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Simple Summary

Men are more often diagnosed with pancreatic cancer than women. With this research,
we aim to increase understanding of the reasons for this sex-related difference, which
might be due to different risk profiles in men and women, or hormonal and reproductive
factors in women might play an important protective role. In a large prospective cohort
with almost 1300 pancreatic cancer cases, we found that men indeed have a higher risk
of developing pancreatic cancer. Risks of overweight, diabetes, alcohol consumption and
smoking did not differ by sex. However, the longer a woman breastfeeds her children and
the longer she takes hormones during menopause, the lower her risk of pancreatic cancer.
Further research is necessary to understand the biological mechanisms and also what type
of hormone likely plays a fundamental role.

Abstract

Background/Objectives: Worldwide, men experience a higher incidence of pancreatic
cancer (PC) than women. Methods: To increase understanding of the underlying reasons
for this sex-related difference, we analysed general and sex-related risk factors for PC in the
European Prospective Investigation into Cancer and Nutrition (EPIC) cohort (women/men
No. =293,682/136,728; 717 /577 PC-cases). Results: Cox proportional hazards models
showed a 1.31-fold higher risk of developing PC for men compared to women (HR, 95%
CI 1.15-1.49) after adjustment for age, smoking history, BMI, diabetes, and alcohol con-
sumption. Associations of PC with established risk factors did not differ between men and
women, with the exception of a greater risk of PC among women with greater attained body
height, meat consumption and cigarettes smoked (1.12 (1.05-1.19) per 5 cm, 1.18 (1.02-1.36)
per 100 g/d, 1.42 (1.27-1.59) per 10/d; respectively). Among child-bearing women, long
cumulative duration of breastfeeding was inversely associated with risk of PC (HR 0.74,
95% CI1 0.61-0.89) for >5.7 months of breastfeeding (median) relative to <5.7 months and
among HRT users, cumulative duration of HRT use was inversely associated with PC risk
(HR 0.71, 95% CI1 0.53-0.95, >2.4 versus <2.4 years). Further reproductive and hormonal
factors, such as age at menarche, number of full-term pregnancies, age at menopause, or
use of oral contraceptives, were not significantly associated with PC risk. Conclusions:
Pooled analyses of large cohort studies are needed to confirm these results, and detailed
data on the type and intensity of HRT are required to better evaluate its effect.
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1. Introduction

Pancreatic cancer (PC) is the fifth leading cause of cancer-related mortality in the WHO
Europe region, accounting for 7.1% of cancer deaths [1]. Although several aetiologicaletio-
logical and morphological types of PC exist, pancreatic ductal adenocarcinoma (PDAC)
accounts for more than 90% of PC [2]. Established epidemiological risk factors are tobacco
smoking, body fatness, long-standing diabetes mellitus type II, chronic pancreatitis and
family history of PC, whereas the evidence for heavy alcohol drinking and consumption of
red and processed meat is limited but suggestive [3-5]. Genetics also plays an important
role in PDAC predisposition, with rare, low-frequency, and common risk variants identi-
fied [6,7]. Furthermore, worldwide age-standardised incidence and mortality rates of PC
are higher in men than in women [1,8], although the size of this sex difference varies across
countries [9]. In previous analyses, the higher incidence rates among men could not be
fully explained by differences in established risk factors [8,9], which led to the hypothesis
that female-specific hormonal or reproductive factors might exert a protective effect against
PC. Preclinical evidence on the existence and functioning of oestrogen receptors in pan-
creatic carcinogenesis renders this hypothesis biologically plausible [10-13], and several
cohort [14-16] and case—control studies [17,18] have suggested a protective role for female
hormones against PC development.

However, epidemiological studies on the effect of reproductive/hormonal factors on
pancreatic carcinogenesis produced heterogeneous results, and analyses of larger (prospec-
tive) cohort studies to investigate hormonal and reproductive predictors of PC have been
called for [19-23]. An earlier investigation in the European Prospective Investigation into
Cancer and Nutrition (EPIC) cohort examined reproductive predictors for PC, but with
a small number of incident PC cases (No. = 304) [24]. Sex disparities in incidence rates,
heterogeneity of previous investigations, and the obvious need for larger cohort studies call
for this updated research within the EPIC cohort, a well-defined prospective cohort study
with 717 female and 577 male incident cases of PC. Our aim was to investigate associations
of established risk factors for pancreatic cancer by sex, followed by in-depth analyses of
hormonal and reproductive factors and their associations with pancreatic cancer risk in
women, including parity, breastfeeding, and use of hormones.

2. Materials and Methods
2.1. Study Design

The EPIC cohort is an ongoing, multicentre European cohort study, comprising around
370,000 women and 150,000 men. The design, rationale and objectives of the EPIC study
have been described in detail elsewhere [25,26]. In brief, participants in the age range of
35-70 years (40-70 for men) were recruited between 1992 and 2000 in 23 centers across
10 European countries to investigate aetiological associations of lifestyle, diet, and en-
vironmental factors with risk of common chronic diseases, including cancer. The study
centers were recruited mainly from the general adult population, but also from health-
insured, health-conscious populations, or blood donors. In France, Norway, Utrecht, and
Naples, only women were recruited. Participant eligibility within each cohort was based
on geographic or administrative boundaries and on a predefined age range. At baseline,
all study participants provided comprehensive questionnaire data, including smoking
history, alcohol consumption, previous history of surgeries (e.g., hysterectomy), illnesses
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(e.g., diabetes), level of schooling (as a proxy for socio-economic status), reproductive
history, and hormone use. Duration of menstrual cycles, number of full-term pregnancies,
age at first full-term pregnancy, duration of breastfeeding, and menopausal status were
derived from a combination of several variables (see Appendix A.1. “Detailed Information
on creation of reproductive and hormonal factors in EPIC”). In addition, anthropometric
measures (body height, body weight, waist, and hip circumference) were taken, and blood
was drawn from about 80% of the participants. Baseline characteristics of participants were
not reassessed across all centers during follow-up of the study.

2.2. Follow-Up for Cancer Incidence and Vital Status, PC Characteristics

Cancer incident cases and deaths in EPIC are mainly recorded by linkage of the cohort
data to cancer and death registries, with the exception of France, Germany and Greece,
where a combination of methods was applied (active follow-up of study participants or
their next-of-kin, retrieval of clinical records, and/or cancer registry linkages). Our study
includes all incident cases of exocrine pancreatic cancer with ICD codes C25 (25.0-25.3,
25.7-25.9). Incident occurrences of other malignant tumours preceding the diagnosis of
pancreatic cancer, except for non-melanoma skin cancer, were censored at the date of
diagnosis, resulting in 717 female and 577 male incident pancreatic cancer cases (Figure 1).

Full EPIC-cohort ‘ Participari\r*::or:r::itrifnfolIow-up
N=521,324 N=29,332

A 4
Greek subjects
Participants eligible for ~

analyses g Norwr\c]eéizaesr;gstsbj ects

N=491,992 N=34,666
Subjects from Greece and
Norway excluded
N=430,410

Women Men

N=293,682 N=136,728
Y
Incident pancreatic cancer Incident pancreatic cancer
N=717 N=577

Figure 1. Flow diagram of the cohort, showing the numbers of included and excluded individuals at
different stages and the number of incident pancreatic cancer cases in EPIC.

Censoring dates varied by country, from 2009 to 2014, with a median follow-up time
for PC of 10 years (IQR 6-13 years). Seventy percent of PC No. = 914) were microscopically
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confirmed (histological and /or microscopical examination or autopsy), whereas diagnosis
of 374 cases (30%) was based only on clinical examination or imaging. Fourty-one percent
(No. = 534) of tumours were reported to be situated in the head of the pancreas, ten
percent (123) in the pancreas’ body, and eight percent (106) in the tail, while no tumour
sub-localisation was specified for 475 cases (37%). Due to the relatively large proportions
of missing data for tumour sub-localisation (37%), staging (68%), and grading (84%),
inferential analyses were not stratified by these factors. Limited statistical power did
not allow for analyses restricted to microspically confirmed cases. Above mentioned
frequencies did not differ by sex.

