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Abstract
Purpose: Breast cancer incidence among younger women (under age 50) has increased over the past 25
years, yet little is known about the etiology among this age group. The objective of this study was to
investigate relationships between modi�able and non-modi�able risk factors and early-onset breast
cancer among three prospective Canadian cohorts.

Methods: A matched case-control study was conducted using data from Alberta’s Tomorrow Project, BC
Generations Project, and the Ontario Health Study. Participants diagnosed with breast cancer before age
50 were identi�ed through provincial registries and matched to three control participants of similar age
and follow-up. Conditional logistic regression was used to examine the association between factors and
risk of early-onset breast cancer. 

Results: In total, 609 cases and 1,827 controls were included. A body mass index ≥30kg/m2 was
associated with a lower risk of early-onset breast cancer (OR=0.65; 95% CI: 0.47-0.90), while a waist
circumference ≥88 cm was associated with an increased risk (OR=1.40; 95% CI: 1.06-1.84). A reduced
risk was found for women with ≥2 pregnancies (OR=0.80; 95% CI: 0.64-1.00) and a �rst-degree family
history of breast cancer was associated with an increased risk (OR=2.06; 95% CI: 1.54-2.75).

Conclusions: In this study, measures of adiposity, pregnancy history, and familial history of breast cancer
are important risk factors for early-onset breast cancer. Evidence was insu�cient to conclude if smoking,
alcohol intake, fruit and vegetable consumption, and physical activity are meaningful risk factors. The
results of this study could inform targeted primary and secondary prevention for early-onset breast
cancer. 

Introduction
Breast cancer is the most commonly diagnosed cancer globally among women with over two million new
cases in 2018.(1) Canada is among the top 25 countries worldwide with the highest rates of breast
cancer.(1) A projected 27,400 breast cancer cases are expected to be diagnosed in Canada in 2020.(2)
Breast cancer incidence among younger women (under age 50) has increased in Canada since 2000.(3)
The Canadian Cancer Society (CCS) projected that in 2017, roughly 17% of new breast cancer cases will
occur before age 50.(4) Breast cancer diagnosed among younger women often occur outside age-
restricted or high-risk screening programs, resulting in advanced stage at diagnosis and poorer survival
rates.(5, 6) The diagnosis of early-onset breast cancer also presents several unique challenges, including
fertility concerns and reduced quality of life due to treatment-induced premature menopause.(5, 6) While
mutations in the BRCA1 and BRCA2 genes increase the risk of developing breast cancer, only a small
number of breast cancers (~ 5–10%) diagnosed among young women are attributable to these
mutations,(7, 8) suggesting other genetic, environmental or lifestyle factors may contribute to the
development of early-onset breast cancer.
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Several risk factors for breast cancer have been identi�ed, with the majority of these risk factors applying
to both pre and post-menopausal breast cancer.(9) While these risk factors for old and younger breast
cancer cases are similar, there is evidence of early-onset breast cancer being biologically and etiologically
distinct from breast cancer diagnosed among woman of older ages and further research is required.(10).
Speci�cally, the relationship between anthropometric factors and early-onset breast cancer risk requires
clari�cation, with previously reported inverse associations and a con�icted evidence base.(11) For
example, current evidence suggests obesity is a risk factor for postmenopausal breast cancer(12, 13)
while being protective for premenopausal breast cancer.(14) Furthermore, the mechanisms explaining the
underlying pathways in these associations remain unclear. However, present studies on early-onset breast
cancer and associated risk factors have been limited or con�icting.(10, 15, 16) Studies that have
attempted to resolve previous con�icted evidence but have been impacted by smaller comparative
sample sizes among younger women and varied de�nitions of “young women” across studies.(10, 15, 16)

The objective of our study was to examine the impact of lifestyle and reproductive factors, as well as
family and medical history on the risk of developing early-onset breast cancer (under the age of 50) using
data from The Canadian Partnership for Tomorrow’s Health (CanPath).(17) The CanPath cohort is a
national prospective cohort study that was developed to explore the relationships between various
lifestyle, genetic, and environmental factors and outcomes of disease. The national study population
includes over 330,000 Canadians who were recruited between the ages of 30 and 74 years from six
regional cohorts. We combined three of the six cohorts involved in CanPath: Alberta’s Tomorrow Project
(ATP); British Columbia Generations Project (BCGP); and the Ontario Health Study (OHS) to investigate
various risk factors for early-onset breast cancer.

