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Abstract

Background The actiology of breast cancers diagnosed <50 years of age remains unclear. We aimed to compare reproduc-
tive risk factors between molecular subtypes of breast cancer, thereby suggesting possible aetiologic clues, using routinely
collected cancer registry and maternity data in Scotland.

Methods We conducted a cross-sectional study of 4108 women aged <50 years with primary breast cancer diagnosed
between 2009 and 2016 linked to maternity data. Molecular subtypes of breast cancer were defined using immunohisto-
chemistry (IHC) tumour markers, oestrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor
receptor-2 (HER2), and tumour grade. Age-adjusted polytomous logistic regression models were used to estimate odds ratios
(OR) and 95% confidence intervals (CI) for the association of number of births, age at first birth and time since last birth
with I[HC-defined breast cancer subtypes. Luminal A-like was the reference compared to luminal B-like (HER2—), luminal
B-like (HER2+), HER2-overexpressed and triple-negative breast cancer (TNBC).

Results Mean (SD) for number of births, age at first birth and time since last birth was 1.4 (1.2) births, 27.2 (6.1) years
and 11.0 (6.8) years, respectively. Luminal A-like was the most common subtype (40%), while HER2-overexpressed and
TNBC represented 5% and 15% of cases, respectively. Larger numbers of births were recorded among women with HER2-
overexpressed and TNBC compared with luminal A-like tumours (>3 vs 0 births, OR 1.87, 95%CI 1.18-2.96; OR 1.44,
95%CI 1.07-1.94, respectively). Women with their most recent birth > 10 years compared to <2 years were less likely to
have TNBC tumours compared to luminal A-like (OR 0.63, 95%CI 0.41-0.97). We found limited evidence for differences
by subtype with age at first birth.

Conclusion Number of births and time since last birth differed by molecular subtypes of breast cancer among women
aged <50 years. Analyses using linked routine electronic medical records by molecularly defined tumour pathology data
can be used to investigate the aetiology and prognosis of cancer.

Keywords Breast cancer - Molecular subtypes - Reproductive factors - ER status - HER2 - Parity - Age at first birth - Time
since last birth

Introduction

Andrew H. Sims: Deceased. Breast cancer is the most common malignancy worldwide

54 Jonine D. Figueroa [1]. In Scotland, it constitutes 28.8% of all cancers among
jonine.figueroa@ed.ac.uk women, with 1 in every 9 women carrying a risk of develop-
ing it in her lifetime (https://www.scotpho.org.uk/).
Breast cancer has been classified into ‘intrinsic’ or molecu-
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oestrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor-2 (HER2) and Ki67 tumour
proliferation marker. Although gene profiling is considered
the gold standard for classification of molecular subtypes,
given the cost and lack of genetic profiling in clinical prac-
tice, a similar classification defined by immunohistochemis-
try (IHC) staining is a well-accepted surrogate [3, 4]. The St.
Gallen Expert Panel recommends using ER, PR and HER2,
along with tumour grade as a proxy for Ki67 index in defin-
ing the subtypes when the latter is unknown [4]. Based on
IHC characterisation, the molecular subtypes are: luminal
A-like, luminal B-like (HER2-), luminal B-like (HER2+),
HER?2-enriched and triple-negative breast cancer (TNBC). As
the luminal-like cancers (ER/PR+) express hormone recep-
tors, they can be effectively treated with molecularly targeted
hormone therapy and generally have better prognosis. Due to
limited therapeutic targets, i.e. ER/PR or HER2 in TNBC, the
most aggressive subtype, chemotherapy along with surgery are
the primary treatment options [5, 6].

Reproductive factors have been well docu-
mented as key breast cancer risk factors with direct associa-
tions observed with early age at menarche, nulliparity, late
age at menopause and first birth, and limited breastfeeding [7,
8]. Data also suggest that there is a temporal relationship with
time since last birth, where a short-term increase in breast
cancer risk is observed 3-5 years after last birth [9, 10], before
a long-term protective effect of parity is observed compared
to nulliparity.

