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Introduction: The incidence of pancreatic cancer is increasing worldwide and characterized 
by a particularly low survival rate. Studies have reported weak and inconsistent evidence for 
associations among reproductive factors, use of exogenous hormones, and pancreatic cancer 
incidence in women.
Purpose: To investigate relationships between reproductive factors, exogenous hormones, 
and the rate of pancreatic cancer incidence in a large population-based prospective cohort of 
women in Norway.
Methods: We used data from the Norwegian Women and Cancer study on 588 incident 
cases of pancreatic cancer diagnosed among 165,419 women, with mean follow-up of 18.7 
years. Cox proportional-hazard models were used to estimate HRs and 95% CIs for associa
tions of interest.
Results: Cumulative breastfeeding duration >24 months was associated with 63% decreased 
incidence of pancreatic cancer compared to no breastfeeding. We observed an inverse linear 
dose–response trend between cumulative breastfeeding duration and pancreatic cancer inci
dence, which was confirmed in parous women and ever-smokers. Higher age at first birth and 
menopause were inversely associated with pancreatic cancer incidence, though with less 
precise effect estimates. Current use of oral contraceptives was associated with a doubling of 
pancreatic cancer incidence, but the analysis was hampered by a small number of cases. 
There was no evidence of any associations between age at menarche, parity or use of 
menopausal hormone therapy, and incidence of pancreatic cancer.
Conclusion: Our results suggest a potential protective effect of breastfeeding duration 
against pancreatic cancer incidence. Inconsistent results for the other reproductive factors 
suggested no important role of estrogens in pancreatic cancer etiology.
Keywords: pancreatic neoplasms, incidence, women, prospective study, breastfeeding, age 
at first birth

Introduction
Pancreatic cancer accounts for <4% of all cancer prevalence in Norway; however, it 
is the fourth-leading cause of cancer-related death.1 This important paradox is 
explained by the extremely low survival rate of patients: in 2019, the 5-year 
survival rate among women was 13.8% and 13.1% in men, the lowest rates of all 
cancers in Norway. Over the last 60 years, pancreatic cancer incidence has 
increased from 7.4 per 100,000 women in 1959 to 12.6 per 100,000 women in 
2019, and for men it has increased from 11.5 to 18.3.1 The trend of increasing 
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incidence has also been reported from other countries.2,3 

Few risk factors have been identified. Modifiable risk 
factors for pancreatic cancer include tobacco smoking, 
overweight/obesity, red- and processed-meat intake, alco
hol consumption, and intake of saturated fat and beverages 
containing fructose; however modifiable risk factors are 
supported by various level of evidence.4 Other risk factors 
include age, height, diabetes, chronic pancreatitis, and 
some inherited genetic factors.5,6 As pancreatic cancer is 
rarely detected at an early stage and the prognosis of the 
disease is poor, identification of new risk factors is highly 
relevant in order to improve the understanding of pancrea
tic cancer etiology and the identification of high-risk popu
lations for prevention.7

The male:female ratio of pancreatic cancer incidence in 
Norway has declined from 1.4 30 years ago to 1.2 in 2019.1 

Despite the observed increase in the cancer incidence among 
women, the lower incidence in women compared to males 
may suggest a protective effect of female hormones. Studies 
that have assessed the relationship between pancreatic cancer 
risk and reproductive factors, such as age at menarche, age at 
menopause, menopausal status, parity, abortions, age at first 
birth, breastfeeding, total menstruation duration, and exogen
ous hormone use, have reported inconsistent results.8–22

In 2012, a large European cohort study assessed the 
association between reproductive factors, hormone use, and 
risk of pancreatic cancer.21 No significant association was 
identified. Thereafter, two meta-analyses reported that parity 
was inversely associated with pancreatic cancer risk.23,24 

Since then, three recent cohort studies observed no associa
tion or an inverse association between parity and pancreatic 
cancer risk.8,12,25 A meta-analysis published in 2015 reported 
no associations between age at menarche, age at menopause, 
use of menopausal hormone therapy (MHT) or oral contra
ceptives (OCs), hysterectomy, oophorectomy, and risk of 
pancreatic cancer.26 More recent prospective studies have 
mainly supported the finding of no association with use of 
OCs.12,27 For MHT use, controversies exist, and inverse 
relationships between MHT use and pancreatic cancer risk 
have recently been reported.8,19,22 Furthermore, one study 
has identified increased risk with increasing age at 
menarche.8 Likewise, higher age at first birth was identified 
as a risk factor for pancreatic cancer in a meta-analysis 
published in 2016, and a more recent cohort study supported 
this finding.12,28 Others have reported no association.8,25 

