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 ABSTRACT 

This study evaluated the association between age at first full-term 
pregnancy (FFTP) and mammographic breast density (MBD) in post-
menopausal women. A total of 1,034 women, ages 50 to 69 years, were 
recruited from the Flemish (Belgium) population–based breast cancer 
screening program. Participants completed a questionnaire on lifestyle 
and reproductive factors. From mammography, we assessed the per-
centage glandular tissue of the total breast volume (GLAND), the volu-
metric breast density (VBD), and the Breast Imaging Reporting and Data 
System (BI-RADS) density classification. For statistical analysis, we used 
the piecewise linear regression model. The average age at FFTP was 
26.1 years. Among women with an FFTP > 25.7 years, an each year 
increase in FFTP age was associated with a 1.17% increase in GLAND 
[95% confidence interval (CI), 0.20%–2.46%; P ¼ 0.041] and a 1.45% 
increase in VBD (95% CI, 0.18%–2.75%; P ¼ 0.026). Similarly, the odds of 
a higher BI-RADS classification increased by 5.0% (95% CI, 0.0%–11.0%; 

P ¼ 0.059) for each year increase in FFTP age after 25.7 years. For every 
year delay in age at menarche, a 2.48% higher GLAND (95% CI, 0.43%–4.57%; 
P ¼ 0.017) and a 2.45% higher VBD (95% CI, 0.38%–4.56%; P ≤ 0.020) were 
observed. Ever use of oral contraceptive resulted in a 12.24% decrease in 
GLAND (95% CI, �20.90% to �2.63%; P ¼ 0.014) and a 13.48% decrease in 
VBD (95% CI, �22.1% to �3.91%; P ¼ 0.007). MBD is significantly higher 
when FFTP takes place after 25.7 years. Later age at menarche is associated 
with higher MBD, whereas ever use of oral contraceptive is associated with 
lower MBD at postmenopause. 

Significance: We consider our findings to be highly novel, and to the best 
of our knowledge, our study is one of the first to investigate associations 
between age at FFTP and three markers of MBD (GLAND, VBD, and 
BI-RADS), uncovering that MBD is significantly higher when FFTP 
occurs after 25.7 years. 

Introduction 
Breast cancer is the most commonly diagnosed cancer among women 
worldwide, with an estimated 2.3 million new cases in 2020 and an in-
creasing incidence (1). Breast cancer is the second leading cause of cancer- 
related mortality (2). Belgium has the world’s highest incidence of breast 
cancer (1), with an age-standardized rate of 107.0 per 100,000 person-years. 
Within Belgium, the northern region Flanders in particular has the highest 
incidence, with an age-standardized rate of 110.5 per 100,000 person- 
years (3). 

Reproductive factors have been shown to be associated with breast cancer. 
Among them are age at menarche, age at first full-term pregnancy (FFTP), 
number of pregnancies, breastfeeding, use of oral contraceptives (OC), age at 
menopause, and use of hormones during menopause (4–6). Importantly, an 
FFTP that occurs at or before the age of 25 years has been shown to reduce a 
woman’s lifetime breast cancer risk by as much as 38% to 50%, and the risk is 
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further reduced by another 7% for each subsequent pregnancy. In contrast, 
women who had their FFTP after the age of 30 have an increased breast 
cancer risk (2, 7). The biological and molecular mechanisms by which FFTP 
produces protection against breast cancer are due to the activation of genes 
controlling the process of chromatin remodeling (8). 

Mammographic breast density (MBD) had been identified as a strong risk 
factor of breast cancer for the first time over 35 years ago by Wolfe (9) and 
was confirmed by subsequent studies (10–13). In a literature review by 
Houssami and Kerlikowski (14), the link between mammographic percent-
age density and dense area (DA) and breast cancer risk has been highlighted. 
Overall, MBD seems to represent a general marker of breast cancer risk that 
is not specifically in the breast with the cancer or at the quadrant location of 
the greatest density (15). Other studies reported that an association between 
MBD and risk may be the result of not only reproductive factors but also 
environmental factors and exposure to the local environment such as air 
purity, particulate materials, and other pollutants (16, 17). 

MBD is based on the percentage of dense tissue, specifically stromal, epi-
thelial, and adipose tissue, observed on a mammogram of the entire breast. 
Commonly, MBD is subjectively measured by a visual assessment of a 
mammogram. The most commonly used visual-based density evaluation tool 
is the Breast Imaging Reporting and Data System (BI-RADS; ref. 18), which 
is routinely reported for a large proportion of mammograms in the 
United States and Europe. This BI-RADS classification changed from a visual 
qualitative assessment in the fourth edition to a more sensitive evaluation of 
the mammogram in the fifth edition (18, 19). 

