
ORIGINAL ARTICLE

Effect of a vigorous aerobic regimen on physical performance in breast
cancer patients * a randomized controlled pilot trial
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Abstract
This randomized, controlled pilot trial was carried out to assess the feasibility and efficacy of an aerobic exercise in
enhancing physical performance of breast cancer patients after adjuvant treatments. The potential of the training regimen to
prevent accompanying bone loss was also assessed. Thirty patients, 41�65 years of age, were randomly assigned into
training or control groups shortly after adjuvant chemo- or radiotherapy. The 12-week training included a guided aerobic
exercise session once a week (the effective part being either step aerobic- or circuit-training in alternate weeks) and similar
home exercise sessions twice a week. Adherence to the guided sessions was 78%, while home training was performed an
average 2.1 times per week. Agility assessed with figure-8 running test and peak jumping power showed significant between-
group treatment-effects (�/5% and �/10%, respectively). Judged from the accelerometer data, reaction forces up to six
times body weight occurred during the training, which implies that the training could also have potential to affect bone
mass. The present exercise regimen turned out to be feasible and effective among breast cancer patients in terms of physical
performance. Large controlled trials are necessary to confirm these findings.

Breast cancer is the most common malignant disease

of women in Western countries. The incidence of

breast cancer has significantly increased during the

last few decades in all industrialized countries. In

some countries the peak incidence has already been

reached, while in many other countries the incidence

is still increasing. In Finland, the incidence of breast

cancer has increased almost fourfold during the last

four decades, from less than 1000 new cases per year

in the 1960’s to about 4000 at present. However, the

mortality has changed only marginally. The im-

proved survival in breast cancer is related to early

diagnosis and better therapeutic results. At present,

there are approximately 40 000 women in Finland

living with a history of breast cancer from whom the

majority have underwent the adjuvant treatments. Of

those, a half are less than 60 years old and still

working. While the number of survivors has in-

creased, the long-term adverse effects of adjuvant

treatments have become a more central issue.

Besides the intended treatment effect, adjuvant

treatments of breast cancer can cause multiple

adverse effects. As chemotherapy causes ovarian

failure in two-third of premenopausal women, most

of the long-term adverse effects are related to

oestrogen deficiency like menopausal symptoms,

weight gain, fatigue and impaired quality of life.

Antiestrogens, in turn, have both oestrogen agonistic

and antagonistic effects depending on target organ

and menopausal status, and aromatase-inhibitors

decrease the oestrogen-level in postmenopausal

women. One of the anticipated adverse effects is

thus the bone loss in the majority of patients [1�5]

that may increase the risk of osteoporosis and related

fractures. Consequently, antiresorptive medication is

often prescribed as a counter-measure against bone

loss [6�8]. However, such a medication does not

help compensate other adverse effects such as

declined physical performance, postmenopausal

symptoms and possibly increased body weight
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[9�13]. In this context, dedicated exercise regimens

may complement the rehabilitation of breast cancer

survivors in a holistic fashion.

Despite the fact that breast cancer survivors

seldom receive any exercise guidance or counseling,

regular exercise has been suggested as a potential

method to stimulate their recovery after completed

adjuvant chemotherapy [9]. Exercise can indeed

increase physical performance, prevent bone loss,

promote weight control, have a positive effects on

quality of life and decrease fatigue [10�13], while it

has been reported to cause only a few, if any,

complications among breast cancer survivors.

Further corroborating this view, Holmes et al. [14]

reported recently encouraging results concerning

higher survival rate of more active breast cancer

survivors than sedentary ones. However, when

tailoring rehabilitative exercise programs for these

patients, both the efficacy and the feasibility of the

training need to be carefully considered. Although

the training at light intensity is apparently feasible

[15], a more vigorous aerobic exercise may provide a

more efficient option to enhance physical perfor-

mance [16�19], not to mention the evident exercise-

induced benefits in bone mass [20,21]. However, the

possibility that such a high intensity aerobic exercise

might be too fatiguing for the breast cancer survivors

and compromise their healing process cannot be

ruled out.

The present pilot study was therefore carried out

to assess the feasibility and efficacy of a vigorous

aerobic exercise in breast cancer patients shortly

after the adjuvant treatments. Besides the primary

assessment of training effects on patients’ physical

performance, the secondary goal of the present study

was, through estimating the loading (body reaction

forces) during the training sessions, to preliminary

evaluate the potential of the present training regimen

to affect bone mass.

Material and methods

Participants

A total of 30 breast cancer patients, aged from 41 to

65 years, receiving adjuvant treatments such as

chemotherapy, radiotherapy, endocrine therapy, or

their combination participated in this 12 week,

randomized controlled exercise intervention trial.