Due to recent legal issues, the Greek component of the EPIC study had been excluded
from all projects; the Norwegian study participants were withdrawn from this project due
to issues related to GDPR (general data protection regulation).

2.3. Statistical Analyses

Cox proportional hazards models were applied to investigate associations of age
(continuous), diabetes (yes, no), BMI (by WHO categories and continuous), body height
(continuous), schooling (categories), smoking habits, alcohol consumption (in standard
glasses categories and continuous), and meat intake (by quartiles and continuous) with
pancreatic cancer risk overall and by sex. For smoking habits, four distinct exposures were
investigated: smoking status (never, former, current), cigarettes smoked per day (only
among current and former smokers, in % pack categories and continuous), duration of
smoking (only among current and former smokers, in 10 years categories and continuous),
and time since quitting smoking (only among former smokers, in 10 years categories
and continuous).

In women only, Cox proportional hazards models were fitted separately for each
reproductive and hormonal factor to assess their associations with PC risk in women.
Predictors were age at menarche (in years), cumulative duration of menstrual cycles (in
years) with and without use of oral contraceptives (OCs), full-term pregnancies (FIPs,
yes/no), number of FIPs, age at first FTP (in years), breastfeeding (yes/no), cumulative
duration of breastfeeding (in months), menopausal status (pre, peri/unknown, post), age at
menopause (in years), every use of OC (yes/no), cumulative duration of OC use (in years),
every use of hormone replacement therapy (HRT, yes/no), cumulative duration of HRT
use among HRT users (in years), hysterectomy (yes/no), and ovariectomy (yes/no).

Age constitutes the underlying time scale in Cox models such that age at recruitment
and age at censoring define entry and exit times, respectively. The models were stratified
by study centre to avoid bias due to differences in recruitment methods and outcome
ascertainment between centres. Models were run crude and adjusted for known risk
factors of PC [4,27,28], namely age (indirectly by using age as the underlying time scale),
smoking history (never/former quitting <10, 11-20, 20+ years/current smoking 1-15,
16-25, 26+ cigarettes per day, unknown), daily alcohol consumption at recruitment (g/day,
continuous), Meat intake (g/d, continuous) history of type-2 diabetes (no, yes, unknown),
body mass index (BMI, kg/ m?, continuous), education (level of schooling) and body height
(cm, continuous). Information on pancreatitis and family history of PC is not available
in EPIC. Additional adjustment for meat intake at baseline, age at recruitment (in 5-year
categories) or birth cohort (in 10-year categories) had no effect on Hazard Ratios (HR) or 95%
Confidence Intervals (CI) and were, therefore, omitted from all models. Interaction terms
for pregnancies and breastfeeding, as well as menopausal status and HRT use, proved to
be non-significant and were, therefore, not included in the models. In exploratory analyses,
all models were re-run by menopausal status (pre, peri/unknown, post).
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Underlying assumptions of Cox proportional hazards models were checked: (a) pre-
dictor variables are assumed to contribute to the model in a linear way on the log scale,
(b) the proportional hazard (PH) assumption was assessed by testing for a zero slope in the
regression of the scaled Schoenfeld residuals, (c) non-informative censoring: all participants
considered in this study were followed from the date of enrolment in EPIC to the date of
PC diagnosis, the date of death, or the date of the last completed follow-up, whichever
occurred first.

SAS 9.4 was used for creating the dataset and for data preparation. Statistical analyses
were performed in SAS 9.4 (Statistical Analysis System, RRID:SCR_008567) and R version
4.4.0 (R Project for Statistical Computing, RRID:SCR_001905). All statistical tests are
two-sided with significance level o« = 0.05.

3. Results

The median ages at PC diagnosis were 68 and 67, for women and men, respectively
(Table 1). In women, PC cases had a slightly higher median BMI than the non-cases
(25.0 vs. 24.0). There was a higher proportion of current smokers (27% vs. 18% for women,
38% vs. 28% for men) and of individuals with a history of type 2 diabetes (4% vs. 2% for
women, 6% vs. 3% for men) amongst incident cases of PC than amongst non-cases. Men
were more likely to drink more alcohol per day, consumed more meat, were more often
smokers and smoked more cigarettes than women.

Table 1. Characteristics of the EPIC-cohort at baseline by sex (excluding Greece and Norway). Unless
stated otherwise, data are given in the form of counts (column %) or median (IQR).

FEMALE MALE
‘g Incident PC Non-cases Incident PC Non-cases
Characteristics n="717 n = 292,965 n=>577 n = 136,151
length of follow up (years) 10 (6, 13) 15 (14, 16) 10 (6, 13) 16 (12,17)
age at diagnosis (years) 68 (62,73) - 67 (62,72) -
age at recruitment (years) 58 (52, 62) 51 (45, 57) 58 (52, 62) 53 (46, 59)
BMI (kg/m?) 25.0 (23, 28) 24.0 (22,27) 26.3 (24, 29) 26.0 (24, 28)
alcohol intake at recruitment Missing 2% Missing 1% Missing 2% Missing 3%
non drinker 112 (16) 43,513 (15) 38 (7) 8417 (6)
>0-3 w/>0-6 m 208 (30) 86,742 (30) 114 (20) 33,753 (25)
>3-12w/>6-12 m 198 (28) 87,585 (30) 86 (15) 22,342 (16)
>12-24 103 (15) 43,230 (15) 126 (22) 27,329 (20)
>24-60 71 (10) 26,429 (9) 138 (24) 32,730 (24)
>60 w/>60-96 m 10 (1) 2274 (1) 47(8) 7238 (5)
>96 m - - 13 (2) 1729 (1)
continuous (g/d) (0.01% miss.) 3.6(0.6,11.9) 4.1(0.6,12) 15.8 (5.2, 34.5) 12.5 (3.9, 29.5)
meat intake (g/d) 88 (59, 126) 86 (53. 122) 133 (90, 176) 121 (80, 167)
type 2 diabetes Missing 13% Missing 8% Missing 10% Missing 12%
no 599 (83) 264,153 (89) 472 (82) 115,572 (85)
yes 32 (4) 6208 (2) 36 (6) 4486 (3)
unknown 3 1097 (1) 12(2) 2
smoking status
never 361 (50) 167,470 (57) 136 (24) 45,457 (33)
former 151 (21) 66,229 (23) 213 (37) 49,891 (37)
current 193 (27) 53,257 (18) 220 (38) 38,737 (28)
unknown 12 (2) 6009 (2) 8 (1) 2066 (2)
smoking history
never 361 (50) 167,470 (57) 136 (24) 45,457 (33)
current, 1-15 cig/day 120 (17) 35,915 (12) 137 (24) 24,282 (18)
current, 16-25 cig/day 58 (8) 14,538 (5) 59 (10) 10,708 (8)
current, 26+ cig/day 15 (2) 2804 (1) 24 (4) 3747 (3)
former, quit < 10 years 64 (10) 26,168 (9) 90 (16) 19,006 (14)
former, quit 11-20 years 28 (4) 20,901 (7) 50 (9) 15,385 (11)
former, quit 20+ years 59 (8) 19,160 (6) 73 (13) 15,500 (11)
unknown 12 (2) 6009 (2) 8(1) 2066 (2)
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Table 1. Cont.