However, due to the subjective nature of these classifications, considerable 
inter- and intrarater variability exist. As digitizing film-screen mammogra-
phy has become possible, followed by full-field digital mammography, 
semiautomated and automated methods of objectively assessing density have 
been increasingly utilized, including the semiautomated area-based Cumulus 
methods and volumetric methods, such as Volpara, Quantra, and the single- 
energy X-ray absorptiometry method (19). 

To date, many of the studies investigating the associations among repro-
ductive factors, MBD, and breast cancer risk have used radiologists’ BI- 
RADS assessments of MBD (20–23). Studies utilizing BI-RADS assessments 
are more subjective and less precise than those utilizing objective mea-
surements of MBD, such as Volpara, but they have the advantage of larger 
and more diverse patient populations as well as follow-up information on the 
subsequent development of breast cancer. However, to date, very few studies 
have examined whether early FFTP might be associated with lower MBD, 
objectively measured in postmenopausal women (24). Thus, the aim of this 
study is to determine the role of age at FFTP, along with other reproductive 
factors, and MBD, objectively measured in postmenopausal women par-
ticipating in a regional screening program. 

Materials and Methods 
Study population and data collection 
In this cross-sectional study, women, ages 50 to 69 years, who were par-
ticipating in the Flemish (Belgium) population–based breast cancer screen-
ing program were requested to collaborate during their visit at the 
mammography department at the University Hospital Leuven (UZ Leuven) 
or at its mobile unit. From all the participants, we obtained written informed 

consent, and our study has been conducted according to the ethical guide-
lines expressed in the “Declaration of Helsinki” (25). A self-administered 
questionnaire (SAQ) containing 218 questions capturing detailed informa-
tion on lifestyle, reproductive factors, and environmental exposure was 
requested to be completed. The SAQ of our study was divided into four 
chapters related to the major periods in the life of women: (i) the childhood 
period (around the age of 6 years); (ii) the period of adulthood (around the 
age of 20 years); (iii) the period of perimenopause (around the age of 
35 years); and (iv) the period of menopause (around the age of 50 years). 
Women were asked to report information on, e.g., year of birth, age at 
menarche, parity, age at FFTP, breastfeeding, number of pregnancies, family 
history of breast cancer, personal history of benign breast disease, hormonal 
contraceptive use [oral contraceptive (OC)], nutritional factors, alcohol 
consumption, body mass index (BMI), smoking habits, and menopausal 
hormone therapy use [hormone replacement therapy (HRT)]. A reminder to 
complete the SAQ was sent out weekly to the nonrespondents in order to 
promote participation, starting from the first week until 1 month after 
obtaining informed consent. The data were registered in a central database 
using “Qualtrics” software. From the 2,393 participants that were enrolled in 
the study and provided informed consent, 1,781 women (74.4%) completed 
the SAQ. After exclusion of participants with missing data, 1,034 respon-
dents (43.2%) remained for the statistical analysis (Fig. 1). The mean age of 
the participants at MBD measurements was 58.6 years (SD ¼ 5.6; Table 1). 

Demographic and reproductive variables: Definition and 
categories 
To analyze the association between “education” and MBD, we categorized 
this variable into three different groups: (i) low ¼ no diploma or primary 
school; (ii) middle ¼ high school; and (iii) high ¼ college or university 
degree. To examine the relationship between the reproductive factors “use of 
a contraceptive pill” and “use of hormones during menopause” and MBD, 
we used the parameter (overall answer of the women) ever used “yes” 
compared with “no.” The variable “number of live-born children” was di-
vided into three categories: (i) one child (referent group), (ii) two children, 
and (iii) three or more children. To investigate whether there was an asso-
ciation between breastfeeding and MBD, we used the parameter (overall 
answer of the women) ever breastfed “yes” compared with “no.” The variable 
“current BMI (kg/m2)” was divided into three categories, according to the 
World Health Organization (https://www.who.bmi int/data): (i) underweight 
and normal (BMI ¼ below 18.5–24.9; referent group); (ii) overweight 
(BMI ¼ 25–29.9); and (iii) obese (BMI ¼ 30 or more). To define the variable 
“regular exercise at the age of 50,” women were asked whether they perform 
exercise on a regular basis for at least 30 minutes/week, i.e., walking, bicy-
cling, or even working in the garden. We classified the variable “self-reported 
smoking habit” into two groups: (i) never-smoker and (ii) current or past 
smoker. 

