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Abstract

Background: While weight gain following breast cancer is considered common, results supporting these findings
are dated. This work describes changes in body weight following breast cancer over 72 months, compares weight
with normative data and explores whether weight changes over time are associated with personal, diagnostic,
treatment or behavioral characteristics.

Methods: A population-based sample of 287 Australian women diagnosed with early-stage invasive breast cancer was
assessed prospectively at six, 12, 18 and 72 months post-surgery. Weight was clinically measured and linear mixed models
were used to explore associations between weight and participant characteristics (collected via self-administered
questionnaire). Those with BMI changes of one or more units were considered to have experienced clinically significant
changes in weight.

Results: More than half (57%) of participants were overweight or obese at 6 months post-surgery, and by 72 months
post-surgery 68% of women were overweight or obese. Among those who gained more weight than age-matched
norms, clinically significant weight gain between 6 and 18 months and 6 and 72 months post-surgery was observed
in 24% and 39% of participants, respectively (median [range] weight gain: 3.9 kg [2.0-11.3 kg] and 5.2 kg [0.6-28.7],
respectively). Clinically-significant weight losses were observed in up to 24% of the sample (median [range] weight loss
between 6 and 72 months post-surgery: −6.4 kg [−1.9–24.6 kg]). More extensive lymph node removal, being treated on
the non-dominant side, receiving radiation therapy and lower physical activity levels at 6 months was associated with
higher body weights post-breast cancer (group differences >3 kg; all p < 0.05).

Conclusions: While average weight gain among breast cancer survivors in the long-term is small, subgroups of women
experience greater gains linked with adverse health and above that experienced by age-matched counterparts. Weight
change post-breast cancer is a contemporary public health issue and the integration of healthy weight education and
support into standard breast cancer care has potential to significantly improve the length and quality of cancer survivorship.
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Background
Maintaining a healthy body weight and avoiding excessive
weight gain throughout life are common public health mes-
sages with respect to breast cancer prevention and recovery
[1,2]. Overweight or obesity following breast cancer is asso-
ciated with greater morbidity [3] and mortality [4,5]. Specif-
ically, overweight or obesity are associated with higher rates
of treatment-related sequelae, such as lymphedema, fatigue
and arthralgia [6-14], and have been associated with in-
creased risk (up to four-fold) of developing other chronic
diseases, such as type II diabetes and cardiovascular disease
[15,16]. Findings from a meta-analysis also demonstrated
that risk of breast cancer-specific and all-cause mortality
was 1.3 times higher (HR= 1.3, 95% CI: 1.2- 1.5; and 1.3:
1.2-1.5, respectively) in obese women compared with non-
obese women [17]. Weight loss, in particular for those who
enter their cancer diagnosis malnourished and underweight,
has also been linked with poor outcomes [1,18]. However, to
date, weight gain rather than weight change, with consider-
ation to gains as well as losses, has been the focus of re-
search attention for women with breast cancer.
Following a breast cancer diagnosis, weight gains ex-

ceeding five kilograms have been observed over periods
between six months [19-22] and sixty months [23] post-
surgery and have been observed in retrospective [24-26],
as well as prospective [19-23,27-35] studies. Cohorts
studied have included both pre- and post-menopausal
women [33,36], and those followed during and following
chemotherapy [19,20,22,27,28,31,34,37], radiotherapy [22,28]
and endocrine therapy [30]. While chemotherapy has
long been associated with weight gain, changes in
chemotherapy regimens (including type and duration of
administration) make its current contribution to weight
gain unclear. Other factors that have been associated
with weight gain post-breast cancer, though inconsist-
ently, include younger age, pre-menopausal status and/
or having a lower body mass index (BMI) at time of
diagnosis [38].
While earlier studies, particularly those that assessed

the effects of chemotherapy compared changes in
weight and body composition against patients who just
received localised treatment [22,28], the question of
whether these observed changes can be attributed to
aging or to breast cancer and its treatment remain. Un-
derstanding the contribution of the disease itself to
weight change is important for determining the optimal
setting (patient or public health/community), timing,
type and need for breast cancer specific advice (e.g., tak-
ing into account treatment-related sequelae) for weight
control. The purpose of this work is to describe changes
in body weight in a population-based sample of women
diagnosed with breast cancer, assessed prospectively be-
tween six and 72 months post-surgery, to compare
weight with age-matched normative data, and to explore
the personal, diagnostic, treatment and behavioral char-
acteristics associated with body weight following breast
cancer.

Methods
Ethical approval was obtained from a university human re-
search ethics committee (Queensland University of Tech-
nology, Reference Number 2179H) and access to patients
followed the standard procedures of the local cancer regis-
try. All women provided written, informed consent.

Study design and participants
The Pulling Through Study (PTS) was a prospective,
population-based, cohort study designed to track and assess
the physical and psychosocial recovery of Australian women
newly diagnosed with breast cancer. The design and sample
characteristics of the PTS) have been detailed elsewhere
[39]. Briefly, eligible participants were women, aged 20–74
years, diagnosed with a primary, invasive unilateral breast
cancer during 2002. Following informed consent, 287
women completed a self-administered questionnaire at 6, 12
and 18 months post-breast cancer diagnosis, with 74% of
these women (n = 211) also participating in a clinical assess-
ment of weight and lymphoedema at these times.
Consent was later received to follow-up the original sam-

ple of 287 women at six years (i.e., 72-months) post-
surgery. Of the 287 original participants, 11 withdrew from
the study and were therefore not recontacted. The records
of the remaining 276 women were cross-referenced with
the mortality database at the Queensland Cancer Registry
in August 2008 to determine vital status, including date
and cause of death. At the 72-month follow-up [40], 23
were deceased, 22 could not be recontacted, 36 declined
participation and the remaining 195 consented to the six-
year follow-up study.

