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Abstract
Purpose  Breast cancer (BC) risk factors have been differentially associated with BC subtypes, but quantification is still 
undefined. Therefore, we compared selected risk factors with BC subtypes, using a case-case approach.
Methods  We retrieved 1321 invasive female BCs from the Piedmont Cancer Registry. Through record linkage of clinical 
records, we obtained data on estrogen (Er) and progesterone (Pr) receptors, Ki67 and HER2+ status, BC family history, breast 
imaging reporting and data system (BI-RADS) density, reproductive risk factors and education. We defined BC subtypes 
as follows : luminal A (Er+ and/or Pr+ , HER2− , low Ki67), luminal BH- (Er+ and/or Pr + , HER2− , Ki67 high), luminal 
BH+ (Er+ and/or Pr + , HER2+), HER2+ (Er − , Pr − , HER2+), ) and triple negative (Er − , Pr − , HER2−). Using a multino-
mial regression model, we estimated the odds ratios (ORs) for selected BC risk factors considering luminal A as reference.
Results  For triple negative, the OR for BC family history was 1.83 (95% confidence interval (CI) 1.13–2.97). Compared to 
BI-RADS 1, for triple negative, the OR for BI-RADS 2 was 0.56 (95% CI 0.27–1.14) and for BI-RADS 3–4 was 0.37 (95% 
CI 0.15–0.88); for luminal BH +, the OR for BI-RADS 2 was 2.36 (95% CI 1.08–5.11). For triple negative, the OR for high 
education was 1.78 (95% CI 1.03–3.07), and for late menarche, the OR was 1.69 (95% CI 1.02–2.81). For luminal BH + , 
the OR for parous women was 0.56 (95% CI 0.34–0.92).
Conclusions  This study supported BC etiologic heterogeneity across subtypes, particularly for triple negative.
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Introduction

Breast cancer (BC) is a heterogeneous disease, with multi-
ple intrinsic molecular subtypes [1]. Subtypes are assessed 
by immunohistochemistry (IHC) and grouped, based on 
estrogen (Er) and progesterone (Pr) receptors, HER2 and 
Ki67 status, into luminal (A, BH− , BH+), HER2+ and 
triple negative [2]. Although BC subtypes vary in biologi-
cal features, clinical and prognostic implications [3], it is 
still unclear if subtypes are etiologically distinct [4]. Data 
from epidemiologic studies suggest a different effect of 
risk factors on subtypes: some common risk factors may be 
restricted to certain subtypes, while others may be shared 
across subtypes [5, 6]. Thus, established BC risk factors 
may reflect the risk related to the most common subtypes 
(such as luminal A) [7].

The aim of this study is to compare, using a case-case 
approach, selected risk factors with each BC subtype, 
by comparing luminal A with other subtypes, using data 
from the Piedmont Cancer Registry (Registro Tumori 
Piemonte—RTP). Clarifying and quantifying which BC 
risk factors are subtype specific is particularly relevant for 
less frequent and more clinically aggressive subtypes (i.e. 
HER2+ and triple negative) [8]. This may have implica-
tions to improve subtype-targeted prevention.

Materials and methods

Study population and data collection

Using data from RTP, we identified a series of invasive 
female BCs (n = 1332) (International Classification of 
Disease for Oncology, 3rd edition, (ICD-O-3) site codes 
C50.0–50.9 [9]), diagnosed between January 2008 and 
December 2014 and treated at AOU (Azienda Ospedaliera 
Universitaria) Città della Salute e della Scienza, in Turin, 
Italy.

We retrieved information from RTP and clinical records 
from the hospital discharge form and reports. We carried 
out a deterministic record linkage based on unique patient-
based variables.

For each cancer case included in this study, we col-
lected age at diagnosis, education (we defined primary and 
middle school as low education, and high school and col-
lege as high education), age at menarche, parity (defined 
as number of births), age at menopause, BC family history 
in first- or second-degree relatives.

From pre-anaesthesia examination, additional data on 
tobacco smoking habits, as well as on weight and height, 
were obtained. Body mass index (BMI) was defined 

according to World Health Organization (WHO) criteria 
[10]. In addition, information on anti-diabetes drugs was 
considered.

