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Abstract
Objectives Breast cancer incidence has fluctuated considerably in Canada, with recent reductions in rates among screening-
eligible women. However, incidence of early-onset and pre-menopausal breast cancer is understudied. We examined age-specific
trends in breast cancer incidence between 1971 and 2015, as well as possible trends by birth cohort.
Methods Incidence data were collected from the National Cancer Incidence Reporting System and the Canadian Cancer
Registry, and annual percent changes were estimated using the Joinpoint Regression Program. Five-year birth cohort models
were fit using the National Cancer Institute’s web tool.
Results Breast cancer incidence among women under age 40 has increased since 2000, while incidence under 50 has remained
stable. Rates of post-menopausal breast cancer declined sharply and have recently plateaued. More recent birth cohorts are at a
non-significantly increased risk of breast cancer compared with the reference, with an increasing upward trend.
Conclusions Rates of breast cancer may be increasing among younger women, and there is suggestive evidence that more recent
birth cohorts are at increased risk of the disease. More research is needed into the risk factors for pre-menopausal breast cancer to
support primary prevention efforts in this area.

Résumé
Objectifs L’incidence du cancer du sein fluctue considérablement au Canada, avec des baisses récentes des taux chez les femmes
admissibles au dépistage. Par contre, l’incidence du cancer du sein à début précoce et préménopausique est insuffisamment étudiée.
Nous avons examiné les tendances selon l’âge de l’incidence du cancer du sein entre 1971 et 2015, ainsi que les éventuelles
tendances par cohorte de naissance.
Méthode Les données sur l’incidence proviennent du Système national de déclaration des cas de cancer et du Registre canadien
du cancer, et les pourcentages de changement annuel ont été estimés à l’aide du programme de régression Joinpoint. Des modèles
de cohorte de naissance de 5 ans ont été adaptés à l’aide d’un outil en ligne de l’Institut national du cancer.
Résultats L’incidence du cancer du sein chez les femmes demoins de 40 ans augmente depuis 2000, tandis qu’elle est stable chez
les femmes de moins de 50 ans. Après avoir diminué abruptement, les taux de cancer du sein postménopausique ont plafonné
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récemment. Les cohortes de naissance plus récentes présentent un risque accru non significatif de cancer du sein
comparativement aux cohortes de référence, avec un mouvement de hausse.
Conclusions Les taux de cancer du sein peuvent sembler croître chez les jeunes femmes, et les données portent à croire que les
cohortes de naissance plus récentes présentent un risque accru pour cette maladie. Il faudrait pousser la recherche sur les facteurs
de risque de cancer du sein préménopausique pour appuyer les démarches de prévention primaire dans ce domaine.

Keywords Breast neoplasms . Incidence . Canada . Age of onset . Pre-menopause
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Introduction

Breast cancer is the most commonmalignancy among women
in Canada, accounting for an estimated 25% of all cancers
among women and 13% of all cancers diagnosed in 2017
(Canadian Cancer Statistics Advisory Committee 2018).
Breast cancer detection and treatment have improved dramat-
ically in recent decades, with mortality due to breast cancer
decreasing by over 40% since 1986 (Zakaria and Shaw 2019).
Despite steady improvements in breast cancer-related mortal-
ity, there have been considerable fluctuations in breast cancer
incidence in Canada for several decades, which has been at-
tributed to a variety of healthcare-related factors and lifestyle
exposures that are associated with breast cancer etiology
(Canadian Cancer Statistics Advisory Committee 2018).

The vast majority of breast cancer cases are diagnosed among
post-menopausal women, but almost 20% occur among those
under 50 years of age (Canadian Partnership Against Cancer
2017) and 4–5% among those before age 40 (Canadian Cancer
Statistics Advisory Committee 2017). Although there is a lower
proportion of pre-menopausal women with breast cancer, the
disease can manifest more aggressively in this population.
Young women are more likely to be diagnosed at a later stage,
to have triple-negative or hormone receptor-negative type dis-
ease, and to have a poorer prognosis (Anastasiadi et al. 2017;
Shoemaker et al. 2018). Compared with post-menopausal breast
cancer, pre-menopausal breast cancer is less well understood and
there is a significant research gap examining this population.