Data collection
Clinical Assessment: Standard procedures and the same
calibrated scales were used throughout the study period.
Weight was measured to the nearest 0.1 kilogram (kg)
using Seca™ scales, with participants wearing light clothing
and no shoes, at 6-, 12-, 18- and 72-months post-surgery.
Height was assessed using a KDS™ 2m tape, and recorded
to the nearest centimeter at 6 months post-surgery. BMI
was calculated by weight (kilograms)/height2 (meters). BMI
scores of <18.5, 18.5-24.9, 25–29.9 and 30+ were catego-
rized as underweight, healthy weight, overweight and obese,
respectively.
Self-administered Questionnaire: Participants were asked

to self-report weight at 6 (self-reported pre-diagnosis weight
was also collected at this time), 12 and 18 months post-
surgery and height at 6 months post-surgery (allowing com-
parisons with other studies which do not clinically assess
weight). BMI was calculated as above. At 6 months post-
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surgery, participant-administered questionnaires were used
to collect information on personal (i.e., age, education level,
income, and private health insurance), treatment (i.e., treated
side, type of surgery, lymph node removal, and status, and
type of adjuvant therapy received) and behavioral (i.e., level
of physical activity) characteristics. Physical activity was
measured using the Active Australia survey [41] with ‘seden-
tary’ defined as no activity, ‘insufficient’ defined as greater
than none, but less than 150 minutes per week, and ‘suffi-
cient’ as at least 150 minutes of physical activity a week. This
was calculated as the sum of the amount of time spent walk-
ing plus the amount of time spent in other moderate activity
plus the amount of time spent in vigorous activity (weighted
by two). Diagnostic characteristics (e.g., tumor size, type,
and grade) were abstracted from histopathology reports at
the Queensland Cancer Registry.

Normative data
Weight change observed in the PTS sample was compared
with weight change reported in the sample of the Australian
Diabetes, Obesity and Lifestyle - AusDiab study [42]. The
AusDiab study is a large national, longitudinal population-
based study involving >11,000 adults aged 25 years and
older. Baseline data collection for the AusDiab study oc-
curred during 1999–2000, with a subsequent 5-year follow-
up (during 2004–2005).

Statistical analysis
Chi-square tests were conducted to assess whether there
were any group differences on categorical variables between
the women who provided self-report and clinically-assessed
data, compared to those women who provided self-reported
data only; a statistically significant difference between groups
was defined as p < 0.05. Means and corresponding standard
deviations were calculated and reported when continuous
data were approximately normally distributed, while median
and range were presented when data were skewed or
categorical.
Proportions and 95% confidence intervals (CI) of women

in BMI categories and the proportion of women who
gained, lost and had stable weight between 6 and 18
months and 6 and 72 months post-surgery were also pre-
sented. A change of 1 BMI unit or more is associated with
adverse health events, and therefore considered a clinically
meaningful change [43]. Therefore, those with BMI
changes (between 6–18 months or 6–72 months post-
surgery) of ≥ +1 were considered to have experienced clinic-
ally significant gains in weight (categorized as ‘weight
gainers’), those with BMI changes of ≤ −1 were considered
to have experienced clinically significant losses in weight
(categorized as ‘weight losers’) and all others were catego-
rized as having ‘stable’ body weight.
Weight change between 6 and 18 months and 6 and

72 months post-surgery for each PTS participant was
compared with the mean weight change observed in a
1- and 5-year assessment period for female AusDiab
[42] participants, matched in age (10-year strata). A
PTS participant was considered to have gained more
weight than normal when their individual weight change
exceeded that of the average (mean) weight gain for their
corresponding age stratum. That is, a PTS participant
gained more weight than sex-and age-matched (within 9-
year age-strata) AusDiab participants if change in a 1-year
assessment period exceeded: 700 g (25–34 years), 500 g
(35–44 years), 380 g (45–54 years), 140 g (55–64 years), 0 g
(65–74 years). Corresponding excess weight over a 5-year
assessment period was equal to: 3500 g (25–34 years),
2500 g (35–44 years), 190 g (45–54 years), 700 g (55–64
years), 0 g (65–74 years). No normative data were available
on the 75+ age group.
In exploring the baseline (i.e., 6 months post-surgery) per-

sonal, diagnostic, treatment, and behavioral characteristics
associated with weight, and to maximize the use of all avail-
able data at each time-point and the repeated nature of the
study design, all available clinically-assessed weights for 211
women were analyzed using linear mixed models. A random
intercept was fitted for each individual and a random slope
was also fitted with respect to time. Only characteristics that
were clinically (≥3 kg, which corresponds to differences
of ≥1 BMI unit between groups) or theoretically-relevant
(hypothesis based on the literature) were included in the
final model. Interactions between time and all other charac-
teristics were also included in the model, but were subse-
quently dropped as no effect modification was observed
(p < 0.05; <3 kg difference between groups). All analyses
were performed using SPSS v18.0 (Armonk, NY, USA) and
R (Vienna, Austria). Mixed models were fitted using package
lme4 in R. Least square means were estimated from the
mixed models using the package lsmeans; statistical signifi-
cance was defined as p < 0.05.

