UC Irvine
UC Irvine Previously Published Works

Title
Factors Associated with Longitudinal Changes in Mammographic Density in a Multiethnic
Breast Screening Cohort of Postmenopausal Women

Permalink
https://escholarship.org/uc/item/8ft6r5t3]

Journal
The Breast Journal, 2023(1)

ISSN
1075-122X

Authors

Park, Hannah Lui
Ziogas, Argyrios
Feig, Stephen A

Publication Date
2023-10-17

DOI
10.1155/2023/2794603

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/8ft6r5t3
https://escholarship.org/uc/item/8ft6r5t3#author
https://escholarship.org
http://www.cdlib.org/

Hindawi

The Breast Journal

Volume 2023, Article ID 2794603, 13 pages
https://doi.org/10.1155/2023/2794603

Research Article

Factors Associated with Longitudinal Changes in Mammographic
Density in a Multiethnic Breast Screening Cohort of
Postmenopausal Women

Hannah Lui Park ®,"? Argyrios Ziogas,3 Stephen A. Feig,4 Roza Lorin Kirmizi,’
Christie Jiwon Lee,® Andrea Alvarez,” Rachel McFarland Lucia,” Deborah Goodman,’
Kathryn M. Larsen,” Richard Kelly,8 and Hoda Anton-Culver’

'Department of Pathology and Laboratory Medicine, University of California, Irvine, CA, USA
Department of Epidemiology and Biostatistics, University of California, Irvine, CA, USA
*Department of Medicine, University of California, Irvine, CA, USA

“Department of Radiological Sciences, University of California, Irvine, CA, USA

Department of Biological Sciences, University of California, Irvine, CA, USA

®Department of Pharmaceutical Sciences, University of California, Irvine, CA, USA
"Department of Family Medicine, University of California, Irvine, CA, USA

8Department of Clinical Informatics, University of California, Irvine, CA, USA

Correspondence should be addressed to Hannah Lui Park; hlpark@uci.edu
Received 13 January 2023; Revised 19 July 2023; Accepted 4 October 2023; Published 17 October 2023
Academic Editor: Pranshu Sahgal

Copyright © 2023 Hannah Lui Park et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. Breast density is an important risk factor for breast cancer and is known to be associated with characteristics such as
age, race, and hormone levels; however, it is unclear what factors contribute to changes in breast density in postmenopausal
women over time. Understanding factors associated with density changes may enable a better understanding of breast cancer risk
and facilitate potential strategies for prevention. Methods. This study investigated potential associations between personal factors
and changes in mammographic density in a cohort of 3,392 postmenopausal women with no personal history of breast cancer
between 2011 and 2017. Self-reported information on demographics, breast and reproductive history, and lifestyle factors,
including body mass index (BMI), alcohol intake, smoking, and physical activity, was collected by an electronic intake form, and
breast imaging reporting and database system (BI-RADS) mammographic density scores were obtained from electronic medical
records. Factors associated with a longitudinal increase or decrease in mammographic density were identified using Fisher’s exact
test and multivariate conditional logistic regression. Results. 7.9% of women exhibited a longitudinal decrease in mammographic
density, 6.7% exhibited an increase, and 85.4% exhibited no change. Longitudinal changes in mammographic density were
correlated with age, race/ethnicity, and age at menopause in the univariate analysis. In the multivariate analysis, Asian women
were more likely to exhibit a longitudinal increase in mammographic density and less likely to exhibit a decrease compared to
White women. On the other hand, obese women were less likely to exhibit an increase and more likely to exhibit a decrease
compared to normal weight women. Women who underwent menopause at age 55 years or older were less likely to exhibit
a decrease in mammographic density compared to women who underwent menopause at a younger age. Besides obesity, lifestyle
factors (alcohol intake, smoking, and physical activity) were not associated with longitudinal changes in mammographic density.
Conclusions. The associations we observed between Asian race/obesity and longitudinal changes in BI-RADS density in post-
menopausal women are paradoxical in that breast cancer risk is lower in Asian women and higher in obese women. However, the
association between later age at menopause and a decreased likelihood of decreasing in BI-RADS density over time is consistent
with later age at menopause being a risk factor for breast cancer and suggests a potential relationship between greater cumulative
lifetime estrogen exposure and relative stability in breast density after menopause. Our findings support the complexity of the
relationships between breast density, BMI, hormone exposure, and breast cancer risk.
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1. Introduction

