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Abstract
We compared the effect of a group-based 12-week supervised exercise programme, i.e. aerobic and resistance exercise, and
group sports, with that of the same programme combined with cognitive-behavioural training on physical fitness and activity
of cancer survivors. One hundred and forty seven cancer survivors (all cancer types, medical treatment ]3 months ago)
were randomly assigned to physical training (PT, n�71) or PT plus cognitive-behavioural training (PT�CBT, n�76).
Maximal aerobic capacity, muscle strength and physical activity were assessed at baseline and post-intervention. Analyses
using multilevel linear mixed-effects models showed that cancer survivors’ physical fitness increased significantly in PT and
PT�CBT from baseline to post-intervention. Changes did not differ between PT and PT�CBT. Physical fitness of cancer
survivors was improved following an intensive physical training programme. Adding a structured cognitive-behavioural
intervention did not enhance the effect.

Many cancer survivors experience serious physical

and psychological complaints caused by the disease

and consequent treatment that may persist for many

years [1]. Due to these complaints, the activity level

of cancer survivors often diminishes. Inactivity itself

leads to a progressive decline in physiological func-

tioning characterised by decreased physical capacity,

reduced muscle strength and rapid fatigue during

exertion [2,3]. Several physical training programmes

have been developed for cancer survivors aiming at

breaking this vicious cycle. Reviews of the effective-

ness of exercise interventions after cancer treatment

demonstrate a beneficial effect on physical fitness [4�
6]. Two shortcomings of available studies have been

summarised [4]. Firstly, most research was per-

formed in breast cancer survivors limiting general-

ization to other types of cancer. Secondly, the

majority of exercise interventions focused on cardio-

vascular training. However, it is argued that muscle

strength exercises should be included because such

exercise may counteract cancer-related decreased

muscle strength [6]. The few studies that combined

aerobic and resistance exercise reported positive

effects on muscle strength in cancer survivors [3,7�
11] but only two [7,11] were randomised controlled

trails.

Positive effects on physical outcomes were not

only reported following exercise interventions, but
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also following psychosocial interventions. It is re-

ported that physical activity increased after cogni-

tive-behavioural interventions based upon principles

of self-management in various diseases [12�14].

Moreover, Courneya and associates observed sig-

nificant improvements in cardiovascular endurance

in cancer survivors receiving cognitive-behavioural

therapy [15]. Several authors suggested that adding

a behavioural intervention to a structured exercise

programme may help facilitate exercise adoption

[13,16]. A cognitive-behavioral intervention might

positively influence physical activity behaviour and

exercise compliance by increasing self-efficacy and

decreasing perceived barriers to exercise such as

cancer-related distress and fatigue [17]. These

favourable findings imply that adding a cognitive-

behavioural intervention to physical training might

enhance the effect on physical outcomes obtained by

exercise alone.

Therefore, in the present randomised controlled

trial we combined an extensive, supervised exercise

programme including aerobic training, resistance

exercise and group sports with a cognitive-beha-

vioural intervention, which was aimed at solving

cancer-related problems that limit patients to be

physically active in everyday life. Patients were

randomly assigned to physical training (PT) or PT

plus cognitive-behavioural training (PT�CBT). We

hypothesised that PT�CBT and PT participants

would experience significant improvements in

physical fitness and activity from baseline to post-

intervention. We also expected PT�CBT partici-

pants to benefit more than PT participants.

Participants and methods

A randomised controlled multicenter trial was con-

ducted with four participating centres experienced in

oncological rehabilitation: Erasmus University Med-

ical Center, Rotterdam; University Medical Center

Groningen, Groningen; Hilversum Hospital, Hilver-

sum; and Rehabilitation Center De Hoogstraat,

Utrecht, all in The Netherlands.

Inclusion criteria were: last cancer treatment

completed at least 3 months before study entry;

age ]18 years; and estimated life expectancy at least

one year. Moreover, subjects needed to be referred

by a medical specialist or a general practitioner who

judged whether rehabilitation was indicated. The

latter meant a minimum of three positive findings on

the following questions:

1. Physical complaints like aching muscles, pro-

blems with coordination, headache, nausea,

heart palpitations, shortness of breath;

2. Reduced physical capacity compared with be-

fore the illness, e.g., less able to walk or cycle;

3. Psychological problems like increased anxiety

level, depression, uncertainty, lack of energy or

nervousness;

4. Increased levels of fatigue;

5. Sleep disturbances;

6. Problems in coping with reduced physical and

psychosocial functioning due to cancer.