Within Scotland’s renowned, high-quality routine electronic
health records, the Scottish Cancer Registry (SMRO06) is an
excellent resource to investigate risk factors for cancer inci-
dence. In Scotland, ER status data collection began in 1997,
and PR and HER2 data collection started in 2009, almost a
decade earlier than other registries in the UK. We have recently
reported the high quality of these data and shown distinct tem-
poral trends by molecular subtypes and observed increasing
incidence of ER+ subtypes among women of screening age
(50-70 years), among whom about half of all cases are diag-
nosed [11].

In this study, we aimed to assess whether there are differ-
ences in reproductive risk factors among invasive breast cancer
cases diagnosed in Scotland using a ‘case—case’ approach. A
case—case analysis compares the risk factor associations of
breast cancer by comparing cases of a certain molecular sub-
type to cases of another subtype, without also describing risk
factor patterns in women without breast cancer [12].
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Methods
Data sources and study population

All persons that are residents of Scotland are registered
with a GP practice (defined as residing in UK for 3 months
or longer). Records from within the UK can be added for
UK residents. There are no accurate records of emigrations
outside the UK (Scotland), however within the registry
there is a variable that indicates whether a woman emi-
grated (to England or a different country). Numbers were
really small (<20 cases for the whole study period had
an embarkment date recorded). The Information Services
Division (ISD) of Public Health Scotland holds popula-
tion-level National Health Service (NHS) data for Scotland
which can be deterministically linked using the Commu-
nity Health Index (CHI) number, a unique patient iden-
tifier. Probabilistic linkage providing < 4% false positive
and < 2% false negative linkage (https://www.scotpho.org.
uk/publications/overview-of-key-data-sources/scottish-
national-data-schemes/isd-linked-database). Incident pri-
mary breast cancer cases were identified using data from
the Scottish Cancer Registry (https://www.isdscotland.org/
Health-Topics/Cancer/Scottish-Cancer-Registry/) which
attains an average of 95.4% breast cancer case ascertain-
ment and is over 99% complete [13] (https://www.isdsc
otland.org/Quality-Indicators). All tumours diagnosed in
women 204 years of age, with a primary invasive breast
cancer (defined on the basis of the International Classifi-
cation of Diseases, 10th revision code of C50) between
1997 and 2016 were ascertained (https://www.ndc.scot.
nhs.uk/National-Datasets) (https://www.isdscotland.org/
Quality-Indicators).

Approval for the analysis was obtained from the Pub-
lic Benefit and Privacy Panel (PBPP) of NHS Scotland,
and analyses were conducted in the Scottish National Safe
Haven (PBPP Reference Number 1718-0057).

Maternity data

CHI number and probabilistic matching were used to
link cancer registry data (SMRO06) to Scottish Morbidity
Records maternity inpatient and day case records (SMR02)
which was available from 1981. To improve complete-
ness of maternity data, the study excluded women who
were > 16 years (i.e. already in their reproductive years)
in 1981, resulting in a cohort of women born in 1966 or
thereafter. Data on number of births, age at first birth and
time since last birth, including both live births and still-
births, were calculated. The number of births was derived
from the number of maternity records each woman held in
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SMRO2. The maternal age from the first maternity record
for a parous woman was considered as her age at first birth.
Time since last birth was calculated as the time from the
most recent birth preceding a cancer diagnosis.