Increased duration of breastfeeding was inversely associated 
with pancreatic cancer incidence in one cohort study, 
whereas other prospective studies have reported 

nonsignificant results.8,10,12,29,30 Overall, these results sug
gest that some reproductive factors and exogenous hormones 
may be related to pancreatic cancer incidence. However, 
comparisons across studies are complicated by the fact that 
different reproductive factors are addressed in the various 
studies, and that exogenous hormone use and reproductive 
factors vary across layers of social, economic, and environ
mental factors.31–34 There has been no consensus on categor
ization of included exposure either, which makes 
comparisons across studies challenging. For instance, some 
studies only assessed the association between ever/never 
breastfeeding.12,15 At the same time, others explored cumu
lative breastfeeding duration.8,10,35 Study design and number 
of cases also vary across studies, which may affect the results 
considerably. Prospective studies exist; however, there are 
few that have included both reproductive factors and exo
genous hormones with detailed information on these vari
ables and in a large population with several cases of 
pancreatic cancer. As such, large and prospective studies 
are warranted to improve our understanding of the associa
tion between reproductive factors, exogenous hormones, and 
pancreatic cancer. The aim of this etiologic study was to 
investigate relationships between parity, age at first birth, 
age at menarche and menopause, cumulative breastfeeding 
duration, use of OCs or MHT, and pancreatic cancer inci
dence in a large population-based prospective cohort of 
women in Norway.

Methods
Study Design and Participants
The Norwegian Women and Cancer (NOWAC) study is 
a nationally representative and prospective cohort that 
was initiated in 1991 with the aim of investigating the 
etiology of cancer among women in Norway. Details on 
the design, materials, and procedures of the NOWAC 
study have been described previously.36 Briefly, women 
aged 30–70 years were randomly sampled from the 
National Registry and invited to participate in the 
study. The response rate varied between 48% and 57% 
at enrollment, representing 172,472 women, included 
between 1991 and 2007. Women included completed 
up to two follow-up questionnaires, with approximately 
7 years between questionnaires. The unique personal 
identity number assigned to every resident of Norway 
allowed for linkage to national registers. External valid
ity in the NOWAC study is considered high, as the 
distribution of exposure is independent of the response 
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rate and the cumulative incidence of cancers does not 
differ from national figures from the Cancer Registry of 
Norway.37 The NOWAC study was approved by the 
Regional Committee for Medical Research Ethics and 
the Norwegian Data Inspectorate, and all participants 
enrolled in the study gave written informed consent. 
Women with prevalent cancer (n=6,696), death, emigra
tion prior to date of inclusion (n=21), or those that 
reported extreme values in either questionnaire (n=336) 
were excluded from the analyses. Extreme values were 
defined for weight (<30 or >240 kg), height (<100 or 
>230 cm), age at menopause (<25 or >60 years), age at 
menarche (<8 or >20 years), and age at first birth (<12 
or >50 years). After exclusions, the total study sample 
comprised 165,419 women, of which 149,095 were par
ous and 81,020 postmenopausal at baseline (Figure 1).

Outcome Assessment
The NOWAC study receives annual updates from the Cancer 
Registry of Norway, in order to identify study participants 
diagnosed with cancer during the preceding year. In the 
present study, women diagnosed with a first primary invasive 
malignant neoplasm of the pancreas were identified from the 
International Classification of Diseases and Related Health 
Problems (tenth revision, code C25). Information about 
deaths and emigration was extracted from the Causes of 
Death Registry and the National Registry.

Reproductive Factors, Exogenous 
Hormones, and Covariates
For all participants included, we extracted information on 
body type at age 7 years (very thin, thin/normal/fat, or very 
fat), age at menarche (≤12, 13–14, ≥15 years), age at 
menopause (≤47, 48–49, 50–51, ≥52 years), age at first 

Figure 1 Flowchart of study sample from the Norwegian Women and Cancer study. 
Notes: Weight <30 or >240 kg, height <100 or >230 cm, age at menopause <25 or >60 years, age at menarche <8 or >20 years, age at first birth <12 or >50 years. The 
numbers refer to baseline characteristics of the subgroups.
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birth (≤19, 20–24, 25–29, ≥30 years), parity (0, 1, 2, 3, 4, 
≥5 live and stillborn children), cumulative breastfeeding 
duration from all pregnancies (0, 1–6, 7–12, 13–18, 
19–24, ≥25 months), OC use (never/former/current), and 
MHT use (never/former/current) from the baseline and fol
low-up questionnaires. We also included information about 
education (<10 years/10–12 years/>12 years, corresponding 
to primary and intermediate school/high school/higher edu
cation), current physical activity level (low/moderate/high), 
current smoking status (never/former/current), smoking 
duration and intensity, measured as pack-years (0/>0–10/ 
11–20/>20 years), current diabetes status (yes/no), current 
body-mass index (BMI; <25, 25–<30, ≥30 kg/m2), current 
alcohol intake (abstinent/≤10 g per day/>10 g per day), and 
height (continuous metric). The accuracy of self-reported 
information on diabetes, physical activity, parity, and edu
cation has been validated previously and found to be 
satisfactory.37–40

Statistical Analysis
HRs and 95% CIs for associations between reproductive 
factors, use of exogenous hormones, and pancreatic cancer 
incidence were calculated using Cox proportional-hazard 
regression. Entry time was age at answering the first 
questionnaire and exit time age at death, emigration, can
cer diagnosis, or end of follow-up (December 31, 2018), 
whichever occurred first. We updated information on main 
exposure and covariates during follow-up for women that 
answered several questionnaires. The proportional-hazard 
assumption was assessed using Schoenfeld residual plots. 
To model the relationship between cumulative breastfeed
ing duration and pancreatic cancer incidence as a contin
uous exposure metric and to allow for nonlinear effects, 
we fitted regression models with restricted cubic spline 
transformations (four knots) of the exposure variable. 
Knots were placed at equally spaced percentiles. We eval
uated nonlinearity by testing the null hypothesis, ie, the 
second and third spline coefficients jointly equaling zero.