Mammographic breast density is a known risk factor for
breast cancer, even after adjustment for other established
breast cancer risk factors [1-3]. The association between
mammographic breast density and breast cancer has been
shown in both premenopausal and postmenopausal women
and when breast density is measured quantitatively or
categorized qualitatively [1-8]. While quantitative assess-
ments are often limited in large cohort studies because they
require a professional observer or specialized software for
computer-assisted quantitation and digitized film or pro-
cessed images, such as Cumulus or Volpara [9-11], quali-
tative density classifications assigned by radiologists after
visual inspection of clinical mammograms according to the
American College of Radiology’s Breast Imaging Reporting
and Data System (BI-RADS) [12] is readily available in large
cohorts of patients within clinical settings. The four BI-R-
ADS density categories are (A) almost entirely fat, (B)
scattered fibroglandular density, (C) heterogeneously dense,
and (D) extremely dense. Studies have shown that an in-
creased BI-RADS density category is associated with breast
cancer risk. Women with extremely dense breasts have
a greater than three-fold increased breast cancer risk
compared to women with breasts that are almost entirely fat
[1, 5, 6, 13].

Longitudinal changes in breast density are also associ-
ated with breast cancer risk: an increase in mammographic
density, even a one-category increase, is associated with
increased risk for breast cancer, while a decrease in density is
associated with decreased risk compared to women who did
not experience any change in breast density [14-17]. For
example, in a study of 301,955 women, Kerlikowske et al.
showed that women who exhibited an increase in BI-RADS
density from category 1 to 2 or 1 to 3 had a risk ratio of 1.9
(95% CI=1.4-2.6) and 3.4 (95% CI=2.0-5.7), respectively,
compared to women whose BI-RADS density remained in
category 1 [15]. Associations between longitudinal changes
in breast density and breast cancer risk persisted regardless
of age, menopausal status, and family history [16], although
they were shown to be more prominent for women aged
50 years and older than for women younger than 50 years of
age [15]. In a pooled meta-analysis of five cohort studies,
increased breast density over time was associated with
higher breast cancer risk (HR: 1.61; 95% CI: 1.33-1.96),
whereas decreased breast density over time was associated
with lower breast cancer risk (HR: 0.78; 95% CI: 0.71-0.87)
[18]. A recent nested case-control cohort study of 10,481
women which used a median of four digital mammograms
per participant during a follow-up period of 10 years found
that while breast density decreased over time in both cases
and controls, women with a slower decrease in breast density
had a higher risk of developing breast cancer [19].

Given the connection between longitudinal changes in
breast density and breast cancer risk, the identification of
factors that are associated with changes in breast density may
inform our understanding of breast cancer development and
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suggest strategies for breast cancer prevention. Cross-
sectional studies have shown that breast density is largely
genetic [20, 21] but also associated with age and some
lifestyle factors. For example, breast density is inversely
associated with age, number of children, breast feeding
[16, 17], and body mass index [5, 22] and positively asso-
ciated with alcohol consumption [23, 24] and hormone use
[22]. However, there have been only limited studies on
factors associated with longitudinal changes in breast
density.

Several longitudinal studies have shown that breast
density usually declines with age, especially after menopause
[15, 19, 25]. High premenopausal density has also been
associated with a higher likelihood of reducing breast density
across the menopause transition [26], while women with
a body mass index over 25kg/m” experienced slower de-
clines in densities over time, as did the women with Japanese
ancestry compared to Caucasian women and women who
were taking hormone replacement therapy [25, 26]. To our
knowledge, these are the only studies which have examined
factors potentially associated with changes in breast density.
Identification of additional factors could improve our un-
derstanding of breast cancer risk and potentially enable
opportunities for enhanced risk assessment and reduction.
Given the strong link between longitudinal breast density
changes and breast cancer risk, and since the majority of
breast cancers are diagnosed in postmenopausal women, the
goal of this study was to identify factors associated with
longitudinal changes in breast density in a multiethnic
cohort of postmenopausal women, using data from a large
screening mammography cohort with longitudinal mam-
mographic density measures.