Molecular subtypes definition

The Scottish Cancer Registry (SMRO06) records the receptor
status for breast cancers using immunohistochemistry (IHC)
staining for ER, PR and HER2, and for borderline IHC
HER?2 results the status based on fluorescence in situ hybrid-
ization (https://www.isdscotland.org/Cancer-Registration-
Definitions). While ER status for breast cancer became avail-
able in SMRO6 in 1997, recording of information on PR
and HER2 status commenced only in 2009 (https://www.
isdscotland.org/Cancer-Registration-Definitions). As we
aimed to evaluate the subtypes based on ER, PR and HER2
status, we focused on cases diagnosed from 2009 onwards.
Due to non-availability of data on Ki67 labelling index,
tumour grade was employed as a proxy for distinguishing
the luminal subtypes [4]. The outcome variable, breast can-
cer subtype, was derived from four variables in SMR06: ER
status, PR status, HER?2 status and histological grade of the
tumour. The five subtypes were defined as: ‘luminal A-like’
[ER/PR+HER2— grade 1 or 2], ‘luminal B-like (HER2-)’
[ER/PR+HER2- grade 3], ‘luminal B-like (HER2+)’ [ER/
PR+HER2+], ‘HER2-overexpressed’ [ER-PR-HER2+], and
‘triple-negative breast cancer’ or “TNBC’ [ER-PR-HER2—].
SMRO2 and SMRO06 datasets were linked by ISD using a
pseudonymised CHI.

The cohort was limited to women with complete data on
IHC-defined molecular marker status and tumour grade. Fur-
ther restricting to women born in 1966 or later and with a
breast cancer diagnosis between 2009 and 2016, resulted in
a cohort of women diagnosed at 50 years of age or younger.

Statistical analyses

A total of 431 (10% of cases) had missing subtype data and
were excluded from analyses. To provide finer adjustment
for age, we used 5 year age categories in regression models
(20-35, 3640, 41-45, 46-50). Age distribution at diagno-
sis of breast cancer, number of births, age at first birth and
time since last birth were computed for each breast cancer
subtype. Pearson’s chi-square tests were used to test for dif-
ferences between subtypes in the distribution of reproductive
risk factors of interest. We determined the correlation of age
at diagnosis and each reproductive risk factor by comput-
ing Spearman’s correlation coefficients [14]. Polytomous
logistic regression models adjusted for age at diagnosis of
breast cancer were used to estimate odds ratios (OR) and
95% confidence intervals (CI) with the most common sub-
type, luminal A-like, as the reference group. We tested for

interaction of age using likelihood ratio test (LRT) in poly-
tomous logistic regression models with and without interac-
tion term for each reproductive risk factor of interest. Tests
were considered statistically significant at the 5% level. Stata
MP V14 (College Station, TX) was used for all analyses.

Results

The final study population included 4,108 women with
breast cancer diagnosed at or below 50 years of age with
data available to assign breast cancer subtype, after exclud-
ing 9.7% of the initial cohort with missing hormone status
or tumour grade data (data not shown). There was a signifi-
cant relationship between age at diagnosis and missingness
of subtype, with patients 41-50 less likely to have missing
subtype data (66.1% vs 59.6%), although the mean age was
similar between those not missing subtype (mean age=41.8
(SD=5.3) and missing subtype (mean age=40.9 (SD=5.2).
Luminal A-like was the most common type (40%) and
HER2-overexpressed was the least common (5%, Fig. 1).
Distribution of age at diagnosis of breast cancer, num-
ber of births, age at first birth and time since last birth by
the five breast cancer subtypes are presented in Table 1.
Overall, 34% of breast cancers occurred in patients of age
40 years or younger and 66% between 41 and 50 years of
age. The proportion of all luminal A-like tumours diag-
nosed in the age group 4650 years was higher at 31.9%
compared to the other subtypes being diagnosed in this age
group (ranging from 19.7 to 22.6%). Women with lumi-
nal A-like subtype had the highest proportion of absence
of birth records (assumed nulliparity of 30.5% or 69.5%
with one or more birth records) and breast cancer diagno-
ses that were six or more years following their most recent
birth (82.8%). Women with HER2-overexpressed and

= Luminal A-like
Luminal B-like (HER2-)
= Luminal B-like (HER2+)
HER2-overexpressed

= Triple negative

Luminal A-like (n=1,650), Luminal B-like (HER2-) (n=998), Luminal B-like (HER2+)
(n=629), HER2-overexpressed (n=214), Triple negative (n=617).

