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Objectives: Research has shown that women with large breasts experience increased breast motion,
which can act as a barrier to participating in physical activity. Despite this evidence, limited research
has investigated the effect of breast size on physical activity participation.

Design: Cross-sectional study.

Methods: 355 Australian women (aged 18-75years) who volunteered as participants were divided into
four breast size groups (small, medium, large and hypertrophic). All participants completed the Active
Australia Survey to assess their participation in physical activity in the previous week, and were asked to
indicate whether they agreed or disagreed that their breast size affected their participation in physical
activity. Participant responses to time spent in each type of activity were compared across the four breast
size groups using an ANCOVA design, controlling for age.

Results: Participants with hypertrophic breasts participated in significantly less total physical activity per
week, particularly less vigorous-intensity physical activity, compared to their counterparts with smaller
breasts. Participants with large breasts also participated in less vigorous-intensity physical activity com-
pared to participants with small and with medium breasts, and a high percentage of women with large
and with hypertrophic breasts perceived their breast size to affect the amount and intensity of physical
activity they performed.

Conclusions: Breast size should be acknowledged as a potential barrier to women participating in physical
activity. Strategies to assist women with large and hypertrophic breasts participate in all types and
intensities of physical activity are needed so women can enjoy the health benefits associated with an
active lifestyle.
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1. Introduction vation; being self-conscious; experiencing urinary incontinence;

being too tired; poor weather; being ill or injured; family com-

Regular participation in physical activity has been associated
with numerous positive health benefits, including lessening the
potential of incurring chronic disease and the associated risk of
premature death.!? Despite these positive health benefits, 58% of
Australian women do not meet the recommended physical activ-
ity guidelines (150-300 min of moderate-intensity physical activity
or 75-150min of vigorous intensity physical activity per week;
being active on most, preferably all, days every week; and doing
muscle strengthening activities on at least 2 days each week) and
the percentage of women not meeting these guidelines increases
with advancing age.? Several factors contribute to the low adher-
ence to physical activity participation by women including a lack
of time, interest, discipline, skill, money, encouragement or moti-
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mitments or travel time.>* One possible contributing factor that
is often overlooked within the physical activity literature but has
been acknowledged as a barrier to physical activity participation
for women, is exercise-induced breast discomfort.”~”
Exercise-induced breast discomfort is breast discomfort or pain
caused by excessive motion of the breasts when women partici-
pate in physical activity.®? It has been reported that breasts can
move up to 19cm vertically>?'? and up to 4cm in the medial-
lateral and anterior-posterior planes when women are active,'!
with the breasts moving more during vigorous activities such as
running and jumping compared to less vigorous activities such
as walking.>1? Importantly, as little as 2 cm of breast motion can
cause exercise-induced breast discomfort.? Breast motion is also
known to be greater among women with larger breasts, due to
the increased force (mass x acceleration) applied to breasts with
a greater mass.5” Excessive breast motion can lead to pain and
embarrassment during physical activity,'%!3 which may negatively
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affect the ability of some women to participate in physical activity.
Therefore, it is important that we understand the potential associ-
ation among breast size, breast motion and the ability of women to
participate in physical activity.

Only two published studies have compared physical activity
participation levels reported by women of different breast sizes
(small vs large breasts).” !> Although no significant between-group
differences in physical activity participation levels were found in
either study, both studies had study design limitations (e.g. only
young participants, self-reported breast size) that are likely to have
influenced the findings. Due to these limitations, further research
is required to better understand the effect of breast size, across
the entire breast size spectrum, on physical activity participation
levels among women. Information of this nature could be used to
inform future evidence-based public health strategies related to
encouraging greater levels of physical activity participation among
women. Therefore, this study aimed to determine the effect of
breast size, across the breast size spectrum (small, medium, large
and hypertrophic),'* on the duration and intensity of participation
in physical activity reported by women living in the community. It
was hypothesised that women with larger breasts would spend less
time in vigorous-intensity activity and, therefore, less total time in
physical activity, compared to women with smaller breasts.

