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Statement of Need
Cancer-related fatigue (CRF) is mainly characterized by tiredness to exhaustion, which is not
precipitated by activity. It can also occur after activity if it is out of proportion to the level of
exertion and is not relieved by or in fact may be worsened with rest. Between 56% to 95% of breast
cancer survivors experience CRF after treatment. Nearly 20% of breast cancer survivors can suffer
from CRF several years after completing treatment. A moderate to high level of CRF is associated
with reduced quality of life and perceived as a barrier to exercise, thus justifying the need to seek
different methods of treatment for these patients.
Previous research has investigated the effects of exercise as a nonpharmacologic treatment for
CRF with clinical impact ranging from small to moderate effect sizes on CRF; these studies have
mainly focused on land-based exercise programs, although many benefits can be obtained in an
aquatic environment. Different properties of water could increase potential benefits of exercise,
such as buoyancy, which significantly decreases stress on weight-bearing joints, bones, and muscles,
thereby reducing pain.
Exercise can reduce depression, anxiety, and improve mood state in breast cancer survivors.
Aquatic group exercise interventions have also been shown to improve psychological state in
several conditions.
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4. Evaluate the limitations of deep water aquatic exercise for cancer-related fatigue.
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Method of Participation
In
1.
2.
3.

order to claim credit, participants must complete the following:
Pre-activity self-assessment questions
Read the activity
Complete the CME Test and Evaluation. Participants must achieve
a score of 70% on the CME Test.
Participants can complete the pre-activity self-assessment and CME
Test and Evaluation online by logging on to http://acrm.cds.pesgce.com.
Upon successful completion of the online tests and evaluation form, you
can instantly download and print your certificate of credit.
To better define and meet the CME needs of health care professionals
and enhance future CME activities, PESG will conduct an outcomesmeasurement survey following the conclusion of the program. This

I. Cantarero-Villanueva et al
follow-up survey is designed to measure changes to participants’ practice
behaviors as a result of their participation in this CME activity. You will
be contacted by e-mail 60 days following the conclusion of this activity
with an outcomes measurement survey. We would greatly appreciate
your participation.

CME Inquiries
For all CME certificate inquiries, please contact us at support@
pesgce.com.
This continuing education activity is active starting February 1,
2013 and will expire January 31, 2014.
Estimated time to complete this activity e 2.0 hours

Abstract
Objective: To investigate the effectiveness of an 8-week aquatic program on cancer-related fatigue, as well as physical and psychological
outcomes in breast cancer survivors.
Design: A randomized controlled trial.
Setting: Outpatient clinic, urban, academic medical center, and a sport university swimming pool.
Participants: Breast cancer survivors (NZ68) were randomly assigned to either an experimental (aquatic exercise group in deep water pool)
group or a control (usual care) group.
Interventions: The intervention group attended aquatic exercise sessions 3 times per week for 8 weeks in a heated deep swimming pool. Sessions
lasted 60 minutes in duration: 10 minutes of warm-up, 40 minutes of aerobic and endurance exercises, and 10 minutes of cool-down exercises. Patients
allocated to the usual care group followed the oncologist’s recommendations in relation to a healthy lifestyle.
Main Outcome Measures: Values for fatigue (Piper Fatigue Scale), mood state (Profile of Mood States), and abdominal (trunk curl static endurance test)
and leg (multiple sit-to-stand test) strength were collected at baseline, after the last treatment session, and at a 6-month follow-up.
Results: Immediately after discharge, the aquatic exercise group showed a large effect size in total fatigue score (dZ.87; 95% confidence interval,
.48e1.26), trunk curl endurance (dZ.92; 95% confidence interval, 1.97e3.83), and leg strength (dZ1.10; .55e2.76), but negligible effects in vigor,
confusion, and disturbance of mood (d<.25). At the 6-month follow-up period, the aquatic exercise group maintained large to small effect sizes in
fatigue scores, multiple sit-to-stand test, and trunk curl static endurance (.25>d>.90) and negligible effects for the fatigue-severity dimension and different
scales of the Profile of Mood States (d<.25).
Conclusion: An aquatic exercise program conducted in deep water was effective for improving cancer-related fatigue and strength in breast
cancer survivors.
Archives of Physical Medicine and Rehabilitation 2013;94:221-30
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Cancer-related fatigue (CRF) is mainly characterized by tiredness
to exhaustion that is not precipitated by activity. It can also occur
after activity if it is out of proportion to the level of exertion and is
not relieved by or in fact may be worsened with rest.1 Between
56% and 95% of breast cancer survivors experience CRF after
treatment.2 Close to 20% of breast cancer survivors can suffer
CRF several years after finishing their curative treatment.3,4
A moderate to high level of CRF is associated with reduced
quality of life in these patients1,5-7 and is perceived as a barrier to
include exercise in their lifestyle,8 justifying the need to seek
different methods of treatment for these patients.
Previous research has investigated the effects of exercise as
nonpharmacologic treatment for CRF,9-11 with clinical impact
ranging from small to moderate effect sizes on CRF.10-12 There
continues to exist limited research examining the effects of
exercise for patients with cancer who experience CRF.7,12,13 New
studies are necessary to identify optimal treatment options for
individuals with CRF to improve their quality of life.
A potential contributor to CRF may be abnormalities of energy
balance,14 which are associated with diminution of muscle
Supported by the Health Institute Carlos III and PN IþDþI 2008-2011, Madrid, Spanish
government (grant no. FIS PI10/02749) and the Research Office of the University of Granada, Spain.
No commercial party having a direct financial interest in the results of the research supporting this
article has or will confer a benefit on the authors or on any organization with which the authors are
associated.