Fig. 1 Distribution of breast cancer subtypes defined by immunohis-
tochemistry and tumour grade among 4,108 women born after 1965
who had breast cancer diagnosed in Scotland between 2009 and 2016.
Luminal A-like (n=1650), luminal B-like (HER2—) (n=998), lumi-
nal B-like (HER2+). (n=629), HER2-overexpressed (n=214), Tri-
ple-negative (n=617)
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Table 1 Descriptive characteristics of the cohort comprising of women born after 1965 and diagnosed with primary invasive breast cancer

between 2009 and 2016 in Scotland stratified by surrogate molecular subtypes

Total Luminal A-like Luminal B-like Luminal B-like HER2-overex- TNBC Overall
number of cases (%): (HER2-) (HER2+) pressed
1650 998 629 214 617 4108
(40.2) (24.3) (15.3) 5.2) (15.0) (100.0)
Age at diagnosis (years) N N N N N N
(%) (%) (%) (%) (%) (%)
20-35 122 133 105 37 119 516
(7.4) (13.3) (16.7) (17.3) (19.3) (12.5)
3640 283 239 152 55 149 878
17.2) (23.9) (24.2) (25.7) (24.1) (21.3)
41-45 719 400 248 76 223 1666
(43.6) (40.1) (39.4) (35.5) (36.1) (40.6)
46-50 526 226 124 46 126 1048
(31.9) (22.6) 19.7) (21.5) (20.4) (25.5)
*P value for heterogeneity between subtypes using chi-square test: <0.001
Number of births
0 504 291 189 45 150 1179
(30.5) (29.2) (30.0) (21.0) (24.3) (28.7)
1 370 215 151 53 153 942
(22.4) (21.5) (24.0) (24.8) (24.8) (22.9)
2 524 337 202 77 215 1355
(31.8) (33.8) (32.1) (36.0) (34.8) (33.0)
>3 252 155 87 39 99 632
(15.3) (15.5) (13.8) (18.2) (16.0) (15.4)
*P value for heterogeneity between subtypes using chi-square test: 0.111
Number of parous cases 1146 707 440 169 467 2929
(%): (39.1) (24.1) (15.0) (5.8) (15.9) (100.0)
N N N N N N
(%) (%) (%) (%) (%) (%)
Age at first birth (years)
<20 144 89 44 18 73 368
(12.5) (12.6) (10.0) (10.7) (15.6) (12.6)
20-24 246 162 88 43 117 656
(21.5) (22.9) (20.0) (25.4) (25.1) (22.4)
25-29 348 195 149 49 117 858
(30.4) (27.6) (33.9) (29.0) (25.1) (29.3)
30-34 268 169 100 45 101 683
23.4) (23.9) (22.7) (26.6) (21.6) (23.3)
>35 140 92 59 14 59 364
(12.2) (13.0) (13.4) (8.3) (12.6) (12.4)
*P value for heterogeneity between subtypes using chi-square test: 0.151
Time since last birth (years)**
<2 76 71 53 20 70 290
6.7) (10.1) (12.1) (11.9) (15.1) (10.0)
3-5 120 116 70 30 73 409
(10.5) (16.5) (16.0) (17.9) (15.8) (14.1)
6-10 279 186 115 41 121 742
(24.5) (26.5) (26.3) (24.4) (26.1) (25.5)
>10 663 329 199 77 199 1467
(58.3) (46.9) (45.5) (45.8) (43.0) (50.4)

*P value for heterogeneity between subtypes using chi-square test: <0.001

“Significant at 5% level

“"Total counts (N=2908) exclude parous women that did not have a pregnancy before diagnosis of breast cancer
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TNBC had higher proportions of one or more birth records
(79.0% and 75.7%, respectively) and lower frequency diag-
noses compared to luminal made six or more years after
last birth (70.2% and 69.1%, respectively). Chi-square test
revealed no statistically significant differences for age at
first birth by subtype (Table 1). A significant correlation
between age at diagnosis and time since last birth was
observed (Spearman R?=0.66 p <0.001) as with age at
first birth (Spearman R?>=0.10) but not number of births
(Spearman R>=0.19 p=0.28).

