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Abstract
Purpose  To evaluate if background parenchymal enhancement (BPE) on contrast-enhanced mammography (CEM), graded 
according to the 2022 CEM-dedicated Breast Imaging Reporting and Data System (BI-RADS) lexicon, is associated with 
breast density, menopausal status, and age.
Methods  This bicentric retrospective analysis included CEM examinations performed for the work-up of suspicious mam-
mographic findings. Three readers independently and blindly evaluated BPE on recombined CEM images and breast density 
on low-energy CEM images. Inter-reader reliability was estimated using Fleiss κ. Multivariable binary logistic regression 
was performed, dichotomising breast density and BPE as low (a/b BI-RADS categories, minimal/mild BPE) and high (c/d 
BI-RADS categories, moderate/marked BPE).
Results  A total of 200 women (median age 56.8 years, interquartile range 50.5−65.6, 140/200 in menopause) were included. 
Breast density was classified as a in 27/200 patients (13.5%), as b in 110/200 (55.0%), as c in 52/200 (26.0%), and as d 
in 11/200 (5.5%), with moderate inter-reader reliability (κ = 0.536; 95% confidence interval [CI] 0.482–0.590). BPE was 
minimal in 95/200 patients (47.5%), mild in 64/200 (32.0%), moderate in 25/200 (12.5%), marked in 16/200 (8.0%), with 
substantial inter-reader reliability (κ = 0.634; 95% CI 0.581–0.686). At multivariable logistic regression, premenopausal status 
and breast density were significant positive predictors of high BPE, with adjusted odds ratios of 6.120 (95% CI 1.847–20.281, 
p = 0.003) and 2.416 (95% CI 1.095–5.332, p = 0.029) respectively.
Conclusion  BPE on CEM is associated with well-established breast cancer risk factors, being higher in women with higher 
breast density and premenopausal status.
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Introduction

Background parenchymal enhancement (BPE) is defined 
as the physiological contrast agent uptake of breast paren-
chyma on contrast-enhanced imaging [1, 2]. BPE seems 
to be related to the amount of fibroglandular breast tissue 
and to the aging process and was initially described as 
an ancillary finding on contrast-enhanced breast magnetic 
resonance imaging (MRI), then widely recognized as a 
highly variable phenomenon over time and among women 
[3].

BPE is influenced by hormonal fluctuations throughout 
a woman’s life related to the menstrual cycle, endocrine 
therapy, and other factors. This enhancing tissue may indi-
cate areas with increased proliferative potential that are 
sensitive to hormones, potentially explaining BPE associa-
tion with well-known breast cancer risk factors that stem 
from hormonal changes, including mammographic breast 
density [4–6]. Furthermore, a recent meta-analysis con-
firmed that BPE on breast MRI is an independent indicator 
of breast cancer risk, with a higher degree of BPE being 
associated with a higher breast cancer risk [7]. Of note, 
high BPE might also influence the interpretation of breast 
MRI, potentially by masking underlying breast lesions 
(increasing false negatives) or mimicking malignancy 
(increasing false positives) [3, 8–10].

Contrast-enhanced mammography (CEM) has recently 
emerged as an alternative to MRI for several contrast-
enhanced breast imaging  indications [11–15]. CEM 
exploits the same physio-pathological principles underly-
ing the morpho-functional approach of contrast-enhanced 
breast MRI [16, 17]. As for MRI, BPE is also recogniz-
able at CEM, albeit with different appearance and patterns 
[18]; these different characteristics warrant specific inves-
tigation, especially considering that high BPE degree can 
potentially have a more pronounced impact on CEM inter-
pretation compared to breast MRI due to the overlapping 
fibroglandular tissue caused by the bidimensional nature of 
CEM images [19, 20]. Of note, a systematization of BPE 
description and reporting at CEM has been achieved only 
very recently, with the CEM-dedicated supplement to the 
American College of Radiology Breast Imaging Reporting 
and Data System (ACR BI-RADS) Atlas 2013 published 
in 2022 [21].