Ethical aspects 
All women who were willing to participate were required to provide written 
informed consent. All participants were able to understand the Dutch lan-
guage. Any personal information was encrypted. The study protocol was 
approved by the Ethical Committee of the Leuven University (Belgium) and 
the UZ Leuven (Belgium) and was carried out in accordance with the 
“Declaration of Helsinki” (25). 

268 Cancer Res Commun; 5(2) February 2025 https://doi.org/10.1158/2767-9764.CRC-24-0561 | CANCER RESEARCH COMMUNICATIONS 

Vandeloo et al. 

D
ow

nloaded from
 http://aacrjournals.org/cancerrescom

m
un/article-pdf/5/2/267/3540041/crc-24-0561.pdf by guest on 27 February 2025



Objective assessment of MBD 
We used the mammography raw data retrieved from the hospital mam-
mography system servers as an input to the software program Volpara 
(VolparaDataManager). Volpara uses a combination of X-ray physics and 
machine learning to generate an accurate and objective volumetric measure 
of breast composition. Volpara’s TruDensity algorithm automatically as-
sesses the volumetric breast density (VBD) percentage of each mammogram 
on a continuous scale; a typical VBD range is 2% to 35%. This differentiates 
each woman on a continuum of density. These scores correlate with the BI- 
RADS fifth edition density categories (18, 26). This is the most commonly 
used categorization system for assessing MBD. BI-RADS classifies MBD into 
four categories: entirely fatty (<25% of dense tissue; Table 2, class 1); scat-
tered fibroglandular densities within the breast (25%–50% dense tissue; 
Table 2, class 2); heterogeneously dense (50%–75% dense tissue; Table 2, 
class 3); and extremely dense (>75% of dense tissue; Table 2, class 4; ref. 18). 
Additionally, the percentage glandular tissue of the total breast volume 
(GLAND) and the BI-RADS density classification were also extracted from 
Volpara software. These three parameters were chosen as the clinical 
translation of MBD. 

Statistical analysis 
Database management and statistical analysis were performed with the SAS 
software version 9.4 (SAS Institute). Mean ± SD is given for the continuous 
variables GLAND and VBD and the proportion for the categorical variable 
BI-RADS. The parameters GLAND and VBD were transformed according to 
the natural logarithm to improve normality. Based on the visual inspection 

of the association between the log (GLAND) and log (VBD) and the FFTP, 
we opted for a piecewise linear regression (PLR) model using the nonlinear 
regression (NLIN) procedure in SAS (version 9.4, SAS Institute; RRID: 
SCR_008567). The PLR model produces multiple linear segments and joined 
at a breakpoint. The model was adjusted for a priori chosen variables: age at 
menarche, ever use of OC, ever use of HRT, age at screening, number of live- 
born children, current BMI, ever breastfed, regular exercise at the age of 50, 
educational level, and self-reported smoking habit. In a secondary analysis, 
the model was simplified via the backward selection procedure by excluding 
variables with P value > 0.10 in the full model. For the parameters GLAND 
and VBD, results are presented as % change [with 95% confidence intervals 
(CI)] by transforming the β from the model with the Euler number (eβ). For 
the BI-RADS, we used ordinal logistic regression analysis. All hypothesis 
tests were two-sided with a 5% type I error (Supplementary Tables S1–S3). 

Data availability 
Raw data for this study were generated at the UZ Leuven. Derived data 
supporting the findings of this study are available from the corresponding 
author upon request. 

Results 
During the period from January 8, 2018, through January 28, 2020, 
2,393 participants were enrolled in the study. Of the 2,393 participants who 
provided informed consent, 1,781 (74.4%) completed the SAQ. After ex-
clusion of participants with missing data, 1,034 (43.21%) respondents 
remained for the statistical analysis (Fig. 1). 

Number of participants recruited

n = 2,393

Did not complete the questionnaire
n = 612 

Missing breast density measurements
n = 287

Did not fill out the first-term pregnancy correctly
n = 120

Exclusion of women who were never pregnant
n = 292

Women who did not provide information on
anticonception use n = 10
Hormonal use during menopause n = 6
Age of menarche n = 32

Consent to participate
n = 2,393

n = 1,781

n = 1,494

n = 1,374

n = 1,082

n = 1,034

1,034 women were included

in the statistical and analysis

FIGURE 1 Selection process indicating the number of 
women recruited and excluded during the process of 
collection and data analysis. 
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Population characteristics 
Sociodemographic characteristics of the 1,034 participating women are 
presented in Table 1. The mean age at MBD measurements was 58.6 years 
(SD ¼ 5.6). Most women had at least two live-born children (79.6%) and 
obtained at least a college or university degree (52.0%). Only 87 (8.4%) of the 
participants indicated to have never used an OC. A majority had ever 
breastfed at least one of their children (57.3%). The menarche was reached at 
the mean age of 13.1 years (SD ¼ 13.1). The women had their FFTP at 
26.1 years of age (SD ¼ 4.3). 

