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Abstract
Purpose—To examine the role of early lifetime exposure to physical activity on magnetic
resonance imaging (MRI) determined breast density measures.

Methods—Associations of adolescent [high school (ages 14–17 years) and early adulthood [post
high school (ages 18–21 years) and past year] leisure-time physical activity, as well as a principal
component score including all three estimates, were examined with percent dense breast volume
(%DBV) and absolute dense breast volume (ADBV) in a cross-sectional analysis of 182 healthy
women, aged 25–29 years enrolled in the Dietary Intervention Study in Children Follow-up Study
(DISC06). Generalized linear mixed (GLM) models were used to examine associations after
adjustment for relevant covariates for the entire analytic sample. Analyses were repeated in
nulliparous women and hormonal contraceptive non-users.

Results—Physical activity during high school and post high school were not statistically
significantly related to %DBV or ADBV in multivariable models. Past year physical activity was
positively related to %DBV in the unadjusted and partially adjusted models (p<0.001 and p=0.01,
respectively) that did not adjust for body mass index (BMI). After additional adjustment for
childhood and early adulthood BMI, this association became non-statistically significant. The
relation between past year physical activity and ADBV was not statistically significant. These
findings were similar in non-users of hormonal contraceptives. No statistically significant
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relationships were found in nulliparous women or between the principal component score and
%DBV or ADBV.

Conclusion—Results from this study are consistent with previous research suggesting that
physical activity during adolescence and early adulthood is unrelated to breast density.
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Introduction
Adolescence represents an important time for breast development. During puberty, under the
influence of estrogens and progesterone mammary ducts lengthen and branch and terminal
duct lobular units form (32). Full differentiation of the mammary gland takes several years
and will not take place unless pregnancy and lactation occur (37). Breast carcinogenesis
primarily occurs in terminal duct lobular units and is characterized by a high proliferative
rate (36). The number and proliferative state of epithelial cells enhances the probability of
genetic damage and increased risk of breast cancer (26).

Physically active women have a 25–30% lower risk for breast cancer when compared to
their sedentary counterparts (14). One proposed mechanism by which physical activity
supports breast health is through the disruption of the hypothalamic-pituitary-ovarian (HPO)
axis (15, 37). This disruption to the HPO axis causes a reduction in the cumulative exposure
to endogenous sex hormones as a consequence of changes to menstrual patterns (14). It has
been suggested that lower sex hormone levels associated with higher physical activity levels
causes a decline in the proliferation of breast epithelial cells (13). Therefore, physical
activity during adolescence and early adulthood, prior to the complete differentiation of the
breast, could be particularly important for reducing risk of breast cancer across the lifespan.

The relative amount of dense breast tissue, which is composed of ductal epithelium and
stroma (6) is a strong and independent risk factor for breast cancer (5, 7) and is also
influenced by hormones and hormonal interventions (26). Therefore, the relation between
physical activity and lifetime risk of breast cancer could be mediated through favorable
changes to breast density. Several studies to date have examined the relationship between
physical activity and breast density; with the majority reporting a statistically null
association (39). However, three previous studies have shown a statistically significant
inverse relationship between physical activity and breast density measured via
mammography in postmenopausal women with (17, 18) and without a previous breast
cancer diagnosis (25). In studies including a mixed population with regards to menopausal
status, one study including pre- and post-menopausal women found a positive association
between mild (i.e., light intensity) exercise and mammographic breast density; however, no
statistically significant association was found with moderate or strenuous exercise (30). In a
longitudinal analysis of the Study of Women Across the Nation (SWAN), a one unit
increase total physical activity reduced the decline in percent mammographic density by
0.09% per year or 0.5% over six years (8). However, this was explained by a change in the
non-dense breast area, or fat, and not the dense breast area.