FEMALE MALE
FEMALE Characteristics In(lzh:cie?bPC 533'9?3255
Reproductive Factors—menarche
age at menarche (years), (4% missing)
never - 43 (0.01)
<9 2(0.3) 1647 (0.5)
10-12 243 (31) 113,605 (35)
13-15 418 (54) 181,664 (55)
>16 74 (10) 18,818 (6)
duration menstrual cycles (years) 35 (31,38) 33 (28, 36)

(15% excluding participants with 0 and missing age at Menarche)

duration menstrual cycles without OC (years)

(15% missing excluding participants with 0 and missing age at Menarche and 32 (26, 36) 29 (22, 34)
among pill non-users)

Reproductive Factors—pregnancy

full term pregnancy (5% missing)

no 88 (12) 45,148 (15)
yes 602 (84) 232,795 (81)
number of full-term pregnancies, (7% missing) 2(1,3) 2(1,3)
age at first full-term pregnancy (years)
(0.4% missing among child bearing women) 24 (22,28) 24 (22,27)
breastfeeding (11% missing)
no 160 (22) 77,799 (25)
yes 480 (70) 178,626 (63)
duration breast feeding among ever fed (months), (1% missing) 6 (3,12) 6(3,11)
Reproductive Factors—menopause
menopausal status
premenopausal 68 (10) 101,184 (34)
postmenopausal 524 (73) 130,272 (43)
perimenopausal /unknown 102 (14) 52,532 (20)
surgical menopause 23 (3) 8977 (3)
age at menopause (years)
(excluding premenopausal women, 47% missing) 50 (47, 52) 50 (46, 52)
Hormonal Factors—OC and HRT
use of OC (3% missing)
no 352 (49) 112,097 (38)
yes 336 (47) 171,435 (59)
duration of OC use (years), (47% missing)
(10% missing among ever Pill users) 6(2,11) 6(2,10)
use of HRT (6% missing: 11% cases, 7% non-cases)
no 424 (59) 198,837 (68)
yes 212 (30) 71,400 (25)
use of HRT among postmenopausal women (8% missing: 11% cases,
6% non-cases)
no 294 (63) 70,626 (58)
yes 175 (37) 51,674 (36)
ﬁuration of HRT use (years), (77% missing, 19% missing among ever 2.0(1,6) 24(1,5)
ormone users)
duration of HRT use among all hormone users (years), (10% missing among 25(1,7) 251, 5)
ever hormone users)
duration of HRT use among postmenopausal women (years), (61% missing) 2(1,7) 3(,6)
Hormonal Factors—surgery
hysterectomy (11% missing)
no 495 (69) 231,889 (78)
yes 99 (14) 32,734 (11)
Ovariectomy (20% missing)
no 520 (67) 238,934 (73)
yes 57 (8) 20,266 (7)

Those who developed PC, and did not use OC, tended to have had more years of
menstrual cycles (median 32 vs. 29 years), breastfed more often (70% vs. 63%) and were
mostly postmenopausal at recruitment (73% vs. 43%), which was expected given the
median age of onset of PC, compared to the non-cases. The proportion of HRT users
was higher amongst PC incident cases (30% vs. 25%), whereas the use of OC was lower
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(47% vs. 59%). The latter flipped considering only women postmenopausal at recruitment
(33% vs. 36%, not in tables).

Cox proportional hazards models showed a 1.31-fold higher risk of PC for men
compared to women (HR, 95% CI 1.24-1.57) after adjustments for age, smoking history,
BMI, diabetes, and alcohol consumption, stratifying for study center (Table 2). For both
sexes, age, diabetes, current smoking, cigarettes smoked per day, duration of smoking
and times since quitting were significantly associated with PC risk. Only among women,
body height and meat intake at recruitment were significantly associated with PC risk (HR
1.12, 95% CI 1.05-1.19, per 5 cm and HR 1.18, 95%CI 1.02-1.36, per 100 g/d, respectively).
Further, HRs for current smoking were slightly higher in men than in women (HR 1.83
vs. 1.74) but number of cigarettes smoked per day were higher in women than in men
(HR 1.42 vs. 1.21, per 10 cigarettes/day). Stratifying by menopausal status, diabetes,
greater body height, and greater alcohol consumption were associated with PC risk only in
postmenopausal but not in premenopausal women (Appendix A Table A1). Premenopausal
women who smoked at baseline, smoked more cigarettes per day and experienced longer
smoking durations were at greater risk than postmenopausal women with the same risk
factor profile.

Table 2. Multivariable adjusted * Hazard Ratios and 95% CI overall and in females and males for

established risk factors in the EPIC cohort (n = 430,410).

All Subjects FEMALE MALE
FACTORS n = 430,410 n = 293,682 n = 136,728
1294 Cases 717 Cases 577 Cases
Age 1.08 (1.07-1.09) 1.09 (1.08-1.10) 1.08 (1.06-1.09)
Sex age and center adjusted - Reference 1.39 (1.24-1.57)
Sex fully adjusted - Reference 1.31 (1.15-1.49)
Diabetes 1.74 (1.35-2.23) 1.74 (1.21-2.51) 1.72 (1.21-2.43)
BMI [kg/m?]
<25 Reference Reference Reference
25-30 0.99 (0.87-1.12) 0.99 (0.84-1.17) 0.97 (0.81-1.18)
>30 1.09 (0.92-1.29) 0.98 (0.78-1.24) 1.22 (0.95-1.57)
per 5 unit increment 1.07 (0.99-1.14) 1.05 (0.96-1.14) 1.10 (0.98-1.24)
Body height [cm]/per 5 unit incr. 1.07 (1.03-1.12) 1.12 (1.06-1.20) 1.03 (0.96-1.09)
Highest school level
None Reference Reference Reference

Primary school completed
Technical/prof. school
Secondary school
Longer education
Smoking status
Never
Former
Current
Cigarettes smoked/day
1-10
11-20
21-30
>30
continuous, 10/d
Duration of smoking
0.08-10 years
11-20 years
21-30 years
31-40 years
41-50 years
>50 years
continuous/10 years
Time since quitting smoking
0.08-10 years
11-20 years
21-30 years
3140 years
>40 years
continuous/10 years

1.12 (0.77-1.63)
1.02 (0.69-1.51)
1.00 (0.67-1.51)
1.02 (0.68-1.51)

Reference
1.05 (0.91-1.21)
1.75 (1.52-2.01)

Reference
1.59 (1.33-1.91)
1.95 (1.45-2.61)
1.17 (0.60-2.27)
1.28 (1.07-1.49)

Reference
1.04 (0.78-1.37)
1.32 (1.02-1.70)
1.65 (1.29-2.09)
1.55 (1.18-2.03)
1.57 (0.85-2.91)
1.16 (1.09-1.23)

Reference
0.51 (0.40-0.65)
0.63 (0.49-0.80)
0.65 (0.47-0.91)
0.61 (0.32-1.17)
0.82 (0.77-0.88)

1.21 (0.71-2.05)
1.08 (0.62-1.88)
0.97 (0.55-1.72)
1.04 (0.59-1.83)

Reference
0.94 (0.77-1.15)
1.74 (1.45-2.10)

Reference
1.74 (1.35-2.24)
1.91 (1.18-3.10)
1.52 (0.48-4.79)
1.42 (1.27-1.59)

Reference
0.94 (0.62-1.40)
1.26 (0.88-1.81)
1.80 (1.29-2.53)
1.59 (1.06-2.40)
1.68 (0.59-4.76)
1.20 (1.10-1.31)

Reference
0.53 (0.34-0.84)
0.72 (0.46-1.11)
0.72 (0.41-1.27)
0.55 (0.19-1.61)
0.89 (0.76-1.04)

0.98 (0.57-1.68)
0.93 (0.53-1.63)
1.04 (0.58-1.87)
0.92 (0.52-1.61)

Reference
1.21 (0.97-1.51)
1.83 (1.46-2.29)

Reference
1.49 (1.16-1.91)
1.91 (1.32-2.76)
1.01 (0.44-2.29)
1.21 (1.10-1.32)

Reference
1.13 (0.77-1.67)
1.37 (0.96-1.97)
1.56 (1.11-2.22)
1.55 (1.06-2.25)
1.55 (0.71-3.35)
1.13 (1.05-1.22)

Reference
0.59 (0.43-0.79)
0.65 (0.47-0.89)
0.69 (0.44-1.08)
0.72 (0.31-1.69)
0.85 (0.78-0.93)
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Table 2. Cont.

All Subjects FEMALE MALE
FACTORS n =430,410 n = 293,682 n =136,728
1294 Cases 717 Cases 577 Cases
Alcohol intake at recr.
non drinker Reference Reference Reference

>0-6 (m)/>0-3 (w)

>6-12 (m)/>3-12 (w)

>12-24

>24

continuous, 15 g/d
Meat intake at recr.