As reproductive factors and exogenous hormone expo
sure refer to different life stages and conditions, analyses 
were carried out in different subsamples. We studied asso
ciations between cumulative breastfeeding duration, OC 
use, parity, age at menarche and pancreatic cancer inci
dence in the total study sample. In parous women, we 
assessed the effect of age at first birth and cumulative 
breastfeeding duration on pancreatic cancer incidence, 
whereas MHT use and age at menopause were assessed 
only among postmenopausal women.

We used directed acyclic graphs (DAGs) to identify 
confounders.41 DAGs assume a causal relationship 
between the exposure and the outcome, and based on the 
current state of evidence and our expert knowledge on 
Norwegian women’s behavior, we assumed the most likely 
interrelations between covariates, exposure, and outcome. 
For instance, identified confounders for analysis of cumu
lative breastfeeding duration were age, parity, OC use, and 
education. We assumed that cumulative breastfeeding 
duration influenced the intensity and duration of smoking 
through adulthood (Supplementary Figure 1), and thus 
smoking intensity and duration was identified as a mediat
ing factor. Likewise, cumulative breastfeeding duration 
likely affects BMI in middle adulthood through previous 
weight change, and thus we considered BMI a mediating 
variable and not a confounder, since our study sample 
mainly consisted mainly of women >45 years of age. In 
analysis of age at menarche, the model was adjusted for 
body type at age 7 years, parity for age at menarche, age at 
first birth, and education, OC use for age at menarche and 
education, age at first birth for OC use and education, age 
at menopause for BMI, OC use, smoking intensity and 
duration (pack-years), and parity, and MHT use for educa
tion and parity.

As our participants were recruited over a long per
iod, we constructed a variable based on wave of enroll
ment and birth year, which was included as a 
stratification variable in the Cox regression models to 
account for calendar year and birth- cohort effects. This 
way, we allowed the baseline hazard function to vary 
between groups, but the regression coefficients were 
equal across groups. To test for linear trends across the 
categorical variables, we replaced the group identifier 
with the median value in each group (except for MHT 
and OC use) and included those variables in the multi
variable models. For OC use and MHT, we modeled the 
categorical variables (never = 0, former = 1, current = 
2) as a continuous metric. Finally, we conducted strati
fied analyses by current smoking status (ever-smoker = 
former and current smoker), as smoking is a strong risk 
factor for pancreatic cancer. As such, we assessed asso
ciations between cumulative breastfeeding duration, age 
at first birth, and pancreatic cancer incidence separately 
in never- and ever-smokers. Due to the limited number 
of pancreatic cases, we did not assess interactions.

All analyses were performed using Stata 15.1 
(StataCorp, College Station, TX, USA).
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Results
Study-Sample Characteristics
During a mean follow-up of 18.7 years, we identified 588 
incident cases of pancreatic cancer. At baseline, women 
who had been diagnosed with pancreatic cancer during 
follow-up were generally older, less educated, less physi
cally active, and more often current smokers and heavy 
smokers in terms of pack-years than pancreatic cancer– 
free women. They also had slightly higher prevalence of 
overweight and obesity and higher prevalence of diabetes. 
There was no major difference in height, weight, body 
type at age 7 years, or alcohol consumption between the 
groups. A slightly larger proportion of women with pan
creatic cancer were >14 years of age at the time of 
menarche and had five children or more. They were also 
younger when they had their first child and reported 
shorter cumulative breastfeeding duration than pancreatic 
cancer–free women. Women who developed pancreatic 
cancer were more often current users of MHT and entered 
menopause at an earlier age than those without pancreatic 
cancer. There was also a larger proportion of never-users 
of OC among women who developed pancreatic cancer 
(Table 1).

Total Study Sample
Within the total study sample, breastfeeding >24 months 
was associated with substantially lower pancreatic cancer 
incidence than no breastfeeding (HR 0.37, 95% CI 0.21– 
0.65; P trend=0.001). For each month of additional breast
feeding, incidence of pancreatic cancer decreased by 2% 
(HR 0.98, 95% CI 0.96–0.99). The cubic spline regression 
confirmed an inverse linear relationship between cumula
tive breastfeeding duration and incidence of pancreatic 
cancer (Figure 2).