Results
Participants
Approximately half of PTS participants were aged 55
years or older (48.4%), 75.0% underwent lumpectomy,
and the majority had axillary node resection (86.5%)
(Table 1). Three-quarters (73.7%) had infiltrating ductal
tumors, 74.0% had grade two or higher tumor grade and
40.2%, 75.7% and 57.2% received chemotherapy, radio-
therapy and/or hormone therapy, respectively. Demo-
graphic and clinical characteristics of the women who
provided self-report and clinically-assessed data were
similar to those women who provided self-reported data
only (n = 211). With the exception of number of lymph
nodes removed, those with complete data versus incom-
plete data for clinically-assessed weight had similar char-
acteristics. Further, descriptive statistics comparing
demographic and disease characteristics of women in



Table 1 Characteristics, body mass index, and weight for the Pulling Through Study clinical samplea

Characteristics N = 211 6-m PS 12-m PS 18-m PS 72-m PS

N = 211 N = 185 N = 191 N = 166

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Body mass index (kg/m2) - 27.4 (6.1) 27.3 (5.6) 27.6 (5.8) 28.2 (6.0)

Weight (kg) - 72.7 (17.2) 72.3 (15.9) 73.0 (16.1) 74.8 (17.2)

Self-reported weight (kg) - 70.5 (16.5) 71.8 (16.6) 72.3 (16.8) -

Clinically-assessed weight at

N = 211 6-m PS 12-m PS 18-m PS 72-m PS

% Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (baseline) (age range: 30–75 years)

<45 14.6 71.6 (21.5) 72.5 (17.5) 72.4 (17.4) 75.8 (17.9)

45-54 37.0 71.9 (15.3) 71.5 (14.9) 71.7 (15.5) 72.2 (16.8)

55+ 48.4 73.6 (16.9) 72.6 (16.3) 73.8 (16.4) 75.9 (18.1)

Income, $ (baseline)

<26,000 27.3 73.6 (17.7) 73.7 (17.1) 75.0 (17.7) 77.3 (18.4)

26,000 – 51,999 27.2 74.2 (18.6) 74.3 (18.4) 73.9 (18.1) 76.1 (20.2)

>52,000/Missing 45.5 71.2 (15.7) 70.0 (13.3) 71.0 (13.8) 71.8 (15.1)

Had health insurance (overtime)

Yes 77.8 73.3 (17.4) 72.5 (15.9) 73.2 (16.4) 74.5 (17.6)

Never/Missing 22.2 70.5 (15.9) 70.7 (16.2) 71.4 (15.2) 74.5 (17.8)

Physical activityb

Sedentary 13.5 83.5 (19.6) 84.3 (16.8) 83.6 (18.4) 83.3 (19.0)

Insufficient 24.5 73.5 (15.4) 72.1 (13.8) 73.0 (13.8) 73.1 (15.5)

Sufficient 62.0 70.1 (16.3) 69.5 (15.4) 70.4 (15.6) 73.1 (17.6)

Treated on dominant side

Yes 49.0 71.0 (15.2) 71.1 (14.4) 71.9 (14.1) 72.9 (15.5)

No 51.0 74.3 (18.6) 73.2 (17.3) 73.8 (18.0) 76.1 (19.4)

Surgery

Lumpectomy 75.0 73.6 (17.7) 73.0 (16.9) 73.9 (17.0) 76.5 (18.6)

Mastectomy/Other 25.0 70.0 (14.7) 69.5 (11.7) 69.5 (12.4) 68.1 (11.9)

Histological grade

Grade 1 26.0 70.7 (17.5) 70.8 (15.6) 71.9 (17.1) 73.2 (19.7)

Grade 2/3/NA 74.0 73.4 (16.9) 72.7 (16.1) 73.2 (15.8) 75.0 (16.7)

Cancer type

Infiltrating ductal 73.7 71.3 (16.3) 71.1 (15.3) 71.4 (15.4) 72.9 (17.4)

Infiltrating lobular 13.8 76.1 (19.8) 72.2 (17.5) 75.2 (18.5) 77.4 (17.9)

Other/Missing 12.5 76.8 (17.5) 77.9 (17.1) 78.5 (17.0) 81.0 (17.1)

Lymph nodes removed

None 13.5 69.6 (15.6) 72.7 (16.3) 72.4 (15.7) 77.2 (18.5)

<10 30.8 69.4 (16.6) 68.5 (15.4) 68.4 (15.3) 71.0 (17.7)

10+ 55.7 75.2 (17.3) 74.1 (15.8) 75.3 (16.3) 75.7 (17.3)

Number of positive lymph nodes

0 58.6 73.2 (18.6) 71.6 (16.3) 72.3 (16.7) 73.9 (18.1)

<10 24.7 73.2 (14.3) 73.8 (14.9) 74.3 (15.4) 75.0 (16.7)

10+ 2.7 75.9 (10.5) 72.2 (15.1) 74.1 (14.4) 67.5 (9.3)
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Table 1 Characteristics, body mass index, and weight for the Pulling Through Study clinical samplea (Continued)

Missing/NA 14.0 68.9 (15.8) 71.6 (16.8) 72.4 (15.7) 77.2 (18.5)

Received chemotherapyc

Ever 40.2 74.1 (17.2) 73.3 (14.8) 74.3 (15.2) 74.2 (16.2)