2. Methods

2.1. Study Cohort. This study protocol (HS#2010-7489) was
approved by the University of California Irvine (UCI) In-
stitutional Review Board (IRB). The study cohort was
comprised of female UCI health mammography patients
aged 33-92 who completed an electronic clinical intake form
prior to their screening mammogram between 2011 and
2017, had at least two mammograms performed at a UCI
Health facility spaced at least three months apart, had no
history of breast cancer/DCIS or mastectomy, and were
postmenopausal at baseline (Figure 1). Women were con-
sidered postmenopausal if they reported that their period
had naturally stopped or if they had previous removal of
both of their ovaries. Since the study outcomes were either
increased or decreased longitudinal mammographic density,
patients were excluded if they had mammographic densities
that both increased and decreased across longitudinal exams
(n=46). 3,392 women met these criteria (Figure 1).

2.2. Assessment of Mammographic Density Measures. BI-RADS
density categories were assigned by radiologists as part of
patients’ routine clinical mammography screening and
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FIGURE 1: Flowchart with inclusion/exclusion criteria for patients in the analytic cohort.

retrieved from their UCI electronic health records (EHR).
BI-RADS density categories were as follows: almost entirely
fat (A), scattered fibroglandular density (B), heterogeneously
dense (C), or extremely dense (D). Women were categorized
based on longitudinal density change as “increased” or
“decreased.” Density categories from all mammograms per-
formed at a UCI Health facility on these patients were col-
lected for this analysis, for a total of 10,342 mammograms
(mean, 2.47 + 0.82 per patient).

2.3. Assessment of Covariates. Each patient completed at
least one electronic intake form before their screening
mammography appointments, which included questions
about demographics, personal and family medical history,
and lifestyle factors. For patients who completed more than
one electronic intake form, data for covariates were taken
from the earliest intake form completed.

For race/ethnicity, participants were categorized as non-
Hispanic White, non-Hispanic Asian, Hispanic, or others.
Patients who indicated they were “Some other race” and
those who answered “Don’t know” or “Prefer not to answer”

were categorized as “Other/unknown.” As few women in-
dicated they were Black or African American, American
Indian or Alaska Native, Native Hawaiian, or Other Pacific
Islander ancestry, they were also categorized as “Other/
unknown.”

To calculate body mass index (BMI), weight in kilograms
was divided by height in meters squared. BMI was then
categorized into three groups: not overweight, overweight,
and obese. The body mass index categories were different for
non-Hispanic Asian participants compared to the other
three race/ethnicity categories based on recommendations
from the World Health Organization (WHO) [27]. For the
non-Asian participants, BMI categorizations <25, 25 to 30,
and >30 were considered not overweight, overweight, and
obese, respectively. For Asian participants, BMI was cate-
gorized into the three groups according to a BMI of <23,
23-27.5, and >27.5. Women who did not have a height or
weight available from the intake form were categorized as
“Missing” (n=57).

Smoking status was categorized by using answers to the
following questions: “Have you ever smoked regularly for
6 months or more?” and “Now, do you smoke cigarettes



every day, some days, or not at all?” The categories for
smoking were Never, Current, Former, and Missing. If the
participant answered “No” to the first question, they were
categorized as “Never.” Current smokers were considered as
women who responded “Yes” to the first question and
“Every day” or “Some days” to the second question. Former
smokers were women who answered “Yes” to the first
question and “No” to the second question. Of the women
who were presented with these questions, those who an-
swered “Don’t know” to the first question or left either or
both questions unanswered were considered “Missing”
(n=6). Questions about smoking status were added to the
intake form in 2013; thus, some patients were not presented
with these questions at baseline (n=1030).