Materials And Methods
Study Population

In this study we pooled baseline data from 2,437 participants from the ATP, OHS and BCGP regional
cohorts. ATP was initiated in 2000 and enrolled approximately 55,000 participants between the ages of
35–69 at three different time points – 2001 (phase 1), 2008 (phase 2), and 2011 (phase 3). Data from
phases 2 and 3 from ATP were used in this analysis since the questionnaires from those phases were
harmonized with the other cohorts in CanPath. OHS has recruited over 225,000 Ontario residents in the
age range of 35–74 starting in 2009, while BCGP has enrolled approximately 30,000 British Columbia
residents between the ages of 30 and 74 starting in 2009.
Study Design

A nested matched case-control study design was used for this study.

Cases and controls were selected from the same regional cohort in a 1:3 case-control ratio.
Cases were de�ned as female participants who had an incident, primary breast cancer diagnosis under
50 years of age during the follow-up period. The incident cases were identi�ed through data linkages
done with the BC Cancer Registry, Alberta Cancer Registry and Cancer Care Ontario, respectively, using
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participants’ Personal Health Identi�cation Numbers. Using an incidence density sampling approach,
controls were sampled without replacement and matched to cases on follow-up (± 6 months) and age (± 
1 year). The follow-up period for each cohort was de�ned from cohort initiation to the most recent linkage
with their respective provincial cancer registry, which was 2008–2018 for Alberta, 2009–2017 for British
Columbia, and 2009–2017 for Ontario.
Data Collection – Questionnaires

Data on demographic, lifestyle, reproductive, and family and medical history factors under investigation
as exposures in this study were collected through self-report questionnaires completed by participants
within each cohort at baseline upon cohort entry, prior to diagnoses. The exposures were analyzed as
categorical variables. Thresholds for exposure categories were de�ned prior to analysis and informed by
previous literature. Where necessary, categories were combined to ensure su�cient case counts across
categories.

The demographic exposures included marital status (married/living with a partner,
divorced/separated/widowed, single/never married); education (high school or less, some postsecondary,
Bachelor’s degree or higher); and total household income (<$50,000, $50,000 - $100,000, >$100,000).

The lifestyle exposures included smoking status (never smoked at least 100 cigarettes, past smoker of at
least 100 cigarettes, current smoker); alcohol consumption in the previous 12 months (no, <once per
week, ≥once per week); alcohol binge drinking frequency in the previous 12 months (no, <once per week,
≥once per week); physical activity (< 500 MET min/week, ≥ 500 MET min/week, MET = metabolic
equivalency); fruit and vegetable consumption per day (0–2 servings of fruits or vegetables, 3–4 servings
of fruits or vegetables, > 4 servings of fruits or vegetables, > 4 servings of fruits and vegetables); body
mass index (BMI) (underweight or normal [< 25 kg/m2], overweight [25-29.99 kg/m2], obese [≥ 30 kg/m2]);
waist circumference (normal/healthy [< 88 cm], above normal/at risk [≥ 88 cm]); and waist-to-hip ratio
(normal/healthy [< 0.83], above normal/at risk [≥ 0.83]).

The reproductive exposures included: age at menarche (≤ 10 years, 11–13 years, ≥ 14 years);
contraceptive use and duration (never, < 10 years, 10–19 years, ≥ 20 years); total number of pregnancies
(0, 1, ≥ 2); age of �rst pregnancy (< 20 years, 20–29 years, ≥ 30 years); and use of fertility treatments (no,
yes).