Breast density (BD) was assessed from the preoperative 
mammogram report closest to the time of diagnosis. Density 
measurement was performed by a single radiologist from 
diagnostic digital mammograms of the unaffected breast. 
BD is routinely classified according to the Breast Imaging 
Reporting and Data System (BI-RADS) 5th edition into four 
categories: almost entirely fat, scattered areas of fibroglan-
dular density, heterogeneously dense, and extremely dense 
[11]. In this study, we re-categorized BI-RADS densities 
into low BD (BI-RADS density 1), medium BD (BI-RADS 
density 2) and high BD (BI-RADS density 3 and 4).

From pathology reports, information on Er, Pr, HER2 
and Ki67 status (assessed by IHC) was extracted and clas-
sified on the basis of St. Gallen criteria [2] and ASCO-CAP 
guidelines [12, 13]. In particular, Er and Pr status are posi-
tive for a nuclear staining in at least 1% of tumour cells. 
HER2 positivity (IHC result 3 +) is defined as a complete, 
intense and in at least 10% of tumour cells membrane stain-
ing. HER2 is negative (IHC score 0 and 1 +) if the mem-
brane staining is incomplete and faint perceptible or if no 
staining is observed. In case of an equivocal IHC score of 
2 + (weak membrane staining with circumferential distribu-
tion in at least 10% of cells), an amplification test (Fluo-
rescence in situ hybridization—FISH), which overruled 
results of IHC, was considered. The Ki67 index represents 
the percentage of positively staining cells among the total 
number of invasive cells in the scored area [14]. A cut-off of 
20% was used to dichotomize (low versus high) Ki67 score. 
Considering Er, Pr, HER2 and Ki67 status together, we 
defined molecular subtypes as: luminal A (Er + and/or Pr + , 
HER2−, low Ki67), luminal BH- (Er + and/or Pr + , HER2− , 
Ki67 high), luminal BH + (Er + and/or Pr + , HER2+), 
HER2+ (Er − , Pr − , HER2+), triple negative (Er − , Pr − , 
HER2−). Moreover, pathology reports included information 
on tumour features categorized according to AJCC Cancer 
Staging Manual criteria [15]. In particular, we retrieved 
information on histotype and pathological Tumour-Node-
Metastasis (pTNM) stage.

Statistical analysis

To evaluate the association between the five BC subtypes 
and selected risk factors, we simultaneously estimated the 
odds ratios (ORs), and their corresponding 95% confidence 
intervals (CIs), using a multinomial (baseline category) 
logistic regression model. We considered luminal A sub-
type as the reference category of the polytomous response 
variable. The model included terms for age at diagnosis 
(modelled as a continuous variable), histotype (invasive 
ductal carcinoma (CDI)/other), pTNM stage (1/2–3), family 
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history of BC (Yes/No), parity (Yes/No), age at menarche 
(< 13/ ≥ 13), age at menopause (< 45/45–54/ ≥ 55), BMI 
(< 25/ ≥ 25 kg/m2), diabetes (Yes/No), BD (1/2/3 + 4), edu-
cation level (Low/High) and tobacco smoking habits (Yes/
No). We applied the same adjusted multinomial model strat-
ifying by age at diagnosis (< 50/50–69/ ≥ 70). Likelihood 
ratio test and the Akaike’s Information Criterion statistics 
were used to assess the goodness of fit of the models. Pear-
son Chi-Square test was also used to evaluate association 
between categorical variable.

The analyses were performed using SAS software, 9.4 
version.

Results

In the study, we included 1321 invasive BCs, after exclusion 
of 7 cases with missing data for Er, Pr, HER2 or Ki67 status 
and 4 cases treated with only systemic therapy (no surgery 
performed).

Table  1 shows sociodemographic, reproductive and 
clinical characteristics of patients by molecular subtype of 
BC. Of the 1321 cases, 729 (55.2%) were luminal A, 317 
(24%) luminal BH − , 115 (8.7%) luminal BH + , 56 (4.2%) 
HER2+ and 104 (7.9%) triple negative. The median age was 
61 in luminal A, 65 in luminal BH − , 59 in luminal BH + , 
62 in HER2+ and 58 in triple negative. Regarding tumour 
characteristics, 89.3% of HER2+ and 78.8% of triple-nega-
tive subtypes were CDI, compared to only 58.8% of luminal 
A. PTNM 1 was the most common stage in all subtypes, 
except for triple negative (48.3%). Median age at menarche 
was around 13 years in all subtypes, except for triple nega-
tive. Parous women were less frequent in luminal BH + . 
About 30% of women in each luminal subtype had posi-
tive BC family history, over 35% in HER2+ and more than 
40% in triple negative. Shifting from BI-RADS 1 and BI-
RADS 2, percentages quadrupled in luminal BH + and did 
not modify in triple negative. All subtypes showed higher 
percentages for low education, except for triple negative.