2. Methods

Three hundred and seventy-eight Australian women aged
18years and over volunteered to participate in a study, which
investigated the breast characteristics of Australian women
following advertisement of the study throughout the local com-
munity, University and Women'’s Health Centres. Participants were
excluded from participation if they: (i) were pregnant or breast
feeding (ii) had epilepsy that could be induced by the flashing
light of the scanner or (ii) were unable to assume the prone
scanning position due to the effects of these factors on breast vol-
ume or the breast volume measurement. Although there was no
upper age limit to participate in the larger breast characteristics
study, the physical activity survey instrument we used has been
validated to measure participation in leisure time physical activ-
ity among persons aged 18-75years.'> Therefore, of the initial
378 volunteers, data for 355 women were included in the cur-
rent study (age range: 18-75years, mean: 42.3 + 18.4 years; BMI
range (calculated as mass (kg)/height? (m)): 19-55 kg/m?, mean:
27.5+6.2kg/m?). Approval for the study was obtained from the
University of Wollongong Human Research Ethics Committee (HE
13/424). All participants provided written informed consent prior
to testing and all testing was conducted according to the NHMRC
Statement on Human Experimentation.'®

In order to characterise each participant’s breast size, the vol-
ume of their left and right breasts were directly quantified using
procedures described in detail elsewhere.!” In brief, each partici-
pant’s breasts were scanned using a hand-held three-dimensional
scanner (Artec™ Eva 3D Scanner, Artec Group, San Jose) while they
lay in a prone position, with their breasts freely suspended in a
gap between two tables. These scans were subsequently imported
into software where a three-dimensional model of each breast
was created (Geomagic Studio® software; Version 12; 3DSystems,
South Carolina, USA) and the volume of each breast was calcu-
lated in millilitres (mL).!4!7 The participants were then divided
into four groups based on the volume of their left breast.'# The
four breast size groups were: (i) small: breast volume <350 mL
(n=98, mean age: 35+ 15years; mean BMI: 23 + 3 kg/m?; mean
breast volume: 228 &+ 73 mL (left), 220 + 81 mL (right), (ii) medium:
breast volume 350-700mL (n=132, mean age: 41+ 19years;
mean BMI: 26+4kg/m?; mean breast volume: 500+ 103 mL

(left), 492 + 125 mL (right), (iii) large: breast volume 701-1200 mL
(n=82, mean age: 48 + 18 years; mean BMI: 31+ 5kg/m?2; mean
breast volume: 921+140mL (left), 901+194mL (right), and
(iv) hypertrophic: breast volume >1200mL (n=43, mean age:
53+ 16years; mean BMI: 35+ 7kg/m2; mean breast volume:
1683 £458 mL (left), 1670 £ 522 mL (right).

Participants responded to eight questions from the Active
Australia Survey!® pertaining to their participation (frequency and
duration) in four types of activity (walking, moderate-intensity
activity, vigorous gardening and vigorous-intensity activity) in the
week preceding survey completion. From participant responses to
the self-report survey questions, the total time each participant
reported to spend in each activity was calculated in minutes. Par-
ticipant responses to the question assessing moderate intensity
activity were combined with the walking question as a measure
of total moderate-intensity activity.!> To reduce errors associ-
ated with over-reporting, participants who reported times greater
than 840 min for a single activity type were recoded to 840 min
(n=2).1> The time spent in total moderate-intensity activity, vigor-
ous gardening and vigorous-intensity activity were then summed
to calculate the total time (minutes per week) that participants
spent in physical activity.!> On the written survey participants
were also asked to indicate their level of agreement (rated from
1 (strongly disagree) to 5 (strongly agree)) with the statement:

“Mly breast size has affected the amount and level of physical activ-
ity I partake in currently or in the past (or both).”

If participants agreed with this statement they were asked to
indicate what activities they perceived were affected. Each sur-
vey was completed by hand or online through the Qualtrics survey
platform (Qualtrics, United States).

Descriptive statistics for the time participants reported spend-
ing in each activity, as well as the total time that participants
reported spending in physical activity were calculated for each
breast size category, grouped with respect to six age categories
(18-24years, 25-34 years, 35-44 years, 45-54 years, 55-64 years
and 65-74 years). The six age categories enabled later comparison
of data from the current study to normative population data.'® To
avoid effects of over-reporting, data were visually inspected and
participants who reported more than three standard deviations
greater than the age group mean for any activity were excluded
from analysis (n=31). The percentage of participants who either
agreed or strongly agreed with the breast size and physical activity
statement was calculated.