<65

66-102

103-144

>145

continuous, 100 g/d

0.89 (0.72-1.09)
0.91 (0.73-1.12)
1.02 (0.82-1.28)
1.14 (0.91-1.42)
1.08 (1.03-1.13)

Reference
1.14 (0.96-1.36)
1.04 (0.87-1.26)
1.35 (1.10-1.65)
1.15 (1.03-1.27)

0.97 (0.76-1.25)
0.98 (0.76-1.26)
1.08 (0.81-1.44)
1.34 (0.98-1.83)
1.11 (1.01-1.21)

Reference
1.07 (0.87-1.32)
1.05 (0.84-1.32)
1.44 (1.11-1.87)
1.18 (1.02-1.36)

0.75 (0.51-1.09)
0.76 (0.52-1.13)
0.87 (0.59-1.27)
0.89 (0.62-1.28)
1.06 (1.01-1.12)

Reference
1.33 (0.95-1.87)
1.05 (0.74-1.48)
1.27 (0.89-1.79)
1.07 (0.92-1.25)

* If applicable, adjusted for age at recruitment, sex, smoking history, BMI, alcohol intake at recruitment and
self-reported diabetes at recruitment.

Table 3 gives HRs with 95% Cls for all reproductive factors (a) adjusted for age and
stratified by study centre and (b) fully adjusted for (a) and BMI, body height, daily alcohol
consumption, smoking history, type 2 diabetes status, and level of schooling. We observed
a slight, albeit not significant, tendency towards inverse associations with PC for age at
menarche, number of FTPs, age at first FTP, and surgeries, and direct but non-significant
associations for OC use, cumulative duration of OC use, and cumulative duration of
menstrual cycles without OC use. Statistically significant, cumulative duration of HRT
use of more than 2.4 years (median) was inversely associated with risk of PC (HR 0.72,
95% CI 0.54-0.97). Further, duration of breastfeeding was associated with a lower risk
of PC: Compared with those who had breast-fed for 5.7 months or less, women with a
cumulative time of breast-feeding of more than 5.7 months had a 23% lower risk (median,
fully adjusted HR 0.77, 95% CI 0.64-0.93).

Table 3. Hazard Ratios for reproductive and hormonal factors and pancreatic cancer risk in women
of the EPIC cohort (n = 293,682, pancreatic cancer events n = 717).

Factors

HRs (95% CI)
Adjusted for Age, Education, Body
Height, BMI, Smoking, Alcohol

HRs (95% CI)
Adjusted for Age, Stratified

by Study Centre Consumption, Type 2 Diabetes
Status; Stratified by Study Centre
Reproductive Factors—menarche
Age at menarche (years)
<12 (98 cases) reference

12 (126 cases)

13 (151 cases)

14 (154 cases)

>15 (154 cases)
continuous (per age-year)
<12 (224 cases)

>12 (387 cases)

0.91 (0.69-1.18)
0.82 (0.63-1.06)
0.85 (0.66-1.10)
0.95 (0.73-1.24)
1.00 (0.96-1.05)
reference
0.89 (0.76-1.06)

Cumulative duration menstrual cycling (years)

0-27.10 (55 cases)
27.11-31.28 (83 cases)
31.29-34.19 (117 cases)
34.20-36.91 (146 cases)
36.92-54.0 (178 cases)
continuous (per year)
<33.04 (198 cases)
>33.04 (381 cases)

reference
0.97 (0.68-1.38)
1.03 (0.73-1.43)
0.99 (0.72-1.38)
1.04 (0.76-1.43)
1.01 (0.99-1.02)

reference
1.09 (0.92-1.31)

0.91 (0.69-1.19)
0.83 (0.64-1.07)
0.86 (0.66-1.12)
0.96 (0.74-1.25)
1.01 (0.96-1.06)

0.90 (0.76-1.07)

00 (0.71-1.43)
08 (0.77-1.51)
03 (0.74-1.44)
11 (0.81-1.54)
1.01 (0.99-1.03)

1.
1.
1.
1.

1.13 (0.94-1.35)
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Table 3. Cont.

HRs (95% CI)

HRs (95% CI) Adjusted for Age, Education, Body
Factors Adjusted for Age, Stratified Height, BMI, Smokmg, Alcohol
by Study Centre Consumption, T gpe 2 Diabetes
Status; Stratified by Study Centre
Cumulative duration menstrual cycling without OC (years)
<20.24 (52 cases) reference
20.25-27.05 (82 cases) 0.99 (0.69-1.42) 1.03 (0.72-1.47)
27.06-31.50 (107 cases) 0.98 (0.69-1.38) 1.02 (0.72-1.45)
31.51-35.49 (137 cases) 0.98 (0.69-1.37) 1.01 (0.72-1.42)
>35.50 (164 cases) 0.99 (0.71-1.38) 1.06 (0.76-1.48)
continuous (per year) 0.99 (0.98-1.01) 0.99 (0.98-1.01)
<29.48 (202 cases) reference
>29.48 (342 cases) 0.91 (0.75-1.09) 0.95 (0.79-1.14)

Reproductive Factors—pregnancy
Full-term pregnancy
no (97 cases)
yes (589 cases)
Number of full-term pregnancies
0 (97 cases)
1 (119 cases)
2 (265 cases)
3 (133 cases)
>4 (68 cases)
continuous
<2 (472 cases)
>2 (201 cases)

Age at first full-term pregnancy (years) among childbearing women

<22 (183 cases)
22-24 (113 cases)
25-29 (206 cases)
>30 (84 cases)
continuous (per age-year)
<24 (296 cases)
>24 (290 cases)
Breastfeeding
no (160 cases)
yes (480 cases)

Cumulative duration of breast feeding (months) among breast feeding women

<2.07 (114 cases)
2.08-5.00 (109 cases)
5.01-8.50 (78 cases)
8.51-15.00 (95 cases)
>15.00 (82 cases)
continuous (per month)
<5.74 (237 cases)
>5.74 (241 cases)
Reproductive Factors—menopause
Menopausal status
Pre (68 cases)
Peri/unknown (102 cases)
Post (524 cases)
Surgical (23 cases)
Age at menopause (years)
<46 (109 cases)
46-50 (164 cases)
51-52 (74 cases)
>53 (100 cases)
continuous (per year)
<50 (273 cases)
>50 (174 cases)
Hormonal Factors—OC and HRT
Ever use OC
no (352 cases)
yes (336 cases)

reference
0.89 (0.71-1.10)

reference
0.94 (0.72-1.24)
0.89 (0.70-1.13)
0.85 (0.66-1.11)
0.78 (0.57-1.08)
0.96 (0.90-1.02)

reference
0.89 (0.76-1.07)

reference
0.92 (0.72-1.16)
0.88 (0.72-1.08)
0.95 (0.73-1.24)
0.99 (0.98-1.02)

reference
0.93 (0.79-1.10)

reference
0.98 (0.82-1.17)

reference
0.84 (0.65-1.10)
0.69 (0.51-0.92)
0.71 (0.54-0.93)
0.73 (0.54-0.98)
0.99 (0.98-1.00)

reference
0.74 (0.61-0.89)

0.87 (0.61-1.22)
1.09 (0.85-1.39)
reference
0.74 (0.48-1.12)

reference
1.03 (0.81-1.31)
0.96 (0.71-1.28)
1.02 (0.77-1.34)
0.99 (0.98-1.02)

reference
0.97 (0.80-1.17)

reference
1.16 (0.98-1.36)

0.87 (0.70-1.09)

0.91 (0.69-1.20)
0.89 (0.70-1.13)
0.84 (0.64-1.09)
0.77 (0.56-1.06)
0.96 (0.90-1.02)

0.89 (0.75-1.06)
0.94 (0.74-1.19)
0.96 (0.78-1.18)
1.04 (0.79-1.36)
1.01 (0.98-1.03)

1.00 (0.84-1.19)

0.99 (0.83-1.19)

0.89 (0.68-1.16)
0.73 (0.54-0.98)
0.76 (0.57-1.01)
0.78 (0.58-1.05)
0.99 (0.98-1.01)

0.77 (0.64-0.93)
0.89 (0.63-1.26)
1.07 (0.83-1.36)
0.68 (0.44-1.05)
1.04 (0.82-1.33)
0.97 (0.72-1.31)
1.06 (0.80-1.39)
1.00 (0.98-1.02)

0.99 (0.82-1.21)

1.13 (0.96-1.34)
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Table 3. Cont.

