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A B S T R A C T

Purpose
Survivors of breast cancer may experience deterioration of physical function. This is important
because poor physical function may be associated with premature mortality, injurious falls, bone
fracture, and disability. We conducted a post hoc analysis to explore the potential efficacy of
slowly progressive weight lifting to reduce the incidence of physical function deterioration among
survivors of breast cancer.

Methods
Between October 2005 and August 2008, we conducted a single-blind, 12-month, randomized
controlled trial of twice-per-week slowly progressive weight lifting or standard care among 295
survivors of nonmetastatic breast cancer. In this post hoc analysis of data from the Physical
Activity and Lymphedema Trial, we examined incident deterioration of physical function after 12
months, defined as a � 10-point decrease in the physical function subscale of the Medical
Outcomes Short-Form 36-item questionnaire.

Results
The proportion of participants who experienced incident physical function deterioration after 12
months was 16.3% (24/147) in the control group and 8.1% (12/148) in the weight lifting group
(relative risk, 0.49; 95% CI, 0.25 to 0.96; P � .04). No serious or unexpected adverse events
occurred that were related to weight lifting.

Conclusion
Slowly progressive weight lifting compared with standard care reduced the incidence of physical
function deterioration among survivors of breast cancer. These data are hypothesis generating.
Future studies should directly compare the efficacy of weight lifting with other modalities of
exercise, such as brisk walking, to appropriately inform the development of a confirmatory study
designed to preserve physical function among survivors of breast cancer.

J Clin Oncol 33:2184-2189. © 2015 by American Society of Clinical Oncology

INTRODUCTION

There are more than 3.1 million survivors of breast
cancer in the United States.1 The median age at
diagnosis of breast cancer is 61 years.1 Earlier detec-
tion and improved curative therapy have resulted in
79% and 73% of survivors of early-stage breast can-
cer living 10 and 20 years after diagnosis, respec-
tively.2 Favorable long-term survival rates translate
to a growing population of survivors of breast cancer
who will live into old age and subsequently experi-
ence adverse age-related health outcomes, such as
the deterioration of physical function.3

Physical function is the ability to complete ac-
tivities required for safe independent living.4 In a
recent prospective cohort study, there were no base-

line differences in functional status when comparing
6,390 women who never had a cancer diagnosis with
the 374 women who had experienced a diagnosis
of breast cancer sometime during the 10-year
follow-up period. Women diagnosed with breast
cancer reported an accelerated trajectory of deterio-
ration of physical function after diagnosis compared
with members of the cancer-free cohort of similar
age.5 This observation is supported by reports that
the physiologic systems necessary to sustain physical
function,6 such as the cardiopulmonary and muscu-
loskeletal systems,7-9 are impaired among survivors
of breast cancer when compared with age-matched
controls.10,11 Frailty is a syndrome characterized by
the simultaneous decline in multiple physiologic
systems that yields a high susceptibility to adverse
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health outcomes, such as disability.12 Survivors of breast cancer may
be at increased risk for developing frailty at a younger age compared
with cancer-free controls.13 These observations are important because
poor physical function may be associated with premature mortality
among survivors of breast cancer.14-17 In addition, poor physical
function may be associated with injurious falls, bone fracture, and
disability among survivors of breast cancer.18-20 Collectively, these
observational data suggest that survivors of breast cancer may
experience deterioration of physical function and that poor phys-
ical function may be associated with adverse health outcomes.

It is unknown whether an intervention to increase muscular
strength through the use of slowly progressive weight lifting is an
efficacious modality to reduce the incidence of deterioration of phys-
ical function among survivors of breast cancer. To test the hypothesis
that weight lifting would reduce the incidence of deterioration of
physical function, we conducted a post hoc analysis using data from
the Physical Activity and Lymphedema (PAL) trial, a randomized
controlled trial designed to determine the safety of weight lifting
among survivors of breast cancer.