Never 59.8 71.8 (17.1) 71.4 (16.7) 71.9 (16.8) 74.7 (18.5)

Received radiotherapyc

Ever 75.7 74.2 (18.2) 73.6 (16.9) 74.2 (17.0) 75.8 (18.4)

Never 24.3 68.0 (12.1) 67.4 (11.2) 68.4 (12.1) 70.3 (14.0)

Received hormone therapyc

Ever 57.2 73.2 (17.1) 72.1 (15.0) 73.0 (15.5) 74.1 (16.2)

Never 42.8 72.1 (17.2) 72.3 (17.1) 72.6 (17.1) 75.0 (19.2)

Self-report body mass indexd

Under/Normal weight (<25) 46.9 61.6 (7.7) 61.9 (7.7) 62.2 (7.9) 62.5 (9.0)

Overweight (25–29.99) 26.1 74.6 (9.8) 74.9 (10.6) 74.9 (10.5) 76.5 (12.4)

Obese (30–39.99) 12.0 92.6 (9.7) 93.2 (9.9) 94.0 (9.2) 93.9 (11.1)

Morbidly obese (40+) 3.1 118.9 (14.2) 117.8 (10.3) 110.8 (17.3) 122.8 (3.1)

Missing 11.9 79.7 (19.3) 76.2 (12.1) 77.1 (15.4) 80.1 (18.8)
aResults presented have been weighted (<50 years: 1.0; ≥50 years: 1.3) for oversampling of younger women. bLevel of physical activity defined as sedentary:
0 minutes/week; insufficient: 1–149 minutes/week; sufficient: ≥150 minutes/week. cReceived treatment anytime up to 18 months post-surgery. dSelf-reported
weight pre-breast cancer diagnosis.
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the study sample and women excluded from analyses
(i.e., withdrew or lost to follow-up) showed that all base-
line characteristics of excluded women were similar to
those observed in the study sample, with the exception
of private health insurance status (a higher proportion of
those who were excluded from analyses did not have pri-
vate health insurance compared with the study sample)
(data not shown). Of note, the original cohort was
shown to be representative of the wider Queensland
breast cancer population [39].

Changes in body weight
Table 1 shows clinically-assessed BMI and weight from
6 months to 72 months post-surgery and self-reported
weight from 6 to 18 months post-surgery, as well as
weight over time for patient, treatment and behavioral
characteristics. Mean BMI increase between 6 and 18
months and 6 and 72 months post-surgery was 0.2
(range: −9.1 to +4.1) and 0.5 (range: −8.0 to +10.6), re-
spectively. Between 6 and 72 months post-surgery the
median weight increase was 0.7 kg (range: −24.6
to +28.7 kg). More than half of the participants were
overweight or obese at each time point; 57% (95% CI:
49.1% to 65.2%) and 68% (95% CI: 58.9% to 76.0%) of
women were overweight or obese at 6 and 72 months
post-breast cancer, respectively. Results from bivariate
analyses suggest that those reporting lower baseline
incomes (<$52,000/year versus > $52,000/year), lower
baseline physical activity levels (insufficiently active or
sedentary versus sufficiently active), those receiving
treatment on the non-dominant side, diagnosed with
cancer type other than infiltrating ductal carcinoma, having
higher number of nodes removed (10+ versus <10) and/or
receiving radiation therapy reported clinically higher body
weights, with group differences being ≥3 kgs, which is
equivalent to a ≥ +1BMI unit difference (Table 1). Of note,
clinically-assessed weight was on average (mean) 1.7 kg
(se ± 0.1) higher than self-reported weight.
Weight change among PTS cohort versus normative data
Table 2 shows clinically-assessed weight gain of the PTS
sample relative to age-matched normative data. Over
half of the PTS participants (57.8% and 56.1%) gained at
least some weight (greater than 0 kgs) between 6 and 18
months and 6 and 72 months post-surgery, respectively,
with 88.8% and 79.7% of these women experiencing
greater gains than the average (mean) weight gain expe-
rienced by age-matched norms (Table 2). Clinically sig-
nificant weight gain (i.e., weight change that led to ≥ +1
unit increase in BMI) between 6 and 18 months post-
surgery was observed in 24% of participants (median
(range) weight gain: 3.9 kg (2.0 to 11.3 kg)). Between 6
and 72 months post-surgery, 39% of women experi-
enced clinically-significant weight gain, with median
weight gain being 5.2 kg (range: 0.6 to 28.7). Between 6
and 18 months, and 6 and 72 months post-surgery, 15%
and 24% of the sample experienced clinically-significant
weight losses (median (range): −4.7 kg (−2.7 to −23.2 kg)
and −6.4 kg (−1.9 to −24.6 kg), respectively). Two women
reporting the most extreme weight losses (23.2 kg and
24.6 kg) had early stage disease.



