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Higher-Intensity Exercise Results in More Sustainable
Improvements for VO,,.,, for Breast and Prostate

Cancer Survivors

Eric A. Martin, PhD, Claudio L. Battaglini, PhD, Beth Hands, PhD, and Fiona Naumann, PhD

urvivors often significantly reduce their
physical activity levels after treatment
and do not return to prediagnosis levels
(Blanchard, Courneya, & Stein, 2008). As
many as 70% of survivors do not engage in
sufficient exercise to achieve health guideline recom-
mendations (Peeters et al., 2009). Low levels of physical
activity and associated losses of cardiovascular fitness
increase the survivors’ risks of all-cause and disease-
specific mortality (Hamer, Stamatakis, & Saxton, 2009;
Irwin et al., 2008; Laukkanen, Rauramaa, Makikallio,
Toriola, & Kurl, 2011). In addition, survivors are at
higher risk of cardiovascular disease after treatment
(Lakoski et al., 2013; Viale & Yamamoto, 2008). Even
asymptomatic breast cancer survivors exhibit impaired
cardiorespiratory fitness seven years post-treatment
(Lakoski et al., 2013). However, improvements in car-
diorespiratory fitness, as measured by peak volume of
oxygen consumption (VOayp.i), have been associated
with a decrease in mortality (Blair et al., 1996; Kodama
et al., 2009; Laukkanen et al., 2011) and better quality
of life among breast cancer survivors (Tolentino et al.,
2010). VOypeax is considered the best practical surrogate
for predicting survival in any adult population (Blair
et al., 1996), with reduced mortality risks seen when
adults reach greater than 27.7 ml/kg per minute (Ko-
dama et al., 2009). For context within the populations
studied in the current article, research indicates that
breast and prostate cancer survivors have mean VO,
of 25.4 ml/kg per minute (Burnett, Kluding, Porter, Fa-
bian, & Klemp, 2013) and 28.1 ml/kg per minute (Scott
et al., 2015), respectively, both of which would be rated
as poor in healthy adults (American College of Sports
Medicine [ACSM], 2009).

In 2010, the ACSM called for researchers to examine
whether different exercise intensities affected targeted
health outcomes among survivors (Schmitz et al., 2010).
Some studies have shown the potential for higher-
intensity exercise to make larger improvements in
VO, among survivors (Adamsen et al., 2009; De

Purpose/Objectives: To examine peak volume of oxygen
consumption (VOpea) changes after a high- or low-intensity
exercise intervention.

Design: Experimental trial comparing two randomized
intervention groups with control.

Setting: An exercise clinic at a university in Australia.

Sample: 87 prostate cancer survivors (aged 47-80 years)
and 72 breast cancer survivors (aged 34-76 years).

Methods: Participants enrolled in an eight-week exercise
intervention (n = 84) or control (n = 75) group. Interven-
tion participants were randomized to low-intensity (n = 44,
60%—65% VOapear, 50%—65% of one repetition maximum
[1RM]) or high-intensity (n = 40, 75%-80% VOjpeak, 65%—
80% T1RM) exercise groups. Participants in the control group
continued usual routines. All participants were assessed at
weeks 1 and 10. The intervention groups were reassessed
four months postintervention for sustainability.

Main Research Variables: VO,y..cand self-reported physi-
cal activity.

Findings: Intervention groups improved VO similarly
(p = 0.083), and both more than controls (p < 0.001).
The high-intensity group maintained VO, at follow-up,
whereas the low-intensity group regressed (p = 0.021).
The low-intensity group minimally changed from baseline
to follow-up by 0.5 ml/kg per minute, whereas the high-
intensity group significantly improved by 2.2 ml/kg per
minute (p = 0.01). Intervention groups always reported
similar physical activity levels.

Conclusions: Higher-intensity exercise provided more
sustainable cardiorespiratory benefits than lower-intensity
exercise.