METHODS

Participants

The primary aim of the PAL trial was to assess the safety of slowly
progressive weight lifting among survivors of breast cancer with breast cancer–
related lymphedema (n � 141) and survivors of breast cancer at risk for breast
cancer–related lymphedema (n�154). The primary outcomes of the PAL trial
were published separately for survivors of breast cancer with lymphedema21

and survivors of breast cancer at risk for lymphedema.22 The analysis described
herein includes survivors of breast cancer with lymphedema and survivors of
breast cancer at risk for lymphedema (n � 295). A detailed description of the
PAL trial methods are described elsewhere.23 Survivors of breast cancer were
recruited through the metropolitan Philadelphia region.24 Participants were
eligible for the study if they were: 1) female survivors 1 to 15 years after
diagnosis; 2) free from cancer at study entry; 3) � 1 lymph node(s) removed;
and 4) no medical conditions or contraindicated medications that would
prohibit participation in an exercise program. Additional eligibility criteria
included 5) body mass index (BMI) � 50 kg/m2; 6) no plans for surgery during
the study; 7) no history of bilateral lymph node removal; 8) no weight lifting in
the previous year; and 9) stable body weight and not attempting to lose weight.

Study participants were randomly assigned to one of two study groups
through the use of minimization.23 Participants were randomly assigned to
one of the two study groups after being stratified according to the following
baseline variables: lymphedema status (diagnosed or not diagnosed), age
(� 54 years or � 54 years), difference in lymphedema arm volume (� 10% or
10% to 20% or � 20%), number of lymph nodes removed (� 6 or � 6),
obesity (BMI � 30 or � 30 kg/m2), and time since diagnosis (� 60 months or
� 60 months).

This trial was approved by the University of Pennsylvania institutional
review board. All participants provided written informed consent and written
clearance from a physician before participating in any study-related activities.

Intervention

Study participants randomly assigned to the weight lifting group were
provided with a 12-month membership to a community fitness center, most
commonly YMCA, proximal to their residence. For the first 13 weeks, partic-
ipants were given instruction on the safe completion of weight lifting exercises
in small groups of between two and six participants. Certified exercise profes-
sionals employed by the fitness centers led the twice-per-week exercise sessions
that each lasted 90 minutes. Each session included stretching of major muscle
groups, low-intensity aerobic warmup, abdominal and back strengthening
exercises, and weight lifting exercises. Weight lifting exercises for the upper

body included the dumbbell press, seated row, lateral or front raise, bicep curl,
and triceps extension. Weight lifting exercises for the lower body included the
leg press, back extension, leg extension, and leg curl. One to three new weight
lifting exercises were taught at each session. For each exercise session, three sets
of each weight lifting exercise were performed using 10 repetitions per set. For
each exercise, weight was progressively increased after two sessions at which
three sets of 10 repetitions could be performed at a given weight without
concurrent changes in arm and hand symptoms. No maximal upper limit was
placed on the weight lifted for each exercise. After 13 weeks of supervised
weight lifting, participants were instructed to continue participating in unsu-
pervised weight lifting for 39 weeks, adhering to the same exercise prescription
used during the supervised portion of the trial. Weight lifting adherence was
quantified using attendance logs completed by study participants and verified
for completion by the exercise professionals. Adherence was defined for this
report as attendance to weight lifting sessions. The exercise professionals
contacted study participants if they missed more than one exercise session each
week throughout the year. Participants in the control group were asked to not
change their physical activity volume during the study. Upon study comple-
tion, control group participants were offered a 12-month membership to a
community fitness center with 13 weeks of supervised exercise instruction
similar to that of the weight lifting group.

Safety

All community-based certified exercise professionals underwent a 3-day
training course that reviewed the exercise protocol and outlined lymphedema
management practices. Study participants in both randomly assigned groups
with diagnosed lymphedema received custom-fitted compression garments
(Jobst, BSN Medical, Hamburg, Germany) at baseline and at 6 months. Par-
ticipants in the weight lifting group with diagnosed lymphedema were re-
quired to wear their study-provided lymphedema garments during all weight
lifting activities. The certified exercise professionals systematically asked all
participants about any changes in symptoms each week and measured arm
circumference and volume each month to identify any changes in arm swell-
ing. All study participants were required to complete a 1-hour educational
lecture about lymphedema risk reduction, management, and exercise safety
that was based on the National Lymphedema Network clinical practice guide-
lines (http://www.lymphnet.org/resources).