The objective of the current study is to examine breast cancer
incidence trends by age groups with a focus on different age
groups related to screening guidelines (> and < 50 years of age)
to determine whether there have been changes in the age distri-
bution and age-related breast cancer incidence burden in
Canada. Here, we present breast cancer incidence data from
1971 to 2015 representing nine aggregated 5-year periods, with
additional analysis by birth cohort.

Methods

Incidence data on historical breast cancer (ICD-0-3 codes
C50.0-50.6, C50.8-50.9) were collected from the National

Cancer Incidence Reporting System (1969–1992) and the
Canadian Cancer Registry (CCR) (1992–2015). The CCR
compiles data on cancer cases in all Canadian provinces and
territories, and as reporting of cancer cases is a legislated re-
sponsibility, the registry is of high quality.

Trends in incidence rates were examined for women
below 50 years of age (age 20–49), 50–74 years of age,
and below 40 years of age. Annualized percent change
(APC) incidence rates were estimated with the Joinpoint
Regression Program (version 4.5.0.1, National Cancer
Institute), as described in a previous publication
(Brenner et al. 2017). In short, log-transformed incidence
rates analyzed with permutation analysis were fit with
joined lines; there could be at least 0 and at most 4
joinpoints, and the best fitting model was selected.

NCI’s web tool was used to fit birth cohort models
(Rosenberg et al. 2014). Cohort models were selected
because changes in risk by birth cohort can indicate
changes in exposure prevalence, or the emergence of
new risk factors, over different generations. Input data
included cases and population size for 14 5-year age
groups and 8 5-year periods. Cohort effects are present-
ed as incidence rate ratios with 1938 as the reference
cohort; adjustments were made for age. The first cohort
was born in 1888, and the most recent cohort was born
in 1988.

Results

Young-onset and pre-menopausal breast cancer

For women under the age of 50 (age 20–49), there has been no
significant change in incidence since 1971 (APC = 0.06)
(Fig. 1). Women under the age of 40 have a considerably
lower incidence rate than women above the age of 50, and
there was a decrease in the incidence of these younger women
between 1971 and 2000 (APC = − 0.21) (Fig . 2 ,
Supplementary Table 1). However, between 2000 and 2015,
incidence has increased significantly, with higher rates in
2015 than in 1971 (APC = 0.66).
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Breast cancer among women age 50–74

Among women aged 50–74, incidence increased signifi-
cantly since the start of the analytical period (1971) to
1999 (Fig. 3). Between 1971 and 1982, the APC was
0.69, and between 1982 and 1999, the APC was 1.60.

After 1999, incidence decreased greatly, with an APC of
− 1.80 until 2004. Incidence has remained relatively stable
between 2004 and 2015 (APC = 0.21). The shaded area in
Fig. 3 indicates the timeframe when organized mammog-
raphy was initiated in Canadian provinces (Canadian
Partnership Against Cancer 2013), where women above

Fig. 2 Breast cancer incidence in
Canada among women under the
age of 40 from 1971 to 2015.
Average annual percent changes
given in legend. Final selected
model includes one joinpoint.
^ indicates that the APC is
significantly different from zero at
the alpha = 0.05 level

Fig. 1 Breast cancer incidence in
Canada among women under the
age of 50 from 1971 to 2015.
Average annual percent change
given in legend. Final selected
model includes 0 joinpoints
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the age of 50 have consistently been a target age group.
Incidence of breast cancer in women above 50 years of
age began increasing prior to organized mammography
and continued to increase to the peak in 1999, by which
time all provinces and territories had screening programs
except the Northwest Territories and Nunavut.