Table 2 Clinically assessed weight gain between 6 and 18 months, and 6 and 72 months, and relative to the AusDiab
[42] study according to baseline age

Age (years) 6 to 18 months post-surgery 6 to 72 months post-surgery

Gained weight >0 kg Gained weight > normsa Gained weight >0 kg Gained weight > normsb

N % Mean (kg) n % n % Mean (kg) n %

25-34 3/5 60.0 4.6 2/3 66.7 3/4 75.0 7.7 2/3 66.7

35-44 22/28 78.6 3.8 18/22 81.8 15/19 78.9 7.0 11/15 73.3

45-54 40/69 58.0 2.4 37/40 92.5 26/51 51.0 5.1 17/26 65.4

55-64 27/53 50.9 2.2 26/27 96.3 18/38 47.4 5.3 17/18 94.4

65-74 15/28 53.6 2.5 12/15 80.0 12/20 60.0 3.2 12/12 100.0

75+ 0/2 0.0 - - - 0/2 0.0 - - -

Total 107/185 57.8 2.7 95/107 88.8 74/132 56.1 5.3 59/74 79.7
aClinical weight gain relative to sex- and age-matched AusDiab weight gain (i.e., case weight change – AusDiab average rate change per year (within 9-year
age-strata)); 25–34 years > 700 g; 35–44 years > 500 g; 45–54 years > 380 g; 55–64 years > 140 g; 65–74 years > 0 g; no data available on the 75+ age group.
bClinical weight gain relative to sex- and age-matched AusDiab weight gain (i.e., case weight change – AusDiab average rate change over 5 years (within 9-year
age-strata)); 25–34 years > 3500 g; 35–44 years > 2500 g; 45–54 years > 190 g; 55–64 years > 700 g; 65–74 years > 0 g; no data available on the 75+ age group.
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Characteristics associated with body weight
Following adjustment for potential confounding (time
since surgery, age, income, cancer grade, cancer type, sur-
gery, receipt of chemotherapy, receipt of hormone ther-
apy), the relationship between higher body weight and a
number of these characteristics (specifically, treatment on
non-dominant side, higher number of lymph nodes re-
moved, receipt of radiation treatment and lower levels of
physical activity) remained clinically and statistically sig-
nificant (all p-vales <0.05, Table 3). These associations
were similar when the 6-year post-surgery data was in-
cluded in the mixed models (data not shown).

Discussion
This is the first, population-based, study of its size to assess
weight and change in body weight over a six-year period
following breast cancer and to compare weight changes
with age-matched normative data. At six-months post-
surgery, more than half of women (57%) were overweight
or obese, and by six-years post-breast cancer 68% of
women were overweight or obese; this compares to fewer
than 50% of age-matched controls [44]. While median
weight gain for all study participants over the six-year
follow-up period was less than one kilogram, measures of
central tendency can be misleading since these data also in-
clude weight losses that may result from the cachexia of ad-
vanced disease. Thus, studying individual trajectories is
important.
In this cohort, the two women reporting the most ex-

treme weight losses (23 and 24 kg) had early stage disease
and good prognosis, suggesting that extreme weight loss
was unlikely to be associated with cachexia of advanced
disease. Nonetheless, for the 15% to 24% of the sample
who lost weight, it is unclear from our data whether this
loss was intentional, or not, and if intentional whether it
resulted from weight loss strategies that are aligned with
current guidelines aimed at durable change (i.e., weight
loss resulting from energy restricted diets that promote a
loss of weight of between 0.5 and 1 kg per week, combined
with increased physical activity and behavior modification)
[45]. Moreover, because data on body composition were
not collected, changes in absolute levels of adiposity within
the weight loss group are unknown. This is important to
highlight, since sarcopenic changes are prevalent in this
population, especially among those who receive chemother-
apy [22,24], and as such, it is unclear from our data whether
weight losses were likely advantageous or detrimental to
overall long-term health.
Over half of the PTS participants gained weight in the

short (6 to 18 months) and longer-term (6 to 72 months)
post-surgery. Of these women, 80% gained more weight
than the average weight gain experienced by age-matched
counterparts. Further, by 18- and 72-months post-breast
cancer diagnosis, 24% and 39% of women, respectively,
gained a magnitude of weight (that is, weight gain that led
to more than one unit increase in BMI [43]) that is linked
with adverse health [43], risk of chronic disease [1,16] and
poorer survival [17,46].
Understanding characteristics associated with weight at

diagnosis and weight change post-surgery may provide
insight into the potential for identifying subgroups of
women who would benefit most from a ‘healthy weight’
program. Our results suggest that women treated on the
non-dominant side, those with more extensive axillary
lymph node dissection, those receiving radiation treat-
ment and those not engaging in sufficient levels of phys-
ical activity each week tended to be heavier post-surgery.
With the exception of physical activity, these characteris-
tics are non-modifiable, are modest confounders of the as-
sociation between physical activity and weight, and
warrant further exploration as potential effect modifiers in
future research. Nonetheless, since overweight, obesity



Table 3 Least square means for characteristics associated
with body weight following surgery for breast cancer

Characteristicsa Body weightb Mean (SD) P-value

Treated on dominant sidecd 0.03

Yes 69.3 (2.45)

No 73.9 (2.34)

Lymph nodes removedcd 0.045

None 69.4 (3.55)

<10 70.4 (2.52)

10+ 75.0 (2.16)

Received radiotherapycde 0.009

No 67.5 (2.84)

Yes 75.6 (2.35)

Physical activitybd 0.0001

Sedentary 78.4 (3.28)

Insufficiently active 71.9 (2.46)

Sufficiently active 64.4 (2.40)

Age (years)d 0.75

<45 71.6 (3.12)

45-54 69.7 (2.64)

55+ 73.5 (2.49)

Income, $d 0.53

<26,000 72.0 (2.87)

26,000-51,999 73.1 (2.73)

>52,000/Missing 69.7 (2.40)

Surgeryc 0.31

Lumpectomy 71.7 (2.43)

Mastectomy/Other 71.5 (2.81)

Histological grade 0.67

Grade 1 70.9 (2.87)