Measurements

Measurements were obtained from all participants at baseline and at 12
months by trained staff who followed a standardized protocol and were
blinded to study group assignments. Before completing the measurement visit,
all study participants were reminded not to disclose their study group to the
measurement staff.

Demographic characteristics—including age, education, race, and
smoking habits—were self-reported at baseline. Clinical characteristics in-
cluding time since cancer diagnosis and cancer stage were collected from the
state cancer registry, surgical pathology report, or self-report. The presence
and severity of lymphedema was quantified using water displacement volume-
try.23 Cancer treatment therapies including chemotherapy, radiation, and
endocrine therapies were self-reported.

Muscular strength of the upper and lower body was quantified using
one-repetition maximum (1-RM) testing with bench press and leg press exer-
cises. 1-RM testing is the maximum amount of weight that can be lifted one
time. 1-RM tests are the gold standard for evaluating muscular strength.25,26

1-RM tests are safe for clinical populations with appropriate conduct and
supervision.27,28 Participants completed a warmup set of four to six repetitions
using a weight of 2.25 kg on the bench press and 18.2 kg on the leg press and
then rated exertion using a scale from 1 to 10. Participant rating established the
first weight at which a 1-RM test was attempted. Additional weight was added
until exercise biomechanics were compromised or the participant was unwill-
ing or unable to try a heavier weight. Anthropometric measures included
height, weight, and whole-body dual-energy x-ray absorptiometry to quantify
fat mass and lean mass (Hologic Discovery, Bedford, MA). Caloric intake was
quantified using the Diet History Questionnaire.29 Physical activity was as-
sessed using the International Physical Activity Questionnaire.30
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Outcome

The outcome of this post hoc analysis was a deterioration of � 10 points
on the physical function subscale of the Medical Outcomes Short-Form 36-
item (SF-36) questionnaire after 12 months.31 A deterioration of � 10 points
in physical function has been noted as being clinically meaningful32,33 and is
associated with an increase in the risk of premature mortality among survivors
of breast cancer.16 The physical function subscale of the SF-36 questionnaire
asks about the ability to complete 10 tasks including moderate- and vigorous-
intensity activities, lifting groceries, climbing stairs, and walking various dis-
tances ranging from one block to more than one mile. The composite physical
function subscale is scored by averaging the 10 responses, with each response
ranging from 0 to 100 and higher values indicating better physical function.

Statistical Analysis

All statistical analyses were completed using Stata MP Version 13.1
(StataCorp, College Station, TX). Descriptive statistics presented for baseline
variables include counts and proportions for categorical variables and means
and standard deviations for continuous variables. Categorical variables were
compared between the two study groups using Fisher’s exact test, and contin-
uous variables were compared between the two study groups using the Wil-
coxon rank-sum test. Data on participants who were missing physical function
measures at 12 months were imputed through the use of a multiple imputation
procedure that included baseline physical function as well as demographic,
clinical, and anthropometric variables.34 We calculated the relative risk (RR)
and 95% CI using an unadjusted generalized linear model. The outcome of a
� 10-point decrease on the physical function subscale of the SF-36 question-
naire was not prespecified in the PAL trial protocol. We conceptualized this

outcome and our analysis after it was reported that a decrease of � 10 points in
physical function may be associated with an increase in the risk of premature
mortality among survivors of breast cancer.16 Therefore, our results should be
interpreted cautiously and as hypothesis generating.