The family and medical history exposures included participation in mammography screening (no, yes);
family history of breast cancer and any cancer (no, yes); history of any diabetes (no, yes), including type
1, type 2, and gestational diabetes; and history of other chronic conditions (no, yes), including irritable
bowel disease/syndrome, Chron's disease, arthritis, high blood pressure, psoriasis, ulcerative colitis, liver
cirrhosis, and systemic lupus erythematosus.
Statistical Analysis

Participants from each provincial cohort were pooled to generate one combined cohort. All demographic,
lifestyle, reproductive, and family and medical history exposures were described using means and
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standard deviations (SD) for numeric variables and frequency tables with proportions for categorical
variables for the combined cohort. Multivariable conditional logistic regression models were used to
evaluate the association between each exposure and the development of early-onset breast cancer. For
each exposure, a multivariable model was built using the following procedure: 1) The exposure of interest
and all other exposures (covariates) were included as independent variables in the conditional logistic
regression model with early-onset breast cancer as the dependent variable; 2) While forcing the exposure
of interest to remain in the model, backwards deletion with a liberal inclusion criterion of P-value < 0.20
was used to select covariates remaining in the model based on their association with early-onset breast
cancer; 3) The exposure of interest was modeled as the dependent variable and all covariates were
included as independent variables and backwards deletion with a inclusion criterion of P-value < 0.20 was
used to identify covariates associated with the exposure of interest. 4) Any covariate removed from step
2 that was associated with the exposure of interest in step 3 was included in the �nal multivariable to
ensure that any covariate that potentially confounded the association between the exposure of interest
and early-onset breast cancer was adjusted for. Measures of association were quanti�ed by the odds
ratio (OR) and corresponding 95% con�dence interval (95% CI). If two variables were highly correlated, we
used the variable most relevant to etiology to reduce the potential of multicollinearity. In lieu of missing
data, we performed complete case analyses.

Results
A total of 610 cases and 1,827 controls were eligible for analysis; however, 1 case was not matched to 3
controls and was excluded as a result. Therefore, the pooled analysis included 609 cases and 1,827
controls for a total sample size of 2,436 participants across these three regional Canadian cohorts of
which 14.8% (n = 360) were from Alberta, 5.7% (n = 140) from British Columbia, and 79.5% (n = 1936)
from Ontario (Table 1). The mean age of all participants at baseline was 43.1 (SD = 5.1) years. The study
population had a high annual average annual income (41.2% ≥$100,000), were well-educated (44.5% had
post-secondary education), and married/living with a partner (71.7%). Most of the study participants had
at least one pregnancy (14.7% had one pregnancy, 63.6% had two or more), and the mean age of �rst
pregnancy among these women was 26.1 years. In addition, these participants also reported using
hormonal contraceptives (86.2%) and the mean duration of hormonal contraceptive use was 10.7 years.
Only 11% of women in this study had a positive family history of breast cancer. Majority of women were
absent of any diabetes (93.3%) and other chronic conditions (64.6%). Over one-third of the population
was either classi�ed as overweight (21.1%) or obese (17%) at baseline. With respect to lifestyle factors,
most of study population consumed alcohol (89.6%), 17.8% were current smokers, 22.5% were past
smokers, and 56.4% had never smoked. The frequency of missing data in each characteristic is also
presented in Table 1.
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Population characteristics of early-onset breast cancer cases and controls, Alberta's
w Project (2008-2018), BC Generations Project (2009-2017), Ontario Health Study (2009-
=2436

 

Characteristics Categories Cases Controls Total 
(n =609) (n =1827) (n =2436)

Alberta  90 270 360
British Columbia 35 105 140
Ontario 484 1452 1936

ime of survey) Mean age, (SD) 43.2 (5.8) 43.0 (5.8) 43.1 (5.8)
diagnosis) Mean age, (SD) 43.7 (5.1) - -
tatus Married/living with a partner 426 1321 1747

Divorced, separated,
widowed

87 242 329

Single, never married 75 237 312
Missing 21 27 48

n High school or less 108 295 403
Some post-secondary 235 685 920
Bachelor's or higher 257 827 1084
Missing <10 20 29

usehold Income ($CDN) <$50,000 76 345 421
$50,000 to less than
$100,000

177 518 695

>$100,000 260 743 1003
Missing 96 221 317

enarche (years) Mean age, y (SD) 12.7 (1.5) 12.8 (1.5) 12.7 (1.5)
≥14 146 464 610
11-13 393 1160 1553
≤10 33 90 123
Missing 37 113 150

d of oral contraceptives No 66 231 297
Yes 531 1569 2100
Missing 12 27 39

of oral contraceptives  Mean years, y (SD) 10.4 (6.8) 10.7 (7.4) 10.6 (7.3)
Never used 66 237 303
Less than 10 years 216 637 853
10 to 19 years 182 526 708
20 or more years  73 209 282
Missing 72 218 290

pregnancies Mean number (SD) 2.1 (2.0) 2.3 (1.8) 2.2 (1.9)
0 131 357 488
1 101 256 357
2 to 3 271 829 1100
≥4 89 352 441
Missing 17 33 50

rst pregnancy (years) Mean age at first pregnancy,
(SD)