Implications for Nursing: Survivors need guidance on
exercise intensity, because a high volume of low-intensity
exercise may not provide sustained health benefits.
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Backer et al., 2007; Quist et al., 2006). However, those
studies also identified potential risks of high-intensity
exercise in some populations, such as those diagnosed
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with hematologic cancer or a brain tumor (Adamsen
et al., 2009; Quist et al., 2006). Of note, the studies
employed a single intervention arm and did not make
comparisons between higher- and lower-intensity ex-
ercise groups (Adamsen et al., 2009; Quist et al., 2006).
To the current authors’ knowledge, the only study to
compare different exercise intensity training protocols
(low versus moderate intensity) in patients with cancer
found no difference in improvement of cardiorespira-
tory fitness between the two groups after 10 weeks of
training (Burnham & Wilcox, 2002). Studies examining
the potential for achieving greater improvements in
cardiorespiratory fitness using high-intensity exercise
are scarce and, therefore, this topic warrants additional
research.

To optimize an exercise program, research is needed
to establish what components of a short-term exercise
intervention contribute to sustainable fitness outcomes.
Observational studies have found that, depending on
the population sampled, people find higher-intensity
exercise either motivating (Bartlett et al., 2011; Duncan,
Hall, Wilson, & Jenny, 2010) or challenging (Parfitt
& Hughes, 2009). Whether exercise intensity plays a
role in physical activity adherence after a short-term
intervention in breast and prostate cancer survivors is
unknown.

The purpose of this study, therefore, is threefold.
The first is to compare the cardiorespiratory fitness
changes in breast and prostate cancer survivors who
participated in a supervised exercise intervention at
either moderate-to-high intensity or low-to-moderate
intensity (see Figure 1). Both intervention groups were
compared to a control group that performed their
normal physical activity for eight weeks. A second
aim was to examine if exercise intensity influenced the
maintenance of cardiorespiratory fitness and physical
activity levels postintervention. To achieve this, in-
tervention participants were assessed at four months
after the intervention. It was hypothesized that breast
and prostate cancer survivors who participated in the

Low-to-moderate intensity: aerobic exercise at the tested
heart rate that occurred when a participant was at 60%-65% of
his or her VOypeax during the cardiorespiratory exercise test, and
resistance training at 50%—65% of the one repetition maximum

Moderate-to-high intensity: aerobic exercise at the tested
heart rate that occurred when a participant was at 75%-80% of
his or her VOapea during the cardiorespiratory exercise test, and
resistance training at 65%-80% of the one repetition maximum

One repetition maximum: the heaviest weight one can lift with
one maximal effort on a given exercise

VO2pear: the highest level of cardiorespiratory fitness a person
achieves on a cardiorespiratory exercise test

Figure 1. Operational Definitions

moderate-to-high intensity exercise intervention would
better sustain their improvements in cardiorespiratory
fitness when compared to the group who participated
in the low-to-moderate exercise training program.
The final aim was to examine if exercising at either a
moderate-to-high or low-to-moderate intensity was
safe for survivors.

Methods

Participants were recruited through flyer distribution
at hospitals in Perth, Western Australia (mailed directly
to oncologists and nurses), Breast Cancer Care WA, and
physicians in the Fremantle GP network. Direct mail-
ings were sent to Western Australian Hospital Benefits
Fund members. All participants met the following
inclusion criteria: (a) aged 25-80 years; (b) diagnosed
with stage I, II, or III breast or prostate cancer; (c) com-
pleted surgery, radiation therapy, or chemotherapy
in the past five years (participants receiving adjuvant
hormone therapy were still eligible); and (d) able to ex-
ercise as determined by physician consent and baseline
health screening.

The research project was approved by the Univer-
sity of Notre Dame Australia Human Research Ethics
Committee (study #011024F) and was registered with
the Australian New Zealand Clinical Trials Registry
(ACTRN12611000436976) and the Australian Cancer
Trials Registry. All eligible participants provided writ-
ten informed consent before participating in the study
activities.

The intervention was only offered at certain times,
dependent on facility and staff availability. Eligible
participants signed up for the intervention group that
suited their availability. Once 6-10 people enrolled
in an intervention group and completed the baseline
assessments, the group was randomly allocated to
either a low-to-moderate (LIG) or moderate-to-high
(HIG) intensity exercise group. Randomization was
conducted through a random number generator, with
odd numbers assigned to LIG and even numbers to
HIG. Participants were blinded to their allocation.
Many eligible participants declined to participate in the
intervention because of the time commitment required
(see Figure 2). Those participants were asked to act as
controls, to be assessed at baseline and at 10 weeks, and
were asked to continue their normal physical activity.
Because the purpose of the four-month follow-up was
to assess the sustainability of the fitness outcomes from
the intervention, the control group was not assessed a
third time.