Factors

HRs (95% CI)
Adjusted for Age, Stratified
by Study Centre

HRs (95% CI)

Adjusted for Age, Education, Body
Height, BMI, Smoking, Alcohol
Consumption, Type 2 Diabetes

Status; Stratified by Study Centre

Cumulative duration of OC use (years) among OC users

<2 (89 cases)
2-5 (49 cases)
6-10 (75 cases)
>10 (85 cases)
continuous (per year)
<6 (147 cases)
>6 (151 cases)
Ever use of HRT
no (424 cases)
yes (212 cases)

reference
0.84 (0.59-1.19)
1.04 (0.76-1.42)
1.05 (0.78-1.43)
1.01 (0.99-1.02)

reference
1.20 (0.95-1.52)

reference
1.04 (0.87-1.23)

Cumulative duration of HRT use (years) among HRT users

<1 (74 cases)
1.1-2.5 (30 cases)
2.6-5.0 (38 cases)
>5.0 (50 cases)
continuous (per year)
<2.42 (102 cases)

>2.42 (90 cases)
Hormonal Factors—surgery
Hysterectomy
no (495 cases)
yes (99 cases)
Ovariectomy

no (520 cases)
yes (57 cases)

reference
0.83 (0.54-1.28)
0.69 (0.46-1.02)
0.63 (0.43-0.914)
0.98 (0.96-1.02)

reference
0.71 (0.53-0.95)

reference
0.95 (0.76-1.18)

reference
0.89 (0.68-2.17)

0.86 (0.61-1.23)
1.04 (0.76-1.43)
1.04 (0.76-1.41)
1.01 (0.99-1.02)

1.19 (0.93-1.50)

1.01 (0.85-1.21)

0.82 (0.53-1.27)
0.69 (0.47-1.03)
0.64 (0.44-0.93)
0.99 (0.96-1.02)

0.72 (0.54-0.97)

0.94 (0.75-1.17)

0.87 (0.65-1.15)

Only one reproductive factor is tested at a time. Missing: Full term pregnancy (31 cases), breastfeeding (77 cases),
OC use (29 cases), HRT use(no cases), Duration of menstrual cycle (138 cases), Duration of menstrual cycle without
OC (173 cases), Cumulative duration of breastfeeding (239 cases), Cumulative duration of OC Use (419 cases),
Cumulative duration of HRT Use among HRT users (20 cases), Age at Menarche (34 cases), Age at first full term
pregnancy (131 cases), Age at Menopause (270 cases), Number of full term pregnancies (44 cases), Ever use of
HRT (81 cases), Hysterectomy (123 cases), Ovariectomy (140 cases).

In perimenopausal women (N cases = 102, predominantly 46-54 years old), being
24 years of age or older at first FTP was associated with a reduced risk of PC (HR 0.58,
95% CI 0.35-0.97) compared to those younger than 24 years. Cumulative duration of
breast feeding, as observed among all women, was inversely associated with PC risk also
among postmenopausal women (N cases = 524, predominantly >55 years of age, HR
0.80, 95% CI 0.65-0.99, with >6 months of feeding compared to less). Further, cumulative
duration of HRT use was inversely associated with PC risk (HR 0.66, 95% CI 0.47-0.93,
>3 versus <3 years, median) among postmenopausal women only (Appendix A Table A2).

4. Discussion

Research into possible associations between female reproductive and hormonal factors
and PC risk has been prompted by the lower incidence of PC in women compared to men.
This risk difference between sexes was confirmed in the EPIC study, which showed that
men had a 1.3-times greater risk of developing PC relative to women after multivariable
adjustment. Interestingly, as for epidemiological risk factors, greater attained body height
and increased meat consumption were associated with PC risk only in women. In line with
previous research, the present study does not provide straightforward evidence supporting
the hypothesised protective effect of female sex hormones. However, we observed statis-
tically significant inverse associations between the cumulative duration of breastfeeding
and HRT use and PC risk after full adjustment for smoking history, BMI, diabetes, alcohol
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consumption, and level of schooling among women. Other reproductive and hormonal
factors were not significantly associated with PC risk. A previous investigation within
EPIC on 304 incident PC cases conducted by Duell and colleagues found only younger
age at menarche (<12 years) to be associated with risk of PC [24], a finding which we did
not confirm.

In our study, women smoke less than men, a common observation across Western
populations [29,30]. Nevertheless, in our cohort, women'’s risk of PC is slightly lower to that
of men if they smoked at recruitment (HR 1.74 vs. 1.83), but potentially greater the more
cigarettes they smoked per day (HR 1.42 vs. 1.21). Findings on tobacco consumption by
other cohorts are controversial, with some showing stronger risks in women whereas others
have not observed sex disparities [31-34]. Our novel finding of a direct association between
adult attained body height and PC risk in women has not been observed by others so far. A
meta-analysis of cohort studies found a weak positive association between body height
and PC risk, which was of similar size among men and women, although only statistically
significant among men [35]. It is important to note that adult attained body height is a
marker for genetic, environmental, hormonal, and nutritional growth factors and is, thus,
unlikely to directly influence the risk of cancer [5]. In fact, the mechanisms by which
adults attain body height increase pancreatic cancer risk have not been clearly identified.
Greater adult body height may be related to increased exposure to insulin-like growth
factor 1, which may influence cancer development by inhibiting apoptosis and stimulating
proliferation, adhesion, and cell migration. In addition, taller people have more cells and,
thus, there is a greater likelihood for mutations leading to cancer development [36,37].
Associations of red and processed meat intake with the risk of PC are controversial in
the literature, with inverse, direct, and non-significant associations and without evident
disparities by sex [38]. It is of interest to note that only women in our study appear to be at
risk despite much lower meat intake compared to men.

Our findings of inverse associations between breastfeeding duration and PC risk
are consistent with the results of two independent Norwegian cohorts. The more recent
study comprising 588 incident cases reported a HR of 0.37 for those who had accumulated
an overall duration of breastfeeding of more than 25 months [14]. Based on a different
sample, a possible inverse association was suggested between breastfeeding and PC risk,
with an RR of 0.87 per 12-month increment [39]. Results from these two Norwegian cohorts
differ from others that do not find an association of breastfeeding and PC risk using a
dichotomous variable for breastfeeding, i.e., ever/never breastfed [15,24,40-43], in line with
our findings when applying this dichotomous approach. According to the literature, only
studies considering longer periods of cumulative breastfeeding appear to have observed
statistically significant associations. Furthermore, in the present study within EPIC, only
the duration of breastfeeding of more than six months was significantly inversely associated
with PC risk. Thus, it is likely that a potentially protective effect of breastfeeding only
manifests itself once a certain threshold has been crossed. This should be further analysed
in a pooled analysis to ensure sufficient statistical power.

The same inverse association might hold for a possible dose-response relation-
ship between the number of FTP and PC risk in our results, despite not being statis-
tically significant. Such a relationship had been suggested in a systematic review by
Zhu et al. [23] for two pregnancies compared to nulliparity (RR 0.86, 9% CI 0.80-0.93) but
not by Guan et al. [19] who reported a non-significant association when comparing the
highest with the lowest parity group (RR 0.86, 95% CI 0.73-1.02).

The finding of a protective effect of prolonged HRT use in postmenopausal women
has been observed in previous studies. Both ever compared to never and cumulative
duration of HRT use were associated with PC risk in a prospective cohort from 2017 [16]
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and in a case-control study from 2020 [17]. Additionally, an investigation in the Pancreatic
Cancer Case-Control Consortium (PanC4) from 2016 observed a statistically significant
association, but only in women with hysterectomy [18], and investigations in The Malmo
Diet and Cancer Study in 2018 suggested that the protective effect is restricted to oestrogen-
only formulations of HRT [15]. Interestingly, a meta-analysis from 2015—not including
the studies listed above—concluded that there was no significant association between
HRT use and PC [22]. The authors, however, focused on ever use of HRT, rather than on
the cumulative duration of its use. A recent cohort-based meta-analysis of 2023 stratified
by HRT formulations showed inverse associations with risk of PC for women receiving
estrogen-only and estrogen plus progestin HRT [44]. Most studies—including our own—
were not able to analyse the effect of specific types of HRT. This proves difficult to generalise
results across time and geographical regions as prescribing patterns and pharmaceutical
formulations vary globally and over time [45-47].