Differences in results across studies could be explained by heterogeneity in methods related
to the (a) selected study design, (b) targeted sample population, and (c) measurement of
physical activity and breast density (31). It has been suggested that breast tissue
composition, during early breast development, could be important for understanding later
breast cancer risk. In previous studies, breast density was measured exclusively via
mammography; therefore, study populations for these studies have primarily consisted of
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older women (aged ≥ 40 years). This is an important limitation for studies examining the
role of early-life physical activity exposures on breast composition since participants are
required to recall physical activity several decades in the past. The current study improves
upon prior research by examining the role of leisure-time physical activity levels from
adolescence to early adulthood on magnetic resonance imaging (MRI) determined percent
dense breast volume (%DBV) and absolute dense breast volume (ADBV) in a well-
characterized sample of women aged 25–29 years. This is particularly important given that
breast density was measured at a young age, which for most of the analytic sample was prior
to terminal differentiation of the breast that occurs following pregnancy and lactation. Based
on the proposed biological plausibility, it was hypothesized that adjusted for adiposity, early
life exposure to physical activity will be inversely related to both %DBV and ADBV in
younger women.

Methods
Study Design

The Dietary Intervention Study in Children (DISC), a multi-center randomized controlled
trial sponsored by the National Heart, Lung, Blood Institute, was designed to test the safety
and efficacy of a dietary intervention to reduce serum low-density lipoprotein cholesterol
(LDL-C) levels in children with elevated LDL-C. The design and results of the DISC Study
have previously been reported (9, 10). Briefly, between 1988 and 1990, 663 children (301
girls and 362 boys) aged 8–10 years with elevated LDL-C levels were recruited at one of six
clinical centers and randomized to either a behavioral dietary intervention or usual care
control group. Planned intervention continued until 1997 when the mean age of study
participants was 16.7 years. In 2006–08, the DISC06 Follow-up Study (12) was conducted
to evaluate the long term effects of the diet intervention on biomarkers associated with
breast cancer risk in female participants. Assent was obtained from DISC participants and
informed consent was obtained from their parents/guardians prior to randomization and
informed consent was obtained from the participants prior to the DISC06 visit. The original
and follow-up DISC protocols were approved by Institutional Review Boards at all
participating clinical centers. Exempt status for this secondary data analysis was also
obtained from the University of Texas Health Science Center at Houston Committee for the
Protection of Human Subjects.

Study Participants
All 301 female participants randomized in DISC were invited to participate in the DISC06
Follow-up visit, of which 260 (86.4%) participated. The remaining 41 women could not be
located or declined participation. When compared to those participating in the DISC06
Follow-up visit, those not attending this visit were slightly older at randomization (9.3 ± 0.6
versus 9.0 ± 0.6 years; p = 0.005); however, BMI was not statistically significantly different
(17.2 ± 2.3 versus 17.2 ± 2.2; p = 0.94). Of the 260 DISC06 Follow-up Study participants,
women who were pregnant or breastfeeding at the time of the visit or within 12 weeks
before the visit (n=30) were not eligible for inclusion in the current analyses leaving a total
of 230 women. Further, those who had breast implants or breast reduction surgery (n=16)
were also not eligible for the inclusion in the analytic sample. Otherwise eligible women
were excluded if they had a technically unacceptable MRI (n=21) or were missing MRI
images (n=11). This resulted in an analytic sample of 182 participants. When compared with
the analytic sample, there were no statistically significant differences in excluded
participants that attended the DISC06 Follow-up visit with regards to age or BMI data
collected at that visit.
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Data collection
For the DISC06 Follow-up Study, each female participant attended a single data collection
visit at one of the 6 DISC clinics between 2006 and 2008. Visits were scheduled to take
place during the luteal phase of the menstrual cycle whenever possible and 85% took place
within 14 days of the onset of the next menses. All data relevant to these analyses were
collected on the same day. Data were collected by staff masked to treatment assignment. A
centralized data collection training session was held prior to data collection to train and
certify individuals responsible for this task.