Current users of OCs had increased pancreatic cancer 
incidence in comparison to never-users (HR 2.20, 95% CI 
1.08–4.49); however, the precision of the estimate was 
poor and analysis hampered by few current users of OCs 
among pancreatic cancer cases. Finally, age at menarche 
and parity displayed inverse associations with pancreatic 
cancer incidencee, but the 95% CIs were wide and 
included the value 1 (Table 2).

Parous Women
Parous women who had breastfed >24 months had 64% 
lower pancreatic cancer incidence than those that had not 
breastfed (HR 0.36, 95% CI 0.20–0.64; P trend=0.001). The 

rate decreased by 3% per additional month of breastfeeding 
(HR 0.97, 95% CI 0.96–0.99). Age at first birth was inversely 
associated with pancreatic cancer incidence: each additional 
year of age was associated with a 3% decrease in incidence 
(HR 0.97, 95% CI 0.95–0.99). However the individual cate
gories (≤19, 20–24, 25–30, ≥30 years, P trend=0.068) dis
played poor precision of effect estimates (Table 3).

Postmenopausal Women
Among postmenopausal women, we observed an inverse 
association between increasing age at menopause and pan
creatic cancer incidence: for each additional year, the rate 
decreased by 3% (HR 0.97, 95% CI 0.95–1.00). However, 
effect estimates for the individual categories (≤47, 48–49, 
50–51, ≥52 years, P trend=0.07) had wide 95% CIs, which 
suggested poor precision. There was not enough evidence 
to confirm an association between MHT use and pancrea
tic cancer incidence (Table 4).

Sensitivity Analyses
Breastfeeding >24 months was associated with 60% lower 
pancreatic cancer incidence in ever-smokers (HR 0.4, 95% 
CI 0.2–0.80, P trend=0.006). The corresponding figures 
for never-smokers were HR 0.41, 95% CI 0.15–1.11, and 
P trend=0.60. For each additional month of breastfeeding, 
pancreatic cancer incidence decreased by 3% in ever-smo
kers (HR 0.97, 95% CI 0.96–0.99) and 1% in never-smo
kers (HR 0.99, 95% CI 0.97–1.01; Supplementary 
Table 1). Spline regressions confirmed an inverse dose– 
response relationship between cumulative breastfeeding 
duration and pancreatic cancer incidence in ever-smokers, 
but not in never-smokers (Supplementary Figure 2 and 3).

Age at first birth was inversely associated with pan
creatic cancer incidence in ever-smoking parous women 
(HR 0.97, 95% CI 0.94–1.00 per each additional year) and 
in never-smokers (HR 0.99, 95% CI 0.94–1.03); however, 
effect estimates for individual categories did not provide 
evidence of an association (P trend=0.16 for ever-smokers 
and P trend=0.68 for never-smokers, Supplementary 
Table 2).

Discussion
In this prospective cohort study of Norwegian women, we 
found a strong inverse association between cumulative 
breastfeeding duration and pancreatic cancer incidence. 
Specifically, incidence of pancreatic cancer was 63% 
lower among women who had breastfed >24 months than 
those who had never breastfed. Our results further 
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Table 1 Characteristics of the Study Sample at Enrollment

Total Person-years Pancreatic Cancer–free Women 
(n=164,831)

Incident Cases of Pancreatic 
Cancer (n=588)

3,089,691 8,059

n valida Mean (SD) n (%) Mean (SD) n (%)

Age at enrollment 165,419 49.3 (8.5) 51.9 (9.0)

Height 164,131 166.3 (5.7) 166.1 (5.8)

Weight 161,954 67.1 (11.5) 68.0 (11.4)

Body-mass index (kg/m2) 161,535

Normal and underweight 104,974 (65.2) 343 (59.9)
Overweight 42,552 (26.4) 170 (29.7)

Obese 13,436 (8.4) 60 (10.5)

Body size at age 7 years 153,072

Very thin/thin 35,934 (23.6) 131 (23.3)

Normal 99,006 (64.9) 365 (64.8)
Fat/very fat 17,569 (11.5) 67 (11.9)

Education 156,752

Primary and secondary school 36,449 (23.3) 195 (35.8)

High school 53,459 (34.2) 191 (35.1)
Higher education 66,299 (42.4) 159 (29.2)

Smoking status 163,189
Never 56,382 (34.7) 153 (26.2)

Former 55,957 (34.4) 151 (25.9)

Current 50,267 (30.9) 279 (47.9)

Pack-years 109,041

0 16,228 (14.9) 51 (11.6)
>0–10 52,210 (48.1) 180 (41.1)

11–20 27,775 (25.6) 127 (29.0)

>20 12,410 (11.4) 80 (18.3)

Physical activity 151,857

Low 37,161 (24.7) 156 (30.3)
Medium 86,645 (57.5) 277 (53.8)

High 26,866 (17.8) 82 (15.9)

Diabetes 130,377

Yes 2,898(2.2) 17 (3.7)

Alcohol consumption 157,522

None 37,131 (23.7) 144 (25.9)

0–10 g per day 104,732 (66.7) 356 (64.1)
>10 g per day 15,104 (9.6) 55 (9.9)