Based on the optimal breakpoint of the NLIN model at the FFTP age of 25.7 years 
(95% CI, 22.3–29.1) illustrated in Fig. 2, we stratified the following tables (Table 1 
to and including Table 5) into “FFTP ≤25.7 years” and “FFTP > 25.7 years”. 

Table 2 shows the MBD characteristics of the study population. The average 
value for GLAND was 16.0 cm³ (SD ¼ 10.2 cm³) and for VBD was 7.8% 
(SD ¼ 5.0%). Most women had the second lowest BI-RADS classification 
(class 2, 43.9%). A total of 126 (12.2%) women had a class 1 BI-RADS 
classification, whereas 116 (11.2%) women received a class 4 result. 

Association between the age at FFTP and MBD 
characteristics after menopause 
The NLIN model showed an optimal breakpoint at the FFTP age of 25.7 
years (95% CI, 22.3–29.1; Fig. 2). This means that there is a significant 
difference in the association between MBD and age at FFTP above the 
breakpoint. Both Fig. 2A and B shows that women with an FFTP before the 

TABLE 1 Sociodemographic characteristics. Stratification on age at FFTP was made based on the results of the NLIN procedure in SAS. 

Characteristic FFTP ≤ 25.7 (N = 504) FFTP > 25.7 (N = 530) Overall (N = 1,034) 

Age at MBD measurement, (years) 60.1 (5.3) 57.1 (5.4) 58.6 (5.6) 
Use of hormones during menopause 

No 390 (77.4%) 442 (83.4%) 832 (80.5%) 
Yes 114 (22.6%) 88 (16.6%) 202 (19.5%) 

Number of live-born children 
1 child 105 (20.8%) 106 (20.0%) 211 (20.4%) 
2 children 209 (41.5%) 209 (39.4%) 418 (40.4%) 
3 or more children 190 (37.7%) 215 (40.6%) 405 (39.2%) 

Regular exercise at 50 years of age 
No 182 (36.1%) 175 (33.0%) 357 (34.5%) 
Yes 322 (63.9%) 355 (67.0%) 677 (65.5%) 

Education levela 

High 174 (34.5%) 364 (68.7%) 538 (52.0%) 
Middle 237 (47.0%) 136 (25.7%) 373 (36.1%) 
Low 76 (15.1%) 16 (3.0%) 92 (8.9%) 

Self-reported smoking habit 
Never smoker 272 (54.0%) 300 (56.6%) 572 (55.3%) 
Current or past smoker 232 (46.0%) 230 (43.4%) 462 (44.7%) 

Current BMI (kg/m2)b 

Underweight and normal 210 (41.7%) 270 (50.9%) 480 (46.4%) 
Overweight 189 (37.5%) 176 (33.2%) 365 (35.3%) 
Obese 105 (20.8%) 84 (15.8%) 189 (18.3%) 

Use of a contraceptive pill 
No 55 (10.9%) 32 (6.0%) 87 (8.4%) 
Yes 449 (89.1%) 498 (94.0%) 947 (91.6%) 

Ever breastfed 
No 259 (51.4%) 183 (34.5%) 442 (42.7%) 
Yes 245 (48.6%) 347 (65.5%) 592 (57.3%) 

Age at the menarche (years) 13.0 (1.5) 13.1 (1.4) 13.1 (1.4) 
Age at the FFTP (years) 22.7 (2.1) 29.3 (3.2) 26.1 (4.3) 

Data are presented as mean (SD) for numerical variables and as n (%) for categorical variables. 
a“Education level” was coded as low (no diploma or primary school), middle (high school), and high (college or university degree). Data are available for 487, 
516 and 1,003 participants, respectively. 