biosynthesis.15 These deficits are sensitive to neuromuscular
measures of skeletal muscle endurance.16 In fact, deficits in muscular
performance are associated with a reduction in the quality of life and
increase in symptoms related to cancer in breast cancer survivors.17,18
Previous research has mainly focused on land-based exercise
programs, but many benefits can be obtained with the aquatic environment. Different properties of water such as buoyancy, which
significantly decreases the stress on weight-bearing joints, bones, and
muscles, thereby reducing pain, can increase the potential benefits of
exercise.19 Water immersion decreases axial loading, allowing
patients to perform exercises that they are otherwise unable to do on
land.20 Different resources can be used in aquatic therapy. A chesthigh pool is used to reduce pain and stiffness during weight-bearing
exercise. A recent report21 found that water exercise in a chest-high
pool had no effect on CRF in breast cancer survivors suffering from
hormone therapyeassociated arthralgia pain. Exercises such as
running in deep water produce a lower heart rate, which may relate to
hydrostatic pressure and water depth and the subsequent increase
in venous return and stroke volume.22 These physiological responses
result in lower perceived exertion than would be experienced with the
same exercise intensity conducted on land.23 It is not known whether
an aquatic exercise program could result in reductions in CRF.
Exercise has shown the ability to reduce depression24 and
anxiety25 and improve mood26 state in breast cancer survivors.
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Exercises of water-based program

Type of Exercise

Duration Frequency

Warm-up exercises (10min)
Aerobic activities
Mobility
Stretching exercises
Training program (40min)
1e4wk
Cardiovascular exercises: Different horizontal movements: forward and backward
jogging with arms moving, pulling, and pressing, leaps, leg crossovers, and
hopping movements focusing on movement in multiple directions
Endurance exercise: (no equipment used)
1.
2.
3.
4.
5.
6.

Bicycling in different body positions
Flexion/extension of elbow/wrist with a neutral shoulder position
Maintain hip and trunk vertical with legs movements
Hip rotation, adduction-abduction standing
Flexion/extension of the shoulder
Hip extension with control of low back position

5e8wk
Aerobic exercises: Different horizontal movements: forward and backward jogging
with arms moving, pulling, and pressing, leaps, leg crossovers, and hopping
movements focusing on movement in multiple directions
Cardiovascular exercise: (use pool noodles, pull buoy, swimming board)
1.
2.
3.
4.
5.
6.

Bicycling in different body positions
Flexion/extension of elbow/wrist with neutral shoulder position
Maintain hip and trunk vertical with legs movements
Hip rotation, adduction-abduction standing
Flexion/extension of the shoulder
Hip extension with low back in neutral position

5e10min

Week 1: learning exercises and
familiarization with the aquatic
environment
Week 2: 10e12 repetitions2 sets
Week 3: 12e15 repetitions2 sets
Week 4: 10e12 repetitions3 sets
10e15min

Week 1: learning exercises and
familiarization with the aquatic
environment
Week 2: 10e12 repetitions2 sets
Week 3: 12e15 repetitions2 sets
Week 4: 10e12 repetitions3 sets

Cool-down exercises (10min)
Walking slowly with breathing exercises
Stretching exercise of main muscles used during the sessions

Aquatic group exercise interventions have also been shown to
improve the psychological state in several conditions.27,28 To the
best of our knowledge, there are no studies reporting psychological
effects of aquatic exercise in breast cancer survivors. We hypothesized that an exercise program in deep water could improve the
physical and psychological states in fatigued breast cancer survivors.
Thus, the purpose of the present clinical trial was to analyze
the effects of an 8-week aquatic exercise program in a deep water
pool and 6 months after finishing the program on fatigue,
psychological outcomes, muscular strength, and endurance in
breast cancer survivors.