26.4 (5.9) 26.1 (6.1) 26.1 (6.1)

Never 131 357 488
≤19 71 237 308
20-24 103 355 458
25-29 146 419 565
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≥30 136 408 544
Missing 22 51 73

d fertility treatment   No 546 1635 2181
Yes 40 152 192
Missing 23 40 63

a mammogram No 134 827 961
Yes 453 988 1441
Missing 22 12 34

istory of breast cancer No 475 1536 2011
Yes 99 170 269
Missing 35 121 156

istory of any cancer No 253 901 1154
Yes 305 836 1141
Missing 51 90 141

oked (100 cigarettes) No 328 1054 1382
Yes 245 733 978
Missing 36 40 76

smoking status Never smoked 328 1054 1382
Past smoker 181 482 663
Current smoker 63 248 311
Missing 37 43 80

sumed alcohol Yes 537 1684 2221
No 37 108 145
Missing 35 35 70

requency last 12 months Non-drinker 61 216 277
Less than 1/month 121 386 507
About once a month 57 173 230
2-3 times/month 73 272 345
Once a week 66 225 291
2-3 times /week 113 273 386
4 or more a week 83 232 315
Missing 35 50 85

binge drinking frequency in the
months

Non-drinker 229 682 911
1-5 times/yr 166 529 695
6-11 times/yr 40 101 141
About once a month 27 95 122
2-3 times/month 23 71 94
Once a week 17 71 88
2-3 times /week 22 44 66
4-5 times /week <10 12 17
6-7 times /week <10 <10 <10
Missing 78 216 294

activity  Mean physical activity, MET
min/wk (SD)

2309.5
(2511.9)

2425
(2723.9)

2397
(2673.2)

<500 MET min/week 137 395 532
≥500 MET min/week 391 1228 1619
Missing 81 204 285

d vegetable consumption per 0-2 servings of fruit and/or
vegetables

222 653 875
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3-4 servings of fruit and/or
vegetables

249 822 1071

>4 servings of either fruit or
vegetables

73 243 316

>4 servings of fruit and
vegetables

21 41 62

Missing 44 68 112
ss Index (BMI) Mean BMI 26.0 (5.6) 26.9 (6.6) 26.7 (6.3)

Underweight or Normal 235 679 914
Overweight 121 393 514
Obese 90 324 414
Missing 163 431 594

rcumference (cm) Mean Waist Circumference
(SD)

88.0 (13.9) 86.6
(14.4)

87 (14.3)

Normal, Healthy (<88.0 cm) 166 593 759
Above normal, At risk
(≥88.0cm)

160 446 606

Missing 283 788 1071
hip Ratio Mean Waist-to-Hip Ratio

(SD)
0.86 (0.1) 0.85 (0.1) 0.86 (0.1)

Normal, Healthy (<0.83) 101 375 476
Above normal, At risk (≥0.83) 213 614 827
Missing 295 838 1133

of any diabetes (includes type 1
ational)

No 556 1718 2274
Yes 25 78 103
Missing 28 31 59

of other chronic conditions  No 382 1192 1574
Yes 214 631 845
Missing 13 <10 17

tions: SD = standard deviation; METs = metabolic equivalent tasks (defined as the caloric need per
of body weight per hour of activity divided by the caloric need per kilogram of body weight per hour

*Includes occasional and daily smokers as current smokers.