Patients were excluded if they had cognitive

disturbances, serious psychopathology or emotional

instability that might impede participation, or if they

needed intensive medical treatment or rehabilitation.

The medical ethics committee of the University

Medical Centre Utrecht and the local research ethics

committees approved the study that was performed

according to the Helsinki Declaration of 1975, as

revised in 1983.

Recruitment and allocation

Cancer survivors were informed about the study by

various methods, including leaflets handed out by

oncologists and general practitioners, information in

the local newspapers and through the website. Those

expressing interest were sent an information letter,

an informed consent form, an intake questionnaire

and referral papers. After written consent, eligible

subjects were scheduled for baseline measurements

and randomised to either PT or PT�CBT. In each

centre consecutive groups of eight to 12 eligible

subjects were assigned to the randomly determined

treatment to ascertain adequate numbers of partici-

pants in each group. An independent researcher

randomly determined the sequence of interventions

at each centre, using a randomisation list. The

number of PT and PT�CBT groups were balanced

in each centre. Figure 1 shows the flow of partici-

pants through the trial. Until the first session,

participants were blinded to the intervention they

were allocated to. A power analysis for a comparison

between the randomized groups on the primary

outcome maximal exercise capacity estimated a

sample size of 64 participants in each group to

detect a moderate effect-size (d�0.50) with a power

of 0.80 and a two-tailed alpha of 0.05. Accounting

for an estimated dropout of 10% 71 participants in

each group were needed.

Intervention

Both components, PT and the cognitive-behavioural

intervention were based on the principles of

self-management: i.e. goal selection, information

collection, information processing and evaluation,
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decision making, action and self-reaction [18].

Rehabilitation took place in groups of 8�12 cancer

survivors. PT was supervised by two physical thera-

pists and CBT by a psychologist and a social worker.

All therapists were experienced professionals and in

the field of cancer rehabilitation. The experience of

PT therapists ranged from 2.5 to 6.3 years (median

5.1 years) and of CBT therapists from 2.4 to 11.3

years (median 4.4 years). All therapists received

group training to apply the standardised protocols:

PT therapists during one day, CBT therapists during

two days.

Subjects referred to research centre
(n=176)

Excluded (n=29)

Not meeting inclusion criteria (n=14)
Refused to participate (n=5)
Refused randomisation assignment (n=7)
Felt no need for rehabilitation anymore (n=3)

Randomised (n=147)

Allocated to PT group
(n=71 from 8 groups in 4 centres)

Allocated to PT+CBT group
(n=76 from 8 groups in 4 centres)

12-week intervention
(PT + CBT)

 Discontinued intervention (n=6)
 - Medical reasons

(n=6; 3x illness, 2x recurrence,
1x pregnancy)

12-week intervention
(PT)

Discontinued intervention (n=9)
- Medical reasons

(n=5; 2x illness, 2x recurrence,
1x deceased)

- Personal reasons
(n=4; 2x Incontent with
randomisation, 1x referred to
individual rehabilitation, 1x
child-care responsibilities)

Post-treatment assessment
(n=62)

No post-treatment assessment
(n=8)

- Baseline measurement failure
(n=1; 1x medical reason)

- Medical reasons (n=6; 4x
illness, 2x knee injury)

- Other reasons (n=1; 1x
unreliable testing procedure)

Post-treatment assessment
(n=54)

No post-treatment assessment
(n=8)
- Baseline measurement failure

(n=2; 1x medical reason, 1x
claustrophobia)

- Medical reasons (n=4; 1x ilness,
1x doctor's request, 2x knee
injury)

- Other reasons (n=2; 1x
aparatus failure, 1x
claustrophobia)

Analyzed (n=75)

Excluded from analysis  (n=1)
- No baseline assessment

Analyzed (n=69)

Excluded from analysis  (n=2)
- No baseline assessment

Figure 1. Flow of participants through the trial. Abbreviations: PT�CBT-physical training plus cognitive-behavioural training; PT-physical

training.

Improved physical fitness of cancer survivors 827

A
ct

a 
O

nc
ol

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

B
ru

ne
l U

ni
ve

rs
ity

 S
er

vi
ce

s 
L

td
 o

n 
04

/2
0/

13
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Physical training (twice weekly, two hours per session)

In accordance with the principles of self-manage-

ment, participants used heart rate monitors, the

Borg Scale for dyspnea and fatigue and training logs

to monitor and evaluate their performance, and

received feedback, information and support from

their therapists in regulating their performance.