Participants were recruited from the Department of

Oncology in Tampere University Hospital, Tampere,

Finland. Inclusion criteria were histologically proven

invasive breast cancer, adjuvant chemotherapy

within six months or duration of endocrine therapy

no more than six months, aged from 35 to 65 and

signed informed consent.

Exclusion criteria were hematogenous metastases,

no systemic adjuvant therapy, pregnancy or lacta-

tion, severe cardiac disease (NYHA class III or

more), myocardial infarction within 12 months,

uncontrolled hypertension, verified osteoporosis,

other serious illness or medical condition, which

could be contraindication for exercise, patients not

capable of training (severe knee arthrosis, ligament

or cartilage injuries at lower extremities), residence

more than one hour from the exercise center and

competitive athlete. After having given the informed

consent, the participants were stratified by age and

then randomly assigned into exercise and control

groups. The ethical committee of Tampere Univer-

sity Hospital approved the study protocol.

Description of the intervention

The exercise group attended guided aerobic exercise

sessions once a week. The guided training session

comprised 10-minute warm-up and cool-down per-

iods, with an intermediate 30 to 40 minute effective

period. In alternate weeks, the effective part of the

guided training was based either on step aerobics or

circuit training. In total, the planned weekly exercise

program was intended to consist of the above

mentioned guided training session and at least two

home training sessions (three home sessions were

recommended, but two sessions were considered

sufficient in the study protocol). During the first two

weeks, intensity of the training was kept moderate

(11 in terms of self-rated perceived exertion, RPE

[22]), while it was increased gradually from moder-

ate to somewhat hard or hard levels (from 14 to 16 in

overall assessed RPE scale) during 12-week exercise

period. During the guided training sessions, the

training intensity was occasionally monitored with

heart rate measurements in order to ensure the

consistency between self-rated and actual exertion

levels. The guided training was intended to be near

to the anaerobic threshold but mostly aerobic.

However, individuals’ anaerobic threshold could

have been exceeded temporarily during the training.

Step aerobics consisted of several, typical step

movements resulting in a total of 150 to 180 jumps

and leaps to diverging directions during each session.

Circuit-training consisted of three rounds of 8 to 10

different vigorous movements such as rope-jumping

and skate-jumping resulting in a total of 100 to 150

jumps and leaps during each session. Duration of

each circuit training movement varied from 20 to 40

seconds with a similar resting period between con-

secutive movements. The home training session

consisted of about 100 leaps and jumps similar to

those employed in the circuit training-program. In

addition, endurance training (walking, cycling,

182 R. Nikander et al.



swimming etc.) performed at the same RPE was

recommended to complement the home training

session in terms of total duration.

The control group was advised to continue their

normal daily routines and activities during the 12-

week follow-up period.

Measurements

Physical performance was assessed with figure-8

running (a measure of dynamic agility), counter

movement jump (a measure of dynamic muscle

performance), maximal isometric muscle force of

leg extension and elbow flexion tests in all partici-

pants at baseline before randomization and after the

12-week intervention. The figure-8 running test [23]

was performed by running around two poles placed

10 m apart. The participant was asked to run or walk

two laps of the course as fast as possible. The

running time was measured using a stop-watch.

This test has been found sensitive to show training-

related effects in physical performance among pre-

and postmenopausal women [20,24]. Dynamic

maximal take-off force and power were measured

with a force-plate (Kistler Ergojump 1.04, Kistler

Instrumente AG, Winterthur, Switzerland) during

counter movement jump with a precision of about

3% [25]. Maximal isometric leg extension and arm

flexion strength values were measured with isometric

leg press (Tamtron, Tampere, Finland) and arm

(Digitest, Muurame, Finland) dynamometers with a

precision of about 5% and 10%, respectively

[21,25]. Two-kilometer walking time (a measure

of cardiorespiratory fitness) was assessed with the

two kilometer walk test (UKK walk test, Tampere,

Finland) with a precision of 2.2% [26]. In order to

determine the activity level of the participants in

general, number of walking steps was measured

during one week before and in the middle of the

12-week intervention with a pedometer (Yamax

Digiwalker, DW 700, Tokyo, Japan).

Distribution of relative ground reaction forces in

multiples of body weight (i.e., in vertical accelera-

tions expressed in multiples of g above the normal

Earth’s gravity) were measured from three partici-

pants with a physical activity recorder based on

triaxial accelerometers (Newtest Oy, Oulu, Finland)

during the guided step-aerobics and circuit training

sessions as well as during home training sessions

during last two weeks (weeks 11 and 12) of the

training intervention [27]. These three participants

were subjectively selected on the basis of their

apparent skills and preferred intensity in jumping

and were accordingly classified as jumper, mediocre

and non-jumper.