For the categorization of alcohol consumption (Yes/No),
patients who answered “Never” to the question “How often
do you have a drink containing alcohol?” were considered
nondrinkers and categorized as “No.” Those who answered
otherwise were considered drinkers and categorized as
“Yes.” Patients who left the question blank were considered
“Missing” (n=22).

Patients were asked to self-report the number of days per
week that they engaged in exercise considered strenuous
(e.g., aerobics, aerobic dancing, jogging, tennis, swimming
laps), moderate (e.g., biking outdoors, using an exercise
machine like a stationary bike or treadmill, calisthenics, easy
swimming, popular or folk dancing), or mild (e.g., slow
dancing, bowling, golf, yoga). If they responded with an
answer other than “none” for any of these types of exercises,
they were asked about the usual duration in the following
categories: 1 hour or more, 40-59 minutes, 20-39 minutes,
or less than 20 minutes. The total weekly minutes for each of
strenuous, moderate, and mild physical activity were cal-
culated by multiplying the number of days per week times
the duration (reclassified as the following: 60 minutes for
“lhour or more,” 50 minutes for “40 to 59 minutes,”
30 minutes for “20 to 39 minutes,” and 10 minutes for “less
than 207). Finally, the total weekly minutes of physical
activity at all activity levels were categorized as “None”
(n=536), “<150 min mild, moderate, or strenuous activity
per week” (n =444), and “at least 150 min mild, moderate, or
strenuous activity per week” (n=462). If any of these
questions did not have an answer, women were categorized
as “Missing” (n=>5). Questions about exercise were added to
the questionnaire in 2015; thus, a sizable number of par-
ticipants were not presented with these questions at baseline
(n=1945).

The categorization for current hormones was based on
answers to the question: “Are you currently taking any of the
following hormone therapy (female hormones prescribed
for women after menopause)?.” Answer choices for this were
“Estrogen only pill (e.g., Premarin) Estrogen patch,” “Oral
Estrogen and Progestin combination (for example, Prempro,
combipatch, estrogen patch plus oral/vaginal pro-
gesterone),” “Oral Estrogen and Testosterone combination
(for example, Estratest),” “Bioidentical hormones,” “Natural
hormone therapy/Herbal supplements (over the counter),”
“Other hormone therapy,” “Not sure what kind of hormone
therapy,” and “Not currently taking any hormone therapy.”
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Women were categorized as “Yes” if they indicated that they
were taking hormones from the answer choices. Women
were classified as “No” if they did not endorse any of these
answer choices or answered “Not currently taking any
hormone therapy.”

2.4. Statistical Analysis. A univariate analysis was performed
to determine whether changes in breast density were as-
sociated with breast cancer risk factors. Women with
baseline mammographic densities in categories B, C, and D
were included in the analyses evaluating longitudinal de-
creases, while women with mammographic densities in
categories A, B, and C were included in the analyses eval-
uating longitudinal increases. Pearson’s chi-squared test and
ANOVA were used to detect differences in the distribution
of categorical and continuous variables, respectively. Vari-
ables were selected for multivariate analysis if they were
nominally significant (p <0.10) in the initial univariate
analyses of women who exhibited a longitudinal change in
mammographic density (race/ethnicity, age at baseline,
menopause age) or otherwise selected a priori based on
previous literature (BMI category). Missing data were ex-
cluded from relevant statistical analyses.

Multivariate analysis, using conditional logistic re-
gression with baseline mammographic density as strata, was
performed to identify factors associated with a longitudinal
increase or decrease in mammographic density. An alpha of
0.05 was used for all multivariate models. Missing data were
omitted from the analyses. All data analyses were done using
R, version 3.5.1 [28].