Physical Activity—The historical version of the Modifiable Activity Questionnaire
(MAQ) (22), an interviewer-administered recall questionnaire, was used to assess leisure-
time physical activity levels during: (a) high school (ages 14–17 years), (b) post high school
(ages 18–21 years) and (c) the previous 12 months (past year). The historical MAQ was
adapted for use in the DISC06 Follow-up Study. For each time period, participants were
asked to recall the frequency and duration of 55 common activities. Of these, six were
domestic activities and were not included in the estimates of leisure-time physical activity.
These lower intensity activities are also more difficult for individuals to recall and report
accurately (21). For each time period (i.e., high school, post high school, and past year),
total leisure-time physical activity was calculated as the product of the duration and
frequency of the remaining leisure-time physical activities (hr·wk−1), weighted by a
standardized estimate of the metabolic equivalent (MET) of each activity (1), and then
summed for all activities performed. Summary estimates were also computed for leisure-
time physical activity within specific intensity categories (i.e., light, moderate and vigorous).
All physical activity estimates were expressed as metabolic equivalent hours per week
(MET·hr·wk−1). The MAQ, including the historical component, is a reliable and valid
estimate of self-reported physical activity (22, 23, 33). Principal component analysis was
used to reduce the three correlated physical activity estimates to a single principal
component score representing total leisure-time physical activity across recall time periods.
The first principal component, which represented the linear combination of the high school,
post high school, and past year leisure-time physical activity estimates, explained 75.9% of
the variance.

Breast Density—Breast density was measured using non-contrast MRI. Equipment
standards were consistent with American College of Radiology (ACR) guidelines for breast
MRI (2). Participants were imaged in a whole body 1.5 Tesla or higher field strength MRI
scanner using a dedicated breast imaging radio-frequency coil. A standard image acquisition
protocol was prescribed consisting of two pulse sequences performed in both the transaxial
and coronal orientations with a 32 to 40 centimeter (cm) field of view for bilateral coverage:
3 dimensional (3D) fast gradient echo sequence: (a) without fat-saturation and (b) with fat-
saturation.

To ensure accuracy and uniformity of data acquisition at the six different clinical centers,
MRI technologists at the sites were individually trained to recognize and correct failures due
to incomplete fat-suppression, motion artifacts, and inadequate breast coverage. In addition,
acceptable image quality on three volunteers was required for site certification. Participant
scans that were inaccurate due to artifacts, motion, or technique were excluded (n=21).

All MRI image data were processed at the University of California, San Francisco by the
same study investigator (C. Klifa) using customized image processing software to: (a)
identify the chest wall – breast tissue boundary and skin surface and (b) separate breast
fibroglandular and fatty tissue using a segmentation method based on fuzzy C-means (FCM)
clustering (20). FCM segmentation was performed using fat-suppressed images; non-fat

Gabriel et al. Page 4

Med Sci Sports Exerc. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



suppressed images were used when incorrect or failed segmentation occurred due to poor
fat-suppression. In problematic cases that could not be segmented with automated FCM
methods, manual delineation was used. Total volumes of fibroglandular tissue (ADBV) and
fatty tissue were computed separately for each breast and the average of the two values was
used for analyses. %DBV was measured as the ratio of fibroglandular volume to total
volume of the breast.

Anthropometric Measures—Height and body weight were measured with a stadiometer
and electronic or beam balance beam scale, respectively. Each measurement was taken
twice; a third measurement was taken if the first two measurements were not within
allowable tolerances (i.e., 0.5 cm for height and 0.2 kg for weight) and the two closest
values were averaged. BMI was computed as body weight in kg/(height in m)2.

Other Covariates—DISC06 Follow-up study participants were asked to complete
questionnaires to ascertain: (a) demographic characteristics, (b) medical, reproductive, and
menstrual histories, (c) medication use, and (d) health behaviors including smoking and
alcohol use. Race, educational attainment, smoking status, days until next menses, duration
of hormonal contraceptive use, and parity were included as covariates for these analyses.

Statistical Methods
Descriptive analyses were conducted on all variables and their distributions were assessed.
Normally distributed variables were reported as mean and standard deviation (SD), non-
normal variables as median with interquartile range, and proportions were noted for
categorical variables. Spearman rank order correlation coefficients were used to examine the
bivariate association of physical activity levels for (a) high school, (b) post high school, (c)
past year, and (d) principal component score with (e) childhood BMI (expressed as a z-score
relative to CDC 2000 Growth Charts) measured at randomization (24) and (f) young adult
BMI (kg/m2) measured at the DISC06 Follow-up visit.