The estimated adjusted associations between each exposure and the incidence of early-onset breast
cancer in the combined cohort are presented in Table 2. The multivariable regression models used to
estimate the association between each exposure and early-onset breast cancer are presented in the
Supplement. There was evidence that early-onset breast cancer cases were less likely to have an average
annual household income <$50,000 vs. ≥$100,000 (OR = 0.52; 95% CI: 0.37–0.72), to be classi�ed as
overweight vs. underweight or normal BMI (OR = 0.77; 95% CI: 0.58-1.00), obese vs. underweight or
normal BMI (OR = 0.65; 95% CI: 0.47–0.90), and to have had at least two pregnancies vs. no pregnancies
(OR = 0.80; 95% CI: 0.64-1.00). There was suggestive evidence that cases were less likely to be current
smokers vs. never having smoked at least 100 cigarettes (OR = 0.75; 95% CI: 0.53–1.05), although this
estimate did not achieve statistical signi�cance. Early-onset breast cancer cases were more likely to have
a waist circumference of ≥ 88 cm vs. <88 cm (OR = 1.40; 95% CI: 1.06–1.84), waist-to-hip ratio of ≥ 0.83
vs. <0.83 (OR = 1.39; 95% CI: 1.05–1.84), highest education of high school degree or less vs. bachelor’s
degree or more (OR = 1.30; 95% CI: 1.00-1.86), and a family history of breast cancer vs. no family history
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(OR = 2.06; 95% CI: 1.54–2.75). There was suggestive evidence that cases were more likely to be divorced,
separated, or widowed vs. married/living with a partner (OR = 1.34; 95% CI: 0.99–1.80), although this
estimate did not achieve statistical signi�cance.

Abbreviations: BMI = body mass index. CI = confidence interval. METs = metabolic equivalent tasks (defined as

the caloric need per kilogram of body weight per hour of activity divided by the caloric need per kilogram of body

weight per hour at rest). OR = odds ratio. *Includes occasional and daily smokers as current smokers.

 

Discussion
To our knowledge, this pooled analysis is the �rst to investigate the etiology of early-onset breast cancer
in a large Canadian population. For breast cancer under 50 years, we observed risk decreases of 23%,
35%, 48% and 20% in overweight BMI, obese BMI, low income, and multiple pregnancy categories,
respectively. Conversely, risk increases of 40%, 39%, 30%, and 106% were observed for larger waist
circumference, larger waist-to-hip ratio, lower educational attainment, and a positive family history of
breast cancer categories, respectively.

It is well established that weight gain and obesity increase breast risk in postmenopausal women.(13)
Consistent positive associations have been reported between BMI, waist circumference, and waist-to-hip
ratio and the risk of breast cancer among postmenopausal women(18, 19) but results are inconsistent for
younger women. Our study suggests that an overweight and obese BMI are associated with lower early-
onset breast cancer risk. Similar results were seen in a pooled analysis of 19 prospective studies
including women under 55 years of age.(11) Our results also suggest that high waist circumference and
waist-to-hip ratio are predictors of breast cancer in younger women, independent of BMI, consistent with
other prospective studies adjusting for BMI in premenopausal women.(19–23) The opposing effect of
BMI and waist circumference on breast cancer risk in young women seen in our study and elsewhere
requires further clari�cation. Possible differences in these associations could be related to differential
roles of overall adiposity, captured by BMI, and central adiposity, captured by waist circumference, on
metabolism and their contribution to breast cancer development among younger women. Both overall
and central adiposity are associated with more anovulatory cycles and lower estradiol levels in
premenopausal women,(24) which would be expected to reduce breast cancer risk. However, central
adiposity is also an independent predictor of both hyperinsulinemia and levels of insulin-like growth
factor 1 (IGF-1), which have been previously found to be related to premenopausal breast cancer risk.(18,
25) These �ndings suggest that chronic in�ammation and metabolic abnormalities induced by central
adiposity are mechanistically important for higher breast cancer risk in young women, independent of sex
hormones, which may explain the observed increase in risk for high waist circumference and waist-to-hip
ratio in our study. These �ndings may also suggest that, in the absence of central obesity and its
metabolic abnormalities, lower sex hormones are protective against breast cancer development in
younger women, which could explain why young women with higher BMI are observed to be at lower
breast cancer risk. Another possible explanation for the opposing effect of BMI and waist circumference
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Table 2. The adjusted associations between each exposure and early-onset breast cancer in the
CanPath combined cohort 