b“Current BMI (kg/m2)” was divided into three categories according to the World Health Organization: (i) underweight and normal (BMI ¼ below 18.5–24.9), 
which is the referent group; (ii) overweight (BMI ¼ 25–29.9); and (iii) obese (BMI ¼ 30 or more). Data are available for 504, 530, and 1,034 participants, 
respectively. 
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age of 25.7 years have no statistically significant association (β ¼ �1.3%; 95% 
CI, �3.3%–0.7%; benefit) of being pregnant earlier for their GLAND or 
VBD. However, after the age of 25.7, there was a significant increase in these 
densities with increased age at FFTP. After adjustment for a priori chosen 
variables, both GLAND and VBD were positively associated with the age at 
FFTP after 25.7 years (Tables 3 and 4, respectively). An each year increase in 
age at FFTP was associated with an increase of 1.17% (95% CI, 0.20–2.46; 
P ¼ 0.041) in GLAND and 1.45% (95% CI, 0.18–2.75; P ¼ 0.026) in VBD. 
No significant effects were observed between either MBD parameter and age 
at FFTP below 25.7 years. In the multivariate NLIN models, age at menarche 
and hormonal use during menopause were associated with a higher VBD 
and GLAND, whereas current BMI of overweight and obese women, age at 
measurement, use of a contraceptive pill, and parity were linked with a lower 
VBD and GLAND. 

In the following tables “Tables 3–5” and the “Supplementary Tables S1–S3,” 
only the variables (listed in Table 1) with a significant association with regard 
to the three parameters of MBD are described. We found no significant 
relationship between the MBD markers and regular exercise at the age of 50, 
education level, smoking, and breastfeeding after correcting for age at MBD 
measurement and age at FFTP. 

To ensure comparability between the MBD parameters, we stratified the age 
based on the optimal breakpoint of the NLIN model into “≤25.7 years” and 
“>25.7 years” in the ordinal logistic regression model of BI-RADS. After 
adjusting for covariates, an increase of 1 year in FFTP above the age of 
25.7 years was associated with an OR of 1.05 (95% CI, 1.00–1.11; P ¼ 0.059). 
As with the previous MBD parameters, no significant association was found 
at an FFTP age below 25.7. For the covariates, only the current BMI of obese 
women was significantly associated with a lower BI-RADS score for par-
ticipants in either FFTP group. For participants with an FFTP ≤ 25.7 years, 
only age at menarche showed a higher odds at a higher BI-RADS classifi-
cation. Participants with an FFTP > 25.7 years had lower odds for a higher 
BI-RADS classification for the age at MBD, hormonal use during meno-
pause, and parity, whereas the use of a contraceptive pill showed higher odds 
for a higher BI-RADS class. 

Conclusion of results 
In this sample, the average age at FFTP was 26.1 years (5th–95th per-
centile: 20–34). The PLR model estimated the breakpoint in our analysis at 
an FFTP age of 25.7 years (95% CI, 22.3–29.1; Fig. 2). For women with an 
FFTP age younger than 25.7 years, the association between GLAND or 

TABLE 2 MBD characteristics. Stratification on age at FFTP was made based on the results of the NLIN procedure in SAS. 

Characteristic FFTP ≤ 25.7 (N = 504) FFTP > 25.7 (N = 530) Overall (N = 1,034) 

GLAND (cm³) 15.1 (9.76) 16.9 (10.6) 16.0 (10.2) 
VBD (%) 7.35 (4.7) 8.24 (5.1) 7.80 (5.0) 
BI-RADS 

Class 1 66 (13.1%) 60 (11.3%) 126 (12.2%) 
Class 2 231 (45.8%) 223 (42.1%) 454 (43.9%) 
Class 3 163 (32.3%) 175 (33.0%) 338 (32.7%) 
Class 4 44 (8.7%) 72 (13.6%) 116 (11.2%) 

Data are presented as mean (SD) for numerical variables and as n (%) for categorical variables. 
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VBD and FFTP was not statistically significant. For woman with an 
FFTP age above 25.7 years, an each year increase in FFTP age was asso-
ciated with a 1.17% increase in GLAND (95% CI, 0.20%–2.46%; P ¼ 0.041) 
and a 1.45% increase in VBD (95% CI, 0.18%–2.75%; P ¼ 0,026; Tables 3 
and 4). 

The analysis of the BI-RADS showed similar results, with the odds of be-
longing to a higher BI-RADS classification increased by 5.00% (95% CI, 
0.0%–11.0%; P ¼ 0.059) for an each year increase in FFTP age after the age 
of 25.7 years (Table 5). Among other reproductive factors such as age 
at menarche, for every year delay, there was a 2.48% higher GLAND 

TABLE 3 Results from the PROC NLIN model for the GLAND. 