Age at menarche,years 162,646
<12 46,109 (28.5) 166 (28.8)

12–14 86,169 (53.2) 293 (50.8)

>14 29,791 (18.4) 118 (20.5)

(Continued)
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provided evidence of an inverse linear dose–response 
trend between cumulative breastfeeding duration and pan
creatic cancer incidence. Similar results were observed 
when restricting the analyses to parous women or ever- 
smokers. Therefore, the observed inverse association can
not be explained by longer breastfeeding duration in 
never-smokers, ie, residual confounding by smoking. A 
similar inverse association between breastfeeding >24 
months and pancreatic cancer incidence was observed in 

never-smokers as well; however, the analysis was ham
pered by few pancreatic cancer cases, which rendered poor 
precision for the effect estimate.

Our finding of an inverse relationship between cumula
tive breastfeeding duration and pancreatic cancer incidence 
is supported by two other studies, although one was a case– 
control study of relatively few individuals that relied on 
recalled information collected after pancreatic cancer 
diagnosis.10,35 Six other cohort studies and one nested 

Table 1 (Continued). 

Total Person-years Pancreatic Cancer–free Women 
(n=164,831)

Incident Cases of Pancreatic 
Cancer (n=588)

3,089,691 8,059

Parity 165,419

0 16,268 (9.9) 56 (9.5)

1 19,684 (11.9) 64 (10.9)
2 68,535 (41.6) 221 (37.6)

3 42,372 (25.7) 163 (27.7)

4 12,964 (7.8) 55 (9.4)
≥5 5,008 (3.0) 29 (4.9)

Age at first birth,years 149,095
<19 20,321 (13.7) 82 (15.4)

19–24 70,270 (47.3) 277 (52.1)
25–29 41,396 (27.9) 131 (24.6)

≥30 16,576 (11.2) 42 (7.9)

Cumulative breastfeeding duration, months) 104,285

0 21,628 (20.8) 88 (19.9)

1–6 24,063 (23.2) 125 (28.2)
7–12 22,080 (21.3) 95 (21.4)

13–18 14,871 (14.3) 57 (12.9)

19–24 9,646 (9.3) 49 (11.1)
≥25 11,554 (11.1) 29 (6.6)

Age at menopause,years 66,179
≤47 21,517 (32.7) 107 (37.4)

48–49 10,921 (16.6) 45 (15.7)

50–51 14,579 (22.1) 54 (18.9)
≥52 18,876 (28.7) 80 (28.0)

MHT use 156,223
Never 116,420 (74.8) 402 (71.0)

Former 19,127 (12.3) 64 (11.3)

Current 20,110 (12.9) 100 (17.7)

OC use 157,374

Never 68,368 (43.6) 297 (53.8)
Former 85,362 (54.4) 246 (44.6)

Current 3,092 (2.0) 9 (1.6)

Note: aParticipants with no missing information. 
Abbreviations: MHT,menopausal hormone therapy; OC, oral contraceptive.
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case–control study observed no association between breast
feeding and pancreatic cancer incidence.8,12,15,21,29,30 It is 
important to note, though, that — unlike the two aforemen
tioned studies — some of these studies only assessed ever/ 
never breastfeeding and did not take duration into account. 
Of those that observed no association between breastfeeding 
and pancreatic cancer incidence, only one specifically 
explored breastfeeding beyond 23 months and reported no 
significant association.29 In addition, only six cases of those 
women had breastfed >23 months, which limits the preci
sion of those results. The Norwegian study by Heuch et al 
found similar results as ours, using a completely different 
sample of Norwegian women, which makes the probability 
of a random finding low.10 Heuch et al did not adjust their 
analysis for smoking; however, they argued that smoking 
was not very common in the birth cohort of women 
included in their study.10 We assumed that breastfeeding 
duration influenced lifetime smoking intensity and duration 
among our study participants; therefore, we identified 
smoking intensity and duration as a mediating factor and 
did not adjust our main analysis for that. However, we 
conducted stratified analysis based on current smoking sta
tus, and observed similar associations in ever- and never- 
smokers. Therefore, our study confirms that breastfeeding 
duration is inversely associated with pancreatic cancer inci
dence after accounting for smoking.

Still, the inverse association between cumulative 
breastfeeding duration and pancreatic cancer incidence is 
challenging to explain. It is well established that prolonged 
breastfeeding is associated with lower risk of breast can
cer, which may be a result of the reduction in lifetime 
exposure to sex hormones, as lactation postpones resump
tion of the menstrual cycle after pregnancy and produces a 
period of infertility.42 Other mechanisms related to the 
exfoliation of damaged epithelial cells from breast tissue 
during lactation have also been proposed. Breastfeeding 
does however also alter circulating levels of other hor
mones, such as prolactin, which in addition to having an 
important role in lactation and reproduction, is also 
involved in many other biological activities.43 Previous 
epidemiological studies have reported positive associa
tions between prolactin concentrations and cancer of the 
breast, endometrium, and ovaries, but no association with 
prostate cancer and an inverse association with pancreatic 
cancer.44–48 More specifically, a study of both men and 
women found that prospective cases had significantly 
lower concentrations of prolactin than healthy controls 
up to 35 months prior to pancreatic cancer diagnosis.46 