Grade 2/3/NA 72.2 (2.09)

Cancer type 0.90

Infiltrating ductal 71.9 (1.87)

Infiltrating lobular 72.8 (3.30)

Other/Missing 70.1 (3.68)

Received chemotherapye 0.17

No 70.5 (2.28)

Yes 72.7 (2.69)

Received hormone therapye 0.36

No 70.8 (2.57)

Yes 72.4 (2.26)
aBaseline characteristics: six months post-surgery. bBody weight was analyzed
as a continuous variable. cStatistical significance defined as p < 0.05. dClinical
relevance defined as >3 kg difference between groups. eReceived treatment
anytime up to 18 months post-surgery.
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and weight gain post-breast cancer are common and per-
sistent contemporary breast cancer survivorship issues
that challenge quality and quantity of life, the integration
of healthy weight management into standard breast cancer
care for all women appears necessary.
Our findings demonstrating that those meeting national

physical activity guidelines (i.e., at least 150 minutes of
moderate activity/week) have clinically lower body weights
than those insufficiently active or sedentary are not surpris-
ing. Evidence-based clinical recommendations for achieving
healthy weight and/or weight loss for the general popula-
tion (and also for cancer survivors) includes a multicompo-
nent approach, involving physical activity, as well as diet
and behavior modification [18]. It is acknowledged however
that more information within this specific patient popula-
tion is required to determine optimal timing of interven-
tion, sequencing of behavioral components, as well as the
need to evaluate impact of weight maintenance on breast
cancer-specific and overall health outcomes. Nonetheless,
findings from this study clearly highlight the need for
intervention.
Potential limitations of this work are that the PTS sample

was diagnosed over 10 years ago (2002) and loss to follow-
up in this cohort was greater than 20%, which threatens the
generalizability of findings [47,48]. Nonetheless, our data
contribute the most recent prospectively and clinically-
measured body weight data within the literature and our
study represents one of the few that have compared weight
change among breast cancer survivors to population-based
controls. Published literature suggests that during chemo-
therapy (first 6/12 months) weight does fluctuate [19,24,29].
Clinical weight was not collected pre-treatment, however
based on self-reported weight pre-diagnosis, body weight
did not change significantly during the treatment period. Fu-
ture studies should build in data collection periods that
might address this issue. Further, although not perfectly
matched, the follow-up period between the PTS sample
(2002–2008) and the AusDiab normative sample (1999/
2000-2004/2005) are similar, which in turn enabled inform-
ative weight comparisons with age-matched data. Import-
antly, the PTS sample has characteristics representative of
the wider breast cancer population and study design in-
volved a long follow-up period (six years post-surgery) enab-
ling short and longer-term weight change to be evaluated.
Further, previous work has reported weight changes for the
group as a whole [19,23,30,32,34]; our results show that
group means mask key findings.

Conclusion
In summary, weight at six months post-diagnosis of
breast cancer and weight change post-surgery remains a
contemporary public health issue. There is a real need
for the incorporation of weight management strategies
into breast cancer care for all women diagnosed, though
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it may be even more important for women in certain
subgroups (e.g., those participating in insufficient levels
of physical activity). In doing so, the potential for pre-
vention and/or attenuation of breast cancer treatment-
sequelae, subsequent chronic disease and improvements
in quality and quantity of life following breast cancer is
significant.

Abbreviations
BMI: Body mass index; Kg: Kilogram; PS: Post-surgery; PTS: Pulling Through
Study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
DV made substantial contributions to analysis and interpretation of data. TD
made substantial contributions to analysis and interpretation of data,
drafting the manuscript and revising it critically for important intellectual
content. DB made substantial contributions to conception and design and
revising the manuscript critically for important intellectual content. SR made
substantial contributions to acquisition of data and drafting the manuscript.
WDW, JB, CP and CS participated in critically revising the manuscript for
important intellectual content. SCH made substantial contributions to
conception and design and interpretation of data, revising the manuscript
critically for important intellectual content. All authors read and approved
the final manuscript.

Authors’ information
Dimitrios Vagenas and Tracey DiSipio shared first authorship status.

Acknowledgements
The contributions of the women who participated in the study and the
mentorship regarding study design, implementation, analysis and reporting
provided by QUT Emeritus Professor Beth Newman are gratefully
acknowledged. This work was supported by fellowship and project grant
funds from the National Breast Cancer Foundation, Australia, as well as
fellowship funds from Cancer Council Queensland, Australia.

Author details
1Institute of Health and Biomedical Innovation, Queensland University of
Technology, Brisbane, Queensland, Australia. 2School of Public Health and
Social Work, Faculty of Health, Queensland University of Technology, Victoria
Park Road, Kelvin Grove, Brisbane, Queensland, Australia. 3University of
Alabama at Birmingham, Birmingham, AL, USA. 4The Haematology and
Oncology Clinic, Wesley Hospital, Brisbane, Queensland, Australia. 5The Mater
Hospital, Brisbane, Queensland, Australia. 6The University of Western Australia,
Crawley, Western Australia, Australia.

Received: 5 May 2014 Accepted: 15 January 2015

References
1. Doyle C, Kushi L, Byers T, Courneya K, Demark-Wahnefried W, Grant B, et al.

Nutrition and physical activity during and after cancer treatment: an
American Cancer Society guide for informed choices. CA Cancer J Clin.
2006;56:323–53.