Women with TNBC were significantly more likely to
have at least one (relative to no birth records) in comparison
to those with luminal A-like tumours (Table 2). Although
based on fewer cases, a similar association was observed
for women with HER2-overexpressed tumours who were
more likely to have three or more births (relative to no birth
records) when compared to women with luminal A-like
tumours, in addition to a statistically significant test for trend
across all subtypes. We observed a significant interaction
with age at diagnosis and number of birth (LRT p=0.05)
hence we also present models adjusted for an interaction

term. These results showed similar relationships, however
estimates showed wider confidence intervals.

Table 3 shows case-case analysis for age at first birth by
subtype. Luminal B-like HER2+ tumours compared to lumi-
nal A tumours were more likely to have a later age at first
birth. In contrast, TNBC were less likely to have an older
age at first birth compared to luminal A-like tumours. We
did not observe statistical evidence of an interaction with
age (LRT p=0.40).

When compared to the luminal A-like subtype, TNBC
cases were significantly less likely to have last given
birth > 10 years ago (relative to <2 years ago) (Table 4).
Other subtypes did not show a clear association for time
since last birth. We did not observe statistical evidence of
an interaction with age (LRT p=0.34).

Discussion

Using Scottish cancer registry data linked to maternity
health records, we show that parity, number of births and
time since last birth to diagnosis of breast cancer differ by

Table 2 Association of number

. Luminal B-like Luminal B-like HER2-overexpressed  TNBC
of births among women borp (HER2-) (HER2+4) (n=214) (n=617)
aft.er l96§ anq diagnosed with (n=998) (n=629)
primary invasive breast cancer
between 2009 and 2016 in OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Scotland by molecular subtypes
adjusted for age at diagnosis Number of births
with and without an interaction 0 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
term for age at diagnosis 1 103 082-128 112 087-145 166 1.09-254 145  1.11-1.89
2 1.16 0.95-1.42 1.10 0.87-1.39 1.78 1.20-2.63 1.50 1.18-1.92
>3 1.11 0.87-1.42 0.98 0.73-1.32 1.87 1.18-2.96 1.44 1.07-1.94
Age at diagnosis (years)
20-35 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
3640 0.76 0.56-1.03 0.62 0.45-0.86 0.60 0.37-0.96 0.52 0.37-0.71
41-45 0.50 0.38-0.66 0.40 0.30-0.54 0.32 0.21-0.50 0.30 0.23-0.41
46-50 0.39 0.29-0.52 0.27 0.20-0.38 0.27 0.17-0.44 0.23 0.17-0.32
Models with an interaction term between number of births and age at diagnosis
Number of births
0 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
1 1.46 0.83-2.56 1.23 0.69-2.22 2.00 0.834.82 1.65 0.92-2.95
2 2.72 1.57-4.71 1.87 1.05-3.34 2.48 1.02-5.98 2.46 1.38-4.40
>3 1.74 0.95-3.91 0.95 0.48-1.85 2.59 0.99-6.74 1.91 1.00-3.64
Age at diagnosis (years)
20-35 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
3640 0.94 0.58-1.54 0.64 0.38-1.08 0.66 0.28-1.53 0.54 0.31-0.92
41-45 0.89 0.57-1.40 0.57 0.38-1.08 0.38 0.17-0.87 0.41 0.25-0.68
46-50 0.51 0.31-0.81 0.24 0.14-0.41 0.33 0.14-0.77 0.27 0.16-0.46

“Significant at 5% level

Referent subtype used here is luminal A-like breast cancer models included an interaction term between
age at diagnosis and number of births
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Table 3 Association of age at