On the other hand, recent animal experimental research 
has shown that elevated systemic prolactin levels in mice 
contributed to the progression of pancreatic intraepithelial 
neoplasia, a precursor to invasive ductal adenocarcinoma 
of the pancreas, and that prolactin released from tumor- 

Figure 2 Association between cumulative breastfeeding duration and pancreatic cancer incidence in the total study sample. Cumulative breastfeeding duration was modeled 
on a continuous scale using restricted cubic splines with four knots. The P-value corresponds to the null hypothesis that the regression coefficients for the second and third 
spline coefficients equaled zero, ie, a test of nonlinearity.
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associated macrophages may induce pancreatic 
tumorigenesis.49 As such, it remains unclear whether sys
temic or local concentrations of prolactin are relevant for 
pancreatic cancer development, if elevated or decreased 
concentrations play a role, and whether the effect is sex- 
dependent.

It is well known that during pregnancy, prolactin 
levels are highly superior to basal levels. However, 
research has shown that circulating concentrations of 
prolactin outside pregnancy and breastfeeding period 
are higher in nulliparous women compared to postlacta
tion concentrations in parous women and inversely 

associated with the duration of breastfeeding of the 
first child.50,51 Therefore, women are exposed to high 
levels of prolactin during the relatively short periods of 
pregnancy and breastfeeding, but afterward they will 
have significantly lower exposure to prolactin than 
women who have never breastfed.50,51 As such, if we 
hypothesize that elevated prolactin levels are involved in 
pancreatic cancer development in women, long-term 
exposure to lower prolactin levels could potentially 
explain the inverse association between cumulative 
breastfeeding duration and pancreatic cancer incidence 
in women. Future studies should thus assess how 

Table 2 Associations Between Cumulative Breastfeeding Duration, Age at Menarche, Parity, OC use, and Pancreatic Cancer Incidence 
in the Study Sample

Age-Adjusted Models Multivariable-Adjusted Models

n Person-years HR (95% CI) P trend n Person-years HR (95% CI) P trend

Cumulative breastfeeding durationa

Months 0 87 408,495 Reference 73 408,495 Reference

1–6 126 544,385 1.16 (0.85–1.57) 109 544,385 0.91 (0.60–1.36)
7–12 95 499,046 0.94 (0.69–1.30) 83 499,046 0.74 (0.49–1.14)

13–18 57 157,234 0.85 (0.59–1.21) 52 341,572 0.71 (0.45–1.12)

19–24 48 222,932 1.14 (0.78–1.65) 41 222,932 0.88 (0.54–1.44)
≥25 30 279,732 0.54 (0.35–0.84) 0.003 24 279,732 0.37 (0.21–0.65) 0.001

Per month 443 2,296,162 0.98 (0.97–0.99) 382 1,987,508 0.98 (0.96–0.99)

Age at menarcheb

Years ≤12 166 862,297 Reference 157 862,297 Reference
13–14 293 1,628,302 0.87 (0.72–1.05) 283 1,628,302 0.89 (0.73–1.08)

≥15 118 555,821 0.92 (0.73–1.17) 0.64 113 555,821 0.93 (0.73–1.19) 0.70

Per year 577 3,046,420 0.97 (0.91–1.03) 553 2,801,566 0.97 (0.92–1.03)

Parityc

0 56 287,614 Reference 49 287,614 Reference

1 64 361,932 0.95 (0.66–1.36) 63 361,932 0.87 (0.55–1.36)
2 219 1,293,790 0.88 (0.65–1.17) 203 1,293,790 0.71 (0.46–1.10)

3 164 810,914 0.95 (0.70–1.28) 146 810,914 0.71 (0.45–1.13)

4 56 247,879 0.90 (0.62–1.30) 50 247,879 0.67 (0.40–1.12)
5+ 29 95,616 0.97 (0.62–1.52) 0.85 26 95,616 0.70 (0.39–1.26) 0.40

Per child 588 3,097,743 0.99 (0.93–1.06) 537 3,015,943 0.96 (0.88–1.05)

OC used

Never 299 1,302,777 Reference 268 1,302,777 Reference
Former 243 1,474,759 0.96 (0.81–1.15) 229 1,474,759 1.02 (0.84–1.23)

Current 8 49,330 2.00 (0.98–4.07) 0.91 8 49,330 2.20 (1.08–4.49) 0.47

Per year of use 218 1,506,546 1.02 (0.99–1.04) 207 1,435,943 1.02 (0.99–1.04)

Notes: Age-adjusted (crude) models adjusted for age and subcohort (enrolled 1991–1992, born 1943–1965/enrolled 1996–1997, born 1927–1942/enrolled 1996–1997, 
born 1943–1965/enrolled 2003–2008, born 1943–1965). Multivariable-adjusted models adjusted for: aage, education, number of children, and OC use; bage and body size at 
age 7 years; cage, age at menarche, age at first birth, and education; dage, education, and age at menarche. 
Abbreviation: OC, oral contraceptive.
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breastfeeding duration for each subsequent child is asso
ciated with pancreatic cancer incidence.

