.68- 2.51)
0.77 (0.36- 1.66)
1.18 (0.61- 2.29)
0.73 (0.28- 1.85)

0.552

1.00 (referent)
1.17 (0.58- 2.38)

1.00 (referent)
0.60 (0.36- 1.02)
0.78 (0.42- 1.44)

0.341

1.77 (1.01- 3.09)
1.00 (referent)

1.23 (0.58- 2.86)
0.65 (0.15- 2.74)

0.091

1.65 (0.99- 2.77)
1.00 (referent)

0.91 (0.52- 1.60)
1.06 (0.46- 2.46)

0.185

1.00 (referent)
3.12(1.38- 7.04)
2.34(0.95- 5.74)

24 (12.8)
15 (8.0)
6(3.2)
6(3.2)

36 (22.0)
45 (27.4)
24 (14.6)
47 (28.7)
12 (7.3)

24 (15.7)
127 (83.0)
2 (1.3)

38 (29.9)
61 (48.0)
25 (19.7)

16 (11.3)
98 (68.0)
21 (14.8)
5(3.5)
2 (1.4)

19 (11.1)
108 (63.2)
27 (15.8)
14 (8.2)
3(1.8)

75 (77.3)
5(5.2)
17 (17.5)

ANNEX

0.47 (0.27- 0.79)
1.00 (0.54- 1.85)
0.77 (0.32- 1.86)

0.127

1.00 (referent)

0.91 (0.58- 1.44)
0.79 (0.46- 1.35)
1.01 (0.64- 1.60)
0.78 (0.40- 1.54)

0.745

1.00 (referent)
0.70 (0.45- 1.11)

1.00 (referent)
1.00 (0.65- 1.53)
1.02 (0.60- 1.76)

0.937

1.05 (0.61- 1.81)
1.00 (referent)

1.04 (0.63- 1.69)
0.43 (0.17- 1.08)

0.175

1.16 (0.68- 1.84)
1.00 (referent)

1.08 (0.71- 1.67)
1.52 (0.86- 2.68)

0.375

1.00 (referent)
1.32(0.50- 3.49)
0.44(0.12- 1.55)

UC: urothelial carcinoma // OC: oral contraceptive // MHT: menopause hormone therapy

All P value for the interaction were >0.05, with the exception of the induced abortions were P for interaction = 0.028

& Cox proportional hazards model stratified by center and age at recruitment and adjusted by fruits and vegetables

intake.

b Cox proportional hazards model stratified by center and age at recruitment and adjusted by smoking intensity

(number of cigarettes per day in current-smokers and time since quitting smoking in former-smokers), fruits and

vegetables intake.
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¢ Cox proportional hazards model stratified by center and age at recruitment and adjusted by smoking status and
intensity, fruits and vegetables intake, OC use, and full-term pregnancies

4 Women who had surgical menopause were excluded

¢In peri- and postmenopausal (natural or surgical).

f Available in France, Italy, Spain, United kingdom, The Netherlands, Germany, Denmark, and Norway.
9 Available in all centers except Malmo.

" Available in all centers except Bilthoven.

"Including nulliparous women and women without full-term pregnancies.

TIn parous women.

K Available in all centers except Bilthoven and Umea.

'In parous women who has ever breastfed.

™ Available in all centers except Bilthoven, Malmg, Umed, and Norway.

" Available in all centers except Bilthoven, Umed, and Norway.

° Available in France, Italy, Spain, United Kingdom, Utrecht, Greece, and Germany.
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Table 17: Supplemental table 4. Mutually adjusted models for menopause status, MHT, and parity, and UC by smoking status

Menopausal status & use of MHT
Premenopausal
Peri-/Postmenopausal & non-users of MHT
Peri-/Postmenopausal & users of MHT
Peri-/Postmenopausal & unknown MHT-use
Number of full-term pregnancies ©

0 d

1

2

3

4

>5
Unknown
P-trend ®

Cases (%0)
n =195

Never

HR (95%CI)?

Cases (%0)
n =133

Former

HR (95%CI)°

Cases (%0)
n =197

Current

HR (95%CI)°

18 (9.23)
105 (53.9)
52 (26.7)
20 (10.26)

19 (9.7)
32 (16.4)
83 (42.6)
39 (20.0)
9 (4.6)

5 (2.6)

8 (4.1)

1.23 (0.52- 2.43)
1.00 (referent)

1.02 (0.71- 1.47)
1.12 (0.53- 2.39)

0.72 (0.40- 1.29)
1.00 (referent)

0.95 (0.63- 1.45)
0.85 (0.52- 1.37)
0.57 (0.27- 1.21)
0.49 (0.18- 1.29)

0.069

9 (6.8)

63 (47.4)
45 (33.8)
16 (12.0)

26 (19.6)
26 (19.6)
36 (27.1)
25 (18.8)
11 (8.3)

9 (6.8)

0.83 (0.27- 2.54)
1.00 (referent)

1.20 (0.79- 1.83)
0.89 (0.40- 2.00)

1.17 (0.67- 2.06)
1.00 (referent)

0.57 (0.34- 0.96)
0.74 (0.42- 1.30)
0.94 (0.45- 1.95)

0.209

22 (11.2)
77 (39.1)
73 (37.1)
25 (12.7)

27 (13.7)
40 (20.3)
72 (36.6)
24 (12.2)
15 (7.6)
6 (3.1)
13 (6.6)

0.50 (0.22- 1.11)
1.00 (referent)

1.56 (1.10- 2.21)
2.31(1.16- 4.62)

0.83 (0.49- 1.39)
1.00 (referent)

0.78 (0.49- 1.39)
0.48 (0.28- 0.81)
1.01 (0.54- 1.88)
0.80 (0.33- 1.95)

0.149

UC: urothelial carcinoma // MHT: menopause hormone therapy
All P value for the interaction were >0.10, with the exception of the induced abortions were P for interaction = 0.028

&Cox proportional hazards model stratified by center and age at recruitment and adjusted by fruits and vegetables intake.
® Cox proportional hazards model stratified by center and age at recruitment and adjusted by smoking intensity (number of cigarettes per day in current-smokers and time since quitting smoking

in former-smokers) , fruits and vegetables intake.
¢ Available in all centers except Bilthoven.
¢ Including nulliparous women and women without full-term pregnancies.

¢ In parous women.
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10.5. Curriculum Vitae and list of main publications
10.5.1. Curriculum Vitae
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