: Luminal B-like Luminal B-like HER2-overexpressed TNBC
first birth among parous women (HER2-) (HER2+) (n=169) (n=467)
b(?rn af'ter 19§5 ansi diagnosed (n=707) (n=440)
with primary invasive breast
cancer between 2009 and OR 95% CI OR 95% CI OR 95% CI OR 95% CI
2016 in Scotland by surrogate
molecular subtypes adjusted for Age at first birth (years)
age at diagnosis <20 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
20-24 1.08 0.77-1.51 1.18 0.77-1.79 1.41 0.78-2.55 0.94 0.66-1.36
25-29 0.89 0.64-1.22 1.36 0.92-2.02 1.10 0.62-1.95 0.66 0.45-0.91
30-34 1.00 0.72-1.39 1.21 0.80-1.82 1.32 0.74-2.38 0.72 0.51-1.07
>35 1.17 0.81-1.71 1.53 0.97-2.43 091 0.43-1.91 0.96 0.63-1.47
Age at diagnosis (years)
20-35 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
36-40 0.64 0.43-0.94 0.54 0.35-0.82 0.55 0.31-0.97 0.45 0.30-0.68
41-45 0.35 0.25-0.50 0.33 0.22-0.49 0.29 0.17-0.49 0.25 0.17-0.36
46-50 0.30 0.21-0.44 0.26 0.17-0.40 0.25 0.14-0.44 0.20 0.13-0.29
*Significant at 5% level
Referent subtype used here is luminal A-like breast cancer
Table 4 Association of time Luminal B-like Luminal B-like HER2-overexpressed  TNBC
since most recent birth with (HER2-) (HER2+) (n=168) (n=463)
among parous women born . (n=702) (n=437)
after 1965 and diagnosed with
primary invasive breast cancer OR 95% CI OR 95% CI OR 95% CI OR 95% C1
between 2009 and 2016 in
Scotland who had their last Time since last birth (years)
birth prior to diagnosis by <2 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
surrogate molecular'subtypes 3-5 1.21 0.79-1.84 0.98 0.61-1.56 1.14 0.60-2.17 0.79 0.51-1.24
adjusted for age at diagnosis 6-10 106 071-1.57 087  056-135 089  047-1.66 074  0.49-1.13
>10 0.95 0.63-1.41 0.76 0.48-1.18 0.87 0.46-1.64 0.63 0.41-0.97
Age at diagnosis (years)
20-35 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
36-40 0.63 0.42-0.94 0.55 0.36-0.86 0.55 0.31-0.99 0.50 0.33-0.76
41-45 0.36 0.24-0.54 0.37 0.23-0.57 0.30 0.16-0.55 0.31 0.20-0.47
46-50 0.32 0.21-0.50 0.31 0.19-0.50 0.27 0.14-0.53 0.25 0.16-0.41

*Significant at 5% level

Referent subtype used here is luminal A-like breast cancer

[HC-defined molecular subtypes of breast cancer among
women < 50 years of age at diagnosis of breast cancer. Breast
cancer aetiology in younger women is not fully understood
as few risk factors have been identified. Furthermore, few
opportunities for early detection of breast cancer are avail-
able for younger women beyond genetic counselling for
high-risk families.

Multiple reports and pooled analyses have recently
evaluated IHC and mRNA expression profiling defined
molecular subtypes of breast cancer and consistently
show a positive association with parity for triple-negative
or basal-like breast tumours [15-20]. Interestingly, sig-
nificant differences in the incidence of breast cancer exist
for different ethnic and racial groups that also frequently

@ Springer

have different reproductive histories [21]. Consistent
with these data, we also found evidence of heterogene-
ity in reproductive history across IHC-defined molecular
subtypes of breast cancer in this Scottish cohort. Women
with ER- tumours (HER2-overexpressed and TNBC) were
more likely to have a higher number of births compared
to women with luminal A-like subtype. Unlike ER- can-
cers, we did not observe heterogeneity in number of births
between luminal B-like (HER2+) and luminal A-like,
which concurs with other reports [22-25]. Time since last
birth showed differential associations by subtype, where
women with TNBC or luminal B-like (HER2+) were less
likely than women with luminal A-like tumours to have a
longer time between their most recent birth and diagnosis
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of breast cancer. Findings for TNBC correspond well with
the existing studies [26, 27].