2. Schmitz K, Neuhouser M, Agurs-Collins T, Zanetti K, Cadmus-Bertram L, Dean
L, et al. Impact of obesity on cancer survivorship and the potential
relevance of race and ethnicity. J Natl Cancer Inst. 2013;105(18):1344–54.

3. Nichols H, Dietz-Trentham A, Egan K, Titus-Ernstoff L, Holmes M, Bersch A,
et al. Body mass index before and after breast cancer diagnosis: associations
with all-cause, breast cancer and cardiovascular disease mortality.
Cancer Epidemiol Biomarkers Prev. 2009;185(5):1403–9.

4. Enger S, Greif J, Polikoff J, Press M. Body weight correlates with mortality in
early-stage breast cancer. Arch Surg. 2004;139:954–60.

5. Tao M, Shu X, Ruan Z, Gao Y, Zheng W. Association of overweight with
breast cancer survival. Am J Epidemiol. 2006;163:101–7.
6. Crew KD, Greenlee H, Capodice J, Raptis G, Brafman L, Fuentes D, et al.
Prevalence of joint symptoms in postmenopausal women taking aromatase
inhibitors for early-stage breast cancer. J Clin Oncol. 2007;25(25):3877–83.

7. Gerber L, Stout N, McGarvey C, Soballe P, Shieh C, Diao G, et al. Factors
predicting clinically significant fatigue in women following treatment for
primary breast cancer. Support Care Cancer. 2011;19:1581–91.

8. Helyer L, Varnic M, Le L, Leong W, McCready D. Obesity is a risk factor for
development postoperative lymphedema in breast cancer patients.
Breast J. 2010;16(1):48–54.

9. Kwan ML, Darbinian J, Schmitz KH, Citron R, Partee P, Kutner SE, et al. Risk
factors for lymphedema in a prospective breast cancer survivorship study:
the Pathways Study. Arch Surg. 2010;145(11):1055–63.

10. Meeske K, Sullivan-Halley J, Smith A, McTiernan A, Baumgartner K, Harlan L,
et al. Risk factors for arm lymphedema following breast cancer diagnosis in
Black women and White women. Breast Cancer Res Treat.
2009;113(2):383–91.

11. Reinertsen KV, Cvancarova M, Loge JH, Edvardsen H, Wist E, Fossa SD.
Predictors and course of chronic fatigue in long-term breast cancer
survivors. J Cancer Surviv. 2010;4(4):405–14.

12. Ridner S, Dietrich M, Stewart R, Armer J. Body mass index and breast cancer
treatment-related lymphedema. Support Care Cancer. 2011;19:853–7.

13. Sestak I, Cuzick J, Sapunar F, Eastell R, Forbes JF, Bianco AR, et al. Risk factors
for joint symptoms in patients enrolled in the ATAC trial: a retrospective,
exploratory analysis. Lancet Oncol. 2008;9(9):866–72.

14. Taylor D, Nichols J, Pakiz B, Bardwell W, Flatt S, Rock C. Relationships
between cardiorespiratory fitness, physical activity, and psychosocial
variables in overweight and obese breast cancer survivors. Int J Behav Med.
2010;17:264–70.

15. Rock C, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya K, Schwartz
A, et al. Nutrition and physical activity guidelines for cancer survivors.
CA Cancer J Clin. 2012;62(4):243–74.

16. Guh D, Zang W, Bansback N, Amarsi Z, Birmingham C, Anis A. The incidence
of co-morbidities related to obesity and overweight: a systematic review
and meta-analysis. BMC Public Health. 2009;9:88.

17. Protani M, Coory M, Martin J. Effect of obesity on survival of women with
breast cancer: systematic review and meta-analysis. Breast Cancer Res Treat.
2010;123:627–35.

18. Demark-Wahnefried W, Campbell K, Hayes S. Weight management and its
role in breast cancer rehabilitation. Cancer. 2012;118(8):2277–87.

19. Aslani A, Smith R, Allen B, Pavlakis N, Levi J. Changes in body composition
during breast cancer chemotherapy with the CMF-regimen. Breast Cancer
Res Treat. 1999;57:285–90.

20. Campbell K, Lane K, Martin A, Glemon K, McKenzie D. Resting energy
expenditure and body mass changes in women during adjuvant
chemotherapy for breast cancer. Cancer Nurs. 2007;30(2):95–100.

21. Ingram C, Brown J. Patterns of weight and body composition change in
premenopausal women with early stage breast cancer. Cancer Nurs.
2004;27(6):483–90.

22. Kutynec C, McCargar L, Barr S, Hislop G. Energy balance in women with
breast cancer during adjuvant treatment. J Am Diet Assoc.
1999;99(10):1222–7.

23. Thomson C, Rock C, Giuliano A, Newton T, Cui H, Reid P, et al. Longitudinal
changes in body weight and body composition among women previously
treated for breast cancer consuming a high-vegetable, fruit and fiber,
low-fat diet. Eur J Nutr. 2005;44(1):18–25.

24. Cheney C, Mahloch J, Freeny P. Computerized tomography assessment of
women with weight changes associated with adjuvant treatment for breast
cancer. Am J Clin Nutr. 1997;66:141–6.

25. Makari-Judson G. Longitudinal patterns of weight gain after breast cancer
diagnosis: observations beyond the first year. Breast J. 2007;13(3):258–65.

26. McInnes J, Knobf M. Weight gain and quality of life in women treated with
adjuvant chemotherapy for early-stage breast cancer. Oncol Nurs Forum.
2001;28(4):675–84.