However, aside from BPE description and reporting, the 
factors which might play a role in determining variations 
of CEM BPE remain poorly investigated [22–24], whereas 
factors influencing BPE on contrast-enhanced breast MRI 
are well established [2, 25]. Indeed, very few studies have 
reported an association between CEM BPE and women’s 
age, breast density, or menopausal status [22, 24, 26, 27]: 
a clear and unambiguous interpretation of the correlation 

between CEM BPE and breast cancer risk and/or meno-
pausal status is still lacking, as well as the use in these 
investigations of the new ACR BI-RADS lexicon for the 
reporting of CEM BPE [21].

In this scenario, we aimed to evaluate the relationship 
of BPE on CEM—assessed according to the new ACR BI-
RADS 4-category scale—with breast density, patients’ age, 
and menopausal status.

Methods

Study design and population

This is a secondary retrospective analysis of CEM exami-
nations acquired in a prospective study on the use of CEM 
in the work-up of screening recalls [28] between January 
2019 and July 2021. Approval for this bicentric retrospec-
tive study was obtained by the Ethics Committee of IRCCS 
Ospedale San Raffaele, Milan, Italy (protocol code CESM; 
approved May 10th, 2018) and by the Ethics Committee 
of Fondazione IRCCS Policlinico San Matteo, Pavia, Italy 
(protocol code P-20190076950, approved September 25th, 
2019).

Examinations were performed at the Radiology Unit of 
IRCCS Policlinico San Donato, San Donato Milanese, Italy 
(Center 1) and at the Department of Breast Radiology of 
Fondazione IRCCS Policlinico San Matteo, Pavia, Italy 
(Center 2). In the aforementioned prospective study [28], 
CEM was proposed to women aged 40–80 years for the 
work-up of suspicious findings detected at screening mam-
mography, after collection of personal data including age, 
body mass index (BMI), family history of breast cancer, 
menstrual cycle timing, and menopausal status.

For the purpose of this secondary analysis, we first 
excluded all incomplete or low-quality CEM examina-
tions and patients with incomplete clinical data. Then, all 
included subjects were categorized as pre- or post-meno-
pausal: women in peri-menopausal status were included in 
the post-menopausal group.

Imaging technique

All CEM examinations were performed on Senographe Pris-
tina mammography systems (General Electric Healthcare, 
Buc, France). Two minutes after the intravenous admin-
istration of a 1.5 mL/kg dose of a non-ionic monomeric, 
low-osmolar contrast agent (Iohexol 350 mgI/mL; General 
Electric Healthcare, Buc, France), the standard mediolateral 
oblique and craniocaudal views were obtained in a maxi-
mum timeframe of 10 min.
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Imaging interpretation

BPE and breast density were visually assessed by three read-
ers (G.M., A.B., F.S.) with 2, 14, and 37 years of experience 
in breast imaging, respectively. Breast density was assessed 
on low-energy CEM images and classified in almost entirely 

fatty (category a), scattered areas of fibroglandular density 
(category b), heterogeneously dense (category c), extremely 
dense (category d). BPE was evaluated on recombined CEM 
images and classified as minimal (Fig. 1), mild (Fig. 2), 
moderate (Fig. 3) and marked (Fig. 4), according to the 
2022 ACR BI-RADS lexicon for CEM interpretation [21]. 

Fig. 1   Examples of minimal BPE associated with different breast density categories, according to the ACR BI-RADS: a density category a in a 
74-years-old woman; b density category b in a 65-years-old woman; c) density category c in a 54-years-old woman
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Fig. 2   Examples of mild BPE associated with different breast density categories, according to the ACR BI-RADS: a density category b in a 
49-years-old woman; b density category c in a 64-years-old woman

Fig. 3   Examples of moderate BPE associated with different breast density categories, according to the ACR BI-RADS: a density category b in a 
50-years-old woman; b density category d in a 51-years-old woman



1307La radiologia medica (2024) 129:1303–1312	

Readers were blinded to each other and to the original breast 
density and BPE assessments.

For both BPE and breast density, the most frequent cat-
egory (mode) assigned by the three independent readers for 
each examination was used for the analyses (considering 
both projections for both sides).

Statistical analysis

Categorical variables were reported as absolute numbers and 
percentages, continuous variables as mean ± standard devia-
tion (SD) or as median and interquartile range (IQR) accord-
ing to their distribution, assessed with the Shapiro–Wilk test.