All assessments were conducted at the same time
of day. Before the assessment, participants fasted for
at least two hours, did not smoke for three hours, and
did not exercise. Baseline measures were undertaken
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Assessed for eligibility
(n =111 men, 111 women)

Y

Y

Eligible
(n = 99 men, 94 women)

Did not meet inclusion criteria
(n =12 men, 17 women)

Y

v

Eligible but declined to
participate in intervention
(n = 47 men, 62 women)

Reasons given:

Enrolled in intervention and
underwent baseline assessment
(n = 52 men, 32 women)

¢ Not available at time of

A]

v

intervention (n = 48)
¢ Too far to drive (n = 12)
e Other (n = 49)

Randomized to LIG for
8-week intervention

Randomized to HIG for
8-week intervention
(n =27 men,

13 women)

—

Dropped out during intervention
(n = 1 man [did not want to undergo
SGP/whole intervention] and 1T woman
[cancer recurrence])

(n = 25 men,
¢ 19 women)
Agreed to act as controls ¢
and underwent baseline
assessment Dropped out during intervention
(n = 35 men, 40 women) (n = 1 man [moved interstate]
¢ and 1 woman [moved interstate])
Lost to follow-up
(n = 10 men, 17 women) L/
i LIG completed

postintervention assessment

Underwent post-usual (n = 24 men, 18 women)

care assessment
(n = 25 men, 23 women)

]

Y

\ 4

HIG completed
postintervention assessment
(n = 26 men, 12 women)

[

Y

LIG lost to follow-up four months after end of intervention
(n = 7 men [2 cancer recurrences, 3 orthopedic issues,
2 sickness] and 3 women [2 personal emergencies, 1 on

vacation during follow-up window])

HIG lost to follow-up four months after end of intervention
(n = 4 men [1 secondary cancer, 1 on vacation during follow-up
window, 1 additional surgery from treatment and complication,
1 unreachable] and 2 women [1 foot surgery, 1 broken arm])

Y

LIG completed follow-up assessment
(n =17 men, 15 women)

\ 4

HIC completed follow-up assessment
(n= 22 men, 10 women)

HIG—high-intensity group; LIG—low-intensity group; SGP—supportive group psychotherapy

Figure 2. Participant Flow Diagram

during the course of two days, 48-72 hours apart. On
day one, resting vital signs, height, weight, and car-
diorespiratory fitness were measured. Treatment data
were collected from the physician referral form. On
day two, the cardiorespiratory exercise test (CRET) was
repeated. Dual CRETs were performed to account for
any possible learning effect. In week 10, participants
were reassessed on resting vital signs, height, weight,
and cardiorespiratory fitness in one day. Follow-up
measures were repeated four months postintervention.

Cardiorespiratory Fitness

Participants completed the CRET using a Monark
Ergomedic 828E mechanically braked cycle ergometer

to determine VO, Oxygen uptake was measured
using the Moxus Modular VO, System metabolic cart,
with VO, and heart rate (HR) recorded continuously
and averaged every 15 seconds. During the test, par-
ticipants pedaled at 60 revolutions per minute, as dis-
played on the cycle ergometer. Verbal encouragement
and feedback were given to keep participants on pace.
The participants warmed up for two minutes at an
initial power output of 30 watts (W), and each minute
thereafter the power output increased by 30 W until
they were no longer able to maintain the cadence or
reached volitional fatigue. At test completion, the par-
ticipants continued to breathe through the mouthpiece
while pedaling at a power output of 30 W for at least
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one minute to cool down and to ensure the software
had captured their VOypea.

Physical Activity

Because the maintenance of cardiorespiratory fitness
is dependent on continued exercise (Mujika & Padilla,
2001), participants self-reported their weekly physical
activity levels using the International Physical Activity
Questionnaire Short Form (IPAQ) (Craig et al., 2003) at
baseline and at follow-up. From the IPAQ, total MET
hours per week, hours of vigorous activity, and hours
of moderate activity were calculated according to the
questionnaire’s instructions.