Table 2 compares selected risk factors with cancer sub-
types and gives the multivariate ORs and the corresponding 
95% CIs. We considered luminal A as reference category of 
the response variable. With comparison to a negative BC 
family history, the OR for a positive BC family history was 
1.83 (95% CI 1.13–2.97) for triple negative (versus lumi-
nal A). The OR for BI-RADS 2 (versus BI-RADS 1) was 
0.56 (95% CI 0.27–1.14) and the OR for BI-RADS 3–4 was 
0.37 (95% CI 0.15–0.88) for triple negative (versus luminal 
A). With reference to BI-RADS 1, the OR for BI-RADS 
2 was 2.36 (95% CI 1.08–5.11) for luminal BH + (versus 
luminal A).Compared to a lower education, the OR for a 
higher education was 1.78 (1.03–3.07) for triple negative 
(versus luminal A). The OR for late menarche (versus early) 

was 1.69 (1.02–2.81) for triple negative (versus luminal 
A).Compared to nulliparous women, the OR for parous 
women was 0.56 (95% CI 0.34–0.92) for luminal BH + (ver-
sus luminal A). Considering number of births, with refer-
ence to nulliparity, for luminal BH + (versus luminal A) the 
OR for one birth was 0.59 (95% CI 0.33–1.05) and the OR 
for at least 2 births was 0.55 (95% CI 0.32–0.93) (data not 
shown). When we stratified for age at diagnosis, for luminal 
BH + (versus luminal A) the OR for parous women w as 0.36 
(95% CI 0.12–1.03) in the < 50 stratum, the OR was 0.68 
(95% CI 0.34–1.36) in the 50–69 stratum, and 0.99 (95% CI 
0.20–5.01) in the ≥ 70 stratum (data not shown).

No associations were detected between tumour subtypes 
and BMI, age at menopause, tobacco smoking habits, diabe-
tes (Supplementary Table S1). Results of multinomial model 
adjusted for age, family history, parity, age at menarche, age 
at menopause, education, density BI-RADS are shown in 
Supplementary Table S2.

Discussion

This case-only study showed that triple negative, compared 
to luminal A, was negatively associated with higher BD, 
while it was positively associated with positive family his-
tory of BC, higher education and late age at menarche. 
Further, this study suggested that luminal BH+ , compared 
to luminal A, was positively associated with higher BD, 
whereas it was negatively associated with parity.

As regards to family history, one Asian case-case analysis 
showed an inverse association between family history and 
triple negative (OR 0.52, 95% CI 0.32–0.82) [16], but sev-
eral case-only studies did not find any association [17–24]. 
Notably, most of these studies did not include Ki67 status, 
thus no distinction between luminal A and luminal BH− was 
possible. Further, different criteria were used to define posi-
tive family history: Edwards et al. [17] and Song et al. [24] 
included women with BC history in first- or second-degree 
relatives (as in our study), others restricted to first-degree 
relatives [21–23]. Only one study included women with a 
family history of breast and/or ovarian cancer [19], and some 
studies did not report degree-related information [16, 18, 
20].

According to our results, Anderson et al. [25] showed, in 
a cohort of 1150 BC women, that the risk of triple negative 
(versus no triple negative) increased for women with a fam-
ily history of BC in a first- or second-degree relative (OR 
2.04, 95% CI 1.40–2.98). Moreover, Jiang et al. [26], analys-
ing 645 BC cases, suggested that women with a BC family 
history in a first- or second-degree relative (versus with-
out) were more likely to develop hormone receptor-positive 
tumours (OR 1.43, 95% CI 0.91–2.26). This association was 
significant when limited to cancers diagnosed before age 50 
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Table 1   Baseline characteristics 
and selected risk factors of 1321 
breast cancer patients according 
to molecular subtypes

a The sum does not add up to the total because of missing values

Luminal A Luminal BH −  Luminal BH +  HER2 +  Triple negative

729 55.2 317 24 115 8.7 56 4.2 104 7.9

N % N % N % N % N %

Age
  < 40 13 1.8 18 5.7 9 7.8 3 5.4 10 9.6
 40–50 139 19.1 40 12.6 21 18.3 15 26.8 13 12.5
 50–60 187 25.7 63 19.9 30 26.1 9 16.1 30 28.8
 60–70 195 26.7 82 25.9 28 24.3 10 17.9 20 19.2