Inter-reader reliability for breast density and BPE inter-
pretation was assessed using Fleiss κ statistics, interpreted 
according to the Landis and Koch scale [29].

The correlation of BPE with breast density and menopau-
sal status was calculated using the Spearman’s rank order 
coefficient (ρ) for ordinal data, while the correlation between 
BPE and patients’ age was calculated using Kendall’s τb. 
Correlations were interpreted as: very strong correlation (at 
least 0.90); strong correlation (0.70 up to 0.89); moderate 
correlation (0.40 up to 0.69); weak correlation (0.10 up to 
0.39); negligible correlation (less than 0.10) [30].

To find potential associations between clinical character-
istics and breast cancer risk factors in predicting the degree 
of BPE dichotomized as low and high (minimal/mild vs. 

moderate/marked), we first used univariate binary logistic 
regression to calculate unadjusted odds ratios (ORs) with 
their 95% confidence intervals (95% CIs) for the following 
independent variables: age, BMI, family history of breast 
cancer, breast density (dichotomized as low and high, i.e., 
category a/b vs. category c/d), and menopausal status. Mul-
tivariable linear regression (with backward elimination at 
p < 0.010) was then used to select variables that entered 
multivariable binary logistic regression, with calculation of 
adjusted ORs and their 95% CIs.

All statistical analyses were performed using SPSS v.28.0 
(IBM SPSS Inc., Chicago, IL, USA), p values < 0.05 being 
considered statistically significant.

Results

Out of 207 CEM examinations performed for the work-up of 
screening recalls, 7 (3.5%) were excluded from this second-
ary analysis due to unavailable images or patients’ clinical 
data. A total of 200 CEM examinations from 200 women 
with a median age of 56.8 years (IQR 50.5–65.6 years) were 
included in this study, 116/200 (58%) from Center 1 and 
84/200 (42%) from Center 2. Among these 200 women, 
60 (30.0%) were premenopausal and 140 (70.0%) were 
post-menopausal.

Fig. 4   Examples of marked BPE associated with different breast density categories, according to the ACR BI-RADS: a density category c in a 
46-years-old woman; b density category d in a 40-years-old woman
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Overall, BPE was assessed as minimal in 95/200 exami-
nations (47.5%), as mild in 64/200 examinations (32.0%), as 
moderate in 25/200 examinations (12.5%), and as marked in 
16/200 (8.0%) examinations. Breast density was classified 
as BI-RADS category a in 27/200 examinations (13.5%), 
BI-RADS category b in 110/200 examinations (55.0%), BI-
RADS category c in 52/200 examinations (26.0%), and BI-
RADS category d in 11/200 examinations (5.5%).

Inter‑reader agreement and reliability

For the 4-category classification of breast density, the raw 
inter-reader agreement was 59.0% (118/200 examinations), 
while reliability analysis showed a moderate agreement with 
a Fleiss κ of 0.536 (95% CI 0.482–0.590). For the 2-category 
classification of breast density (low vs. high), the raw inter-
reader agreement was 76.5% (153/200 examinations), while 
reliability analysis showed a substantial agreement with a 
Fleiss κ of 0.614 (95% CI 0.534–0.694).

For the 4-category classification of CEM BPE, the 
raw inter-reader agreement was 64.0% (128/200 examina-
tions), while reliability analysis showed a substantial agree-
ment with a Fleiss κ of 0.634 (95% CI 0.581–0.686). For 
the 2-category classification of BPE (low vs. high), the 
raw inter-reader agreement was 85.0% (170/200 examina-
tions), while reliability analysis showed a substantial agree-
ment with a Fleiss κ of 0.707 (95% CI 0.627–0.787).

Correlation analysis

BPE showed a weak positive correlation with breast den-
sity (ρ = 0.342, p < 0.001), a moderate negative correlation 
with menopausal status (ρ =  − 0.462, p < 0.001), and a weak 
negative correlation with age (τb =  −0.330, p < 0.001). The 

boxplot in Fig. 5 shows the distribution of patients’ age 
according to each BPE category. 