Methods
Design
Our study was a randomized controlled clinical trial. Eligible participants were randomly assigned to either an aquatic exercise group or
a control group. Computer-generated numbers produced a sequence
that was entered into opaque envelopes. These envelopes were
opened by a blinded researcher after the first outcome measurement.

List of abbreviations:
ANOVA
CI
CRF
PFS

analysis of variance
confidence interval
cancer-related fatigue
Piper Fatigue Scale

www.archives-pmr.org

Participants
Participants were recruited from the Breast Oncology Unit of the
Hospital Virgen de las Nieves, Granada, Spain. Patients were
approached and enrolled by oncologists and nurses from the radiotherapy and the breast oncology units. A researcher contacted individuals by phone to determine eligibility and schedule an initial
clinical interview. To be eligible for the study, participants had to be
between 25 and 65 years old, had a diagnosis of breast cancer (stages
IeIIIA), finished oncology treatment except hormone therapy in the
previous 18 months, and exhibit a clinically significant fatigue (>3 in
total score of the Piper Fatigue Scale [PFS]). Patients were excluded if
they were receiving oncology treatment at the time of the study or they
had physical limitations associated with orthopedic conditions. The
research protocol was reviewed and approved by the Ethics Committee
of the Virgen de las Nieves Hospital (Granada, Spain). The study was
carried out between March 2009 and June 2010, following the ethical
guidelines of the Declaration of Helsinki, last modified in 2000.

Outcome measures
After patients provided informed consent, baseline measurements
were obtained. Reassessment occurred at postintervention at 8
weeks and 6 months after discharge. All outcomes were conducted
by the same trained assessors across all data collection points.
Assessors were blinded to treatment allocation. Data collection
took place in a university clinical laboratory of Faculty of Health
Sciences of the University of Granada.
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Fig 1

Flow diagram of subject recruitment and retention throughout the course of the study.

Cancer-related fatigue
The PFS score was used as the primary outcome.29 The PFS
consists of 22 numerical items assessing fatigue experienced by
the patient. The PFS total score has a theoretical range from 0 to
10, with higher scores indicating greater fatigue. Using a 0 to 10
numerical scale, PFS measures 4 dimensions of subjective fatigue:
behavioral/severity, affective meaning, sensory, and cognitive/
mood. The total fatigue score is calculated by adding the 4
subscale scores and dividing by 4. The PFS total score has a
theoretical range from 0 to 10, with higher scores indicating

greater fatigue. A minimally important difference (ie, a change of
2 points) on the PFS total score represents a clinically significant
improvement in fatigue.29

Mood state
The Spanish version of the Profile of Mood States contains 63
adjectives rated by participants on a 5-point scale. The questionnaire
has 6 factors: tension, depression, anger, fatigue, vigor, and confusion. Subscale scores were converted into T scores for the analysis. A
high reliability has been reported for the Profile of Mood States.30
www.archives-pmr.org
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Table 2 Patients’ characteristics and comparisons between both
breast cancer survivor groups

Variable
Age (y), mean  SD
Time posttreatment, n (%)
<12mo
>12mo
Marital status, n (%)
Married
Unmarried
Divorced
Educational level, n (%)
Primary school
Secondary school
University level
Employment status, n (%)
Home employed
Employed
Nonemployed
Tumor stage, n (%)
I
II
IIIA
Type of surgery, n (%)
Lumpectomy
Mastectomy
Type of treatment, n (%)
Radiation
Chemotherapy
Radiation þ chemotherapy
Menopause, n (%)
Yes
No
Physical activity level*
(min/d), mean  SD
Hormone therapy
Tamoxifen
Aromatase inhibitors
Others