RESULTS

Between October 2005 and February 2007, 295 survivors of breast
cancer were recruited and randomly assigned with data collection
ending for all study participants in August 2008. Characteristics of the
study participants at baseline are presented in Table 1. Physical func-
tion scores at baseline were 79.8 � a standard deviation of 19.6 and
80.4 � 19.6 in the weight lifting and control groups, respectively (P �
.76). The mean baseline physical function score of the 295 trial partic-
ipants was not significantly different from previously published values
of physical function among survivors of breast cancer (P � .25).35

The rates of attrition over 12 months were similar between the
two study groups (Fig 1; P � .52). Participants who did not complete
the 12-month assessment were more likely to be younger (51.2 � 8.8 v
56.8 � 8.6 years; P � .001), have greater upper body strength (20.9 �
7.9 v 18.3 � 5.7 kg; P � .04), have greater lower body strength (88.7 �
26.5 v 77.0 � 24.8 kg; P � .003), and have a higher BMI (31.1 � 6.1 v
28.5 � 6.1 kg/m2; P � .008) at baseline. Baseline physical function was
not significantly different between participants who did not complete
the 12-month assessment compared with those who did complete the
12-month assessment (scores, 78.8 � 18.8 v 80.3 � 18.8; P � .71).

Strength, anthropometric, diet, and physical activity characteris-
tics are presented in Table 2. At baseline, 1-RM bench press strength
ranged from 0.0 to 43.1 kg, and 1-RM leg press strength ranged from
11.3 to 186.0 kg. The median adherence rates to the weight lifting
protocol were 96%, 88%, 73%, and 65% in the first, second, third, and

Table 1. Baseline Characteristics of Study Participants, According to
Study Group

Characteristic

Weight
Lifting

(n � 148)
Control

(n � 147) P

Age, years (mean � SD) 55.3 � 8.5 56.7 � 9.1 .28
Education, No. (%) .46

High school or less 20 (14) 27 (18)
Some college 54 (36) 47 (32)
College degree or more 74 (50) 73 (50)

Race, No. (%) .06
White 90 (61) 101 (69)
Black 47 (32) 43 (29)
Other 11 (7) 3 (2)

Smoking habits, No. (%) .40
Never 74 (50) 85 (58)
Former 66 (45) 55 (37)
Current 8 (5) 7 (5)

Time since cancer diagnosis, months
(mean � SD) 57.9 � 38.1 63.7 � 40.3 .11

Cancer stage, No. (%) .34
Ductal carcinoma in situ 1 (1) 0 (0)
I 69 (47) 63 (43)
II 3 (2) 0 (0)
III 44 (30) 48 (33)
Unknown 31 (21) 36 (24)

Lymphedema, No. (%) 71 (48) 70 (48) .99
Cancer treatments, No. (%)

Chemotherapy 115 (78) 109 (74) .50
Radiation 118 (80) 111 (76) .41
Tamoxifen 29 (20) 19 (13) .30
Aromatase inhibitor 1 (1) 1 (1) .99

Physical functioning (scale, 0-100
[mean � SD]) 79.8 � 19.6 80.4 � 19.6 .76

Abbreviation: SD, standard deviation.

Analyzed in 
intention-to-treat analysis

(n = 148; 100%)
Analyzed in per-protocol 

analysis
(n = 123; 83%)

Analyzed in 
intention-to-treat analysis

(n = 147; 100%)
Analyzed in per-protocol 

analysis
(n = 127; 86%)

Allocated to weight lifting
(n = 148)

Patients randomly assigned
(n = 295)

Assessed for eligibility
(N = 3,200)

Allocated to control
(n = 147)

Excluded
   Did not meet
      inclusion criteria
   Refused to participate
   Other reasons

(n = 2,905)
  (n = 1,257)

   
(n = 999)

   (n = 649)

Lost to follow-up
(n = 25; 17%)

Lost to follow-up
(n = 20; 14%)

Fig 1. CONSORT diagram of enrollment, random assignment, and follow-up of
study participants.
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fourth quarters of the study, respectively. After 12-months, partici-
pants in the weight lifting group increased upper and lower body
strength compared with the control group, as reflected by 1-RM bench
press strength (5.0 � 0.8 v 0.1 � 0.7 kg; P � .001) and 1-RM leg press
strength (21.0�3.2 v 3.1�3.1 kg; P� .001), respectively. Participants
in the weight lifting group reported more physical activity compared
with the control group after 12 months (P � .05). No other differences
in anthropometric or diet characteristics were noted between the two
study groups after 12 months.