Our findings of lower PC risk for prolonged breastfeeding and prolonged use of HRT
can be explained by an underlying biological mechanism according to which oestrogen
exposure generally protects against developing PC [37,48]. The oestrogen receptors Era and
Erfp have been shown to be expressed in the exocrine tissue of the pancreas and might play
a role in tumour growth, either inhibiting tumour growth directly, as suggested in vitro [10]
and in research on rat models [12], or via a moderating effect similar to what has been shown
for the carcinogenesis of breast, colorectal and ovarian cancers [48-51]. In colorectal cancer,
for example, the relationship of oestrogen receptor expression and tumour growth is likely
to be the underlying biological mechanism explaining an observed risk reduction associated
with HRT use [46]. The role of endogenous oestrogen in breast cancer risk and prognosis,
on the other hand, is paradoxical, as it either confers a greater (prospective epidemiological
studies) or a lower risk (clinical trials), depending on the study type [52]. The exact role of
oestrogen receptors in pancreatic tumour growths, however, is not yet fully understood
and is subject to ongoing research [11,13,53-55]. Intriguingly, it has recently been reported
that knocking-out oestrogen-related receptor y in acinar cells in mice results in acinar-
ductal metaplasia, an early event in pancreatic carcinogenesis [56]. More comprehensive
epidemiological studies would be required to develop more detailed hypotheses about a
possible involvement of specific sex hormones in pancreatic carcinogenesis.

Besides a direct hormonal influence of breastfeeding on the development of PC via
elevated oestrogen exposure, the observed inverse association may result from an indirect
effect of breastfeeding on glucose metabolism and insulin sensitivity. It has been shown
that each additional six months of breastfeeding reduces diabetes risk by 27% in the EPIC-
Potsdam study; a subsequent meta-analysis resulted in a risk reduction of 20% [57]. Since
a history of diabetes considerably increases the risk of PC [4], diabetes might constitute
a mediating factor such that its effect on PC is reduced by breastfeeding, which, thus,
indirectly lowers the risk of PC. This explanation would also be consistent with our finding
of a threshold of around six months of breastfeeding, which must be crossed before a
significant protective effect can be observed.

Given the profound physiological changes associated with pregnancy and breastfeed-
ing, it is difficult to determine any single biological mechanism underlying a potential
association between breastfeeding and pancreatic carcinogenesis. It could also be that
abstaining from known risk factors (e.g., alcohol consumption, smoking) during pregnancy
and periods of breastfeeding could result in the observed inverse risk estimates and is, thus,
utterly independent of biological mechanisms related to breastfeeding.
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Strengths and Limitations

With 717 PC cases, this is one of the largest cohort studies examining the relationship
between female reproductive and hormonal factors and the risk of PC. Owing to the
prospective design, this study is less prone to observer bias and can establish a possible
temporal relationship between exposures and outcomes. Also, unlike other studies, we
have been able to examine a wide range of reproductive and hormonal factors and take
into account the most relevant confounders.

The study carries inherent limitations of self-reported information on early repro-
ductive history (e.g., age at menarche, use of OCs). However, since misclassification is
independent of outcome, it would be non-differential but could have resulted in under-
estimated risk associations. While the majority of the EPIC-cohort represents the general
population, some participants were recruited via blood donation, screening, or occupa-
tional health insurance programmes, introducing heterogeneity between study centres and
limiting the generalisability of results. In order to reduce selection and measurement bias
due to varying recruitment and research procedures in different study centres, the analyses
were stratified by study centre. This stratification also contributes to tackling potential
residual confounding due to regional differences regarding, for instance, healthy lifestyle
choices and diet. There is no data collected on ethnicity in EPIC; not adjusting for this factor
could have resulted in residual confounding [3].

A major limitation of this study is the lack of information on the exact pharmaceutical
formulations of OC and HRT drugs taken by the participants. Data on the use of types of
exogenous hormones would allow a much more precise evaluation of exposures, reducing
residual confounding and also facilitating comparison across populations with different
prescribing practices. Preventive interventions such as HRT are more likely to be chosen
by individuals with a larger social capital and greater health literacy, who are healthier
than the general population. This constitutes a potential source of residual confounding,
which we sought to reduce in the present study by adjusting for other factors that are
indicative of health choices, such as smoking status, BMI, and schooling with no major
effect on risk estimates. Further, the cumulative exposure of established risk factors will be
lower the more time a woman spends pregnant and during years of breastfeeding, which
in turn might be an explanation for observed inverse associations; that we, however, could
not explore. We took great care in limiting the likelihood of overestimating risk estimates
by carefully choosing the optimal reference category, i.e., including only affected women
while modelling quantitative reproductive and hormonal factors, such as parous women in
the reference category for age at first pregnancy or breastfeeding women in the reference
category for cumulative duration of breast feeding.

5. Conclusions

The incidence of PC is increasing in high-income countries and shows evident sex
disparities. Based on a large prospective cohort, we confirmed a higher risk for men that
could not be explained by the presence/absence of established risk factors compared to
women. Nevertheless, we suspect differences in risk profiles by sex, and further research
into sex disparities is greatly needed. We further identified prolonged time of breastfeeding
and of HRT use as potential protective factors associated with PC risk. Pooled analyses of
cohort studies, distinct analyses by menopausal status, more comprehensive information
on the intensity and type of HRT, and assessment of lifestyle changes during pregnancy and
breastfeeding are required to confirm and enrich these findings and make them relevant
for targeted health interventions.
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Appendix A

Appendix A.1. Detailed Information on Creation of Reproductive and Hormonal Factors in EPIC

Cumulative duration of menstrual cycles

It was estimated as the difference between the age at menopause and the age starting
menstrual cycles for postmenopausal women or the difference between the age at recruitment
and the age starting menstrual cycles for pre- and peri-menopausal women minus the amount
of time that a woman was pregnant (number of full-term pregnancies * nine months).

Cumulative duration of menstrual cycles without OC use
As above, minus the duration of oral contraceptive use.
Full-term pregnancy (not available in one center)

The number of full-term pregnancies is the sum of the live births and stillbirth preg-
nancies, with a correction for twin pregnancies

Age at first full-term pregnancy (not available in four centers)

Is the minimum age between the two types of full-term pregnancies (stillbirths and
live births).

Cumulative duration of breastfeeding (not available in two centers)

This variable is the sum of the duration of breastfeeding for all the pregnancies. Since
we only have information for four pregnancies (the first three and the last one), for the
women with more than four pregnancies, we considered that:

e  If she breast-fed for the pregnancies for which we have the information, she breastfed
for all her pregnancies. The cumulative duration of breastfeeding is then the number
of pregnancies multiplied by the mean of each breastfeeding duration.

e If she did not breastfeed for at least one of the pregnancies for which we have
the information, then the cumulative duration of breastfeeding is the sum of the
other durations.

Menopausal status

A detailed algorithm was developed for the determination of menopausal status at
baseline. Women are considered premenopausal at the time of blood donation when they
reported they were still menstruating or had at least 6-9 menstrual periods over the past
12 months. When questionnaire data were missing or incomplete, women were considered
premenopausal when they were younger than 46 years, as among EPIC women who
did have complete data, 99.5% of those below age 46 were premenopausal. Women are
considered postmenopausal when they report fewer than 4 menses in the past year, or
when they report a bilateral ovariectomy. In case of incomplete or missing questionnaire
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data, women are considered postmenopausal when they were older than 55 years, and
premenopausal if younger than 46.

Menopausal status has been defined in three categories (pre, post, and peri/unknown)
according to information on ovariectomy, hysterectomy, and menstruation status (still
menstruating, periods in the last 12 months, and number of periods in the last year) and
exogenous hormones use (pill or hormones for menopause). Among postmenopausal
women, we also determined the type of menopause (natural, surgical, or unknown if
surgical or natural). More details are provided in Appendix A. Surgical menopause implies
that the woman has been bi-ovariectomised (we do not consider the hysterectomy).

Women were considered pre-menopausal when they reported having had regular
menses over the past twelve months (more than 9 cycles). Women were considered as post-
menopausal when they reported not having had any menses over the past 12 months, or
when they reported bilateral ovariectomy. Women were considered peri-menopausal if they
reported having no regular menses over the past twelve months (less than 9 cycles) or if
they indicated having had menses over the past 12 months but were no longer menstruating
at the time of recruitment.