Exercise Intervention

Exercise sessions lasted about one hour, three days
per week for eight weeks, and were recorded in exercise
logs. The exercise program was created and conducted
by the principal investigator at the exercise clinic at the
University of Notre Dame Australia (please contact the
corresponding author of the current article for details).
In brief, the program consisted of 12 unique workouts,
which were performed in order during the first month,
and then repeated with the progressed exercise inten-

Table 1. Participant Demographic Information and Treatment Variables

for Prostate Cancer Survivors (N = 88)

sities. On average, sessions consisted of 25 minutes of
aerobic exercise, 25 minutes of resistance training, and
10 minutes of static stretching.

After the eight-week exercise intervention, the prin-
cipal investigator prepared an individualized exercise
program for each participant to follow, based on his or
her goals and what facilities he or she may have had
access to during the four-month period. This included
participating in yoga or group exercise classes, joining a
commercial gym, or performing exercises in their home.

Exercise Intensity

Initially, the HIG and LIG performed aerobic exercise
at a HR corresponding to 75% and 60% of their VO,pcax,
respectively. To match the caloric expenditure between
the intensity groups (O’Donovan et al., 2005), the HIG
completed 80% of the minutes of aerobic exercise
compared to the LIG; this was the ratio of the initial
aerobic exercise intensities between the groups (60%
divided by 75% = 0.8). Aerobic exercise intensity was
quantified by HR because the participants completed
multiple modes of aerobic exercise with various pieces
of equipment and walked or jogged outside. Partici-
pants were instructed on their initial training target HR
on the first day and exercised
at that target for the first four
weeks to allow for sufficient
adaptation. Starting the fifth

week of the intervention, the

LIG (n = 25 HIG (n = 27 C(n =235 .
( : ( : ( : HIG and LIG were instructed to
Variable X SD X SD X SD P progress to the HR correspond-
Age (years) 65 63 653 7 669 66 049 ngto80%and 65% VOspfrom
Height (cm) 176 55 1744 62 1735 75 036 the baseline CRET. Participants
Weight (kg) 818 9 83.8 117 833 12 0.69  were encouraged to maintain
BMI (kg/m?) 26.4 2.8 27.6 4.1 28 3.7 0.24 their target HR throughout the
Months post-treatment 9 10.6 11.2 15.1 16.5 12.1 0.07 bi . All dat
VO (ml/kg per minute) 254 54 232 45 262 65 011 A€robic exercise. ata re-
Total physical activity" 30 328 325 368 515 536 012 corded from the Team? Polar
Moderate physical activity® 2.7 4 1.9 3.7 4.7 8.3 0.19  HR monitoring system were
Vigorous physical activity® 1.4 26 0.8 2 2.6 4.6 0.1 used to check for training inten-
Variable P n o 2 sity adherence. The Team? Polar
software allowed average HRs
Stage 0.12 duri bi ise to beii
| 5 3 1 uring aerobic exercise to be iso-
I 17 17 19 lated and recorded in a data set
Il 3 7 12 for each participant. For every
Missing data - - exercise session, aerobic com-
Treatment type liance was calculated as mean
Prostatectomy 23 22 27 048 P : :
External radiation 2 5 10 0.11  HR performed during aerobic
Brachytherapy 0.35  exercise divided by target HR
: h?v‘;lcijose - 3 ? for that session. The percentage
* High dose - - .
ADT 3 3 - 04g Of their target HR completed

*Metabolic equivalent hours per week
> Hours per week

ADT—androgen-deprivation therapy; BMI—body mass index; C—control; HIG—high-intensity

group; LIG—low-intensity group

during the aerobic exercise com-
ponent was labeled aerobic com-
pliance (Ettinger et al., 1997).
Relative aerobic workload was
calculated as aerobic compliance
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multiplied by targeted percent of
VOypeax (Bradfield, 1971).