Usual Care
Aquatic
Group
Exercise
(nZ29) Group (nZ32) P
478

497

.350

Interventions
The intervention group attended water-based sessions 3 times per
week for 8 weeks in a heated deep swimming pool measuring 25 
12.5 meters with a depth ranging from 1.40 to 2.00 meters. The water
temperature was 28 C, the room temperature was 30 C, and the
relative humidity was 90%. Sessions lasted 60 minutes in duration:
10 minutes of warm-up, 40 minutes of aerobic and endurance exercises, and 10 minutes of cool-down exercises (table 1). The intensity
of the aerobic exercise was maintained according to the recommendations of the American College of Sports Medicine and the
American Heart Association9,34 and through the use of the revised
Borg Rating of Perceived Exertion scale. The endurance exercises
were considered moderate as the parameters set for each exercise
included 2 to 3 sets of 8 to 12 repetitions. The program was supervised by a fitness specialist and by 2 physical therapists with clinical
experience in the management of patients with different cancer
conditions in both groups with groups of 10 to 12 women. Participants who were unable to swim were assisted by the physiotherapists.
Patients allocated to the usual care group followed the oncologist
recommendations for maintaining a healthy lifestyle based on
adequate nutrition, energy balance, and maintaining usual activities.
The primary outcome variable in the current study was CRF. A
power calculation was conducted to determine the sample size
necessary to detect changes; in the PFS based on a previous
study,26 a decrease of 2.5 points, with an SD of 2.0 (15%), was
regarded as clinically important and achievable in breast cancer
survivors. Using an alpha of .05 and a power of 80%, a sample
size of at least 22 patients per group was estimated. To account for
possible participant dropouts, we recruited 64 participants.

24 (82.7)
5 (17.3)

22 (69)
10 (31)

.176

19 (65.5)
6 (20.7)
4 (13.8)

20 (62)
5 (16)
7 (22)

.228

11 (38)
4 (13.8)
14 (48.2)

11 (34)
8 (25)
13 (41)

.709

6 (20.6)
12 (41.4)
11 (38)

7 (22)
10 (31)
15 (47)

.153

10 (34.4)
14 (48.3)
5 (17.3)

4 (12.5)
23 (72)
5 (15.5)

.145

21 (72.4)
8 (27.6)

21 (65.5)
11 (34.5)

.596

1 (3)
3 (10.8)
25 (86.2)

1 (3)
3 (9)
28 (88)

.991

20 (69)
24 (75)
9 (31)
8 (25)
32.322.6
38.221.3

.197
.220

Statistical analysis
19
6
4

24
5
3

.703

NOTE. P values for comparisons among group based on c2 and analysis
of variance tests.
* Minutes dedicated to physical activity per day.

Lower-body muscular strength
The “multiple sit-to-stand test” involves counting the time in
seconds needed by the patients to rise until they reach full knee
extension and sit back 10 times as fast as possible. Participants rise
to a full stand from a seated position with the back straight and feet
flat on the floor, without pushing off with the arms. The test-retest
reliability of the multiple sit-to-stand test is good to high in most
populations and settings (intraclass correlation coefficientZ.81).31

Muscular endurance of abdominal muscles
The trunk curl static endurance test was used. This test requires
a wedged piece of wood to support the patient at a fixed angle of 60 .
The patients fold their arms across their chest and move the top of
www.archives-pmr.org

their head at a fixed angle of trunk flexion (60 ). The feet are maintained flat on the floor and held by the therapist. The participants hold
the isometric posture as long as possible. A coefficient of >.97 for
repeated measures demonstrates adequate reliability of this test.32 The
mean endurance for young, healthy men and women is 134 seconds.33

To examine the differences in baseline characteristics between
included-excluded patients and compliers-dropped out, we used t
tests and chi-square tests. The Kolmogorov-Smirnov test showed
a normal distribution of the data (P>.05). To examine the effect of
the aquatic exercise program in different outcomes, a 23 factorial
design was used. The between-subjects factor was intervention
(aquatic exercise program, usual care), whereas the within-subjects
factor was time in relation to intervention (before intervention,
after intervention, 6 months after discharge). Data were analyzed
using the SPSSa software. Statistical significance was set at alpha
levels of <.05, 2-tailed. Effect sizes were reported as negligible
difference, between .25 and 0.5 a small difference, between
0.5 and 0.8 a moderate difference, and 0.8 a large difference.