Decreasing prolactin concentrations with increasing 
age at first birth has also been observed.5,19 As such, our 
finding of an inverse association between age at first birth 
and pancreatic cancer incidence could also be explained by 
lower prolactin concentrations by increasing age at first 
birth. However, our result regarding age at first birth con
tradicts several other studies, including a meta-analysis 
from 2016.8,10,12,20,29,30,35,52–55 It is also important to 
point out that although our results suggested a 3% 
decrease in incidence of pancreatic cancer per additional 
year of age, the effect estimates for the different categories 
were less precise. Therefore, it is also possible that our 
finding was a result of chance.

Finally, we cannot entirely rule out that cumulative 
breastfeeding duration is not a proxy for other beneficial 
behavior for pancreatic cancer incidence that our extensive 
questionnaire did not cover. For example, breastfeeding 
reduces the body burden of persistent organic pollutants, 
contaminants with endocrine-disrupting properties, some 
of which have been suggested to have carcinogenic 
effects.56 This was mentioned by Lo et al, who also 
found an inverse association between cumulative breast
feeding duration and pancreatic cancer.35 However, the 

association between persistent organic pollutants and pan
creatic cancer has not been well studied and remains 
unclear.57 Nevertheless, the potential link between cumu
lative breastfeeding duration and pancreatic cancer inci
dence should be further explored in both experimental and 
epidemiological studies.

Current use of OCs was associated with a doubling of 
pancreatic cancer incidence in our cohort. However, this 
result, needs to be interpreted with caution, as it is based 
on only seven cases and the CI was very wide. A previous 
meta-analysis by Tang et al and the study by Butt et al 
based on all premenopausal women in Denmark found no 
effect of OC use on pancreatic cancer incidence, which 
was supported by a recent prospective cohort study.12,26,27 

As our study sample consisted of women with a mean age 
of approximately 50 years at baseline, our study is not 
suitable for assessing the effects of current OC use in 
relation to pancreatic cancer incidence, as the prevalence 
of current use was very low.

We observed inverse associations between parity and 
pancreatic cancer incidence; however, our estimates had 
poor precision, which complicated further interpretation. 
Previous meta-analyses have also reported inverse associa
tions, as well as more recent prospective studies, although 
they also reported imprecise effect estimates.8,23–25 It is 

Table 3 Associations Between Cumulative Breastfeeding Duration, Age at First Birth, and Pancreatic Cancer Incidence Among Parous 
Women in the Study Sample

Age-Adjusted Models Multivariable-Adjusted Models

n Person-years HR (95% CI) P trend n Person-years HR (95% CI) P trend

Cumulative breastfeeding durationa

Months 0 31 122,018 Reference 29 122,018 Reference

1–6 126 543,998 0.98 (0.66–1.45) 109 543,998 0.92 (0.61–1.39)
7–12 95 498,719 0.80 (0.53–1.19) 83 498,719 0.75 (0.49–1.15)

13–18 57 341,426 0.71 (0.46–1.10) 52 341,426 0.71 (0.45–1.13)

19–24 48 222,795 0.96 (0.61–1.50) 41 222,795 0.88 (0.54–1.44)
≥25 30 279,592 0.46 (0.28–0.75) 0.001 24 279,592 0.36 (0.20–0.64) 0.001

Per month 387 2,013,973 0.98 (0.97–0.99) 338 1,744,985 0.97 (0.96–0.99)

Age at first birthb

Years ≤19 82 380,443 1.16 (0.91–1.48) 71 380,443 1.12 (0.85–1.46)
20–24 277 1,334,783 Reference 242 1,334,783 Reference

25–29 131 781,688 0.84 (0.68–1.03) 116 781,688 0.88 (0.70–1.10)

≥30 42 311,626 0.73 (0.53–1.01) 0.004 39 311,626 0.81 (0.57–1.14) 0.068
Per year 532 2,812,079 0.96 (0.94–0.98) 468 2,451,486 0.97 (0.95–0.99)

Notes: Age-adjusted (crude) models adjusted for age and subcohort (enrolled 1991–1992, born 1943–1965/enrolled 1996–1997, born 1927–1942/enrolled 1996–1997, 
born 1943–1965/enrolled 2003–2008, born 1943–1965). Multivariable-adjusted models adjusted for: aage, education, number of children, and OC use; bage, education, and 
OC use. 
Abbreviation: OC, oral contraceptive.
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however important to point out that our parity variable 
represented the number of live births or stillbirths that 
the women had experienced. We had no available informa
tion about previous abortions; therefore, nulliparous 
women could have experienced pregnancies that had 
been terminated through spontaneous or induced abortion. 
As such, they could have been exposed to sex hormones, 
although to a much lesser extent than women who experi
enced full-term pregnancies. This should be mentioned as 
a potential limitation of our study that could influence the 
results.