Adverse Effects and Data
Analysis

All adverse effects as a result of
the exercise intervention were re-
corded in the participant’s training
log. All statistical analyses were
completed using SPSS®, version

Table 2. Participant Demographic Information and Treatment Variables

for Breast Cancer Sur

vivors (N = 72)

LIG (n = 19) HIG (n = 13) C (n = 40)
Variable X SD X SD X SD p
Age (years) 58.2 9.6 53.5 9 57.2 9.8 0.37
Height (cm) 162.2 5.2 164 3.8 164.1 5.6 0.49
Weight (kg) 70.1 14 749 14.2 70.7 15.3 0.61
BMI (kg/m?) 26.6 4.8 27.9 5.3 26.3 5.2 0.65

Months post-treatment

144 11.6 151 17.4 18.4 154 0.57

20. Statistical significance was VOzpeax (MI/kg per minute) 21.2 5 22.2 5.9 21.3 6.7 0.88
set a priori at b < 0.05. Descrip- Total physical activity 32.2 365 20 22.6 353 374 0.4
et aprioriat p < U.Uo. P~ Moderate physical activity® 34 7 15 3.2 31 6.6 068
tive statistics were generated for Vigorous physical activity® 0.8 1.6 0.8 1.2 1.6 3.1 0.44
treatment variables. Demographic bl ;
and treatment variables, as well as Variable n n n X
baseline outcome variables, were  Stage 0.3
compared among the groups, sep- | 9 6 15
arated by cancer type. Continuous ::I i _7 ! 2
variables were analyzed with Missing data _ 4
univariate analyses of variance  Surgery type 0.45
(ANOVAs), whereas categorical Lumpectomy 12 6 15
variables were analyzed with g/\(?tshtedomy _7 _7 2?
Pearson chi-square tests. Missing data 1
The sample size calculation for ~ Treatment type
this study used the data reported Ehgm()thefp‘/ 12 10 ;6 8~(7)8
. adiation therapy 7 7 7 .
by Courneya et al. .(2003)’ W}}ICh Adjuvant hormone therapy 0.23
compared changes in VO,pe. in a e Tamoxifen 8 15
control (n = 28) and aerobic (n = 25) * Aromatase inhibitor 6 2 17
Trastuzumab 3 1 5 0.8

exercise group of breast cancer

survivors. The mean difference in
the response was 3.1 ml/kg per
minute, with an SD of 3.8. The
calculation was completed using
the Power and Sample Size Pro-
gram (Dupont & Plummer, 1990),
which indicated that 23 experimental participants and 26
control participants were needed to be able to reject the
null hypothesis that this response difference was zero
with probability (power) 0.8. The type 1 error probability
associated with the null hypothesis was 0.05. To adjust
for not having matched pairs and possible dropouts or
noncompliance, 25 participants with each cancer type
were targeted to be recruited into each group (HIG, LIG,
and control).

To compare change in VO,,..\, a repeated measure
analysis of covariance (ANCOVA) was run with age
and months post-treatment as covariates. The analysis
assessed if participants responded to the exercise inter-
vention and identified differences among the controls,
LIG, and HIG or breast and prostate cancer survivors
(group and cancer type were used simultaneously as
independent variables). To further examine specific
differences among the groups or populations, three
sets of delta scores were calculated as the change in
VOopea from baseline to postintervention, postinterven-

®Hours per week

aMetabolic equivalent hours per week

ADT—androgen-deprivation therapy; BMI—body mass index; C—control; HIG—high-intensity
group; LIG—low-intensity group

tion to follow-up, and baseline to follow-up. Each set
of delta scores was analyzed with an ANCOVA, again
accounting for age and months post-treatment. To en-
sure that changes in VO, Were from improvements
in cardiorespiratory fitness and not weight loss, body
mass changes were analyzed in the same manner as
VOpea- Aerobic compliance, relative aerobic workload,
and average HR during aerobic exercise were compared
among groups and cancer types simultaneously using
univariate ANOVAs.