Characteristics Categories Cases Controls
OR (95%

CI) p-value 

BMI
Underweight/normal

235 679 1.00 --

 
Overweight

121 393
0.77 (0.58

- 1.00) 0.050

 
Obese

90 324
0.65 (0.47

- 0.90) 0.008

Waist circumference
<88 cm

166 593 1.00 --

 
≥88 cm

160 446
1.40 (1.06

– 1.84) 0.018

Waist-to-hip ratio
<0.83 101 375

1.00
--

 
≥0.83 213 614 1.39 (1.05

– 1.50)  0.021
Alcohol frequency in past 12 months Non-drinker

61 216 1.00 --
Less than 1/week

251 831
1.03 (0.74

- 1.44) 0.859
1/week or more

262 730
1.16 (0.82

- 1.64) 0.397
Alcohol binge drinking frequency in
past 12 months

Non-drinker
229 682 1.00

--

Less than 1/week
233 725

0.86 (0.69
– 1.09) 0.207

1/week or more
69 204

0.96 (0.68
– 1.35) 0.795

Smoking status
Never smoker

328 1054 1.00 --

 
Past smoker

181 482
1.17 (0.90

- 1.59) 0.279

 
Current smoker

63 248
0.77 (0.53

- 1.06) 0.092
Marital status Married/living with a

partner
426 1321

1.00 --
Divorced, separated,
widowed

87 242 1.34 (0.99
- 1.80) 0.057

Single, never married 75 237 1.05 (0.75
- 1.47) 0.786

Income
<$50,000

76 345
0.52 (0.37

- 0.72) <0.001

 
≥$50,000 <$100,000

177 518
0.88 (0.69

- 1.12) 0.287

 
≥$100,000

260 743 1.00 --

Highest education
High school or less

108 295
1.30 (1.00

- 1.86) 0.050

 
Some post-secondary

235 685
1.17 (0.93

- 1.50) 0.182

 
Bachelor’s degree

257 827 1.00 --
Age at menarche (years) ≥14 146 464

1.00 --
11-13 393 1160 1.05 (0.84

- 1.31) 0.681
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≤10 33 90 1.24 (0.78
- 1.96) 0.356

Total number of pregnancies

Never
131 357 1.00 --

1
101 256

1.06 (0.76
- 1.48) 0.784

 
2 or more

360 1181
0.80 (0.64

- 1.00) 0.050
Age of first pregnancy (years) Never

131 357 1.00 --
≤19 71 237 0.96 (0.27

- 3.41) 0.945
20-29

249 774
1.01 (0.29

- 3.50) 0.994
≥30 136 408 1.06 (0.30

- 3.69) 0.932
Duration of oral contraceptives
(years)

Never used 66 237
1.00 --

<10 216 637 1.25 (0.89
- 1.74) 0.200

10-19 182 526 1.23 (0.87
- 1.74) 0.247

≥20  73 209 1.18 (0.74
- 1.70 0.429

Use of fertility treatment No 546 1635
1.00 --

Yes 40 152 0.82 (0.57
- 1.19) 0.299

Physical activity  <500 MET min/week 137 395 1.12 (0.88
- 1.44) 0.350

≥500 MET min/week 391 1228
1.00 --

Fruit and vegetable servings per
day

≤2 servings of fruit or
veg 222 653 1.00 --
3 to 4 servings of fruit
or veg 249 822

0.87 (0.66
- 1.07) 0.134

 
>4 servings of fruit or
veg 73 243

0.90 (0.61
- 1.18) 0.399

 
>4 servings of fruit
and veg 21 41

1.47 (0.84
- 2.59) 0.182

Family history of breast cancer No
475 1536 1.00 --

Yes
99 170

2.06 (1.54
- 2.75) <0.0001

Family history of any cancer No 253 901
1.00 --

Yes 305 836 1.17 (0.93
- 1.48) 0.184

History of chronic disease
No

382 1192 1.00 --

 
Yes

214 631
1.07 (0.87

- 1.31) 0.529

on breast cancer risk in young women is estrogen/progesterone (ER/PR) tumour status. High BMI has
been observed to be protective in ER/PR + cancers but not in ER/PR- cancers, and higher waist
circumference has been observed to increase risk of ER/PR- cancers but not ER/PR + cancers (13). The
distribution of ER/PR + and ER/PR- tumours in young women in this study may account for these
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opposing effects. Unfortunately, we did not have access to the tumour characteristic data to con�rm
whether the effect of BMI and waist circumference depended on receptor status or subtype.