The proportion of participants who experienced incident deteriora-
tion of physical function after 12 months was 16.3% (24/147) in the
control group and 8.1% (12/148) in the weight lifting group (RR, 0.49;
95%CI,0.25to0.96;P� .04;Table3).Theseresultsarebasedonimputed
data following an intention-to-treat analysis; these findings did not differ
when the analysis was repeated without imputation following a per-
protocol analysis (RR, 0.49; 95% CI, 0.25 to 0.97; P � .04).

There were no serious adverse events related to the weight lifting
intervention. Nonserious adverse events, including musculoskeletal
injuries that required dose modification or cessation of weight lifting
have been reported elsewhere in detail.36

DISCUSSION

The principal finding from this secondary analysis is that survivors of
breast cancer who participated in slowly progressive weight lifting for

12 months were less likely to experience incident deterioration of
physical function compared with control group participants (8.1%
[12/148] v 16.3% [24/147]; P � .04).

For each 10-point decrease in physical function among survivors
of breast cancer, the risk of premature mortality has been estimated to
increase by 6%.16 The association between deterioration of physical
function and premature mortality has also been reported among
Medicare beneficiaries.37 A deterioration of � 10 points in physical
function is similar to the quality-of-life burden experienced as a result
of having congestive heart failure or chronic lung disease.33 Therefore,
the preservation of physical function among survivors of breast cancer
may hold clinical importance. The findings from our trial provide
preliminary evidence to support the potential efficacy of weight lifting
to promote the health and longevity of breast cancer survivorship by
preserving physical function.

There have been several other randomized trials of weight lifting
among survivors of breast cancer.38-40 These studies have consistently
demonstrated that moderate-intensity slowly progressive weight lift-
ing during and after chemotherapy is feasible and safe. These studies
have examined a variety of end points including lymphedema arm
volume, body composition, quality of life, and mean changes in phys-
ical function. However, to our knowledge, no such study has demon-
strated that weight lifting prevents the deterioration of physical
function compared with standard care using a � 10-point decrease on
the physical function subscale of the SF-36 questionnaire. The PAL

Table 2. Strength, Anthropometric, and Diet Characteristics and Physical Activity at Baseline and at 12 Months, According to Study Group

Variable

Baseline 12 Months

Weight Lifting
(mean � SD)

Control
(mean � SD) P

Weight Lifting
(mean � SD)

Control
(mean � SD) P

Bench press, maximum, kg 19.1 � 6.6 18.4 � 5.7 .40 24.1 � 6.9 18.5 � 5.4 � .001
Leg press, maximum, kg 79.8 � 25.6 77.8 � 25.3 .61 100.8 � 26.7 80.9 � 25.6 � .001
Weight, kg 79.1 � 16.5 79.3 � 17.4 .85 77.3 � 15.8 78.4 � 17.1 .78
BMI, kg/m2 29.0 � 5.9 28.7 � 6.4 .55 28.4 � 5.5 28.6 � 6.4 .97
Body fat, % 37.8 � 5.7 38.4 � 5.8 .36 37.4 � 5.9 38.7 � 5.8 .08
Fat mass, kg 30.6 � 10.0 31.1 � 1.6 .82 29.6 � 9.6 31.1 � 1.5 .29
Lean mass, kg 48.5 � 7.5 48.1 � 7.6 .54 47.7 � 7.5 47.3 � 7.6 .60
Diet, kcal/day 1,731.1 � 1,227.9 1,653.3 � 1,304.8 .77 1,511.7 � 74.0 1,443.0 � 75.2 .35
Physical activity, MET-hours/week 64.0 � 66.9 59.2 � 63.6 .19 65.2 � 56.7 58.8 � 74.5 .05

Abbreviations: BMI, body mass index; MET, metabolic equivalent; SD, standard deviation.