To account for inherent error in self-reported physi-
cal activity (Lee, Macfarlane, Lam, & Stewart, 2011),
outlying IPAQ scores (greater than three SDs from the
mean) were excluded from analyses. At baseline and
follow-up, total MET hours per week, hours of vigorous
activity, and hours of moderate activity were compared
by univariate ANOVAs, using group and cancer type
as the between-subjects factors. In addition, univari-
ate ANOVAs were used to compare changes in these
scores.
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Table 3. Adjusted Mean Changes in VO,,... Between Assessment Periods by Group

Low Intensity High Intensity Control
Assessment Period n X SE n X SE n X SE p
Changes from baseline to postintervention 44 1.7 03 40 22 04° 48  -0.4 0.3 < 0.001
Changes from postintervention to follow-up 32 -13 04 32 02 05 - - - 0.021
Changes from baseline to follow-up 32 0.5 04 32 22 05 - - - 0.01

2 Post-hoc difference between the low-intensity group and the control group

b Post-hoc difference between the high-intensity group and the control group

SE—standard error
Note. All p < 0.05 were significant.

Results

The prostate cancer survivors (n = 88, X = 65.8 years,
SD = 6.6) were significantly older (p < 0.001) than the
breast cancer survivors (n =72, X = 56.8 years, SD = 9.6).
This difference was expected because the typical age
for diagnosis of prostate cancer is 8.1 years later than
for breast cancer (Australian Institute of Health and
Welfare & Australasian Association of Cancer Regis-
tries, 2010). In addition, men recorded a higher baseline
VOspear than the women, which also was expected (Oga-
wa et al., 1992). No significant differences were noted
among cancer types on any other variable at baseline. In
addition, no significant differences were noted between
intervention and control groups at baseline on any of
the outcome variables. Treatment, demographic, and
baseline characteristics are presented in Tables 1 and
2. Cancer type was neither a significant main effect nor
interaction effect on change for any outcome. Therefore,
only combined cancer group (LIG, HIG, and control)
comparisons are reported here.

The LIG and HIG attended 87% (SD = 12.7) and 90%
(SD = 11.2) of exercise sessions, respectively (p = 0.2).
No adverse events were reported from the intervention.
Both groups complied to within 10% of their target
aerobic workload; however, a significant difference was
noted between the LIG and HIG for aerobic compliance
(X =97%, SD = 8.5 and X = 90%, SD = 8.6, respectively)
(p = 0.001), with the LIG exercising at their assigned
intensity of 60%—65% VOspea (X = 61%, SD = 5.3) more
often than the HIG complied to their intensity level of
75%-80% VOspeax (X =70%, SD = 6.7). This difference of
only 9%, instead of the prescribed 15%, indicated that
the lower-intensity aerobic exercise targets were more
achievable compared to the higher-intensity aerobic
exercise target. The data for three men were excluded
from the aerobic compliance analysis because they had
arrhythmias. All three men were in the HIG. Results of
the VO,;e.x analysis using repeated measures ANCOVA
indicated no significant change over time for all partici-
pants (p = 0.089). However, a significant interaction was

noted between time and group (p = 0.013), indicating
that the HIG increased their VO, more during the
course of the study than the LIG. Analysis of the delta
scores from baseline to follow-up, which showed the
LIG had minimal improvement overall while the HIG
significantly improved, further supports this finding (see
Table 3). The ANCOVA analysis comparing the delta
scores of the LIG, HIG, and control group indicated that
both intervention groups improved their VOpe.c com-
pared to the control group (p < 0.001 for both LIG and
HIG), but no significant difference was noted between
the two intervention groups (p = 0.083). From postinter-
vention to the four-month follow-up, the LIG decreased
and the HIG maintained cardiorespiratory fitness. No
significant change was noted in body mass over time,
nor were any differences seen between groups on
changes in body mass at any time point, indicating that
the VO,,a changes were truly from improvements in
cardiorespiratory fitness.

No significant differences were noted between the
intervention groups for MET hours per week, hours
of vigorous activity, or hours of moderate activity at
either baseline or follow-up (see Table 4). And, no dif-
ferences were noted between the groups for changes in
all three measures. Of the participants who were unable
to complete the CRET at follow-up, four men from the
HIG and two from the LIG, as well as two women from
the LIG, did turn in their IPAQ, which were included
in the analysis.