A positive family history is an important risk factor for breast cancer and the strength of association
increases as age of diagnosis decreases. In a pooled analysis of data from 52 epidemiological studies,
including 58,209 women with breast cancer and 101,986 controls, the risk of breast cancer was two times
greater in women under 50 years of age with at least one affected �rst-degree relative, whereas a 1.5-fold
increase in risk was observed in women older than 50 years.(26) We observed an approximate two-fold
risk increase in women under age 50 years with a family history of breast cancer in the Canadian
population. This cumulative evidence indicates a hereditary factor for breast cancer in young women.
Several germline mutations elevate breast cancer risk in young women, including the BRCA1, BRCA2,
TP53 (Li Fraumeni syndrome), and PTEN (Cowden’s syndrome) mutations.(27) However, many young
women with a strong family history of breast cancer do not carry these mutations and the genetic basis
of breast cancer in young women requires further exploration.(7, 28, 29) The CCS and Canadian Task
Force on Preventive Health Care (CTFPHC) recommend women with a strong family history consult with
their primary care physician for personalized testing plans, which may include mammography screening
at an earlier age, more frequent mammography screening, or use of an ultrasound or magnetic resonance
imaging (MRI).(30, 31) The National Comprehensive Cancer Network (NCCN) guidelines recommend
women at an increased risk (≥ 20% lifetime risk based on models largely dependent on family history)
undergo annual MRI screening starting as early as age 25 and annual mammography screening as early
as age 30.(32) This study provides additional evidence to support that young women with a positive
family history of breast cancer should continue to seek counselling from their primary care provider for
personalized screening strategies for early detection of breast cancer before 50 years of age. Routine
mammography screening is not recommended for women aged 40–49 years in Canada as trials have
shown that the number needed to screen to prevent one death from breast cancer is 1,724;(33) therefore,
more efforts should be directed towards detection of high-risk young women based on familial and
genetic factors.

The only reproductive risk factor that was statistically signi�cant in this study was gravidity, in which a
20% reduction in breast cancer risk was observed for women with multiple pregnancies compared to
nulliparous women. Recently, a 27% reduction in breast cancer risk was observed in a meta-analysis of 13
studies in women under the age 50 with multiple pregnancies compared to nulliparous women.(34)
However, the age at �rst full term pregnancy in�uences the association between gravidity and early-onset
breast cancer risk, which was not statistically signi�cant in our models. In large prospective studies, it has
been shown that women whose �rst full term pregnancy is in their thirties remained at an increased risk
of breast cancer well into their �fties relative to nulliparous women.(35–37) Conversely, women whose
�rst full term pregnancy is in their twenties were at an increased risk that peaks �ve years postpartum
then declines to null 10–15 years postpartum and becomes protective around 20 years postpartum.(35,
37) Several etiologic studies explored the underlying biological processes of this association. Russo et al.
found that parous postmenopausal women without breast cancer had unique gene expression patterns
including differential expression of apoptosis-related genes and others related to cell cycle and cell
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signaling, suggesting that pregnancy may induce a signature that provides long-term protection from
developing breast cancer.(38) Another study showed that parity downregulates Wnt and Notch signaling,
and suppresses progenitor cells, suggesting that this pathway could be a potential mechanism explaining
the long-term protective effect of pregnancy.(39) The transient increase in the risk of breast cancer after
giving birth is thought to be due to the mitogenic effect of high estrogen levels during pregnancy.(40)
While our result indicates a protective effect from multiple pregnancies, no recommendations regarding
risk reduction can be made given that the decision to have children is highly personal.