Parity confers a dual effect on the risk of breast cancer
with an augmented risk observed in the initial years fol-
lowing pregnancy (3-5 years, or even up to 10-15 years)
[28-30], possibly by stimulating the growth of cells that
have undergone initial stages of malignant change and also
due to the immunosuppressive effects of pregnancy [28, 31].
It is only subsequent to this phase that the protective effect
of parity sets in [32, 33] owing to the differentiation of nor-
mal breast cells that have the potential to undergo malignant
transformation. While this has been observed for ER+ breast
cancers (luminal A-like) [8, 22, 34], an increased risk of
ER- breast cancer continues to persist even in the longer
term [25, 27, 35]. Our results did not observe significant
differences across subtypes for age at first birth. However,
TNBC cases were more likely to have a younger age at first
birth when compared to luminal A-like cases (approximately
16% versus 12.5% patients for age at first birth <20 years). A
similar, statistically significant association has been reported
by other studies [22, 23, 35-37]. Luminal B-like (HER2-)
cases showed no statistically significant difference from
luminal A-like for either of the three risk factors of interest
even though studies have reported an inverse association
with number of births and a positive association with age at
first birth for this subtype [38, 39].

ER- breast cancers are less likely than ER+ breast cancers
to be detected through screening [40], and predictive model-
ling of breast cancer risk has been proposed as possible solu-
tion for personalised medicine and risk stratified screening
[41-43]. Modelling studies using UK data suggest such risk
stratified screening approaches could reduce overdiagnosis,
improve cost-effectiveness, while maintaining the benefits
of screening [44].

The key strengths of our study are the high-quality lon-
gitudinal data collected within the Scottish Cancer Registry
for the entire population, and the availability and high level
of completeness of molecular marker and tumour grade data
(£10% missing data). Another strength of the study is the
inclusion of women diagnosed at age 50 years or below.
Although breast cancer is less common within this age
range, the tumours are more aggressive with poor progno-
sis making it important to identify and implement effec-
tive approaches to prevention amongst this age group [45].
Moreover, breast cancer incidence appears to be increasing
in younger age groups in recent years in Scotland [11] and
other populations such as the United States [46].

Although this is one of the largest studies of breast
cancer among young women, a limitation is the modest
number of cases for rarer tumour subtypes, especially
HER2-overexpressed (5% of all cases), potentially reduc-
ing the statistical power of analyses for these tumour

subtypes. Our study did not assess incidence or risk of
breast cancer, which would require comparisons to con-
trols/general population. In addition, we cannot exclude
some residual confounding by age at diagnosis since we
did observe some association with age and missing sub-
type data. Future work including a comparison cohort of
women not diagnosed with breast cancer would add further
updated information about the role of reproductive history
as a risk factor for breast cancer, including, in due course
for whose breast cancer is diagnosed at older ages. Other
limitations of our study were the potential for incomplete
maternity records for women whose children were born
outside Scotland, lack of availability of data for other fac-
tors such as breastfeeding as well as for a more detailed
mRNA expression or mutation profiling of the cancers.

In conclusion, our data highlight the value of integrat-
ing molecular data from tumours with routinely collected
health records data for understanding cancer epidemiol-
ogy. There is scope for future analysis using the cancer
registry linked to other datasets, including community
prescription records, and primary care records, to provide
more detailed information on the role and patterns of key
risk factors and possible new aetiologic or prognostic fac-
tors for subtypes of breast and other cancers.
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