Data for vigorous-intensity activity were log transformed (Lg10)
to meet the normality and homogeneity of variance assumptions
underlying parametric statistics. A one-way ANCOVA design was
then used to determine whether there was any significant (p <0.05)
main effect of breast size on the outcome variables, controlling
for age (covariate). Where significant main effects were identified,
Bonferroni post hoc tests were used to determine where differences
lay. All calculations were performed using the Statistical Package
for the Social Sciences (Version 21.0; SPSS Inc., Chicago, IL).

3. Results

The age distribution of the entire participant cohort, compared
to normative population data is shown in Table 1(a). The time that
participants reported to spend in each activity compared to popu-
lation data from the Australia Health Survey is shown in Table 1(b),
which implemented aspects of the Active Australia Survey.

The mean time participants reported spending in each activity,
as well as the total time participants reported spending in physical
activity, are shown for the four breast size groups in Fig. 1. When
controlling for age, breast size was found to have a significant effect

(2018), https://doi.org/10.1016/j.jsams.2018.09.226

Please cite this article in press as: Coltman CE, et al. Does breast size affect how women participate in physical activity? J Sci Med Sport



https://doi.org/10.1016/j.jsams.2018.09.226

G Model
JSAMS-1940; No.of Pages6

C.E. Coltman et al. / Journal of Science and Medicine in Sport xxx (2018) Xxx—xXx 3

Table 1

The age distribution of a sample of the Australian female population (n=8093) and the current study cohort (n=355) are shown in (a). Normative physical activity data for
both datasets are reported for each activity type (total time in physical activity, total moderate-intensity activity, vigorous-intensity activity and vigorous-gardening), with

respect to age in (b).

(a)
Australian female population?® (%) Study cohort (%)
Number of participants 8093 355
Percent of sample aged 18-24 years 7.9 26.2
Percent of sample aged 25-34 years 17.5 194
Percent of sample aged 35-44 years 19.2 10.2
Percent of sample aged 45-54 years 18.5 129
Percent of sample aged 55-64 years 16.5 13.1
Percent of sample aged 65-74 years 113 18.1
(b)
Australian female population® (weighted mean) Study cohort (mean + SD)
Total time physical activity (min)®
18-24 years 233 4904329
25-34years 249 523+355
35-44years 253 388+307
45-54 years 286 393+331
55-64 years 249 399+318
65-74 years 227 449 +307
Total moderate-intensity activity (min)°
18-24years 158 294 +246
25-34years 172 318 +141
35-44 years 164 225+191
45-54 years 181 224 +220
55-64 years 175 257+219
65-74 years 161 276 +222
Vigorous-intensity activity (min)¢
18-24 years 62 182+169
25-34years 50 170+ 141
35-44years 48 95+104
45-54 years 52 116+136
55-64 years 19 63+120
65-74 years 18¢ 55+91
Vigorous gardening (min)"
18-24years 13 13+36
25-34years 27 27+61
35-44years 41 21+48
45-54 years 53 47 +78
55-64 years 53 67 +99
65-74 years 48 99+111

o

Based on data collected from the Australian Health Survey, Nutrition and Physical Activity, 2011-12 (ABS, 2014).

b Total time spent in physical activity is a summation of the time spent in total moderate-intensity activity, vigorous gardening and vigorous-intensity activity across the

week preceding survey completion.

¢ Total moderate-intensity activity is a combination of time spent in walking and moderate-intensity activity.
d Because the transformed vigorous intensity activity data showed similar trends to the untransformed data, the untransformed breast volume data has been presented in

this section for ease of interpretation.

¢ This estimate is acknowledged by the ABS to have a relative standard error of 25-50% and, as such, is advised to be used with caution.

f Refers to vigorous-intensity gardening and yard work.

on the total time spent in physical activity. That is, participants with
small breasts reported spending significantly more total time par-
ticipating in physical activity than participants with hypertrophic
breasts (Fig. 1(d)). Breast size was also found to have a significant
effect on the time participants reported spending in vigorous-
intensity activity, whereby participants with small breasts spent
significantly more time in vigorous-intensity activity compared to
participants with large breasts and participants with hypertrophic
breasts (Fig. 1(c)). There was no significant difference between
groups for the reported time spent in total moderate-intensity
activity or vigorous gardening (Fig. 1(a and b)). The percentage of
participants who agreed or strongly agreed with the breast size
and physical activity statement, increased with increasing breast
size group (Table 2(a)). The types of activities that the participants
most commonly reported to have been affected by their breast size
are also shown in Table 2(a), together with the BMI distribution of
the four participant groups (Table 2(b)).