Most of the current evidence has found that higher socio-economic status is linked to increased risk of
breast cancer, speci�cally among high income countries in North America and Europe.(41–46) This
association is mainly seen among postmenopausal breast cancer cases.(42, 47) Our study found
evidence that the odds of early-onset breast cancer were signi�cantly lower for women with lower
average annual household income. This �nding is consistent with several studies that found women with
higher household incomes had an increased risk of breast cancer compared to women in lower income
households.(48, 49) In contrast, our study found evidence of low education (high school degree or less)
associated with increased risk of early-onset breast cancer. The majority of the �ndings on breast cancer
and education suggest that higher education is associated with increased breast cancer risk in Western or
high-income countries.(46, 50, 51) Correlations of higher education and breast cancer incidence in these
studies were explained by factors such as age at �rst pregnancy, oral contraceptive (OC) use and
hormone replacement therapy use. However, results from a Dutch study found respondents with low
education had an increased risk of all cancers including breast cancer among women.(52) The study
suggested that factors such as alcohol consumption, obesity and poor diet may explain, in part, the
association between breast cancer and low education.(52–55) Another possibility for our �ndings of low
education and increased breast cancer risk may be related to chronic in�ammation and the biomarker C-
reactive protein (CRP), a protein produced by the liver in response to systemic in�ammation.(56, 57)
Several studies found elevated CRP levels among populations with lower education compared to higher
levels of education attainment.(56, 58, 59) Relatedly, multiple systematic reviews have found chronic
in�ammation and CRP to be associated with increased breast cancer risk.(56, 58, 60, 61) Our study
provides additional evidence on the potential life-course pathways of the impacts of socio-economic
status and early-onset breast cancer.

Strengths and Limitations

Our study has numerous strengths worth highlighting.

We pooled data from a national prospective study from three regional cohorts that were each linked to
provincial cancer registries.
Each cohort collected detailed health and lifestyle questionnaire data at baseline prior to a breast cancer
diagnosis, ensuring that each risk factor temporally preceded the onset of disease. In addition, the
prospective nature of the data ensured that the results of this study were not subject to recall or selection
bias.
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There are several limitations of this pooled analysis that must be acknowledged. First, data from the
health and lifestyle data are from self-reported study participant questionnaires. While the questionnaires
were deemed reliable and valid,(62) data from self-reported questionnaires are inherently subject to
response biases such as social desirability bias. Secondly, we only had data from one time point and
assumed that these data represented average exposure during young adulthood. While differential
misclassi�cation of exposure by case status is unlikely since questionnaires were answered prior to the
development of breast cancer, non-differential misclassi�cation of exposures is likely. For binary
exposures this would have biased effect estimates towards the null and either towards or away from the
null for exposures with three or more categories. The sample size was also insu�cient to explore whether
or not the association between gravidity and breast cancer risk was modi�ed by age of �rst pregnancy.
There were also concerns regarding missing data for several exposures, particularly BMI, waist
circumference, and waist-to-hip ratio. Although missingness in exposures was unlikely related to case
status and therefore would not bias our estimates, exclusion of participants with incomplete exposure
resulted in losses of precision and power. Finally, we did not include race/ethnicity data for participants
and could not assess whether the associations between the various exposures and early-onset breast
cancer differed by racial group.

Conclusion
Our study provides further insight on sociodemographic, lifestyle, and reproductive factors associated
with the risk of breast cancer under 50 years in a large Canadian prospective cohort, which may have
important implications for etiology and screening. We provide evidence consistent with other
epidemiologic studies that central adiposity increases breast cancer risk in women under 50 years.
Lifestyle behaviours, such as a healthy diet and physical activity that reduce central adiposity may be
feasible primary prevention strategies to reduce breast cancer risk, in addition to other chronic diseases in
younger women. We also provide further evidence that women under 50 years with a positive family
history of breast cancer should speak with their primary care provider about options for breast cancer
screening, which is in accordance to screening guidelines to high-risk women set by the Canadian Cancer
Society and Canadian Task Force on Preventive Health Care. Future research is still needed to explore
whether or not risk factors for breast cancer under age 50 differ by molecular subtype (luminal A, luminal
B, HER2 enriched, and triple-negative breast cancer). Detailed analyses are also needed to assess
differences in risk factors by race and socioeconomic status, since our study only had data on income
and education, but not occupation and other measures of social inequality. Etiologic research, such as
exome-sequencing studies, is warranted to explore the mutational impact of lifestyle behaviours on the
genome and yield discoveries regarding the underlying biological processes of breast cancer
development in younger women. Such studies may provide mechanistic insights on the opposing effect
of high BMI and waist circumference on breast cancer risk, as well as how pregnancy may lead to a
transient increase in risk, followed by a long-term protective effect.
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