3. Results

3.1. Cohort Characteristics. Of the 3,392 women in our
analytic cohort, the percent density in each category at
baseline was A, 11.9%; B, 39.9%; C, 38.4%; and D, 9.8%
(Table 1). The ethnic distribution of the study was 52.7%
White, 23.5% Hispanic, 18.8% Asian, and 5.1% other/un-
known. The average age at baseline was 61 years (range: 33
to 92), and most women reported their age of menopause
was before 55 years (87.6%). Age at baseline, race/ethnicity,
menarche age, parity, age at first birth, number of years
since menopause, current hormone use, body mass index,
smoking status, physical activity, and alcohol consumption
were associated with BI-RADS density at baseline (Table 1).
Overall, 7.9% of women exhibited a longitudinal decrease,
6.7% exhibited a longitudinal increase, and 85.4% did not
exhibit a change in mammographic density. Stratified by
race/ethnicity, we observed that a greater proportion of
Asian women had dense breasts (61.6% in categories C and
D) compared to White (49.4%) and Hispanic (36.7%)
women (Supplementary Table 1). Asian women had the
greatest proportion of “not overweight” women, while
Hispanic women had the greatest proportion of obese
women at baseline. In addition, Asian women had the
highest proportion of nondrinkers, while White women
had the highest percentage of drinkers (Supplementary
Table 1).
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3.2. Univariate Analysis of Factors Associated with Longitu-
dinal Change in Mammographic Density. Table 2 presents
the univariate analysis of women who experienced a post-
menopausal increase in mammographic density. Race/eth-
nicity was associated with a longitudinal increase in
mammographic density (p = 0.016). Table 3 presents the
univariate analysis of women who experienced a post-
menopausal decrease in mammographic density. Age at
baseline and menopause age were found to be associated
with a longitudinal decrease in mammographic density (age
at baseline, p =0.003, menopause age, p = 0.025). Race/
ethnicity was nearly statistically significant (p = 0.062); the
accrual of additional patients and/or longer follow-up may
clarify. The remaining variables were not statistically sig-
nificantly associated with a longitudinal increase or decrease.

3.3. Multivariate Analysis of Factors Associated with Longi-
tudinal Change in Mammographic Density. Age at baseline,
race/ethnicity, menopause age, and BMI category were in-
cluded in the multivariate analyses. Asian women were more
likely to exhibit a longitudinal increase in mammographic
density compared to White women. On the other hand,
obese women were less likely to exhibit an increase com-
pared to normal-BMI women. Asian women were also less
likely to exhibit a decrease compared to White women.
Women who underwent menopause at age 55 years or later
were less likely to exhibit a decrease compared to women
who underwent earlier menopause. Obese women were
more likely to exhibit a decrease compared to normal-BMI
women (Table 4, Figure 2). The remaining variables were not
statistically significant after the multivariate logistic
regression.

4. Discussion

Consistent with previous cross-sectional studies, we ob-
served that age, race/ethnicity, menarche age, parity, age at
first birth, number of years since menopause, current
hormone use, body mass index, smoking status, physical
activity, and alcohol consumption were associated with
BI-RADS density at baseline. However, since longitudinal
change in breast density is an independent risk factor from
breast density as a single measure [18, 19], we sought to
obtain a better understanding of factors related to longi-
tudinal changes in breast density. Since postmenopausal
women are at higher risk for breast cancer compared to
premenopausal women and would not experience fluctua-
tions in breast density potentially associated with the
menstrual cycle, our study focused on
postmenopausal women.

Previous studies examining the relationship between
longitudinal breast density changes and breast cancer risk
have shown that breast density generally declines with age
and with menopause [19, 25, 26]. Longitudinal studies that
examined changes in breast density related to hormone
therapy have reported increases in breast density in response
to some but not all forms/doses of hormone therapy [29-32].
In addition, chemoprevention trials have shown that