Leisure-time physical activity estimates were standardized to z-scores (mean = 0; SD = 1)
relative to the observed distribution so that a unit change in each measure represents a
change in one SD unit. %DBV and ADBV were transformed to natural logarithms.
Generalized linear mixed (GLM) models were fit by residual maximum likelihood with
random effects to examine the unadjusted and adjusted associations of total leisure-time
physical activity estimates (listed as a-d above) with %DBV and ADBV, separately. Clinic
was included in all models as a random effect; all other variables were entered as fixed
effects. A three stage modeling strategy, including (a) variable specification, (b) interaction
assessment, and (c) confounding assessment followed by consideration of precision was
used to fit the models. Model 1 was the unadjusted model. Model 2 included terms for
randomized treatment assignment in the original DISC Study, race (white or non-white),
educational attainment (bachelor’s degree or less), smoking status (current or former/never),
days until next menses (cubic spline), duration of hormonal contraceptive use, and number
of full-term pregnancies (0 or ≥1). Model 3 included these terms plus childhood and young
adult BMI. Due to a small variability among study participants, age (years) at the DISC06
Follow-up visit was not retained in the final multivariable adjusted models. Presence of
interaction was evaluated by testing the significance of cross-product terms of variables in a
model that also included their main effects. The presence of multicollinearity was evaluated
by calculating the proportion of the variance from linear regression model. Percentage
differences in %DBV and ADBV associated with a SD difference in (a) high school-, (b)
post high school- and (c) past year- total leisure-time physical activity and (d) principal
component score was estimated from models as Δ% = (exp(β) − 1) × 100. GLM models
were repeated replacing total leisure-time physical activity estimates (listed as a-c above)
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with terms for both moderate- and vigorous- intensity physical activity at each time point.
Analyses were repeated restricted to nulliparous women and separately with women not
reporting hormonal contraceptives use at the DISC06 Follow-up visit. All statistical
significance tests were two-sided. All statistical analyses were generated with SAS/STAT
software, Version 9.3 (© 2002 – 2010) of the SAS System for Windows (Cary, NC).

Results
Participant characteristics are shown in Table 1. Participants included in the analytic sample
were aged [mean ± SD] 27.2 ± 1.0 years and most were white (90.1%). The mean ± SD BMI
was 25.3 ± 5.3 kg/m2; with 18.1% being in the obese weight category. Most participants had
a bachelor’s or graduate degree (65.9%), were single (54.4%), and worked full-time
(75.8%). A higher proportion were nulliparous (73.1%) compared to those reporting at least
one full-term pregnancy. Further 57.7% and 36.3% reported either current or former
hormonal contraceptive use at the DISC06 Follow-up visit, respectively. The mean ± SD
duration of hormone use was 5.3 ± 3.7 years. Forty-four women (24.2%) reported current
cigarette smoking use. The median (25th, 75th percentile) reported leisure-time physical
activity was 34.7 (13.7, 66.6) MET·hr·wk−1 in high school, 30.9 (14.3, 54.3) MET·hr·wk−1

post high school, and 22.1 (9.3, 35.4) MET·hr·wk−1 during the previous 12 months. The
median (25th, 75th percentile) %DBV was 24.5 (9.7, 41.2) and ADBV was 93.0 (50.0,
140.3) cubic centimeters (cm3).

Neither high school (ages 14–17) nor post high school (ages 18–21) leisure time physical
activity was statistically significantly associated with childhood or young adult BMI (data
not shown). Past year leisure-time physical activity was significantly and inversely
correlated with young adult BMI (rho = −0.24; p = 0.001). The correlation between current
physical activity and childhood BMI (z-score) was not statistically significant. The principal
component score, reflecting historical and current physical activity levels, was not
statistically significantly related to either childhood or young adult BMI.