The menopausal status for women with missing or incomplete questionnaire data
or who reported a previous hysterectomy or indicated use of exogenous hormones was
determined according to age cut-points. These women were considered postmenopausal
only if they were 55 years old or more, peri-menopausal/unknown if they were between
46 and 55 years of age, and pre-menopausal when they were less than 46 years of age
at recruitment.

Table A1. Multivariable adjusted * Hazard Ratios and 95% CI in pre- and post-menopausal women
for established risk factors in the EPIC cohort.

ALL WOMEN PREMENO POSTMENO
FACTORS n = 293,682 n =101,252 n = 130,796
717 Cases 68 Cases 524 Cases
Age 1.09 (1.08-1.10) 1.11 (1.06-1.17) 1.06 (1.04-1.08)
Diabetes 1.74 (1.21-2.51) 0.96 (0.13-7.14) 1.75 (1.17-2.63)
BMI [kg/m?]
<25 Reference Reference Reference
25-30 0.99 (0.84-1.17) 0.92 (0.51-1.66) 0.99 (0.79-1.18)
>30 1.02 (0.81-1.28) 1.16 (0.54-2.48) 0.87 (0.66-1.14)
continuous/5 1.05 (0.96-1.14) 1.20 (0.93-1.56) 0.99 (0.89-1.10)
Body Height [cm]/5 1.13 (1.06-1.20) 1.03 (0.84-1.26) 1.13 (1.04-1.21)
Highest school level
None Reference Reference Reference

Primary school completed
Technical/prof. school
Secondary school
Longer education
Smoking status
Never
Former
Current
Cigarettes smoked/day
<10
11-20
21-30
>30
continuous, 10/d
Duration of smoking
<10 years
11-20 years
21-30 years
3140 years
41-50 years
>50 years
continuous/10 years

1.21 (0.71-2.05)
1.08 (0.62-1.88)
0.97 (0.55-1.72)
1.04 (0.59-1.83)

Reference
0.94 (0.77-1.15)
1.74 (1.45-2.10)

Reference
1.88 (1.49-2.36)
2.13 (1.33-3.39)
1.81 (0.58-5.68)
1.45 (1.32-1.59)

Reference
0.94 (0.69-1.28)
1.29 (0.99-1.66)
1.72 (1.38-2.14)
1.38 (1.02-1.88)
1.32 (0.49-3.58)
1.12 (1.07-1.18)

1.66 (0.36-7.70)
3.48 (0.69-17.56)
2.32 (0.45-12.03)

1.66 (0.32-8.76)

Reference
0.72 (0.35-1.48)
2.43 (1.41-4.22)

Reference
3.16 (1.65-6.09)
4.88 (1.71-13.90)

1.68 (1.31-2.15)
Reference
0.95 (0.42-2.15)

1.81 (0.98-3.35)
3.14 (1.23-8.01)

1.27 (1.03-1.57)

0.93 (0.49-1.75)
0.86 (0.44-1.67)
0.68 (0.34-1.34)
0.83 (0.42-1.64)

Reference
0.89 (0.71-1.14)
1.65 (1.32-2.07)

Reference
1.76 (1.33-2.33)
2.17 (1.23-3.82)
1.81 (0.44-7.35)
1.43 (1.27-1.62)

Reference
1.03 (0.71-1.49)
1.03 (0.73-1.45)
1.59 (1.24-2.06)
1.37 (0.99-1.88)
1.32 (0.49-3.59)
1.09 (1.04-1.16)
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Table Al. Cont.

ALL WOMEN PREMENO POSTMENO
FACTORS n = 293,682 n =101,252 n = 130,796
717 Cases 68 Cases 524 Cases
Time to quitting smoking

<10 years Reference Reference Reference

11-20 years 0.55 (0.37-0.80) 0.47 (0.15-1.49) 0.55 (0.35-0.87)

21-30 years 0.77 (0.54-1.09) 0.82 (0.25-2.65) 0.70 (0.46-1.08)

31-40 years 0.78 (0.48-1.27) - 0.88 (0.54-1.43)

>40 years 0.67 (0.25-1.81) 0.52 (0.16-1.62)

continuous/10 years
Alcohol intake at recr.
non drinker
>0-3
>3-12
>12-24
>24
continuous, 15 g/d

0.88 (0.81-0.97)

Reference
0.97 (0.76-1.25)
0.98 (0.76-1.26)
1.08 (0.81-1.44)
1.34 (0.98-1.83)
1.11 (1.01-1.21)

0.69 (0.44-1.11)

Reference
1.22 (0.54-2.79)
1.24 (0.54-2.83)
1.08 (0.41-2.80)
1.12 (0.38-3.24)
1.01 (0.74-1.39)

0.89 (0.80-0.98)

Reference
0.86 (0.64-1.14)
0.91 (0.68-1.21)
1.04 (0.74-1.44)
1.40 (0.98-1.99)
1.15 (1.05-1.27)

* If applicable, adjusted for age at recruitment, sex, smoking history, BMI, alcohol intake at recruitment, and
self-reported diabetes at recruitment.
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Table A2. Hazard Ratios and 95% CI for reproductive and hormonal factors and pancreatic cancer risk in EPIC, stratified by menopausal status # (by median

exposure level and continuously).

Premenopausal

n= 101,252
PC =68

Perimenopausal/Unknown

n= 52,634
PC =102

Postmenopausal

n= 130,796
PC =524

Factors

HRs (95% CI)
adjusted for age;
stratified by
study centre

multivariate adjusted *

HRs (95% CI)

HRs (95% CI)
adjusted for age;
stratified by
study centre

multivariate adjusted *

HRs (95% CI)

HRs (95% CI)
adjusted for age;
stratified by
study centre

multivariate adjusted *

HRs (95% CI)

Reproductive Factors—menarche
Age at menarche (years)
<med (30 pre, 31 peri, 155 post cases)
>med (32 pre, 54 peri, 288 post cases)
continuous (per age-year)
Duration menstrual cycling (years)
med (15 pre, 28 peri, 212 post cases)
> med (47 pre, 56 peri, 202 post cases)
continuous (per age-year)

Reference (<12)
0.74 (0.45-1.23)
0.97 (0.82-1.14)

Reference (<29)
1.32 (0.59-2.93)
1.02 (0.94-1.10)

Duration menstrual cycling without OC (years)

<med (20 pre, 27 peri, 209 post cases)
>med (3 pre, 46 peri, 184 post cases)
continuous (per age-year)
Reproductive Factors—pregnancy
Full-term pregnancy
no (13 pre, 13 peri, 67 post cases)
yes (52 pre, 77 peri, 441 post cases)
Number of full-term pregnancies
<med (52 pre, 63 peri, 346 post cases)
>med (10 pre, 23 peri, 156 post cases)
continuous

Age at first full-term pregnancy (years)

<med (27 pre, 51 peri, 249 post cases)

>med (25 pre, 25 peri, 190 post cases)

continuous (per age-year)
Breastfeeding

no (20 pre, 1 peri, 118 post cases)

yes (40 pre, 60 peri, 363 post cases)

Reference (<24)
0.83 (0.43-1.58)
0.99 (0.96-1.03)

Reference
0.61 (0.33-1.15)

Reference (<2)
0.63 (0.31-1.26)
0.84 (0.66-1.08)

Reference (<25)
1.42 (0.81-2.48)
1.03 (0.97-1.09)

Reference
0.78 (0.45-1.35)

Cumulative duration breast feeding (months)

<med (18 pre, 35 peri, 188 post cases)
>med (22 pre, 25 peri, 173 post cases)
continuous (months)

Reproductive Factors—menopause
Age at menopause (years)
<med (256 post cases)
>med (171 post cases)
continuous (per year)

Reference (<6)
1.21 (0.63-2.32)
0.98 (0.94-1.03)

Reference (<12)
0.76 (0.45-1.28)
0.98 (0.82-1.17)

Reference (<29)
1.17 (0.52-2.65)
1.00 (0.92-1.09)

Reference (<24)
0.72 (0.37-1.39)
0.98 (0.95-1.02)