Regression analysis

Multivariable linear regression selected age, breast density, 
and menopausal status as independent predictors of high 
BPE, with unadjusted ORs of 0.893 (95% C.I. 0.851–0.937, 
p < 0.001), 3.332 (95% C.I. 1.640–6.773, p = 0.001), and 
9.978 (95% C.I. 4.580–21.472, p < 0.001), respectively 
(Table 1).

At multivariable logistic regression, only premenopau-
sal status and breast density remained statistically signifi-
cant positive predictors of high BPE, with adjusted ORs of 
6.120 (95% CI 1.847–20.281, p = 0.003) and 2.416 (95% CI 
1.095–5.332, p = 0.029) respectively, whereas single-unit 
increase in patients’ age did not show any statistically sig-
nificant association with BPE degree (OR 0.975, 95% C.I. 
0.911–1.042, p = 0.453).

Discussion

CEM is a promising morpho-functional imaging tech-
nique with similar sensitivity and specificity compared to 
breast MRI [15], being more affordable and more avail-
able [12, 31]. Furthermore, CEM has been reported to 
be preferred by patients (up to 70% vs. 30% for MRI), 
particularly because of shorter examination times, greater 
overall comfort, and lower stress/anxiety/claustropho-
bia [32–34]. However, previous studies have suggested 
that the interpretation of CEM may be hindered by BPE, 
which could mask underlying breast lesions [35]. Indeed, 
as reported by Yuen et al. [35] in a study evaluating CEM 

Fig. 5   Boxplot depicting the 
distributions of patients’ age in 
the background parenchymal 
enhancement (BPE) catego-
ries, assessed according to the 
American College of Radiology 
Breast Imaging Reporting and 
Data System (ACR BI-RADS) 
Atlas
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versus MRI for the preoperative assessment of the extent 
of newly diagnosed breast cancer, CEM diagnostic perfor-
mance in women with low BPE was reported to be higher 
than in women with high BPE: in women with low BPE, 
CEM even surpassed the diagnostic performance of breast 
MRI, whereas MRI retained a higher performance among 
women with high BPE.

BPE has been firstly investigated on breast MRI: a num-
ber of studies have emphasized the potential influence of 
BPE on images interpretation, as BPE leads to an increase 
in false-positive findings—by mimicking malignancy—and 
to an increase in false-negative findings through a masking 
effect [2]. Furthermore, BPE on breast MRI can be influ-
enced by several factors, including endogenous hormonal 
status, menstrual cycle, and the amount of fibroglandular tis-
sue [3]. In this scenario, the fact that CEM and MRI rely on 
the same physiopathological principles of contrast-enhance-
ment led to the assumption that factors affecting BPE on 
MRI may also play a role in determining BPE on CEM.

Thus, for this analysis on the association of CEM BPE 
with women’s clinical data and breast cancer risk factors, 
we evaluated 200 women that had undergone CEM for the 
work-up of mammography-detected suspicious findings as 
part of another study [28]. Regression analysis revealed 
that premenopausal status and breast density were signifi-
cant positive predictors of BPE, the premenopausal sta-
tus (OR 6.120) and breast density categories c and d (OR 
2.416) being associated with increased BPE. Our results are 
in accordance with previous studies that found a positive 
association between increased BPE and younger age [18, 
22–24, 26], increased breast density [22, 24, 26, 27, 36], and 
premenopausal status [18, 22–24, 27].

In particular, considering the influence of menopausal 
status on BPE, our findings are in line with the well-estab-
lished assumption that BPE in premenopausal women may 
be considered as a measure of microvessel density within 
the fibroglandular tissue of the breast, resulting from the 
increased expression of vascular endothelial growth factor 
in the terminal ductal lobular units, which is a stimulator of 
endothelial cells proliferation and of vascular permeability 
[37].

According to the univariate analysis, a one-unit increase 
in age emerged as a significant negative predictor of high 
BPE, reflecting the changes happening in women's breasts 
during their lifespan, particularly during the transition to 
menopause. This is confirmed by the observation that, at 
multivariable analysis, dichotomous variables (i.e., meno-
pausal status and breast density) that represent strong prox-
ies of age had even stronger significant associations with 
BPE.