4. Discussion

This is the first study to present physical activity participation
data reported by a large sample of women living in the commu-
nity, who represented the entire breast size spectrum. Breast size
was found to have a significant effect on the total time partici-
pants reportedly spent participating in physical activity, as well
as the time participants reported to spend performing vigorous
physical activity. The implications of these findings are discussed
below.

The time that participants in the current study reported to
spend performing physical activity was substantially greater than
population norms (Table 1(b)), suggesting that participants in the
current study were either more active than women in the general
population or that they over-reported the time they spent per-
forming physical activity in the previous week. Despite this, mean
data for time spent performing total moderate-intensity activity
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Fig. 1. The mean + standard error time participants reported to spend performing physical activity per week are shown for the four breast size groups, controlling for the
effects of age. (a) total time physical activity, (b) moderate-intensity activity, (c) vigorous gardening and, (d) vigorous-intensity activity. *Indicates a significant difference
between groups. NB: as the transformed vigorous intensity activity data showed similar trends to the untransformed data, the untransformed breast volume data has been

presented in this section for ease of interpretation.

Table 2

The number and percentage of participants who agreed (combined ‘strongly agree’ and ‘agree’) with the breast size and physical activity statement?, as well as the types of
activities identified as being affected by breast size are shown in (a). The number and percentage of participants within each BMI group (normal, overweight and obese) are

shown for the four breast size groups in (b).

(a)

Small (n=98) Medium (n=132) Large (n=82) Hypertrophic (n=43)
Breast size affects my physical activity® (n; %) 7(7) 31(23) 38 (46) 25(58)
Current 0(0) 11(8) 16 (20) 10(23)
Past 6(6) 11(8) 7(9) 4(9)
Both 1(1) 9(7) 15(18) 11(26)
Activity type (n; %)°
Running/jogging 6(6) 22 (17) 32(39) 15(35)
Aerobics/dance/jumping/gym 0(0) 10(8) 11(13) 14 (33)
Team sports/basketball/netball 0(0) 7(5) 5(6) 6(14)
Swimming 0(0) 2(2) 7(9) 4(9)
Walking 0(0) 1(1) 3(4) 5(12)
Not specified 1(1) 6(5) 2(2) 3(7)
(b)
BMI group (range) Small (n; %) Medium (n; %) Large (n; %) Hypertrophic (n; %)
Normal (18.5-24.9 kg/m?) 85 (86.7) 64 (48.5) 7(8.5) 2(4.7)
Overweight (25-29.9 kg/m?) 10(10.2) 46 (34.8) 31(37.8) 8(18.6)
Obese (>30kg/m?) 3(3.1) 22(16.7) 44 (53.7) 33(76.7)

2 Percentage of participants agreeing with the statement “My breast size has affected the amount and level of physical activity I partake in currently or in the past”.
b Some participants listed more than one activity type to be affected by their breast size; as such the totals for some activity types exceed the total number of participants.

and vigorous-intensity activity recorded in the current study were
consistent with those reported in similar research on a sample
of women living in the UK (vigorous intensity: 161297 min’ vs
124 + 144 min (current study); moderate-intensity 241 + 392 min’
vs 2744231 min (current study)). In addition, despite differences