Cohort effects

The analysis by birth cohort suggests a trend of increasing
breast cancer incidence among the more recent cohorts of all
ages (Fig. 4). Cohorts born after the reference year (1936) all
have rate ratios trending upward, but birth years after 1951 are
all non-significant and the most recent cohorts (1978, 1983,
and 1988) have wide, non-significant confidence intervals.

Discussion

These results provide additional evidence that the rate of post-
menopausal breast cancer is decreasing in Canada, but inci-
dence may be increasing among younger women.
Additionally, the analysis by birth cohort suggests that more
recent cohorts may be at higher risk than cohorts born earlier,
though the results are not significant and should be interpreted
with caution. As previous analyses have noted, the decreases

in post-menopausal breast cancer rates occurred in the early
2000s, which corresponds to the decreased use of hormone
replacement therapy among post-menopausal women at this
time (De et al. 2010). Similar trends have been noted in other
study populations (Baeyens-Fernandez et al. 2018; DeSantis
et al. 2015), and a previous Canadian analysis found decreas-
ing incidence for post-menopausal women and stable or
slightly increasing incidence for women under age 50
(Zakaria and Shaw 2019). The results among younger women
suggest a changing risk environment or risk factor profiles that
may increase susceptibility to breast cancer.

Organized screening with mammography was initiated
provincially in Canada, starting in British Columbia in 1988
(Canadian Partnership Against Cancer 2013). By 2004, all
Canadian provinces and territories had established breast can-
cer screening programs, with the exception of Nunavut.
Incidence of cancer typically increases temporarily following
the initiation of a screening program, particularly the inci-
dence of early-stage cancers (Bleyer and Welch 2012).
Incidence may also increase after the organized screening be-
gins because of over-diagnoses among women who may not
have been diagnosed otherwise (Welch 2009; Miller et al.
2014). While it is difficult to correlate breast cancer incidence
with screening programs in Canada due to the nature of a
provincial roll-out, the results from our study do show an
increase in incidence in the 1980s and 1990s among the

Fig. 3 Breast cancer incidence in Canada among women age 50–74
from 1971 to 2015. Average annual percent changes (APC) given in
legend. Final selected model includes 3 joinpoints. Shaded area repre-
sents the period of organized mammography implementation in

Canada. The first screening program began in 1988 and the final
program in 2004. ^ indicates that the APC is significantly different
from zero at the alpha = 0.05 level
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screening-eligible population. However, the increase begins
prior to the initiation of organized screening programs in
Canada. It is possible that there was opportunistic mammog-
raphy occurring before organized programs were developed,
but participation rates in mammography have historically
been low in Canada even with these organized programs
(Shields and Wilkins 2009), so it is unlikely that the increase
can be attributed to screening alone.

Despite the observation of increasing rates among younger
age groups and more recent cohorts, additional screening in
this population is not recommended. There is evidence that
screening younger women for breast cancer will result in more
harm than benefits. The Canadian Task Force on Preventive
Health Care estimates that 30% of women at average risk
between the ages of 40 and 49 will receive a false-positive
result, which may result in unnecessary and invasive diagnos-
tic procedures (Klarenbach et al. 2018). Therefore, future ef-
forts should be focused on research into determinants for pre-
menopausal breast cancer as a distinct disease from post-
menopausal breast cancer. Additionally, given that the results
of our analysis by birth cohort were suggestive of an increased
risk of breast cancer for those born in most recent decades,
future research should continue to examine these trends.