Results
During the study period, 126 women with cancer agreed to attend the
prescreening session (fig 1). No differences between 68 patients
(54%) included and 58 patients (46%) who were excluded or declined
to participate were found, except that the excluded group was older
(48 vs 55y; P<.05). Furthermore, no differences in sociodemographic
and medical features between the patients assigned to exercise and
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Table 3

Comparison of study variables between the aquatic exercise group and the usual care group at baseline

Variables

Aquatic Exercise Program (nZ32)

PFS
Behavioral/severity
Affective/meaning
Sensory
Cognitive/mood
Total fatigue score
Muscle strength tests
McQuade test (s)
Multiple sit-to-stand test (s)
Profile of Mood States
Tension-anxiety
Depression-dejection
Anger-hostility
Vigor
Fatigue
Confusion
Disturbance of mood

Usual Care Group (nZ29)

P

5.382.04
6.321.87
6.181.82
5.331.66
5.781.60

6.162.13
6.792.01
5.791.81
5.012.19
5.891.6.3

0.20
0.74
0.49
0.48
0.98

30.7314.78
26.484.40

27.8118.94
27.727.28

0.60
0.43

46.7210.09
48.559.31
52.419.81
49.687.91
52.588.01
40.1310.09
18,631.05,467.76

control groups were identified (table 2). There were also no differences in variables at baseline between groups (table 3). Seven patients
were not assessed at 6 months for different reasons (see fig 1). Thirtyfour patients finished the aquatic exercise program and completed
84% of the 24 physical therapy sessions (mean  SD, 204 sessions).
Adverse effects reported during the study included discomfort or
low-intensity pain/stiffness after an exercise session in 3 patients;
nevertheless, they continued the program.

Effects of aquatic exercise program in CRF
The analysis of variance (ANOVA) found significant GroupTime
interactions for all dimensions of the PFS: affective (FZ13.7265;
P<.001), sensory (FZ20.714; P<.001), cognitive (FZ12.848;
P<.001), severity (FZ3.399; PZ.040), and total fatigue score
(FZ16.998; P<.001). The aquatic exercise group experienced
a greater decrease in fatigue than did the control group in all dimensions and the total score (table 4). The intergroup effect size after
treatment was large for affective (dZ1.36; 95% confidence interval
[CI], .90e1.82), sensory (dZ1.54; 95% CI, 1.0e1.85), cognitive
(dZ1.10; 95% CI, .59e1.60), and total fatigue (dZ1.51; 95% CI,
1.13e1.90) scores. The intergroup effect size for the severity dimension was moderate (dZ.68; 95% CI, .14e1.22). The aquatic exercise
group maintained the improvements in fatigue in affective, sensory,
cognitive, and total scores of the PFS after 6-month follow-up (see
table 4). The intergroup effect size after 6-month follow-up was large
for affective (dZ.90; 95% CI, .46e1.34), sensory (dZ1.19; 95% CI,
.78e1.61), and cognitive (dZ.98; 95% CI, .58e1.38) dimensions and
the total fatigue score (dZ.87; 95% CI, .48e1.26) related to preintervention values. The intergroup effect size after 6-month follow-up
was negligible for the severity dimension (dZ.24; 95% CI, .20e.76).

Effects of aquatic exercise program in leg and
abdominal endurance
A significant GroupTime interaction for the multiple sit-to-stand
test (FZ20.011; P<.001) and the trunk curl static endurance test
(FZ10.091; P<.001) was also found (table 5). Intergroup effect sizes
were large for the multiple sit-to-stand (dZ1.10; 95% CI, .55 to
2.76) and trunk curl static endurance (dZ.92; 95% CI, 1.97 to 3.83)

49.1810.68
52.2511.55
55.4612.26
50.847.54
53.689.76
42.849.64
20,037.54,885.18

0.51
0.99
0.53
0.52
0.24
0.53
0.61

tests at postintervention, but moderate (multiple sit-to-stand test,
dZ.50; 95% CI, .27e.90) and small (trunk curl static endurance
test, dZ.25; 95% CI, .20e.47) at 6-month follow-up (see table 5).

Effects of aquatic exercise program on mood state
The ANOVA found a significant GroupTime interaction for tension
(FZ3.142; PZ.048), depression (FZ3.759; PZ.029), anger
(FZ4.626; PZ.014), and mental fatigue (FZ6.765; PZ.002).
Intergroup effect sizes were moderate for tension (dZ.65; 95% CI,
1.23 to 2.54), depression (dZ.60; 95% CI, 1.21 to 2.43), and
anger (dZ.79; 95% CI, 1.43 to 3.01) subscales at postintervention
(table 6). Intergroup effect sizes were negligible for tension (dZ.23;
95% CI, 1.94 to 2.61), depression (dZ.24; 95% CI, .96 to 1.97),
and anger (dZ.21; 95% CI, 1.92 to 2.35) subscales at 6-month
follow-up. Intergroup effect sizes were large for the mental fatigue
scale (dZ.81; 95% CI, .61 to 2.20) at intervention and moderate
(dZ.73; 95% CI, .89 to 2.37) at 6-month follow-up (see table 6).
In addition, the ANOVA found no significant GroupTime
interactions for vigor (FZ1.057; PZ.353), confusion (FZ1.006;
PZ.372), and mood disturbance (FZ1.717; PZ.189) (see
table 6) scores. Intergroup effect sizes were negligible for vigor,
confusion, and mood disturbance after treatment and 6 months
after discharge (d<.25).