  ≥ 70 195 26.7 114 36.0 27 23.5 19 33.9 31 29.8
 Median age 61 65 59 62 58

Histotype
 CDI 429 58.8 236 74.4 84 73.0 50 89.3 82 78.8
 Other 300 41.2 81 25.6 31 27.0 6 10.7 22 21.2

pTNMa

 1 381 79.7 96 57.5 38 57.6 23 63.9 28 48.3
 2–3 97 20.3 71 42.5 28 42.4 13 36.1 30 51.7

Age at menarchea

  < 13 288 48.3 138 52.3 49 52.1 23 48.9 29 36.7
  ≥ 13 308 51.7 126 47.7 45 47.9 24 51.1 50 63.3
Age at menopausea

  < 45 52 11.1 17 7.9 14 18.4 7 18.4 10 14.9
 45–54 352 75.4 168 77.8 50 65.8 28 73.7 53 79.1

  ≥ 54 63 13.5 31 14.4 12 15.8 3 7.9 4 6.0
Paritya

 0 117 16.7 44 14.2 30 26.8 10 18.5 16 16.7
 1 212 30.2 90 29.1 31 27.7 17 31.5 26 27.1

  ≥ 2 373 53.1 175 56.6 51 45.5 27 50.0 54 56.3
Family historya

 No 433 68.6 170 70.0 66 67.3 27 62.8 48 56.5
 Yes 198 31.4 73 30.0 32 32.7 16 37.2 37 43.5

BMI (kg/m2)a

  < 25 375 55.1 141 47.0 61 55.0 21 40.4 48 48.5
  ≥ 25 305 44.9 159 53.0 50 45.0 31 59.6 51 51.5
Density BI-RADSa

 1 101 25.3 44 31.7 10 14.3 8 28.6 22 39.3
 2 171 42.9 58 41.7 43 61.4 13 46.4 22 39.3
 3–4 127 31.8 37 26.6 17 24.3 7 25.0 12 21.4

Educationa

 Low 309 57.9 117 57.4 41 51.3 28 73.7 35 47.3
 High 225 42.1 87 42.6 39 48.8 10 26.3 39 52.7

Smoking habita

 No 208 29.9 70 23.9 38 34.5 14 25.9 28 27.7
 Yes 487 70.1 223 76.1 72 65.5 40 74.1 73 72.3

Diabetes
 No 671 92.0 287 90.5 109 94.8 53 94.6 99 95.2
 Yes 58 8.0 30 9.5 6 5.2 3 5.4 5 4.8
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(OR 2.79, 95% CI 1.34–5.81). Our study provided evidence 
that triple-negative patients have a familial background of 
breast cancer, underlying that genetic susceptibility may play 
a stronger role in triple-negative carcinogenesis as compared 
to other subtypes.

As regards BD, a meta-analysis of case-only studies 
[27] showed no differences in risk for estrogen receptor-
negative versus estrogen receptor-positive tumours across 
BD categories, although significant heterogeneity across 
studies was observed. No BD subtypes association was 
also reported in two other smaller case-only studies [28, 
29]. However, in line with our findings on triple negative-
BD inverse association, Arora et al. [30] observed in a 
cohort of women with BCs (1323) a lower risk of triple 
negative (versus, according to our subtypes classification, 
luminal A and luminal BH- considered together due to 
the lack of information on Ki67 status) in patients with 
extremely dense breast (OR 0.39, 95% CI 0.20–0.77 for 
BI-RADS 4 versus others); Kim et al. [31], in a case-only 
study including 178 BC cases, showed that women with 
high BD (BI-RADS 3 and 4 versus BI-RADS 1 and 2) 
were less likely to have triple negative compared to lumi-
nal A and BH- (OR 0.23, 95% CI 0.07–0.76). Further, 
using a quantitative method of BD assessment, Shaikh 
et al. [32] showed in a small study, including 123 BC 
cases, that triple negative had a significant lower percent 
density compared with non-triple negative and Conroy 
et  al. [33] estimated a 26% higher risk of developing 
hormone receptor-positive cancers per 10% increase in 
density. Moreover, two other case-only studies suggested 
an increase in risk for HER2-enriched subtypes in dense 