Risk factors for pre- and post-menopausal women differ
greatly, and those among young women are not well under-
stood. However, risk factors for post-menopausal breast can-
cer have been examined extensively. Recent reports from
Canada found that 28% of post-menopausal breast cancer
cases could be prevented through changes in modifiable be-
haviours (Poirier et al. 2019; Labreche et al. 2019). High BMI
is a known risk factor for post-menopausal breast cancer;

recent results showed that 5% of post-menopausal breast can-
cer cases in Canada in 2015 were attributable to excess body
weight (Brenner et al. 2019). This translates to approximately
1000 cases attributable to this exposure, which is a consider-
able burden of cancer cases. In the United States, an analysis
from the Nurses’ Health Study estimated that almost 19% of
all post-menopausal breast cancer cases can be attributed to
excess BMI, which is the highest attributable risk of any mod-
ifiable factor (Tamimi et al. 2016). This association with ex-
cess BMI is not found for pre-menopausal breast cancers
(Chen et al. 2016; Shoemaker et al. 2018). Other well-
established modifiable factors include hormone therapy use,
alcohol consumption, and low physical activity (American
Cancer Society 2017). In general, the prevalence of these be-
haviours has increased in recent decades, which may have
played a role in the incidence rates that increase over time in
the screening-eligible age groups of this analysis.

Increased breast cancer risk among pre-menopausal wom-
en may involve reproductive, genetic, or immunologic com-
ponents. Cancer susceptibility genes, such as BRCA 1 and 2
mutations, are associated with a dramatically increased risk of
breast and ovarian cancer, especially prior to menopause (Paul
and Paul 2014). Testing for BRCA1/2 mutations is generally
initiated based on personal or family history of breast cancer
in Canada, though some women may carry mutations un-
knowingly. Guidelines for screening are based on both the
patient’s age and her carrier status (Klarenbach et al. 2018;
Scaranelo 2012). Reproductive factors such as nulliparity, late
age at first birth (30 years of age and older), and oral contra-
ceptive use also confer a slightly higher risk of pre-
menopausal breast cancer, while risk reductions were found

Fig. 4 Rate ratio of breast cancer
in Canada by birth cohort.
Cohorts from 1888 to 1988, with
1936 as the reference cohort.
Shaded area represents 95%
confidence intervals
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for women with high BMI, late age at menarche, and at least
three full-term births (Nelson et al. 2012).

The upward incidence trends reported here may be the
result of changing fertility and reproductive factors among
Canadian women. The fertility rate in Canada has been de-
clining since 2009, and the average age at first birth has been
climbing for decades, from 23.5 in 1966 to 29.2 years of age
in 2016 (Provencher et al. 2018). Additionally, women are
having fewer full-term pregnancies than in past decades,
with the fertility rate in Canada falling from 2.26 births
per woman in 1970 to 1.60 births per woman in 2016
(Provencher et al. 2018). These changes in fertility patterns
can affect the risk of breast cancer, because pregnancy may
alter female hormone concentrations and mammary tissues
in a protective manner (Kotsopoulos et al. 2018).
Additionally, there has been a decline in the age at menarche
among girls in high-income countries, including Canada
(Harris et al. 2008). This trend increases the levels of estrogen
in the female body at a younger age, and as age of menopause
has remained in the range of average (Costanian et al. 2018),
those levels remain elevated for a longer time.

The risk factors for pre-menopausal status have chal-
lenging implications for primary prevention and public
health practice. With the exception of oral contraceptive
use, these are either non-modifiable risk factors or non-
actionable risk factors from the perspective of health
professionals. However, they may be useful in risk as-
sessment to determine women who could benefit from
early screening. A more comprehensive risk assessment
tool that is based on current evidence of consistent risk
factors would help to identify those women who may
require early screening or ongoing surveillance for
breast cancer.

As treatment options improve for women with breast can-
cer in Canada, mortality has decreased significantly among
those who develop the disease. However, the results of this
study show that more Canadian women are developing breast
cancer at a young age and that women born in recent cohorts
are at greater risk. Given that breast cancer at a younger age is
associated with worse outcomes, these results are troubling.
With this evidence, steps should be taken to ensure that wom-
en at higher risk are identified. Additionally, more effort
should be placed on the risk factors for young-onset and pre-
menopausal breast cancer and potential options for primary
prevention.
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