Variable Estimate 95% CI LL 95% CI UL P value 

FFTP, +1 year 
≤25.7 �0.99% �2.96% 1.01% 0.33 
>25.7 1.17% 0.20% 2.46% 0.041 

Age at MBD measurement, +1 year �1.15% �1.69% �0.61% <0.0001 
Age at menarche, +1 year 2.48% 0.43% 4.57% 0.017 
Use of a contraceptive pill, yes compared with no �12.24% �20.90% �2.63% 0.014 
Use of hormones during menopause, yes compared with no 8.13% 0.54% 16.30% 0.035 
Current BMI (kg/m2) 

Underweight and normal Referent 
Overweight �38.49% �42.28% �34.43% <0.0001 
Obese �58.48% �61.64% �55.04% <0.0001 

Number of live-born children 
1 child Referent 
2 children �3.55% �10.68% 4.15% 0.363 
3 or more children �9.01% �15.80% �1.68% 0.017 

Multiplicative estimates provided are calculated according to eβ for the given unit change. 
The multivariate PLR model was adjusted for a priori chosen variables: age at menarche, ever use of OC, ever use of HRT, age at screening, number of live-born 
children, and current BMI. 
Abbreviations: LL, lower limit; UL, upper limit. 

TABLE 4 Results from the PROC NLIN model for the VBD. 

Variable Estimate 95% CI LL 95% CI UL P value 

FFTP, +1 year 
≤25.7 �1.20% �3.19% 0.81% 0.24 
>25.7 1.45% 0.18% 2.75% 0.026 

Age at MBD measurement, +1 year �1.17% �1.72% �0.62% <0.0001 
Age at menarche, +1 year 2.45% 0.38% 4.56% 0.020 
Use of a contraceptive pill, yes compared with no �13.48% �22.10% �3.91% 0.007 
Use of hormones during menopause, yes compared with no 6.89% �0.70% 15.05% 0.076 
Current BMI (kg/m2) 

Underweight and normal Referent 
Overweight �37.12% �41.05% �32.94% <0.0001 
Obese �57.80% �61.05% �54.27% <0.0001 

Number of live-born children 
1 child Referent 
2 children �3.78% 10.96% 3.99% 0.336 
3 or more children �10.17% �16.94% �2.84% 0.007 

Multiplicative estimates provided are calculated according to eβ for the given unit change. 
The multivariate PLR model was adjusted for a priori chosen variables: age at menarche, ever use of OC, ever use of HRT, age at screening, number of live-born 
children, and current BMI. 
Abbreviations: LL, lower limit; UL, upper limit. 

272 Cancer Res Commun; 5(2) February 2025 https://doi.org/10.1158/2767-9764.CRC-24-0561 | CANCER RESEARCH COMMUNICATIONS 

Vandeloo et al. 

D
ow

nloaded from
 http://aacrjournals.org/cancerrescom

m
un/article-pdf/5/2/267/3540041/crc-24-0561.pdf by guest on 27 February 2025



(95% CI, 0.43%–4.57%; P ¼ 0.017) and a 2.45% higher VBD (95% CI, 0.38%– 
4.56%; P ≤ 0.020), whereas the ever use of OC resulted in a 12.24% decrease 
in GLAND (95% CI, �20.90% to �2.63%; P ¼ 0.014) and a 13.48% decrease 
in VBD (95% CI, �22.10% to �3.91%; P ¼ 0.007; Tables 3 and 4). 

Discussion 
The link between MBD and breast cancer risk is well documented (9, 10, 12, 14). 
However, the extent to which reproductive factors influence breast cancer risk 
through their effects on MBD and the degree to which they influence breast 
cancer risk through other pathways are unknown (27). 

In the present cross-sectional study, we examined the association of age at 
FFTP and other reproductive factors with objectively measured MBD in 
women, ages 50 to 69 years, who were participating in the Flemish (Belgium) 
population–based breast cancer screening program. We showed that MBD 
significantly increased when FFTP takes place after 25.7 years. Furthermore, 
we found that later age at menarche is associated with higher MBD, whereas 
ever use of an OC is associated with lower MBD at postmenopause. We 
found no significant relationship between the MBD markers and regular 
exercise at the age of 50, education level, smoking, and breastfeeding after 
correcting for age at MBD measurement and age at FFTP. 

Comparison with previous studies 
Although published literature provides us with insights into the bio-
logical and molecular bases of FFTP and the mechanisms underlying 
protection against breast cancer (5, 8, 28–30), very few studies have 
investigated whether early FFTP might be associated with lower MBD in 

postmenopausal women. According to the work by Russo (31, 32), the 
pattern of differentiation and involution of the breast that determine 
MBD and therefore an increased risk of developing breast cancer at 
menopause are closely related to one another. Reproductive history is 
consistently and reliably associated with the risk of developing breast 
cancer (33). A recent systematic review (24) examining the association 
between age at FFTP and objectively measured MBD in postmenopausal 
women found that 6 of 12 included studies reported an association be-
tween older age at FFTP and higher MBD (34–39). 