27. Del Rio G, Zirone S, Valeriani L, Menozzi R, Bondi M, Bertolini M, et al. Weight
gain in women with breast cancer treated with adjuvant cyclophosphomide,
methotrexate and 5-fluorouracil. Analysis of resting energy expenditure and
body composition. Breast Cancer Res Treat. 2002;73:267–73.

28. Demark-Wahnefried W, Peterson BL, Winer EP, Marks L, Aziz N, Marcom PK,
et al. Changes in weight, body composition, and factors influencing energy
balance among premenopausal breast cancer patients receiving adjuvant
chemotherapy. J Clin Oncol. 2001;19(9):2381–9.



Vagenas et al. BMC Cancer  (2015) 15:28 Page 9 of 9
29. Demark-Wahnefried W, Rimer B, Winer E. Weight gain in women diagnosed
with breast cancer. J Am Diet Assoc. 1997;97:519–26.

30. Francini G, Petrioloi R, Montagnani A, Cadirni A, Campagna S, Francini E,
et al. Exermestane after tamoxifen as adjuvant hormonal therapy in
postmenopausal women with breast cancer: effects on body composition
and lipids. Br J Cancer. 2006;95(2):153–8.

31. Freedman R, Aziz N, Albanes D, Hartman T, Danforth D, Hill S, et al. Weight
and body composition changes during and after adjuvant chemotherapy in
women with breast cancer. J Clin Endocrinol Metab. 2004;89(5):2248–53.

32. Genton L, Kyle U, Majno S, Pichard C. Body composition changes in breast
cancer patients during curative radiation therapy. Eur e-J Clin Nutr Metab.
2006;1:2–8.

33. Goodwin P, Ennis M, Pritchard K, McCready D, Koo J, Sidlofsky S, et al.
Adjuvant treatment and onset of menopause predict weight gain after
breast cancer diagnosis. J Clin Oncol. 1999;17(1):120–9.

34. Harvie MN, Campbell IT, Baildam A, Howell A. Energy balance in early breast
cancer patients receiving adjuvant chemotherapy. Breast Cancer Res Treat.
2004;83:201–10.

35. Irwin M, McTiernan A, Baumgartner R, Baumgartner K, Bernstein L, Gilliland
F, et al. Changes in body fat and weight after a breast cancer diagnosis:
influence of demographic, prognostic, and lifestyle factors. J Clin Oncol.
2005;23(4):774–82.

36. Vance V, Mourtzakis M, McCargar L, Hanning R. Weight gain in breast
cancer survivors: prevalence, pattern and health consequences. Obes Rev.
2011;12:282–94.

37. Demark-Wahnefried W, Hars V, Conaway M, Havlin K, Rimer B, McElveen G,
et al. Reduced rates of metabolism and decreased physical activity in breast
cancer patients receiving adjuvant chemotherapy. Am J Clin Nutr.
1997;65:1495–501.

38. Nissen M, Shapiro A, Swenson K. Changes in weight and body composition
in women receiving chemotherapy for breast cancer. Clin Breast Cancer.
2011;11:52–60.

39. Hayes SC, Janda M, Cornish B, Battistutta D, Newman B. Lymphoedema
following breast cancer: incidence, risk factors and effect on upper body
function. J Clin Oncol. 2008;26(21):3536–42.

40. Hayes S, DiSipio T, Rye S, Lopez J, Saunders C, Pyke C, et al. Prevalence and
prognostic significance of secondary lymphedema following breast cancer.
Lymphat Res Biol. 2011;9(3):135–41.

41. Australian Institute of Health and Welfare. The Active Australia Survey: A
guide and manual for implementation, analysis and reporting. Canberra:
AIHW; 2003.

42. Barr E, Magliano D, Zimmet P, Polkinghorne K, Atkins R, Dunstan D, et al.
AusDiab 2005: The Australian diabetes, obesity and lifestyle study.
In. Melbourne, Australia: International Diabetes Institute; 2006.

43. Thomas P, Food and Nutrition Board, Committee to Develop Criteria for
Evaluating the Outcomes of Approaches to Prevent and Treat Obesity.
Weighing the Options: Criteria for Evaluating Weight Management
Programs. Washington, DC: National Academy Press; 1995.

44. Australian Bureau of Statistics. Gender Indicators, Australia. Canberra: ABS; 2012.
45. Reeves M, Terranova C, Eakin E, Demark-Wahnefried W. Weight loss

intervention trials in women with breast cancer: a systematic review.
Obes Rev. 2014;15:749–68.

46. Kroenke C, Chen W, Rosner B, Holmes M. Weight, weight gain, and survival
after breast cancer diagnosis. J Clin Oncol. 2005;23(7):1370–8.

47. Amico K, Harman J, O’Grdy M. Attrition and related trends in scientific rigor:
a score card for ART adherence intervention research and
recommendations for future directions. Curr HIV/AIDS Rep. 2008;5(4):172–85.

48. Gustavson K, von Soest T, Karevold E, Roysamb E. Attrition and generalizability
in longitudinal studies: findings from a 15-year population-based study and a
Monte Carlo simulation study. BMC Public Health. 2012;12:918.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants
	Data collection
	Normative data
	Statistical analysis

	Results
	Participants
	Changes in body weight
	Weight change among PTS cohort versus normative data
	Characteristics associated with body weight

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Authors’ information
	Acknowledgements
	Author details
	References