We did not identify an association for age at menarche 
or use of MHT and pancreatic cancer incidence, which is 
in line with the meta-analysis by Tang et al.26 Concerning 
age at menopause, we observed an inverse association: 
higher age at menopause was associated with decreased 
pancreatic cancer incidence, although the 95% CI was 
relatively wide, with an upper limit of 1. This finding 
mainly contradicts previous results, although the meta- 
analysis by Tang et al reported an inverse but insignificant 
association.26 It is important to emphasize that the indivi
dual estimates for each category of age at menopause had 
poor precision. Based on that, we believe that it is less 
likely that this finding reflects a true association. As such, 
our overall inconsistent results regarding use of exogenous 
hormones, reproductive factors, and pancreatic cancer 

incidence do not clearly support an important role for 
estrogens in pancreatic cancer etiology.

There are some strengths and limitations with our study 
that are worth mentioning. We used DAGs to identify and 
describe confounding factors and their interrelations. 
DAGs are based on assumptions about relationships 
between included variables, and in case our assumptions 
were wrong: the regression models could have been mis
specified. However, our main finding of a strong inverse 
association between cumulative breastfeeding duration and 
pancreatic cancer incidence was consistent across both the 
age-adjusted and multivariable-adjusted models, as well as 
in models stratified by smoking status. In addition to the 
strong observed dose–response effect, this suggests a 
robust relationship. Further strengths of our study include 
the high number of women involved, the prospective 
design, and the use of updated information during fol
low-up, which decreased the risk of exposure misclassifi
cation. The fact that the NOWAC study contains detailed 
information on sociodemographic and lifestyle variables 
allowed us to adjust for known risk factors of pancreatic 
cancer.

However, as pancreatic cancer is a rare disease, we 
sometimes faced difficulties in terms of statistical power 
in subgroup analysis. In addition, we conducted many sta
tistical analyses, and the chances of a random positive 

Table 4 Associations Between Age at Menopause, MHT use, and Pancreatic Cancer Incidence Among Postmenopausal Women in the 
Study Sample

Age-Adjusted Models Multivariable-Adjusted Models

n Person-years HR (95% CI) P trend n Person-years HR (95% CI) P trend

Age at menopausea

Years ≤47 118 418,824 Reference 37 418,824 Reference

48–49 54 214,875 0.83 (0.60–1.14) 110 214,875 0.82 (0.55–1.22)
50–51 70 293,905 0.72 (0.53–0.96) 44 293,905 0.70 (0.48–1.03)

≥52 103 389,734 0.71 (0.54–0.92) 0.008 8 389,734 0.76 (0.54–1.06) 0.07

Per year 345 1,556,251 0.97 (0.95–0.99) 219 806,101 0.97 (0.95–1.00)

MHT useb

Never 233 899,990 Reference 196 899,990 Reference

Former 95 382,646 0.99 (0.77–1.26) 85 382,646 0.99 (0.76–1.29)

Current 99 396,917 1.14 (0.90–1.44) 0.03 85 396,917 1.16 (0.90–1.51) 0.30
Per month 418 2,010,664 1.00 (1.00–1.00) 361 1,707,936 1. 00 (1.00–1.00)

Notes: Age-adjusted (crude) models adjusted for age and subcohort (enrolled 1991–1992, born 1943–1965/enrolled 1996–1997, born 1927–1942/enrolled 1996–1997, born 
1943–1965/enrolled 2003–2008, born 1943–1965). Multivariable-adjusted models adjusted for: aage, BMI, OC use, smoking pack-years, and number of children; bage, education, 
and OC use. 
Abbreviations: OC, oral contraceptive; MHT, menopausal hormone therapy.
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finding cannot be ruled out. In Norway, there were intensive 
campaigns to promote breastfeeding during the 1980s, and 
today 80% of mothers still breastfeed >6 months.58,59 

Breastfeeding is common and encouraged to infant age of 
1 year. Our results suggest that cumulative breastfeeding 
duration >2 years is associated with decreased incidence of 
pancreatic cancer; however, our findings may not be gen
eralizable to a population with another breastfeeding pat
tern. Still, we hope that this study will trigger future 
research in the field of breastfeeding and pancreatic cancer 
incidence, as well as studies in younger women, which will 
be able to address associations with current OC use more 
properly. A future meta-analysis of pancreatic cancer inci
dence and cumulative breastfeeding duration is warranted.

Conclusion
This study suggests that cumulative breastfeeding duration 
and higher age at first birth are associated with reduced 
pancreatic cancer incidence. It does not support an impor
tant role for estrogen in pancreatic carcinogenesis, but may 
suggest an association between prolactin and pancreatic 
cancer, which requires further investigation.

Abbreviations
BMI, body-mass index; MHT, menopausal hormone ther
apy; NOWAC, Norwegian Women and Cancer; OCs, oral 
contraceptives.
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