breast. In particular, Edwards et al. [17] reported an OR 
2.98 (95% CI 1.14–7.83) for extremely dense breast (ver-
sus fibroglandular) in HER2+ tumours, compared to lumi-
nal A (remarkably, this subtype was assigned by hormone 
receptor status, tumour grade, and mitotic score); Li et al. 
[34], in a Chinese study including 2001 BC cases, consid-
ering fat and fibroglandular as reference category, showed 
an increased risk of HER2+ (OR 1.81, 95% CI 1.08–3.06) 
in extremely dense breast and an increased risk for lumi-
nal BH + (OR 1.40, 95% CI 1.01–1.96) in the heteroge-
neously dense breast, compared to luminal A. Our study 
described a similar increase in risk for luminal BH + in 
fibroglandular breast (versus fat) compared to luminal 
A, but no significant association emerged for HER2+ . 
Our findings suggest that dense breast tissue supports a 
hormonal microenvironment which could promote hor-
mone receptor-positive tumours development (and maybe 
HER2− enriched subtypes). Thus, being luminal subtypes 
of the most widespread cancers, the positive and estab-
lished association between BD and BC could be driven by 
these subtypes, while this association may be weaker, or 
null, for triple-negative tumours.

The risk of triple negative appeared also influenced by 
a high education. Few studies have addressed the associa-
tion between the level of education and BC risk (an Ital-
ian case–control reported that an elevated level of educa-
tion accounted for 20.3% of BC cases [35], and fewer have 
focused on the relation among subtypes. A population-based 
study of 476 Atlanta (USA) women with BC showed, in a 
case-case analysis, no association between education (col-
lege degree versus other) and triple negative [36]. Education 

Table 2   Odds ratios (ORs) 
and 95% confidence intervals 
(CIs) of breast cancer subtypes 
as compared to luminal A, 
according to selected risk 
factors

Akaike’s Information Criterion 3150.279
a Adjusted for age, histotype (CDI/Other), pTNM stage (1/2 + 3), family history (Yes/No), parity (Yes/No), 
age at menarche (< 13/ ≥ 13), age at menopause (< 45/45–54/ ≥ 55), BMI (< 25/ ≥ 25  kg/m2), education 
(Low/High), density BI-RADS (1/2/3–4), smoking (Yes/No) and diabetes (Yes/No)
b Reference category for covariates

Molecular subtypes (reference luminal A)

Luminal BH− Luminal BH +  HER2 +  Triple negative

ORa (95% CI) ORa (95% CI) ORa (95% CI) ORa (95% CI)

Family history No 1b 1b 1b 1b

Yes 0.98 (0.70–1.37) 1.00 (0.62–1.60) 1.27 (0.66–2.46) 1.83 (1.13–2.97)
Density BI-RADS 1 1b 1b 1b 1b

2 1.00 (0.61–1.65) 2.36 (1.08–5.11) 1.16 (0.43–3.12) 0.56 (0.27–1.14)
3–4 0.97 (0.54–1.73) 1.17 (0.47–2.93) 0.85 (0.26–2.79) 0.37 (0.15–0.88)

Education Low 1b 1b 1b 1b

High 1.18 (0.82–1.70) 1.21 (0.73–2.01) 0.48 (0.22–1.04) 1.78 (1.03–3.07)
Age at menarche  < 13 1b 1b 1b 1b

 ≥ 13 0.82 (0.60–1.11) 0.91 (0.58–1.43) 1.01 (0.54–1.87) 1.69 (1.02–2.81)
Parity No 1b 1b 1b 1b

Yes 1.01 (0.68–1.51) 0.56 (0.34–0.92) 0.81 (0.38–1.74) 0.98 (0.54–1.81)
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is a general indicator of lifestyle habits such as diet, physical 
exercise and hormone preparation use, which might explain 
this increase in risk.