Statistical analysis

Analysis was done with SPSS statistics software

(version 11.0). Means and standard deviations

(SD) were given as descriptive statistics. On the

intention-to-treat basis (all subjects with follow-up

measurements were included, despite their adher-

ence to or compliance with the exercise regime),

analysis of covariance (ANCOVA) with age, days

since the completed chemotherapy treatment and

baseline values as covariates, was used to evaluate

the treatment effect between the groups during the

training intervention. A p-value less than 0.05 was

considered statistically significant.

Results

Clinical and physical performance characteristics of

the training and control group at baseline and at the

end of 12-week exercise intervention are shown in

Table I. The group characteristics were similar at the

baseline. Body weight did not change in either

group. Typical heart rate during the exercise training

was between 150 and 170 beats according to heart

rate monitoring. Mean number (SD) of daily walk-

ing steps per day in the training and control groups

were 7852 (2318) and 9122 (3220) at baseline, and

8674 (1237) and 8809 (3181) in the middle of the

intervention, respectively.

Compliance and adherence to the training

One participant withdrew from the study before

randomization due to family reasons. Another parti-

cipant, suffering from epilepsy related sketching

disorder, withdrew from the intervention group

before starting the training. In addition, one parti-

cipant underwent elective operation unrelated to

breast cancer or training and was thus able to attend

only three training sessions in the end of the

intervention. Ignoring these three participants, the

adherence to the weekly-supervised training sessions

was 78%. The most common reasons for not

attending the session were a holiday trip or flu.

Home training program was performed 2.1 times per

week on average, complying fully with the study

protocol. As regards the contents of home training

sessions, the mean duration was 21 minutes includ-

ing 86 leaps and jumps on average in addition to

endurance activities, the number of jumps and leaps

being in fully line with what was intended in the

study protocol.

Training-effects on physical performance

Time of figure-8 running and peak power during

counter movement jump take-off showed a signifi-
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cant treatment-effect between the trainees and con-

trols (Table I). Otherwise the changes in physical

performance values did not differ between the

groups, the 2-km walking time excluded, indicating

a borderline trend in favor of the control group.

Training induced accelerations of the body

Estimated mean ground reaction force distributions

of the three selected participants (a jumper, med-

iocre and non-jumper) during a step aerobics,

circuit-training and home training session are shown

in Figure 1. Acceleration profiles were distinctly

different not only between individuals but also

between different training modes. More intensive

jumping in step-aerobics, as one could expect,

resulted in higher accelerations (up to 6 times of

body weight), while the profiles during the circuit

training were surprisingly similar irrespective of the

participant. Particularly noteworthy is that the home

training was able to result in at least as comparable

acceleration profiles as were the guided sessions.

Discussion

We were one of the first groups to investigate the

effects of a relatively vigorous aerobic exercise

regimen among breast cancer survivors after

recently completed adjuvant chemotherapy while

endocrine therapies were still continuing. There

was an indication of somewhat improved physical

performance in both groups, although the trend

was more consistent in the training group. The

common trend for improvement was most likely

attributable to overall recovery process of the pa-

tients after the heavy treatments and severe disease.

The actual positive training-induced effects were

seen in the agility and lower extremity muscle power.

From the clinical perspective, this is relevant since a

good dynamic muscle performance is not only

necessary for high bone mass but also for good

body balance, both factors being associated with

reduced risk of osteoporosis-related bone fractures in

later life.

This present training performed mostly at some-

what hard or hard level between 14 and 16 in the

RPE scale, increasing the heart rate over 80% of the

maximum and producing several high ground im-

pacts, was tolerated surprisingly well. Fatigue could

well have limited their participation in the training

sessions, but participants committed themselves

both to the guided and home training despite the

relatively high physical demands of the regimen.

According to the word of participants, the similar

background of the trainees and the small training

group seemed to facilitate the adherence to the

training. The run-in period at lower intensity in

the beginning and relatively slow progression in the

training intensity may also have contributed to good

compliance. As regards the overall feasibility, it is

stressed that the home training was accomplished

very satisfactorily, too. This observation supports the

notion that the breast cancer survivors are highly

motivated to pay attention to health enhancing

issues, including physical activity.

Table I. Clinical characteristics and physical performance at baseline and at 12-week follow-up, and the observed treatment effect.