Discussion
This study found that an 8-week supervised aquatic exercise
program in deep water decreased fatigue and improved legabdominal muscle endurance and several aspects of mood state
such as tension, depression, anger, and mental fatigue in breast
cancer survivors suffering moderate CRF. The effects were
maintained at 6 months after discharge except for mood state.
Our results are similar to findings of previous research examining
the effects of exercise on fatigue13,35,36 and confirm suggestions
provided by clinical guidelines about the effects of exercise on
fatigue.9,37,38 However, we reported a large effect size that is not
consistent with a previous meta-analysis reporting small to moderate
effect sizes.12,39 The larger effect size in the current trial could be
related to our selected population that had a moderate to high level of
www.archives-pmr.org
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Preintervention, postintervention, 6-mo follow-up, and change scores for mean values of the PFS score

Group
Behavioral/severity
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Affective/meaning
Preintervention
Postintervention
6-month follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Sensory
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Cognitive/mood
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Total fatigue score
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up

Aquatic Exercise Program

Usual Care Group

5.382.04
3.781.95
4.042.22

6.162.13
6.051.82
5.452.38

1.59 (2.38 to 0.80)
1.33 (2.31 to 0.35)

0.11 (0.72 to 0.94)
0.71 (1.29 to 0.12)

6.321.87
3.822.31
4.422.42

6.792.01
6.812.02
6.472.20

2.50 (3.33 to 1.68)
1.90 (2.80 to 1.01)

0.02 (0.54 to 0.58)
0.32 (0.68 to 0.03)

6.181.82
3.921.88
4.082.25

5.791.81
6.252.06
5.681.93

2.26 (2.98 to 1.53)
2.10 (2.87 to 1.33)

0.46 (0.15 to 1.08)
0.11 (0.59 to 0.36)

5.331.66
3.751.87
3.691.97

5.012.19
5.662.25
5.092.37

1.58 (2.35 to 0.84)
1.63 (2.37 to 0.90)

0.65 (0.13 to 1.64)
0.08 (0.36 to 0.52)

5.781.60
3.781.78
4.012.08

5.891.63
6.231.72
5.471.82

2.00 (2.63 to 1.37)
1.77 (2.49 to 1.05)

0.34 (0.19 to 0.87)
0.42 (0.86 to 0.01)

Between-group Differences

1.48 (0.35 to 2.61)*
0.62 (1.71 to 0.47)

2.52 (3.48 to 1.56)*
1.57 (2.48 to 0.66)y

2.72 (3.64 to 1.80)*
1.98 (2.88 to 1.09)y

2.23 (3.29 to 1.17)*
1.73 (2.54 to 0.79)y

2.34 (3.14 to 1.53)*
1.33 (2.15 to 0.53)y

* Values are expressed as mean  SD for pre- and postintervention data and as mean (95% CI) for within- and between-group change scores.
y
Significant GroupTime interaction (factorial repeated-measures ANOVA test; P<.05).

Table 5

Preintervention, postintervention, 6-mo follow-up, and change scores for mean values of strength

Group
Trunk curl static endurance test (s)
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Multiple sit-to-stand test (s)
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up

Aquatic Exercise Program

Usual Care Group

30.7318.88
81.9320.14
59.9236.10

27.8114.94
49.8232.79
32.8225.11

51.19 (40.53e61.85)
29.18 (16.42e41.95)

22.00 (9.29e34.71)
5.01 (0.88 to 10.91)

26.484.40
13.331.91
19.453.76

27.727.28
21.886.57
28.027.33

13.15 (15.25 to 11.05)
7.03 (9.03 to 5.04)

5.83 (8.59 to 3.07)
0.30 (1.19 to 1.80)

Between-group Differences

29.19 (12.75e45.62)*
24.17 (10.85e37.50)y

7.32 (10.77 to 3.87)*
7.34 (9.75 to 4.95)y

* Values are expressed as mean  SD for pre- and postintervention data and as mean (95% CI) for within- and between-group change scores.
y
Significant GroupTime interaction (factorial repeated-measures ANOVA test; P<.05).
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Table 6
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Preintervention, postintervention, 6-mo follow-up, and change scores for mean values of Profile of Mood States