In the study of Yaghjyan and colleagues (35), 4,110 cancer-free women within 
the Nurses’ Health Study and Nurses’ Health Study II cohorts were included. 
Percent breast density, absolute dense, and non-DAs were measured from 
digitized mammography film images with computerized techniques. Among 
parous postmenopausal women, older age at FFTP was positively associated 
with percent density (PD; β ¼ 0.03; 95% CI, 0.01–0.05) and inversely associ-
ated with non-DA (β ¼ �0.10; 95% CI, �0.13 to �0.06; ref. 35). 

However, only the study of Vandeloo and colleagues (39) investigated as-
sociations between age at FFTP and the three markers of MBD (GLAND, 
VBD, and BI-RADS). The remaining six studies in this review either re-
ported no relationship or revealed an inverse association between MBD and 
older age at FFTP. The present study is consistent with six previously 
published studies that reported an association between older age at FFTP 
and higher MBD. Although some previous studies found that MBD increases 
with age at FFTP, they have not found that this increase is restricted to FFTP 
after 25.7 years of age (24, 36). However, due to differences across studies, no 
conclusions could be drawn with regard to the links among age at FFTP, 
MBD, and breast cancer risk. 

TABLE 5 Results from the ordinal logistic regression model for BI-RADS. The model was stratified based on the FFTP results from the GLAND and 
VBD models: “≤25.7 years” and “>25.7 years.” 

For an FFTP ≤ 25.7 years (n = 504) For an FFTP > 25.7 years (n = 530) 

Variable OR 95% CI LL 95% CI UL P value OR 95% CI LL 95% CI UL P value 

FFTP, +1 year 0.97 0.89 1.06 0.53 1.05 1.00 1.11 0.059 
Age at MBD measurement, +1 year 0.97 0.94 1.00 0.97 0.96 0.93 0.99 0.004 
Age at menarche, +1 year 1.19 1.05 1.34 0.0048 1.08 0.96 1.22 0.19 
Use of a contraceptive pill, yes compared with no 1.20 0.69 2.09 0.52 1.93 0.96 3.87 0.066 
Use of hormones during menopause, yes compared 

with no 
0.99 0.66 1.51 0.98 0.63 0.40 0.98 0.0415 

Current BMI (kg/m2) 
Underweight and normal Referent 
Overweight 0.17 0.11 0.25 0.26 0.20 0.14 0.30 0.87 
Obese 0.04 0.02 0.07 <0.0001 0.04 0.02 0.07 <0.0001 

Number of live-born children 
1 child Referent 
2 children 0.93 0.59 1.47 0.45 0.84 0.54 1.32 0.66 
3 or more children 0.66 0.41 1.05 0.11 0.61 0.39 0.95 0.0192 

Data are presented as OR estimates and 95% Wald CIs. 
The multivariate PLR model was adjusted for a priori chosen variables: age at menarche, ever use of OC, ever use of HRT, age at screening, number of live-born 
children, and current BMI. 
Abbreviations: LL, lower limit; UL, upper limit. 
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When comparing the statistically significant association between later age at 
menarche and higher MBD found in our study with findings from prior 
studies, we can conclude that the observed direction of the association with 
MBD is mostly similar (36, 38, 40, 41). Alexeeff and colleagues showed that 
older age at menarche was associated with higher PD, such that women 
whose age at menarche was ≥16 years were estimated to have a 2.9% higher PD 
and 2.4 cm2 higher DA than women whose age at menarche was <10 years 
(36). Furthermore, within one of the largest international studies to date, 
consisting of populations with different ethnic backgrounds, Ward and col-
leagues found that later age at menarche was positively associated with both 
percent and absolute DAs. As increased MBD is associated with increased 
breast cancer risk, the paradoxical positive association between later menarche 
and MBD is not well understood (41). Ghadge and colleagues summarized 
studies reporting associations between timing of puberty and MBD and found 
that most studies reported an association between later age at menarche and 
MBD but not all studies. Thus, the protective effect of later age at menarche on 
breast cancer risk is not likely mediated through MBD (42). However, in a 
large cross-sectional study of 8,460,928 women, ages >40 years, results showed 
that earlier age at menarche (<15 vs. ≥15; adjusted OR, 1.18; 95% CI, 1.17– 
1.18) was associated with dense breasts (43). In contrast, other studies did not 
show an association between age at menarche and MBD (44, 45). 