Of note, the positive association between BPE, breast 
density, and premenopausal status is an expected result, 
considering that breast density and menopausal status are 
closely related aspects: the observable decrease of breast 
density occurring with aging, and in particular over the men-
opause transition, corresponds to the decline of circulating 
reproductive hormones during the mid-life of women [38, 
39]. As previously reported in studies performed on breast 
MRI [4, 40], BPE fluctuates with variations in hormones, 
particularly with estrogen levels, thus representing physi-
ologically active breast tissue that has proliferative potential 
and is hormonally responsive.

Moreover, under this last assumption, areas of breast 
parenchyma with higher BPE might be more susceptible to 
estrogen-induced malignant transformation, as investigated 
by several MRI studies [9, 41–43], while lower BPE may be 
attributed to fibrotic changes as the primary contributors to 
the observed breast density. However, this aspect has been 
only tangentially investigated on CEM, with a few studies 
showing that increased CEM BPE levels are associated with 
an increased risk of breast cancer [26, 27, 44], thus high-
lighting the need for further research to better understand the 
underlying pathophysiological mechanism that links BPE 
and breast cancer risk and assess if CEM and MRI BPE are 
equally linked to increased breast cancer risk.

In the absence of a recognized CEM lexicon for BPE 
interpretation, earlier studies variably adopted the BI-
RADS classification system for breast MRI [45], thus lead-
ing to a lack of consistency and comparability in the evalu-
ation of BPE [22–24, 26, 27, 46]. Of note, in our study, 
BPE evaluation showed substantial inter-reader reliability, 
matching those achieved in previous studies [18, 24, 27, 

Table 1   Univariate and 
multivariable analysis for 
the prediction of background 
parenchymal enhancement 
(BPE) degree

† Continuous variables: odds ratios refer to a 1 unit increase in the variable
§ Breast density was dichotomized as low and high (i.e., category a/b vs. category c/d)

Univariate Multivariable

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age † 0.893 (0.851–0.937)  < 0.001 0.975 (0.911–1.042) 0.453
BMI † 0.998 (0.930–1.072) 0.963 — —
Family history 1.481 (0.634–3.461) 0.365 — —
Breast density § 3.332 (1.640–6.773) 0.001 2.416 (1.095–5.332) 0.029
Pre-menopausal 9.978 (4.580–21.742)  < 0.001 6.120 (1.847–20.281) 0.003
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46]. However, in these studies, CEM had already been 
introduced in clinical practice for some time and readers 
examined a standardized training set of examinations that 
included all BPE categories prior to CEM images review. 
This was not the case in our study: thus, the application of 
the standardized ACR BI-RADS lexicon for BPE reporting 
seems to immediately translate in high inter-reader agree-
ment and reliability even without specific pre-training of 
the readers and without specific clinical CEM experience.

This study has some limitations. First, its retrospective 
design prevented a longitudinal appraisal of the relation-
ship between BPE and breast cancer risk: serial evaluation 
of BPE changes over time could provide further informa-
tion about its influence on breast cancer risk. Second, as 
clinical information was retrospectively collected from 
medical records, there was an inherent risk of incorrect or 
incomplete documentation. In this regard, the evaluation 
of further relationships between additional clinical data 
(e.g., menstrual cycle timing, personal history of breast 
cancer, previous endocrine therapy) and BPE degree was 
not possible, due to the unavailability of these data for all 
the included patients. Third, the population included in 
this analysis comes from a study focused on a specific pop-
ulation of women who underwent CEM for the work-up of 
suspicious findings detected at screening mammography 
and consequently includes a high rate of post-menopausal 
women: these two aspects might limit the generalizability 
of our findings to broader populations.

In conclusion, this study provides valuable insights into 
the association between BPE on CEM and clinical fac-
tors, confirming the influence of breast density and meno-
pausal status on BPE. Understanding these associations 
can contribute to individualized screening strategies for 
women undergoing CEM, even though further research 
is warranted to validate these findings, to investigate the 
relationship between CEM and MRI BPE, and to explore 
the clinical implications of BPE assessment in the context 
of breast cancer risk assessment and management.
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