Bicycle training (30 minutes). Patient’s main baseline

physical problems were defined by assessing aerobic

capacity, testing muscle strength, and medical his-

tory. Based on these, participants chose, in coopera-

tion with the therapists, their individual goals during

the first four weeks, to be trained from week five

onwards: i.e. (a) improving exercise capacity, (b)

improving muscle strength, (c) coping with fatigue

or (d) handling physical role limitations. Training

intensity was determined using the Karvonen for-

mula [19] that uses the maximum heart rate

(HRmax) obtained from baseline graded exercise

testing and the heart rate (HR) at rest (HRrest) to

calculate the training HR (HRtr). During the first

four weeks training was performed at a HRtr of

(HRrest�40% to 50% of (HRmax�HRrest)). Training

intensity from Week 5�12 depended on the indivi-

dual training goal as mentioned above. The training

programme of participants who chose improvement

of exercise capacity gradually increased to a HRtr of

(HRrest�80% of (HRmax�HRrest)) at Week 12,

whereas the programmes of patients with other goals

were aimed at a gradual increase to (HRrest�70% of

(HRmax�HRrest)).

Muscle strength training (30 minutes). Resistance

exercise of lower and upper extremities was based

on the baseline 1-Repetition Maximum (1-RM).

Training intensity started at 30% of the 1-RM

during the first week and was increased until 60%

of 1-RM in week 12 for participants aiming at

improving muscle strength and until 50% of 1-RM

for patients with other goals.

Group sport (60 minutes). Group sports, such as

swimming, badminton and soccer, which were out-

lined in the training protocol, aimed at enjoying

sports and overcoming any lack of confidence

patients may have felt about exercising their body.

Sports were performed while participants were still

able to talk, which implicates a moderate intensity

level [20].

From week six on, the patients started a home-

based walking programme as described in detail by

Winningham [21] to provide an additional training

stimulus. Based on performance status and age,

subjects started walking for 5 to 20 minutes once

per week increasing the walking time by 30 seconds

to two minutes per week. Walking speed was

regulated by the subjects’ heart rate depending on

their age, e.g. the target pulse of persons aged

between 40 and 50 years was from 110�120 beats

per minute. Therefore, participants wore heart rate

recorders or counted their pulse rate during walking.

Cognitive-behavioural training (once a week, two hours

per session)

Cognitive-behavioural training. This was aimed at

training self-management skills to solve personal

problems associated with physical and psychosocial

consequences of cancer limiting patients to be

physically active in daily living using a cognitive-

behavioural problem-solving protocol for individual

cancer patients [22] and a group problem-solving

protocol [23]. The content of CBT is outlined in

Table I.

Outcomes

Socio-demographic and medical data were collected

using a self-report questionnaire. Medical data were

confirmed by the referring physicians. Information

about pre-cancer and pre-recruitment activity levels

were assessed at intake.

Cardiopulmonary outcomes were change in peak

oxygen consumption (VO2peak), peak power (Wpeak)

and exercise duration evaluated by a symptom

limited graded exercise test. Changes in muscle

strength were determined in all centres except one.

All assessments were conducted at baseline (T0) and

immediately after the 12-week rehabilitation (T1).

T0 and T1 tests were consistently performed by the

same assessor who was not involved in the interven-

tion. Participants were asked not to eat or drink

(except water) during the two hours before exercise

testing.

Exhaustive graded exercise test. Participants cycled at

60 rates per minute (rpm) with no workload for one

minute to adapt to the cycle ergometer [24]. The

exercise test started with a workload of 20 Watt and

the load was increased every minute by 10, 15 or 20

Watt (depending on the subject’s fitness) until

voluntary exhaustion. Increments were estimated

using formulas provided by Wassermann et al.

[24]. Subjects were encouraged during the test.

The test ended when the patient was restricted by

clinical symptoms, when the cycling rate was lower

than 60 rpm, or by the physician’s intervention. HR

was recorded during the whole test (Polar S610i,

Polar Electro Inc., Helsinki, Finland). Expired gases

828 A. M. May et al.
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were analysed using Oxycon Delta, Oxycon Cham-

pion (Jäger, Höchberg, Germany), Metamax MMX

(Cortex Biophysics GmbH), or K4b2 (Cosmed,

Rome, Italy) in the four study centres, respectively.

Differences in measured oxygen uptake and carbon

dioxide output between analysis systems in the

different centres were small (�3.4% to 2.4%

difference from overall mean at 150 W) and fell

within the range of day-to-day variability [25] (data

not shown). VO2peak was calculated as the mean of

VO2-values during the final 30 s of exercise. Wpeak

was defined as workload at exhaustion.