Discussion

Both exercise groups improved cardiorespiratory
fitness to a similar extent after participating in the
intervention, which was more than the control group.
The similarity between the intervention groups was
not hypothesized, however the aerobic prescription
compliance analyses showed that the intervention arms
were exercising at a difference of only 9% of aerobic in-
tensity instead of the prescribed 15%. Such an outcome
indicated that participants found it more challenging to
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sustain training at the higher intensity and that perhaps
more education was needed to guide participants up
to the higher intensities. When exercising at HRs cor-
responding to VO,peax 0of 61%—70%, with the duration
of aerobic exercise set to make the groups isocaloric
for a 15% difference, similar changes in cardiorespira-
tory fitness for breast and prostate cancer survivors
were elicited. A difference greater than 9% in relative
aerobic exercise intensity may be needed to detect a
significant difference in cardiorespiratory adaptation
during an eight-week exercise intervention. Burnham
and Wilcox (2002), who also compared two groups at
intensities 15% apart (low versus moderate), concluded
that greater differences in aerobic workload are needed
to see a significant difference in cardiorespiratory fit-
ness change during a short-term exercise intervention.
It may be that a 20% difference in intensity is needed
to see a difference in cardiorespiratory fitness improve-
ments between short-term exercise groups. This specu-
lation is founded on the results of a study of patients
with heart failure (Wisloff et al., 2007) who detected
significantly different changes in VO, prescribing
aerobic exercise intervals at 90%-95% HR peak versus
continuous aerobic exercise at 70% HR peak. Although
higher intensities are needed to promote more pro-
found adaptations in the cardiopulmonary system, it
currently is not known why patients with cancer appear
to have blunted adaptations in comparison to healthy
individuals.

The gains in cardiorespiratory fitness demonstrated
by the participants in the current study were slightly
lower than results reported in other studies involving
survivors, which ranged from 2.7-3.6 ml/kg per min-
ute (Courneya et al., 2003; De Backer et al., 2007; Quist
et al., 2006). In many cases, this may be attributed to
longer intervention duration (15-18 weeks) or higher
training intensities of the other studies. For example,
Quist et al. (2006) reported greater improvements in

cardiorespiratory fitness after only six weeks. In that
study, the participants were prescribed higher-intensity
aerobic exercise ranging from 85%-95% HRmax. To-
gether, these studies indicate that it may be necessary to
prescribe the upper threshold of high-intensity aerobic
exercise (i.e., near the anaerobic threshold) to survivors
to achieve a significant cardiovascular improvement
in a short-term exercise intervention. Additional stud-
ies will first be needed to ensure the safety as well as
the tolerability of such practices. However, that both
intervention groups improved while the control group
stagnated, despite continuing their own physical activ-
ity routines, indicates that many survivors need the
guidance of an exercise physiologist to improve their
fitness after treatment.

The second finding of the current study was that,
overall, and despite similar changes in cardiorespiratory
fitness from baseline to postintervention, the improve-
ments made by the HIG were more sustainable than
those made by the LIG. Also important was the find-
ing that the LIG members were unable to maintain the
intervention gains, despite the groups reporting similar
levels of physical activity at baseline and follow-up. This
may indicate that both group’s subjectively thought
they were performing moderate-intensity exercise, as
described by the IPAQ, because they had been instruct-
ed to exercise at a certain level while being blinded to
the exact prescription. It seems likely that, once habitu-
ated to the objective intensity, the participants would
have associated that prescribed intensity with the
psychological affective response that the exercise they
had performed was the intensity they should continue
(Parfitt & Hughes, 2009). The analyses of the IPAQ
scores showed that both groups kept up their volume
of exercise. Therefore, the difference in objective exer-
cise intensity may be contributed to sustainability of
improvements in cardiorespiratory fitness. To confirm
this response in a short-term exercise intervention,

Table 4. Physical Activity Levels at Baseline and at Follow-Up as Measured by the IPAQ

Low-Intensity Group

High-Intensity Group

Baseline Follow-Up Change Baseline Follow-Up Change
(n = 44) (n = 35) (n = 35) (n = 40) (n = 36) (n = 36)
Outcome X sb X sbD X SD X SO X Sb X SD
MET hours per week 326 353 494 554 18.7  49.1 28.2 325 536 41 25.8 437
Hours per week of 3 5.4 3.7 5.5 1.2 5.7 1.8 3.5 3.3 3.9 1.3 3.5
moderate physical activity
Hours per week of 1.2 2.2 2.6 3.9 1.2 4.4 0.8 1.8 3.3 4.1 2.4 4.4

vigorous physical activity

IPAQ—International Physical Activity Questionnaire Short Form; MET—metabolic equivalent

Note. No significant differences were noted between groups for any outcome.