In our study, we found that ever use of an OC was associated with lower 
MBD at postmenopause. When comparing with previous studies among 
postmenopausal women, findings of one recent large cross-sectional study 
were consistent with our study. Kim and colleagues (43) suggested that 
women with higher BMI and the use of OCs were more likely to have 
nondense breasts. In contrast, Hunt and colleagues (46) concluded that the 
initiation of a combined OC was associated with an increase in BI-RADS 
category, although this might be a transient effect, whereas other studies 
found no association between ever use of OCs and MBD (44, 45). These 
conflicting findings about the association between the use of OCs and MBD 
might be explained by heterogeneity in sample sizes, ethnicity, and meth-
odology utilized. 

Our results on the correlation of the number of live-born children and the 
use of hormones during menopause with MBD in postmenopausal women 
are consistent with previous reports (33–35, 40, 43, 44). The findings of 
Yaghjyan and colleagues suggest that among postmenopausal parous 
women, a greater number of live-born children was inversely associated 
with both PD (β ¼ �0.07; 95% CI, �0.12 to �0.02) and absolute DA 
(β ¼ �0.14; 95% CI, �0.21 to �0.06; ref. 35). Furthermore, the results of a 
recent systematic review of Azam and colleagues (47) showed that MBD 
was significantly increased in ever HRT users compared with never-users, 
with the highest increase in MBD observed among current HRT users. 
These results were also consistent with findings of Rice and colleagues (40) 
showing that the current use of postmenopausal HRT was positively as-
sociated with MBD. 

Strengths and limitations 
This study has several strengths and limitations. A key strength of the 
present study is that to the best of our knowledge, we have established for 
the first time the numerical factors for the importance of the age at FFTP 
by indicating how the three parameters of MBD (GLAND, VBD, and 
BI-RADS), measured with the latest quantitative and objective method, 

change with age at FFTP. Importantly, these numerical factors increase 
for every year that FFTP is delayed after 25.7 years of age. Although age 
at FFTP explains only a small amount of variability in MBD, these 
quantitative assessments provide valuable insights. When considered 
alongside other established risk factors, such as MBD itself, this infor-
mation may contribute to refining models that identify women at in-
creased risk of breast cancer, which could have implications for 
screening and prevention recommendations. Another strength of this 
study is that all MBD measurements were conducted objectively using 
Volpara software, a sophisticated and widely accepted objective method. 
Among the various available software applications, Volpara is highly 
accepted in many radiology centers because of its strong agreement with 
the visual BI-RADS assessment by radiologists (48). Discrepancies be-
tween assessment by radiologists and automated software arise most 
frequently at the transition of BI-RADS 2 to 3 and 3 to 4; in these 
situations, an objective measurement is most helpful and much more 
reliable. In case of difference between left and right breasts, Volpara can 
help resolve these discrepancies. 

However, we also acknowledge that some limitations to the present study 
should be considered. A limitation of the current study is its relatively 
modest sample size, although our sample is comparable with those of pre-
vious studies (34, 35). Furthermore, we examined a homogeneous pop-
ulation of women from a specific area of Flanders. It would be interesting for 
future studies to expand our study population not only to other regions of 
Belgium that are more heterogeneous than our present population but also 
to other countries and racial groups. Another limitation of the current cross- 
sectional study is that recall bias for selected reproductive variables in 
postmenopausal women is possible. Furthermore, we recognize that women 
who are younger at the time of FFTP are likely to have more children and to 
breastfeed compared with women who were older at FFTP and have had 
only one or two children. BMI clearly increases with the number of preg-
nancies, and this factor is also known to be associated with lower MBD. 
Other important variables may affect the association between the age of 
FFTP and MBD. Further research will be needed to determine their overall 
impact. 

In conclusion, we consider our findings to be highly novel, and to the best of 
our knowledge, our study is one of the first to investigate associations be-
tween the age at FFTP and three markers of MBD (GLAND, VBD, and BI- 
RADS), suggesting that MBD is significantly higher when FFTP occurs after 
25.7 years of age. The present study provides valuable data to inform the 
design of future longitudinal studies to corroborate that the increased MBD 
observed with increasing age at FFTP is associated with breast cancer de-
velopment. If confirmed, these findings may enable early identification of the 
subgroup of women at increased risk of developing breast cancer who would 
benefit from breast cancer prevention approaches. 
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