The associations of historical (i.e., high school and post high school) and current (i.e., past
year) leisure-time physical activity with %DBV and ADBV after covariate adjustment are
shown in Table 2. Reported physical activity during high school (ages 14–17 years) and post
high school (ages 18–21 years) was not statistically significantly related to %DBV in
multivariable models. In contrast, for every one SD increase in total past year leisure-time
physical activity, %DBV increased by 21.6% (95% CI: 4.3, 41.8%; p=0.01) in Model 2.
After additional adjustment for childhood and young adult BMI (Model 3), the association
between past year leisure-time physical activity and %DBV was no longer statistically
significant (p=0.15). However, in the fully adjusted model replacing past year total leisure
physical activity with time-relevant intensity specific terms, every one SD increase in past
year moderate intensity physical activity was associated with a %DBV increase of 13.8%
(95% CI: 0.5, 28.8%; R2 = 0.51; p=0.04); vigorous intensity physical activity was non-
statistically significant. There were no other statistically significant associations between
moderate- or vigorous-intensity estimates and %DBV or ABDV (data not shown). The
principal component score, reflecting leisure-time physical activity across all time periods,
was not statistically significantly related to %DBV. Further, the adjusted associations
between self-reported leisure physical activity estimates and ADBV were not statistically
significant.

The adjusted associations of historical and current leisure-time physical activity with %DBV
and ADBV were repeated for participants reporting no current use of hormonal
contraceptives at the DISC06 Follow-up visit (Table 3). Similar to models including the full
analytic sample, high school (ages 14–17 years) and post high school (ages 18–21 years)
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leisure-time physical activity was not statistically significantly related to %DBV in
multivariable models. In Model 2, each SD increase in past year leisure-time physical
activity was associated significantly with approximately a 43.0% (95% CI: 2.9, 98.7%)
increase in %DBV (p=0.03). After additional adjustment for BMI at baseline and DISC06
visit (Model 3), this association was no longer statistically significant. Leisure-time physical
activity, recalled from any time point, was not statistically significantly related to ADBV
after covariate adjustment. Among nulliparous women, physical activity at any time point
was not statistically significantly associated with %DBV or ADBV (data not shown).

Discussion
The current study extends previous research in the area of physical activity and breast
density by examining this association in women from adolescence to early adulthood. After
adjustment for important covariates, results showed that higher levels of current (i.e., past
year) leisure-time physical activity levels were significantly, yet directly, related to %DBV,
but not ADBV among women aged 25–29 years. Following further adjustment for childhood
and young adult BMI, the relationship between current leisure-time physical activity and
%DBV was no longer statistically significant. No statistically significant associations were
found between historical (high school and post high school) leisure-time physical activity
levels and %DBV or ADBV. Results were similar when associations with breast density
measures were examined using physical activity data that were collected prospectively in the
original DISC Study (data not shown). Given the null associations between high school and
post high school physical activity and breast density outcome measures, we are unable to
confirm our initial hypothesis. However, these findings are consistent with earlier studies
showing a null association between physical activity and breast density in older women (39).

Previous studies in the area of physical activity and breast density have primarily targeted
midlife to older women (39); however, the current study population consisted of younger,
premenopausal women in their mid- to late- twenties. Given our intention to examine the
influence of adolescent and early adulthood physical activity levels on measures of breast
density, the use of a younger sample population eliminated the necessity for a lengthy
exposure recall that was required of previous studies. To our knowledge, five previous
studies (19, 30, 34–36) have examined the role of early-life exposures on adult breast
density (39). However, unlike the current study, breast density was ascertained via
mammography. Further, study participants for these studies were much older than DISC06
Study participants with most study populations having a mean or median age of 50 years and
older (19, 30, 34, 36), which substantially lengthened the physical activity recall period.
Regardless, similar to our findings, physical activity during early life was not significantly
associated with mammographically defined percent dense breast area (%DBA) in any of
these previous studies (19, 30, 34–36).

The positive association that was found between current leisure-time physical activity and
%DBV (Models 1 and 2) is consistent with the results of a previous investigation by Irwin
and colleagues (17). In the Irwin study (17), the relations between physical activity levels
and %DBA and absolute dense breast area (ADBA) retrieved from mammograms one year
prior to diagnosis were examined in women with breast cancer. At the baseline visit,
participants recalled physical activity levels during the year prior to breast cancer diagnosis
using an adapted version of the MAQ and the associations between physical activity and
breast composition measures were examined separately by menopausal- (pre- and post-
menopause) and obesity- (BMI < 30 kg/m2 and BMI ≥ 30 kg/m2) status. Among
premenopausal women, %DBA and ADBA were greater in non-obese women when
compared to obese women. Further, among non-obese, premenopausal women, %DBA was
statistically significantly higher across increasing physical activity (sports/recreation)
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categories that were based on the physical activity recommendations available at the time of
the study (28) (p for trend = 0.037) (17). However, the linear association with ADBA was
not statistically significant. In obese, premenopausal women the relations of physical
activity with %DBA and ADBA were also not statistically significant.