in the absolute values between the Australian population data and
data for the current participant cohort, both data sets showed that
reported participation in all types of physical activity tended to
decline with age (except gardening) and this was most evident for
participation in vigorous-intensity activity (Table 1(b)).
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In support of our hypothesis, the total time that participants
reported to spend performing physical activity declined with
increasing breast size (Fig. 1(d)). However, this decline was sig-
nificant only between participants with small and hypertrophic
breasts, whereby, when age was controlled for, participants with
hypertrophic breasts reported spending approximately 37% less
total time performing physical activity per week than their coun-
terparts with small breasts. Although this finding suggests that
breast size negatively impacts total physical activity participation
among women with hypertrophic breasts, this finding should be
interpreted in light of the multifactorial issues associated with
breasts of this size. For example, 76% of participants with hyper-
trophic breasts were classified as having an obese body mass index,
and people who are obese have been shown to participate in
less physical activity compared to non-obese individuals.'? As a
large body size can be associated with a large breast size,!* it is
unknown whether the decreased physical activity participation is
most affected by breast size, body size or a combination of the
two among these women. Furthermore, women with hypertrophic
breasts have been found to suffer from an increased prevalence
of psychosocial issues surrounding negative body image,2° report
difficulty finding a suitable sports bra to wear when active?! and
experience an increased prevalence and severity of musculoskele-
tal pain.2'-23 Therefore, it is likely that a combination of these
variables adversely affect the ability of women with hypertrophic
breasts to participate in physical activity, contributing to the over-
all reduced total time spent performing physical activity among the
current study cohort. Despite these factors, it is important to high-
light that 24% of participants with hypertrophic breasts were not
obese (19% overweight and 5% normal BMI; Table 2(b)), and not
all women with hypertrophic breasts will suffer negative health
consequences that subsequently impact upon their participation
in physical activity. As such, breast size must be acknowledged as
a potential independent barrier to participation in physical activity
within the literature.

When total time spent performing physical activity was bro-
ken down by activity, in agreement with our hypothesis, breast
size was found to significantly affect the intensity of physical activ-
ity that participants self-reported. That is, participants with large
and with hypertrophic breasts reported they participated in sig-
nificantly less vigorous-intensity physical activity compared to
participants with small breasts (Fig. 1(c)). Interestingly, there was
no significant main effect of breast size on participation in either
total moderate-intensity activity or vigorous-gardening (Fig. 1(a
and b)), which is likely to be a reflection of the small amount of
breast motion induced by these activities. Previous research has,
however, associated an increased amount of breast motion and
exercise-induced breast discomfort with larger breast sizes and
vigorous activities.>”” It is therefore reasonable to assume that
the reduced participation reported performing vigorous-intensity
physical activity by women with large breasts and with hyper-
trophic breasts is likely to be linked to the exercise-induced breast
discomfort the women experience during vigorous-intensity phys-
ical activity. Support for this notion is evidenced by the large
percentage (46-58%) of participants with large breasts and with
hypertrophic breasts that agreed that their breast size has cur-
rently or in the past, affected the amount and level of physical
activity they participated in. Although participating in any intensity
of physical activity is better than not participating in any activity at
all,2* vigorous-intensity activity is thought to confer greater health
benefits compared to low and moderate-intensity activity?>26 and
the health benefits can be achieved in a substantially shorter
period of time (e.g. such as when performing high intensity inter-
val training).?” The benefits of vigorous-intensity physical activity
are important, particularly for women who report a lack of time
as a common barrier to physical activity participation.>* There-

fore, strategies to promote participation in all types and intensities
of physical activity, including vigorous-intensity physical activity,
across the breast size spectrum are needed. Strategies for young
women are particularly important to ensure good physical activity
practices are developed early and sustained across their lifetime.
Strategies should include education surrounding the importance
of correct breast support, including the importance of different
features of a well-designed sports bra, as well as training on
how to correctly fit a sports bra. Research has consistently shown
that wearing a well-fitting and supportive sports bra can sub-
stantially reduce breast displacement and exercise-induced breast
discomfort® and, as such, is recommended for women when par-
ticipating in physical activity.”?8

Running and jogging based activities rated among the high-
est of the activities that participants reported to be affected by
their breast size (21% of total cohort; Table 2(a)). These activi-
ties were most problematic for women with larger breast sizes
(46-58%), which is consistent with data reported in previous
literature.”>'? Similarly, activities that involve jumping and bound-
ing motions, such as dancing, aerobics and dynamic team sports,
were also identified as problematic for women with larger breasts.
These findings further highlight the need for women with larger
breasts to have access to well-designed sports bras that can pro-
vide sufficient support when these women participate in dynamic,
vigorous-intensity activities. Unfortunately, research has repeat-
edly shown that many women are dissatisfied with current sports
bras and experience fit issues.?!>? A similar problem was identi-
fied for swimwear whereby 9% of participants in the current study
who had large breasts or hypertrophic breasts reported swimming
as an activity that they felt breast size affected their ability to par-
ticipate in, and may reflect the difficulty they encounter finding
suitable swimwear, as was reported by many participants. There-
fore, improvements to both sports bra fit and bra design, as well as
swimwear fit and design are needed so that women of all breast
sizes can comfortably participate in all types and intensities of
physical activity.>? Improvements in swimwear are particularly
relevant because aquatic-based activities have been shown to be
a more comfortable mode of activity for women with larger breast
sizes compared to land-based activities.®