Table 3. Incidence of Deterioration of Physical Function, According to Study Group

Deterioration

Intention-to-Treat Analysis Per-Protocol Analysis

Weight Lifting (n � 148) Control (n � 147) Weight Lifting (n � 123) Control (n � 127)

Participants with � 10-point deterioration
Yes

Count 12 24 11 23
% 8.1 16.3 9.0 18.1

No
Count 136 123 112 104
% 91.9 83.7 91.0 81.9

Relative risk 0.49 0.49
95% CI 0.25 to 0.96 0.25 to 0.97
P .04 .04

Weight Lifting and Physical Function
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trial has been safely and efficaciously translated into the physical ther-
apy setting.41 At our institution, it was our experience that third-party
payers reimbursed the intervention using diagnosis codes for breast
cancer (174.*), lymphatic disorders (457.*), joint pain and stiffness
(719.*), and muscle weakness (728.9). Additional research is necessary
to examine whether aerobic exercise, such as walking, is efficacious to
preserve physical function among survivors of breast cancer. For ex-
ample, among 1,600 older adults at risk for disability, a physical activ-
ity program focused on walking yielded an 18% reduction in the
likelihood of developing major mobility disability, defined as the in-
ability to walk 400 meters without assistance, over a follow-up period
of 2.6-years.42 Additional research is also necessary to identify survi-
vors of breast cancer who may be at risk for experiencing deterioration
of physical function and may benefit from an intervention such as
weight lifting or other forms of physical activity or exercise.

There are several strengths to this trial. The outcome of this study
was quantified in such a way that maximizes clinical utility, represent-
ing a meaningful deterioration of physical function that is readily
noticeable by patients and is associated with adverse health outcomes,
such as premature mortality among survivors of breast cancer. In
addition, outcome data collection was completed by staff members
who were blinded to study group assignments. The sample size of the
trial was diverse with respect to racial background (35% nonwhite
participants). The intervention was 12 months long with similar rates
of follow-up between the two study groups. The weight lifting pro-
gram successfully blended supervised and unsupervised exercise to
promote safety and enable long-term sustainability.

There are several weaknesses to this trial. Physical function
was not a primary outcome of the PAL trial. Consequently, partic-
ipants were not recruited onto this trial on the basis of being at risk
of experiencing incident deterioration of physical function. De-
spite our low enrollment rate, participants in the PAL trial were of
similar age to women in the state cancer registry from which they
were recruited.24 However, it is plausible that women who did not
participate in the trial possess levels of physical function or have
other characteristics that are different from those who did partici-
pate in the trial. It is noteworthy that one for every six (16.3%)
control group participants experienced incident deterioration of
physical function within 12 months. We had insufficient statistical
power to examine whether the benefits of slowly progressive weight

lifting varied across subgroups of age, BMI, and cancer stage—all
of which have been identified as factors that may influence the
relationship between physical function and adverse outcomes such
as mortality among survivors of breast cancer.14 This analysis was
not prespecified in the PAL trial protocol and therefore should be
interpreted as exploratory and hypothesis generating. In addition,
we did not adjust our type-I error rate; therefore, we cannot rule
out the possibility of false discovery. Despite significant increases in
muscular strength, which indicates a physiologic response to
weight lifting, we did not observe significant differences in lean
muscle mass between the two groups at 12 months (P � .60). This
finding is likely a result of the dose of weight lifting that was
prescribed, which sought to increase muscular strength, rather
than increase muscular hypertrophy.

In conclusion, the findings from this study demonstrate the feasibil-
ity and potential efficacy for slowly progressive weight lifting to reduce
incident deterioration of physical function among survivors of breast
cancer. These data are hypothesis generating. Future studies should di-
rectlycomparetheefficacyofweightliftingwiththatofothermodalitiesof
exercise, such as brisk walking, for the purpose of preventing the deterio-
ration of physical function among survivors of breast cancer. These data
will be useful to inform the development of a confirmatory study to
provide conclusive evidence to shape clinical practice and maximize the
health and longevity among survivors of breast cancer.
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