Findings from the study by Irwin and colleagues (17) suggest that obesity status may modify
the association between physical activity and breast composition in premenopausal women.
Physically active individuals tend to have a lower BMI when compared to less active
counterparts (3); an inverse association that was also demonstrated in the current study. The
parenchymal pattern of the female breast can vary from completely fatty to extremely dense
(29). Intuitively, with increases in adiposity, total breast area should increase due to
increased fat while the absolute area of dense tissue remains the same. In a recent study of
DISC participants by Dorgan and colleagues, BMI measured at the DISC06 Follow-up visit
predicted 49% of the variability in %DBV, but only 7% of the variability in ADBV (11).
After adjustment for clinic site, race, education, smoking status, duration of hormone use,
and parity, adult BMI remained significantly, inversely related to both %DBV and ADBV
(11). In the current analysis, interaction terms between leisure-time physical activity
estimates and BMI, used both as a continuous and categorical (<30 or ≥30 kg/m2) variable,
were tested in each of the models; however, none were statistically significant. The non-
statistically significant interactions are likely the reflection of the low proportion (18.1%) of
the analytic sample that was classified as obese. Future studies should examine the role of
obesity as an effect modifier in the association between physical activity and %DBV and
ADBV in younger, premenopausal women with no previous diagnosis of breast cancer.

Mammography is not a recommended screening tool for breast cancer in young women due
to the associated radiation exposure (4). Further, mammography has been shown to be less
sensitive to detect breast cancer in women aged 40 years and younger (32). Together, these
factors contribute to the lack of published literature related to breast density in this age
group. MRI has been shown to be highly correlated (r= 0.79) with mammographic density
(16), but avoids the radiation exposure associated with mammography. Therefore, this study
contributes significantly to the literature by exploring the relation between physical activity
and breast density using MRI in young, adult women. Other important strengths of this
study include: (a) data were collected on the majority of participants (79.1%) during the
luteal phase of the menstrual cycle, (b) availability of physical activity data spanning from
adolescence to early adulthood, and (c) ability to conduct sub-analyses in in nulliparous
women and participants reporting no hormonal contraceptive use at the DISC06 Follow-up
visit.

In addition to strengths, there are also limitations to consider when interpreting these results.
First, women included in the current investigation were specifically recruited during
childhood for a dietary intervention that specifically targeted a reduction in LDL-C levels.
However, only 14 (7.8%) participants included in the analyses had high LDL-C levels at
follow-up visits based on National Cholesterol Education Program guidelines (27), and none
were using cholesterol lowering medications. Even so, DISC06 Follow-up study participants
may not be representative of the general population. Second, the relatively small sample size
reduced statistical power, which could have resulted in a type II error. Third, historical and
current physical activity levels were self-reported, which has several drawbacks including
recall error and incomplete ascertainment of the exposure across multiple domains and
intensity levels (21, 38). Future research in this area should incorporate device-based
measures (e.g., accelerometers) into their measurement strategy to clarify the importance of
specific physical activity characteristics (i.e., total amount versus intensity level) on breast
health in younger women. Nonetheless, in the current study, physical activity estimates were
obtained from a widely implemented quantitative historical questionnaire with established
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test-retest reliability and convergent validity when compared to the Paffenbarger (i.e.,
College Alumnus) Physical Activity Questionnaire and activity monitor (22, 23). Further,
participants did not have access to their breast density data at the time physical activity was
assessed, which also limits the possibility of recall bias. Again, an important strength of this
study was that physical activity exposures were recalled over much shorter time periods
when compared to previous studies in this area (14). This likely improved the precision and
accuracy of the self-reported estimates to compare with the breast density measures. Further,
as mentioned previously, similar results were obtained using prospective physical activity
data collected in DISC.