Training (n�/14) Control (n�/14) Treatment effect ‘

Baseline 12 week Baseline 12 week

Group Mean (SD) Mean (SD) Mean (95% CI) p-value

Age, years 52.5 (6.4) 51.3 (7.3)

Weight, kg 74.6 (12.8) 73.5 (13.3) 75.4 (12.0) 75.5 (12.8) �/0.4 (�/1.6 to 0.8) 0.484

Body Mass Index 27.4 (5.4) 26.9 (5.6) 27.6 (4.6) 27.7 (4.9) �/0.2 (�/0.6 to 0.3) 0.449

Height, cm 165 (5) 165 (6)

Adjuvant treatment Training (n�/14) Control (n�/14)

Chemotherapy (C) 5 2

Endocrine therapy (E) 2 4

Combination (C�/ E) 7 8

Physical Performance

8-figure running, sec 16.1 (1.6) 15.7 (1.3) 16.9 (2.0) 16.7 (1.4) �/0.8 (�/1.5 to �/0.2) 0.017*

counter movement jumping force, N 1576 (324) 1579 (274) 1663 (389) 1615 (379) 84 (�/143 to 310) 0.445

counter movement jumping power, W/kg 31.0 (6.4) 31.8 (5.8) 31.1 (5.1) 30.5 (4.2) 3.6 (1.1 to 6.1) 0.007*

isometric leg extension force, N 1246 (177) 1305 (177) 1383 (284) 1393 (275) 39 (�/49 to 137) 0.358

isometric elbow flexion force, N 127 (18) 131 (20) 130 (30) 129 (28) 14 (�/2 to 28) 0.082

2-km walk time, min 17.9 (1.5) 17.6 (1.3) 17.8 (1.5) 17.2 (1.4) 0.55 (�/0.004 to 1.1) 0.051

‘Absolute treatment effect between the training and the control group (*pB/0.05) at follow-up (covariance analysis, age, days since the

completed chemotherapy and baseline value were used as covariates).
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In addition to good adherence to the training, the

average number of walking steps around 9000 per

day soon after heavy adjuvant treatments corre-

sponds to an amount of quite an active person,

even among healthy persons. Such a large amount of

walking demonstrates patients’ will to be engaged in

feasible physical activity. The study participants

including the control patients were allowed to keep

the pedometers over the entire 12-week intervention

period and this may also have motivated the control

subjects to walk. In line with the above, the 2-km

walking time actually seemed to improve more in the

control group than in the training group. Trainees,

however, perceived a considerable proportion of

these steps in intervention related activities, which

were more vigorous in nature.

Regarding the intended ability of the present

exercise regimen to prevent treatment related bone

loss; the present results were very promising. The

trainees tolerated the versatile jumping and leaping

exercises well and the magnitude of loading, as

obtained from the accelerometers, reached and

exceeded the level, (i.e., four times of body weight

or more) which is known to be effective in increasing

bone mass [20,27]. In addition, the total daily

number of sufficiently high impacts needs not to be

very high for its efficacy*most likely some 50 of

such impacts would suffice [28]. The three patients

with apparently different skills in jumping achieved

adequate number of stimuli in their training. It is

important, however, that the contents of training are

sufficiently varying while the magnitude and number

of specific loading stimuli is kept adequate. The

experience and competence of the exercise instruc-

tors can be particularly crucial in planning the

training sessions, and attention should be paid to

this topic. The role of local cancer societies may turn

out to be central in developing, and particularly in

organizing customized exercise classes for breast

cancer survivors’ to promote their healing process.

It is recognized that the sample size of breast

cancer survivors was small in this study, the duration

of the intervention was relatively short, and the study

addressed only a very narrow segment of this

pertinent health problem. Nevertheless, this pilot

exercise intervention trial clearly showed that rela-

tively vigorous and versatile training performed at

high heart rate is feasible among breast cancer

survivors, and it is able to result in improved

dynamic muscle performance.

In summary, the intense aerobic exercise appeared

to be well-tolerated and effective training mode

among breast cancer survivors, who had recently

completed heavy adjuvant treatments such as che-

motherapy. Significant training effects were observed

in lower limb dynamic performance. These findings,

in conjunction with the fact that the magnitude of

incident loading during the training sessions seemed

to be sufficiently high to increase bone mass in

different subjects, suggest that this kind of vigorous

training regimen is feasible among breast cancer

survivors and could have a potential to prevent bone

loss accompanying the adjuvant treatments of breast

cancer. Large prospective controlled trials are

needed to confirm these findings.
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Figure 1. Acceleration profiles in three subjects during circuit

training (black bar), step-aerobics (striped bar), and home

training (white bar) sessions. The x-axis denote the categories of

reaction forces, expressed in multiples of body weight (BW) (i.e .,

between 1�/ (standing) and less than 2�/BW, between 2�/ and

3�/BW etc.), while the y-axis denote the total number of recorded

within the particular category. The subjects were classified in

terms of their jumping skills and preferred intensity as jumper

(upper panel), mediocre (middle panel) and non-jumper (lower

panel). Of note, the non-jumpers’ step aerobic training was

compromised due to leg pain during the particular test session.
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