The results of the current study must be interpreted in light
of the limitations of this research. Firstly, as the physical activity
data were based on self-report data, it is likely that participants
over reported their time spent participating in physical activity.
In order to reduce errors associated with self-reporting, it is rec-
ommended that a quantitative measure of physical activity be
used in future research in this field. Secondly, the study popu-
lation included a large percentage of younger women (26% aged
18-24 years; Table 1(a)), which may have contributed to the greater
time reported to be spent performing physical activity compared
to population data (Table 1(b)).

5. Conclusion

This study provides evidence of the adverse effects of a large and
ahypertrophic breast size on duration and intensity of participation
in physical activity. Consequently, breast size must be acknowl-
edged as a potential barrier to women participating in physical
activity within the literature. Furthermore, evidence-based strate-
gies to promote participation in all types and intensities of activity,
including vigorous-intensity physical activity, among women with
large and with hypertrophic breast sizes are needed so women
can enjoy the health benefits associated with an active lifestyle.
Strategies should include education surrounding the importance
of correct breast support, including the importance of the differ-
ent features of well-designed sports bras and how to correctly fit a
sports bra.
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Practical implications

e Breast size should be acknowledged as a potential barrier to
women participating in physical activity.

e Strategies to promote participation in all types and intensities of
physical activity, including vigorous-intensity physical activity,
across the breast size spectrum are needed. This is most impor-
tant for women with large and with hypertrophic breast sizes.

e Clinical practice should aim to provide education surrounding the
importance of correct breast support, including the importance
of the different features of well-designed sports bras and how to
correctly fit a sports bra.

Funding

This research has been conducted with the support of the Aus-
tralian Government Research Training Program Scholarship and
the Sports Medicine Australia Research Foundation, who provided
partial funding towards this study.

Data sharing

Due to human research ethics obligations, the authors cannot
share additional data.

Acknowledgements

We wish to thank the women who volunteered their time to
participate in this study, as well as the many research assistants
who helped collect data. We would also like to acknowledge the
[llawarra, Penrith, Hunter and Central Coast Women'’s Health Cen-
tres across NSW for the use of their facilities, as well as their
enthusiasm and support of our research.

References

[1]. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the
evidence. Can Med Assoc | 2006; 174(6):801-809.

Jewson E, Spittle M, Casey M. A preliminary analysis of barriers, intentions, and
attitudes towards moderate physical activity in women who are overweight. |
Sci Med Sport 2008; 11(6):558-561.

Australian Bureau of Statistics. Australian Health Survey: Physical Activity,
2011-12, Canberra, Australian Bureau of Statistics, 2013.

Moreno JP, Johnston CA. Barriers to physical activity in women. Am ] Lifestyle
Med 2014; 8(3):164-166.

Mason BR, Page KA, Fallon K. An analysis of movement and discomfort of the
female breast during exercise and the effects of breast support in three cases. J
Sci Med Sport 1999; 2(2):134-144.

McGhee DE, Steele JR, Zealey W] et al. Bra-breast forces generated in women
with large breasts while standing and during treadmill running: implications
for sports bra design. Appl Ergon 2013; 44(1):112-118.

2.

13].

[4].

[5].

[6].

(7.

Burnett E, White ], Scurr J. The influence of the breast on physical activity par-

ticipation in females. J Phys Act Health 2015; 12(4):588-594.

[8]. McGhee DE, Steele JR, Power BM. Does deep water running reduce exercise-
induced breast discomfort? Br ] Sports Med 2007; 41(12):879-883.

[9]. Gehlsen G, Albohm M. Evaluation of sports bras. Phys Sportsmed 1980;
8(10):88-97.

[10].Scurr JC, White JL, Hedger W. Supported and unsupported breast displacement in
three dimensions across treadmill activity levels. J Sports Sci 2011; 29(1):55-61.