Group
Tension
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Depression
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Anger
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Vigor
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Fatigue
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up
Confusion
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow up
Total disturbance of mood
Preintervention
Postintervention
6-mo follow-up
Within-group change scores
Pre-post intervention
Preintervention to 6-mo follow-up

Aquatic Exercise Program
46.7210.09
42.518.60
43.979.47
4.20 (7.74 to 0.66)
3.44 (8.30 to 1.41)
48.559.31
45.589.68
46.039.01
2.96 (5.77 to 0.15)
2.51 (5.32 to 0.29)
52.419.81
48.179.44
50.0010.16
4.24 (7.38 to 1.09)
2.41 (6.61 to 1.78)
49.687.91
51.627.15
50.279.42
1.93 (0.43 to 4.29)
0.58 (2.39 to 3.57)
52.588.01
47.79 8.11
47.4110.61
4.79 (6.67 to 2.90)
5.17 (8.60 to 1.70)
40.1310.09
37.938.48
37.757.34
2.20 (4.95 to 0.54)
2.37 (6.05 to 1.29)
18,6315,467
17,1754,279
17,3064,501
1,445 (160 to 3,070)
1,324 (735 to 3,383)

Usual Care Group

Between-group Differences

49.1810.68
49.9311.66
48.8411.17
0.75 (1.35 to 2.85)
0.34 (1.72 to 1.04)

4.95 (8.89 to 1.01)*
3.10 (7.83 to 1.61)

52.2511.55
53.7111.60
52.6811.84
1.46 (1.34 to 4.28)
0.43 (1.13 to 2.00)

4.43 (8.33 to 0.52)*
2.95 (6.02 to 0.11)

55.4612.26
58.2512.58
54.9012.06
2.78 (0.70 to 6.26)
0.56 (2.50 to 1.38)

7.02 (11.65 to 2.39)*
1.85 (6.24 to 2.53)

50.847.54
50.467.63
51.068.15
0.37 (2.55 to 1.80)
0.22 (1.16 to 1.60)

2.30 (0.84 to 5.45)
0.36 (2.75 to 3.48)

53.689.76
53.349.82
53.319.84
0.34 (2.62 to 1.93)
0.37 (1.43 to 0.68)

4.44 (7.38 to 1.51)*
4.79 (8.20 to 1.31)y

42.849.64
43.0310.01
42.0211.31
0.18 (1.93 to 2.30)
0.84 (2.74 to 1.05)

2.39 (5.75 to 0.96)
1.53 (5.45 to 2.40)

20,0374,885
20,3906,113
19,9154,966
353 (1,617 to 911)
121 (490 to 734)

1808 (180 to 3,796)
1,202 (812 to 3,217)

* Values are expressed as mean  SD for pre- and postintervention data and as mean (95% CI) for within- and between-group change scores.
y
Significant GroupTime interaction (factorial repeated-measures ANOVA test; P<.05).

CRF, allowing for a greater margin of improvements. This study helps
to reduce the gap in the literature about the effectiveness of supervised
exercise programs in a subgroup of patients with special requirements
or at risk to develop other symptoms associated with CRF.6 It has
recently been reported that there was no benefit from a water exercise
program in a chest-high pool for CRF in breast cancer survivors