The current study adds to previous research by exploring the role of physical activity during
critical periods of breast development in relation to MRI determined measures of breast
density in younger women. Although the relations of physical activity during high school
and post high school with %DBV and ADBV were not statistically significant, reported
physical activity during the previous 12 months was shown to be directly related to %DBV
in Model 1 and 2. After additional adjustment for childhood and young adult BMI (Model
3); however, this association was no longer statistically significant. Consistent with previous
research (39), the findings from the current study suggest that physical activity at a young
age is unrelated to breast density.
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Table 1

Characteristics of Dietary Intervention Study in Children (DISC) participants at the DISC06 visit.

n Analytic Samplea

Participant Characteristics

Collected at Baseline

Age at Randomization, years 182 9.2 ± 0.6

BMI at Randomization, Z-score 182 0.2 ± 0.9

BMI at Randomization, kg/m2 182 17.3 ± 2.3

 Overweight (above 95th percentile of BMI for sex and age), % 10 5.5

Collected at DISC06 Visit

Age at Visit, years 182 27.2 ± 1.0

Race

 White, % 164 90.1

 Black, % 11 6.0

 Other, % 7 3.9

Educational Attainment

 < Bachelor’s Degree, % 62 34.1

 ≥ Bachelor’s Degree, % 120 65.9

Anthropometric Measures

Height, cm 182 165.3 ± 6.4

Weight, kg 182 69.3 ± 15.4

Body Mass Index (BMI) at Visit, kg/m2 182 25.3 ± 5.3

Reproductive History

Age at Onset of Menstruation, years 182 12.9 ± 1.3

Menstrual Cycle Phase at Visit

 Luteal (1–14 d before menses), % 144 79.1

 Follicular (15–34 d before or on day of menses), % 18 9.9

 Long cycle (35+ d before menses), % 7 3.9

 Missing, % 13 7.1

Next Menses, days 169 6.0 (4.0. 9.0)

Current Hormonal Contraceptive Use

 Never, % 11 6.0

 Former, % 66 36.3

 Current, % 105 57.7

Duration of Hormone Use, years 182 5.3 ± 3.7

Full Term Pregnancy

 None, % 133 73.1

 ≥ 1, % 49 26.9

Behavioral Characteristics
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n Analytic Samplea

Smoking Status, %

 Never, % 100 54.9

 Former, % 38 20.9

 Current, % 44 24.2

Total Leisure-time Physical Activity (PA) at 14–17 years, MET·hr·wk−1 182 34.7 (13.7, 66.6)

 Light Intensity Leisure-time PA at 14–17 years, MET·hr·wk−1 0.0 (0.0, 0.3)

 Moderate Intensity Leisure-time PA at 14–17 years, MET·hr·wk−1 11.7 (5.2, 29.4)

 Vigorous Intensity Leisure-time PA at 14–17 years, MET·hr·wk−1 17.5 (3.2, 39.5)

Total Leisure-time PA at 18–21 years, MET·hr·wk−1 182 30.9 (14.3, 54.3)

 Light Intensity Leisure-time PA at 18–21 years, MET·hr·wk−1 0.0 (0.0, 0.2)

 Moderate Intensity Leisure-time PA at 18–21 years, MET·hr·wk−1 15.2 (5.9, 33.2)

 Vigorous Intensity Leisure-time PA at 18–21 years, MET·hr·wk−1 11.1 (4.3, 23.2)

Total Past Year Leisure-time PA, MET·hr·wk−1 182 22.1 (9.3, 35.4)

 Past Year Light Intensity PA, MET·hr·wk−1 0.0 (0.0, 0.1)

 Past Year Moderate Intensity PA, MET·hr·wk−1 10.9 (4.7, 22.8)

 Past Year Vigorous Intensity PA, MET·hr·wk−1 6.3 (1.6, 14.5)

Breast Composition Measures

Percent dense breast volume (%DBV) 182 24.5 (9.7, 41.2)

Absolute dense breast volume (ADBV), cm3 182 93.0 (50.0,140.3)

a
Normally-distributed variables presented as mean ± standard deviation; non-normal variables presented as median (interquartile range);

categorical variables presented as proportions.
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