tamoxifen treatment is associated with decreasing breast
density [33-35]. Also, surgical removal of both ovaries
(bilateral oophorectomy) is associated with decreasing
breast density [36, 37]. However, there have been very
limited studies in which other factors were examined for
potential association with longitudinal changes in breast
density. One study examined longitudinal changes in breast
density across the menopausal transition in 2,586 women
and found that declines in breast density were greater among
women with a higher premenopausal dense breast volume
compared to those with a lower premenopausal dense breast
volume [26]. Other breast cancer risk factors, including race,
body mass index, family history, alcohol, and post-
menopausal hormone therapy, had no effect on volumetric
change [26]. Another study was done in a mixed group of
1,274 pre- and postmenopausal women within the multi-
ethnic cohort. While these study participants also exhibited
longitudinal decreases in mammographic density in general,
women of Japanese ancestry had a 3.8% smaller decline in
mammographic density for every decade of life compared to
White women [19].

Our observation that Asian women were less likely to
exhibit a decrease in BI-RADS density compared to White
women, despite having higher BI-RADS density at baseline,
was somewhat consistent with the smaller decline in mam-
mographic density observed in Japanese women in the
multiethnic cohort study. Our observation that Asian women
were also more likely to exhibit a postmenopausal increase in
BI-RADS density compared to White women is the first such
report. Despite Asian women having a higher likelihood of
having higher BI-RADS density at baseline and increasing
BI-RADS density over time, Asian women have a lower risk of
developing breast cancer compared to non-Hispanic White
women [38-40]. This paradox may be explained in part by
studies suggesting that the impact of breast density on breast
cancer risk involves not only the proportion of absolute dense
tissue versus nondense (fatty) tissue but also measures of
absolute dense and nondense tissue [41, 42]. And although
BI-RADS density scores tend to be higher in Asian women,
Asjan women were observed to have both smaller absolute
dense areas, smaller absolute nondense areas, and lower
absolute dense volume in the breast compared to Caucasian
women [43, 44]. Another possible contributor to the apparent
paradox of Asian women having lower breast cancer risk
despite a higher likelihood of increasing in BI-RADS density
is that breast cancer risk is associated with body mass index
(BMI), and postmenopausal Asian women have been ob-
served to gain less weight over time compared to women of
other races [45]. Thus, the lower likelihood of Asian women
experiencing a decrease in mammographic density over time
is consistent with the lower extent of weight gain in Asian
women and the general inverse relationship between BI-R-
ADS density and BMI. Previous studies showed that gaining
weight is indeed associated with longitudinal decreases in
percent breast density due to increased amounts of nondense
(fatty) breast tissue [46, 47].

In our study, we also observed that BI-RADS density in
obese women was less likely to increase and more likely to
decrease over time compared to women with a normal BMI.
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TaBLE 4: Multivariate adjusted odds ratios and 95% confidence intervals of exhibiting an increase or decrease in the BI-RADS density

category.
Increase Decrease
OR (95% CI) p value OR (95% CI) p value
Age at baseline 1.00 (0.984-1.017) 0.99 0.993 (0.977-1.009) 0.40
Hispanic 0.84 (0.576-1.225) 0.36 0.778 (0.547-1.105) 0.16
Non-Hispanic Asian 1.723 (1.212-2.449) 0.002 0.575 (0.400-0.826) 0.003
Non-Hispanic other/unknown 1.275 (0.713-2.281) 0.41 0.708 (0.346-1.450) 0.35
Menopause age 55 years and older 0.79 (0.506-1.232) 0.30 0.608 (0.377-0.979) 0.041
Overweight 0.754 (0.544-1.045) 0.09 1.352 (0.988-1.849) 0.059
Obese 0.438 (0.292-0.655) <0.001 1.688 (1.155-2.468) 0.007
Increase Decrease
Age at baseline ® [
Hispanic —— ——

Non-Hispanic Asian —e————— ——

Non-Hispanic Other ® —_——

Menopause age =55 ——— ———

Overweight —— | S
Obese e °
| | | | | | |
I I I I I I I
0 0.5 1 1.5 2 2.5 0 0.5 1 1.5 2 2.5
QOdds Ratio QOdds Ratio

FIGURE 2: Multivariate adjusted odds ratios with 95% confidence intervals of exhibiting an increase or decrease in the BI-RADS density

category.