Reference
0.61 (0.32-1.18)

Reference (<2)
0.59 (0.28-1.22)
0.83 (0.64-1.07)

Reference (<25)
1.65 (0.92-2.98)
1.05(0.98-1.12)

Reference
0.88 (0.49-1.58)

Reference (<6)
1.13 (0.58-2.18)
0.98 (0.93-1.03)

Reference (<12)
1.05 (0.67-1.65)
0.95 (0.83-1.09)

Reference (<35)
1.47 (0.89-2.42)
1.06 (0.97-1.14)

Reference (<32)
1.3 (0.79-2.14)
1.01 (0.98-1.04)

Reference
0.69 (0.38-1.25)

Reference (<2)
1.01 (0.62-1.65)
0.93(0.76-1.13)

Reference (<24)
0.59 (0.36-0.95)
0.93 (0.87-0.98)

Reference
1.22 (0.69-2.13)

Reference (<6)
0.63 (0.37-1.07)
0.97 (0.93-1.01)

Reference (<12)
1.00 (0.63-1.59)
0.95(0.83-1.09)

Reference (<35)
1.42 (0.85-2.38)
1.04 (0.96-1.13)

Reference (<32)
1.18 (0.71-1.96)
1.00 (0.97-1.03)

Reference
0.67 (0.37-1.21)

Reference (<2)
0.98 (0.59-1.62)
0.91 (0.74-1.12)

Reference (<24)
0.58 (0.35-0.97)
0.92 (0.86-0.98)

Reference
1.28 (0.72-2.28)

Reference (<6)
0.63 (0.37-1.08)
0.97 (0.93-1.02)

Reference (<12)
0.89 (0.73-1.09)
1.01 (0.96-1.07)

Reference (<35)
0.99 (0.82-1.21)
1.00 (0.98-1.02)

Reference (<33)
0.86 (0.70-1.05)
0.99 (0.98-1.00)

Reference
0.97 (0.75-1.26

)
Reference (<2)
0.87 (0.71-1.05)
0.96 (0.90-1.03)

Reference (<24)
1.03 (0.85-1.25)
1.01 (0.99-1.03)

Reference
0.96 (0.77-1.18)

Reference (<6)
0.80 (0.65-0.99)
0.99 (0.98-1.01)

Reference (<50)
0.98 (0.80-1.19)
0.99 (0.98-1.02)

Reference (<12)
0.85 (0.68-1.05)
1.01 (0.96-1.08)

Reference (<35)
0.99 (0.81-1.22)
1.00 (0.98-1.02)

Reference (<33)
0.87 (0.69-1.08)
0.99 (0.98-1.01)

Reference
0.93 (0.71-1.23)

Reference (<2)
0.82 (0.66-1.01)
0.95(0.88-1.02)

Reference (<24)
1.06 (0.85-1.31)
1.01 (0.99-1.04)

Reference
0.96 (0.76-1.20)

Reference (<6)
0.81 (0.65-1.02)
0.99 (0.98-1.01)

Reference (<50)
0.95 (0.77-1.17)
0.99 (0.97-1.02)
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Table A2. Cont.

Premenopausal Perimenopausal/Unknown Postmenopausal
n= 101,252 n= 52,634 n= 130,796
PC=68 PC =102 PC =524
Hormonal Factors—OC and HRT
Ever use OC
no (15 pre, 30 peri, 293 post cases) Reference Reference Reference Reference Reference Reference

yes (50 pre, 63 peri, 214 post cases)
Cumulative duration of OC use (years)

<med (31 pre, 27 peri, 82 post cases)

>med (16 pre, 23 peri, 110 post cases)

continuous (per year)

Ever use of HRT
no (62 pre, 58 peri, 294 post cases)
yes (1 pre, 24 peri, 175 post cases)

1.43 (0.77-2.65)

Reference (<5)
0.71 (0.37-1.36)
1.01 (0.96-1.05)

Cumulative duration of HRT use (years) among HRT users

<med (0 pre, 9 peri, 99 post cases)
>med (1 pre, 11 peri, 61 post cases)
continuous (per year)
Hormonal Factors—surgery
Hysterectomy
no (62 pre, 56 peri, 375 post cases)
yes (1 pre, 17 peri, 60 post cases)
Ovariectomy
no (62 pre, 66 peri, 392 post cases)
yes (0 pre, 3 peri, 29 post cases)

1.51 (0.79-2.88)

Reference (<5)
0.77 (0.40-1.49)
1.01 (0.97-1.06)

0.99 (0.63-1.56)

Reference (<5)
0.96 (0.54-1.71)
1.00 (0.97-1.04)

Reference
0.91 (0.56-1.49)

Reference (<1)
1.39 (0.56-3.48)
1.00 (0.88-1.15)

Reference
0.88 (0.50-1.54)

0.99 (0.62-1.59)

Reference (<5)
1.02 (0.57-1.85)
1.00 (0.97-1.04)

Reference
0.96 (0.58-1.58)

Reference (<1)
1.42 (0.57-3.53)
1.01 (0.89-1.15)

Reference
0.92 (0.53-1.62)

1.17 (0.97-1.42)

Reference (<5)
1.49 (1.11-2.00)
1.01 (0.99-1.03)

Reference
1.12 (0.91-1.37)

Reference (<3)
0.66 (0.47-0.91)
0.98 (0.95-1.02)

Reference
1.05 (0.79-1.39)

Reference
1.06 (0.76-1.48)

1.25 (1.02-1.53)

Reference (<5)
1.33 (0.98-1.81)
1.01 (0.99-1.03)

Reference
1.08 (0.87-1.35)

Reference (<3)
0.66 (0.47-0.93)
0.98 (0.95-1.02)

Reference
1.01 (0.73-1.38)

Reference
1.08 (0.75, 1.57)

# Women with surgical menopause (n = 23) excluded from analyses. * adjusted for age, education, body height, BMI, smoking history, alcohol consumption, type 2 diabetes status;
stratified by study centre. Only one reproductive factor is tested at a time. Missing in premenopausal women: Full term pregnancy (3 cases), breastfeeding (8 cases), OC use (3 cases),
Duration of menstrual cycle (6 cases), Duration of menstrual cycle without OC (9 cases), Cumulative duration of breastfeeding (29 cases), Cumulative duration of OC Use (9 cases), Age
at Menarche (3 cases), Age at first full term pregnancy (17 cases), Number of full term pregnancies (6 cases), Ever use of HRT (5 cases). Missing in perimenopausal women: Full term
pregnancy (12 cases), breastfeeding (26 cases), OC use (9 cases), Duration of menstrual cycle (18 cases), Duration of menstrual cycle without OC (29 cases), Cumulative duration of
breastfeeding (44 cases), Cumulative duration of OC Use (59 cases), Cumulative duration of HRT Use (91 cases), Cumulative duration of HRT Use among HRT users (6 cases), Age at
Menarche (11 cases), Age at first full term pregnancy (26 cases), Age at Menopause (116 cases), Number of full term pregnancies (16 cases), Ever use of HRT (20 cases), Hysterectomy
(31 cases), Ovariectomy (46 cases). For Cumulative duration of OC use, hazards remain almost unaltered using all postmenopausal women/postmenopausal women using OC. Missing
in postmenopausal women: Full term pregnancy (16 cases), breastfeeding (45 cases), OC use (17 cases), Duration of menstrual cycle (122 cases), Duration of menstrual cycle without OC
(143 cases), Cumulative duration of breastfeeding (165 cases), Cumulative duration of OC Use (342 cases), Cumulative duration of OC Use among OC users (22 cases), Cumulative
duration of HRT Use (377 cases), Cumulative duration of HRT Use among HRT users (16 cases), Age at Menarche (20 cases), Age at first full term pregnancy (85 cases), Age at Menopause
(109 cases), Number of full term pregnancies (22 cases), Ever use of HRT (55 cases), Hysterectomy (109 cases), Ovariectomy (130 cases). For Cumulative duration of OC use, hazards
remain almost unaltered using all postmenopausal women/postmenopausal women using OC. For Cumulative duration of HRT use, hazards remain almost unaltered using all
postmenopausal women/postmenopausal women using HRT.
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