Despite the vast amount of literature addressing the rela-
tionship between reproductive factors and subtypes-related 
risk, no clear patterns have already been defined [37]. In a 
large case-only analysis from the Breast Cancer Associa-
tion Consortium (BCAC) Studies [23], which considered 
together luminal A and luminal BH- as reference, no sig-
nificant differences emerged for the age at menarche (≤ 12 
versus ≥ 15) in triple negative (OR 1.08, 95% CI 0.92–1.28) 
as well as no significant differences emerged for parity (nul-
liparity versus parity) in luminal BH + (OR 1.00, 95% CI 
0.85–1.18) and in HER2+ (OR 0.98, 95% CI 0.81–1.20). 
Moreover, a more recent case-only study using BCAC data 
[38] did not observe, comparing to luminal A (grade was 
used to categorize this subtype instead of Ki67 positivity), 
associations between parity (yes versus no) and both luminal 
BH + (OR 1.04, 95% CI 0.88–1.24) and HER2+ (OR 1.04, 
95% CI 0.83–1.29). Further, smaller case-only studies, 
compared to luminal A and BH-, did not find any signifi-
cant differences in the association between triple negative 
and age at menarche (< 13 versus ≥ 13) [16, 20], as well 
as between luminal BH + and number of births (nullipar-
ity, versus 1–2, versus 3 or more) [16, 18, 20]. In contrast 
with our findings, two case-only studies showed that women 
with early age at menarche were more likely to be found in 
triple negative. In particular, a Chinese study [22] including 
8067 BCs reported an increase in risk (OR 1.33, 95% CI 
1.02–1.74) for age at menarche ≤ 13 (versus ≥ 16) compared 
to luminal A and a population-based study of 476 BCs [36] 
reported an increase in risk (OR 1.55, 95% CI 1.08–2.23) for 
age at menarche < 12 (versus ≥ 12) compared to luminal A 
and BH-. Similarly to our findings, a case-only study [39], 
conducted on 1041 women with invasive BCs, suggested, 
comparing to luminal A and BH-, that triple negative was 
more likely in women with shorter menstruation duration 
(OR 1.27, 95%CI 0.88–1.82 for age at menarche ≥ 13), 
and tumours expressing HER2+ (both luminal BH + and 
HER2+) were less likely in parous women (OR 0.87, 95% 
CI 0.61–1.24 comparing at least 3 births with 2 births). Our 
results indicate that hormonal risk factors have a greater 
impact on luminal type BC than on triple negative. This 
is confirmed by our findings about BD, which could sug-
gest that hormonal factors have a minor role on triple-neg-
ative development. Indeed, the decrease in risk of luminal 
BH + (and likely HER2+) in parous women suggests that 
hormonal factors linked to pregnancy could induce a some-
what protective effect against HER2-positive BCs [38].

Limitations of this study included BD assessment that 
was relied on BI-RADS classification, a visual and sub-
jective method; held by a single reader, no assessment of 
intra o inter observer variability was performed. Moreover, 

prior studies addressing this topic are heterogeneous, due 
to differences in study populations, BD and receptor sta-
tus assessment, subtype classification criteria as well as 
adjustment for covariates. These disparities limited com-
parison with other studies and could partly explain lack of 
concordance across studies. Further, our data sources did 
not include details on alcohol intake and age at first birth; 
thus, adjustment for these factors was not possible.

Strengths included its case-only design, which reduces 
selection and information bias. Information bias was also 
minimized since data were collected by doctors and hor-
mone receptor status was assessed in the same hospital 
laboratory. Further, considering that women plausibly 
did not differentially recall according to their BC sub-
type, recall bias unlikely impact our findings. Moreover, 
other strengths include the spectrum of BC‐related fac-
tors considered (reproductive, sociodemographic, anthro-
pometric and lifestyle risk factors, radiologic index (BD), 
tumour characteristics) and the accurate criteria adopted to 
define molecular subtypes. Notably, tumour classification 
included Ki67 status.

Conclusion

This study provided further quantification of BC hetero-
geneity. This could redefine the role of some risk factors 
among subtypes, reflecting, in an etiological perspective, 
potential mechanisms of carcinogenesis.
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