It is possible that the large amount of nondense breast tissue
in obese women would make an increase in dense tissue that,
if it were to occur, would be negligible in comparison and
thus not increase in the BI-RADS category. We do not have
an explanation for why obese women were more likely to
exhibit a decrease in breast density over time. Although
a decrease in breast density should be protective against
breast cancer risk, a higher BMI has been consistently shown
to be associated with an increased risk of postmenopausal
hormone receptor-positive breast cancer, most likely due to
elevated estrogen levels generated from increased adipose
tissue [48, 49]. In addition, BMI has been found to be
positively associated with absolute volumetric mammo-
graphic density but inversely associated with percent vol-
umetric mammographic density [50]. Thus, the increased
likelihood of decreasing BI-RADS density does not signify
a decrease in absolute dense breast tissue and thus does not
act as a protective factor in overweight and obese women.

Our study also suggests that women who experienced
menopause at age 55 or older were less likely to show
a decrease in BI-RADS density over time compared to
women who underwent menopause at a younger age. A
previous cross-sectional study found a positive association

between age at menopause and both percent and absolute
volumetric breast density [50]. To our knowledge, our
findings are the first to show an association between later age
at menopause and a lower likelihood of longitudinal breast
density decrease. Greater age at menopause is a known risk
factor for breast cancer, as is its consequence, namely,
greater cumulative lifetime estrogen exposure [51, 52]. It is
possible that greater cumulative lifetime estrogen exposure is
reflected in a woman’s breast density and perhaps exerts
relative stability in breast density after menopause.
Strengths of our study include that our cohort was large
and multiethnic and that we had longitudinal BI-RADS
density data extracted from clinical mammographic studies.
With that said, the use of BI-RADS density data assigned by
human observers (clinical radiologists) may also be seen as
a weakness, given that there are only four categories (as
opposed to percent density, for example) and the potential
for misclassification. Quantitative measurements may have
been more precise, but BI-RADS density categories were
readily available from the EHR and have clinical relevance,
whereas quantitative breast density measurements are
usually done only in the research setting. In addition, our
study did not examine other measures of breast density such
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as absolute dense and nondense area, absolute dense and
nondense volume, and percent dense volume, which are also
associated with breast cancer risk [53-55]. Lastly, our study
only considered factors at baseline. Longitudinal changes in
BMI and other lifestyle factors may have been related to the
longitudinal changes in breast density observed in this
cohort.

Over a woman’s lifetime, her BI-RADS breast density
may change. Our data show that such changes may be
influenced by race/ethnicity, BMI, and age at menopause.
While we would have liked to identify modifiable factors
(i.e., lifestyle factors) associated with longitudinal changes
in breast density in order to guide breast cancer prevention
strategies, race/ethnicity cannot be changed, and we would
not want to encourage women to increase their BMI in
hopes of decreasing their breast density. And while age at
natural menopause cannot be modified, induced meno-
pause as a result of surgical removal of both ovaries (bi-
lateral oophorectomy) has been shown to be associated
with decreased breast cancer risk [56-59]. However, pro-
phylactic surgery is usually only recommended for women
at the highest risk for breast cancer, for example, women
with a pathogenic mutation in a breast cancer-associated
gene (e.g., BRCAL). Interestingly, factors associated with
a higher and lower likelihood of increasing BI-RADS breast
density, namely, Asian race and obesity, respectively, are
inversely associated with breast cancer risk. Meanwhile,
these same factors were associated with a lower and higher
likelihood of decreasing BI-RADS breast density. Our
findings support the complexity of the relationships be-
tween breast density, BMI, hormone exposure, and breast
cancer risk. Future studies should include more in-
dividuals, especially those from underrepresented groups,
to enable stratifications by race/ethnicity, Asian ethnicities,
and potentially the BMI category and other factors. In-
clusion of longitudinal changes in lifestyle factors and the
addition of environmental exposures may improve our
understanding of why some women’s breast densities in-
crease while others’ decrease and their implications on
breast cancer risk and prevention.
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