Note. Baseline assessment was week 1, postintervention assessment was at week 10, and follow-up assessment was at four months.
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future studies should create at least a 20% difference
in prescribed aerobic exercise intensities between two
intervention groups.

Some evidence indicates that, by following a high-
intensity exercise program, cardiorespiratory fitness
can be maintained with as little as one training session
per week in healthy individuals (Madsen, Pedersen,
Djurhuus, & Klitgaard, 1993). Mechanisms that allow
for maintained performance and cardiorespiratory fit-
ness, despite a reduction in physical activity, include
sustained elevations of muscle oxidative capacity, such
as higher muscle content of cytochrome c oxidase sub-
unit 4 and GLUT4 transporter proteins (Burgomaster
et al., 2007). As VO,peax has been identified as the best
predictor of survival (Blair et al., 1996; Kodama et al.,
2009), the results of the current study suggest that higher-
intensity exercise may provide a more sustainable and
greater benefit to survivor longevity than lower-intensity
exercise, by allowing people to maintain a higher level
of cardiorespiratory fitness.

Limitations

Limitations of this study included not having a truly
randomized sample. Because of the logistical demands
of the research, participants who could not participate
in the intervention were drafted to act as controls. More
importantly, the less than perfect compliance of partici-
pants in the HIG to their target aerobic intensity may
have skewed the analyses of cardiorespiratory fitness.

Conclusion

After an eight-week exercise training intervention,
breast and prostate cancer survivors improved their
cardiorespiratory fitness, whether they exercised at
60% or 70% of VO,pear. However, four months after the
intervention, those who had exercised at the higher
intensity (i.e., 70% VOapear) maintained their cardiore-
spiratory fitness, whereas those who had exercised at a
lower intensity (i.e., 60% VOipear) did not; participants
had reported similar levels of physical activity after
the intervention. The results of this study indicate that
instructing breast and prostate cancer survivors, who
are capable of exercising at a higher aerobic intensity
for a relatively short-term period of eight weeks, may
provide a greater sustained benefit to cardiorespiratory
fitness than performing low- to moderate-intensity aer-
obic exercise. Regardless of intensity, many survivors
likely need supervised instruction to create an exercise
program that will increase their fitness level.

Implications for Nursing

The importance of cardiorespiratory fitness to long-
term health, quality of life, and potentially increased

Knowledge Translation

Higher-intensity exercise may be needed to sustain health
benefits for survivors.

Breast and prostate cancer survivors can safely perform aero-
bic exercises at 70% of VO and resistance exercises from
65%-80% of one repetition maximum.

Breast and prostate cancer survivors may need the guidance
of an exercise physiologist to make significant improvements
in fitness after treatment.

survival time is well established (Herrero et al., 2006;
Sloan, Sawada, Martin, Church, & Blair, 2009). There-
fore, all healthcare providers should encourage pa-
tients, who are cleared to exercise by their physicians,
to participate in regular aerobic exercise. The current
ACSM recommendations (Schmitz et al., 2010) can
serve as a tool for nurses to promote regular participa-
tion in physical exercise among their patients; however,
patients should consult with an exercise specialist so a
more specific exercise training regimen can be devised.
Although some exercise is suggested to be better than
none, the advice from healthcare professionals to survi-
vors should be that quality training at higher intensities
post-treatment may be required to elicit adequate sus-
tainable cardiorespiratory improvements. Participation
in regular exercise should also be encouraged.

After treatment, when side effects such as nausea
have subsided, survivors should seek the guidance of an
exercise physiologist specializing in meeting their needs
(an exercise oncologist). The exercise oncologist can help
to address specific issues, like regaining shoulder range
of motion after mastectomy or pelvic floor function
to reduce incontinence after radical prostatectomy. In
addition, the patient will likely need guidance on how
and when to progress the intensity of his or her general
exercise routine, and what exercises will be safe for
him or her to perform. Survivors need to progress the
intensity of their exercise programs, when appropriate,
to overcome the losses experienced during treatment.
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