suffering from hormone therapyeassociated arthralgia pain.21 Current
results were obtained with an exercise program in a deep water pool
including aerobic/endurance exercise as a principal component (70%
of each session), which could require more exertion than exercises in
a chest-high pool with reduced cardiovascular demands (20% of each
exercise session). It is possible that the decreased stress on
www.archives-pmr.org
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weight-bearing joints and decreased axial loading facilitated aquatic
exercise. Aquatic exercise could improve the fitness level of participants, which is known as one of the pillars to attenuate CRF.5,7
Hydrostatic pressure during water exercise redistributes blood from
the limbs to the thoracic cavity; this redistribution may have reduced
the heart rate and transiently increased the blood pressure.40 Unfortunately, we did not use a heart rate monitor during immersion to
provide support to these speculations. Future studies in a larger and
multisite sample are recommended to determine the physiological
adaptations during water exercise in breast cancer survivors.
The results of the current study also showed significant and
clinical improvements in leg and abdominal muscle strength. The
decreased muscle function in cancer survivors during and after the
oncology treatment is well known.6,41,42 This reduced force had been
associated with an increase in CRF and reduction in quality of
life.17,18 Recent research provides support to the positive influence of
aerobic and strength training exercise interventions in breast cancer
survivors mediated by different physiological responses such as
decreases in insulin levels,43 reduction in C-reactive protein levels,44
or an increase in the adiponectin/leptin ratio.45 Large effect sizes in
muscle strength were reported in our study and could possibly be
linked to the resistance effects offered by water. We used an increase
in the velocity of movement during the exercises as a major
component of progression with intensity of the exercise with less joint
stress as compared with land-based exercise.46 Future studies should
be carried out to determine the effect of these types of programs on
muscle metabolism (ie, adenosine triphosphate and cytokines dysregulation, deprivation of satellite cells) associated with oncology
treatment47 to promote the maintenance of muscle mass.
The reduction in CRF and the increase in strength reported in
the current study are similar to recent studies that have demonstrated that fitness improves quality of life by reducing CRF in
breast cancer survivors.48 Our results give preliminary support to
the implementation of aquatic exercise programs to promote the
recovery of functional limitations following initial breast cancer
treatment that have been associated with an important reduction in
all-cause and competing-cause survival.49
The current results on mood state partially agree with the results
from previous studies using a land-exercise approach.26 The reported psychological positive effects of aquatic exercise could help
to explain the reduction in CRF of our population. Exercise facilitators were included in this aquatic exercise program being groupbased, high therapist/patient supervision ratio (1 therapist for each
5e7 patients), individually tailored, and gradually progressed.
These exercise motivators can be related to self-perceived exercise
benefits.8 Relief of CRF and improvement in strength reported in
this study may improve the patients’ ability to perform daily
activities and to interact with others.50 These improvements in the
relationship between survivors and proxy environment could help to
improve several aspects of mood state as identified in this trial.

Study limitations
Although this study obtained relevant clinical findings, some limitations need to be considered when interpreting the results. First, this
study examined women with stages I to IIIA breast cancer without
limitations to practice water exercise referred by oncologists from
a metropolitan hospital. These selection criteria resulted in a smaller
population of potentially eligible patients. Therefore, it may be difficult to generalize these results to all patients with breast cancer.
Second, it is difficult to assess muscle function and heart rate during
www.archives-pmr.org
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the water exercises. Third, different resources such as a deep water
pool and a high ratio of supervision of the exercise program can reduce
the cost-effectiveness of the trial. Fourth, intention to treat and
responder analysis to explore the characteristics of those patients most
likely to derive benefit were not included in this study. Finally, it is
unknown whether participants continued any type of physical training
after the intervention. Influences of previous exercise programs on the
physical activity level of cancer survivors should be clarified in future
studies. Nevertheless, the structured aquatic exercise program and the
use of validated objective outcomes enhance the methodologic quality
of the trial. Knowledge about safe and effective exercise programs has
influenced choices regarding physical activity and exercise in cancer
survivors,51 and no serious adverse effects of this program give
preliminary support to the use of aquatic exercise in cancer survivors.

Conclusions
In conclusion, an 8-week deep water exercise program was clinically effective for improving CRF, muscle strength, and several
aspects of mood state as compared with usual treatment care at
short and medium term in breast cancer survivors reporting
a moderate rate of fatigue.

Supplier
a. SPSS, version 19.0; SPSS, Inc, 233 S Wacker Dr, 11th Floor,
Chicago IL 60606.
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12. Speck RM, Courneya KS, Mâsse LC, Duval S, Schmitz KH. An update
of controlled physical activity trials in cancer survivors: a systematic
review and meta-analysis. J Cancer Surviv 2010;4:87-100.
13. Fong DY, Ho JW, Hui BP, et al. Physical activity for cancer survivors:
meta-analysis of randomised controlled trials. BMJ 2012;344:e70.
14. Gatenby RA, Gillies RJ. Why do cancers have high aerobic glycolysis? Nat Rev Cancer 2004;4:891-9.
15. Nair KS. Aging muscle. Am J Clin Nutr 2005;81:953-63.
16. Yavuzsen T, Davis MP, Ranganathan VK, et al. Cancer-related fatigue:
central or peripheral? J Pain Symptom Manage 2009;38:587-96.
17. McMillan EM, Newhouse IJ. Exercise is an effective treatment
modality for reducing cancer-related fatigue and improving physical
capacity in cancer patients and survivors: a meta-analysis. Appl
Physiol Nutr Metab 2011;36:892-903.
18. Cantarero-Villanueva I, Fernández-Lao C, Dı́az-Rodrı́guez L, Fernández-de-las-Peñas C, Ruiz JR, Arroyo-Morales M. The handgrip
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