[11].Scurr ], White ], Hedger W. Breast displacement in three dimensions during the
walking and running gait cycles. J Appl Biomech 2009; 25(4):322-329.

[12]. McGhee DE, Steele JR. Optimising breast support in female patients through
correct bra fit. A cross-sectional study. J Sci Med Sport 2010; 13(6):568-572.

[13].Bowles KA, Steele JR, Munro B. What are the breast support choices of Australian
women during physical activity? Br ] Sports Med 2008; 42(8):670-673.

[14]. Coltman CE, Steele JR, McGhee DE. Breast volume is affected by body mass index
but not age. Ergonomics 2017; 60(11):1576-1585.

[15]. Australian Institute of Health and Welfare. The Active Australia Survey: A Guide
and Manual for Implementation, Analysis and Reporting, Canberra, AIHW, 2003.

[16]. National Health and Medical Research Council. National Statement on Ethical
Conduct in Human Research, Canberra (ACT), Australian Government, 2007.

[17]. Coltman CE, McGhee DE, Steele JR. Three-dimensional scanning in women with
large, ptotic breasts: implications for bra cup sizing and design. Ergonomics 2017;
60(3):439-445.

[18]. Australian Bureau of Statistics. Australian Health Survey, Nutrition and Physical
Activity, 2011-12, Canberra, Australian Bureau of Statistics, 2014.

[19]. Mahdavi R, Nikniaz Z, Ostadrahimi A et al. Physical activity in overweight and
obese women: association with body mass index and demographic character-
istics. Appl Res Qual Life 2013:1-10.

[20]. Pérez-Panzano E, Gascén-Catalan A, Sousa-Dominguez R et al. Reduction
mammaplasty improves levels of anxiety, depression and body image satisfac-
tion in patients with symptomatic macromastia in the short and long term. J
Psychosom Obstet Gynecol 2017; 38(4):268-275.

[21]. Greenbaum AR, Heslop T, Morris ] et al. An investigation of the suitability of
bra fit in women referred for reduction mammaplasty. Br | Plast Surg 2003;
56(3):230-236.

[22]. Coltman CE, Steele JR, McGhee DE. Can breast characteristics predict upper torso
musculoskeletal pain? Clin Biomech 2018; 53:46-53.

[23]. McGhee DE, Coltman KA, Riddiford-Harland DL et al. Upper torso pain and mus-
culoskeletal structure and function in women with and without large breasts: a
cross sectional study. Clin Biomech 2018; 51:99-104.

[24].0'Donovan G, Lee IM, Hamer M et al. Association of weekend warrior and other
leisure time physical activity patterns with risks for all-cause, cardiovascular
disease, and cancer mortality. JAMA Intern Med 2017; 177(3):335-342.

[25].Gebel K, Ding D, Chey T et al. Effect of moderate to vigorous physical activity
on all-cause mortality in middle-aged and older Australians. JAMA Intern Med
2015; 175(6):970-977.

[26].Swain DP, Franklin BA. Comparison of cardioprotective benefits of vigorous
versus moderate intensity aerobic exercise. Am J Cardiol 2006; 97(1):141-147.

[27].Gibala M]J, Little JP, Macdonald M]J et al. Physiological adaptations to low-
volume, high-intensity interval training in health and disease. J Physiol 2012;
590(5):1077-1084.

[28]. McGhee DE, Steele JR. Breast elevation and compression decrease exercise-
induced breast discomfort. Med Sci Sport Exerc 2010; 42(7):1333-1338.

[29]. Coltman CE, Steele JR, McGhee DE. Which bra components contribute to incor-
rect bra fit in women across a range of breast sizes? Cloth Text Res ] 2018;
36(2):78-90.

[30].Mills C, Ayres B, Scurr J. Breast support garments are ineffective at reducing

breast motion during an aqua aerobics jumping exercise. ] Hum Kinet 2015;

46(1):49-58.

(2018), https://doi.org/10.1016/j.jsams.2018.09.226

Please cite this article in press as: Coltman CE, et al. Does breast size affect how women participate in physical activity? J Sci Med Sport



https://doi.org/10.1016/j.jsams.2018.09.226

	Does breast size affect how women participate in physical activity?
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	Practical implications
	Funding
	Data sharing
	Acknowledgements
	References