Muscle strength measurement. Maximum voluntary

isometric muscle strength of elbow flexor and

extensor muscles and the knee extensor muscles

was determined using a hand-held dynamometer

(Strength Evaluating & Testing (microFET), Hog-

gan Health Industries, USA). The ‘break method’

was applied: the examiner gradually overcomes the

strength produced by the patient until the extremity

gives way [26]. All measurements were performed

three times, with recovery intervals of at least 10 s.

Peak strength was recorded, and the mean values of

three technically correct measurements were taken

for analysis.

Physical activity. Physical activity was assessed

through the 12-item Physical Activity Scale for the

Elderly (PASE), a valid and reliable questionnaire

[27,28]. Questions deal with physical activities, such

as leisure, sports, occupational, housework, and

gardening. The questionnaire records the frequency

of participation in these activities over the preceding

7 days. Scoring procedures were derived from

motion sensor counts, physical activity diaries and

a global activity self-assessment. The total PASE-

score is computed by multiplying the amount of time

spent in each activity by the item weights and

summing over all activities. The PASE generates a

single composite score of physical activity that ranges

from 0�400.

Adherence to intervention

The exercise trainers and psychologists filled in a

Case Record Form for each subject every session to

monitor adherence to the intervention. Moreover,

after each PT and CBT session, therapists filled in a

general form to monitor whether the session was

performed as described in the protocol.

Data analysis

Analyses (R software, version 2.3.1) were performed

according to the intention-to-treat principle. Missing

values of outcome variables were imputed by the

mean of the predicted distribution given the hier-

archical structure and specific characteristics of the

person (age, gender, weight, and group allocation)

using Bayesians statistics. Subjects with missing

baseline values were not taken into account (n�3;

missing due to untreated hypertension, lymphedema

in both legs, and claustrophobia caused by the mask

covering nose and mouth). The reasons for these

missing values were unrelated to non-compliance,

withdrawal, or losses to follow-up and were not

affected by the treatment these patients were as-

signed to. Therefore, post-randomisation exclusion

was appropriate [29].

The baseline status of the randomised participants

was compared to that of those who discontinued

intervention using independent Student’s t-tests or

Mann-Whitney tests for continuous data and x2 tests

for categorical data. Differences in socio-demo-

graphic and medical characteristics of PT�CBT

and PT were tested with ANOVA and x2 tests.

Changes in outcome variables between study

groups were compared using linear mixed-effects

models while taking the different levels (centre,

Table I. Content of the cognitive-behavioural training*.

Content of the session

Session 1 Acquaintance and introduction of the rationale

and the aims of the training

Session 2 Information about stress and relaxation

Session 3 Information about fatigue and exercise physiology

Session 4 Information about the subsequent steps in the

circular self-management process

Session 5 Problem orientation

Session 6 Problem definition and formulation

Session 7 Goal setting

Session 8 Generation of alternative solutions

(brainstorming)

Session 9 Decision making

Session 10 Solution implementation and verification

Session 11 Recapitulation and practice of self-management

process

Session 12 Retrospection on the training and anticipation to

future functioning

Structure of each session

� Recapitulation of last weeks session and exchanging daily

life experiences

� Discussing home assignment

� Introducing new topic or self-management skill

� Practicing self-management skill

� Introducing next homework assignment$

� Relaxation exercise.

* Duration of one session is two hours. A workbook is used

containing an extensive summary of the training, self-manage-

ment worksheets and assignments, and information on addi-

tional relevant topics for cancer patients.
$ Homework with a maximum of half an hour per week.

Improved physical fitness of cancer survivors 829
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group and individual) into account. The Akaike

Information Criterion was used as a measure of

how well our different models fit the data. A lower

value on the Akaike Information Criterion indicated

a better model fit. Additionally, an analysis was

performed for complete cases. Furthermore, pre-

sence or absence of breast cancer and its interaction

with treatment allocation was included as covariate

to investigate whether the effects of rehabilitation

were different between breast cancer patients and

others.

Two-sided significance tests were used (aB0.05).

Results

Participant recruitment took place between Febru-

ary 2004 and December 2005. Measurements

started in March 2004 and the last follow-up

measurements were performed in April 2006 (Figure

1). Those who stayed in the study did not differ from

the patients who discontinued with regard to age,

sex, educational, marital status, type of cancer, type

of treatment, time post-treatment, past physical

activity and baseline values of graded exercise

testing.

Baseline characteristics

Table II shows the baseline characteristics of the

study participants. Groups were not different in

socio-demographic, medical and past physical activ-

ity variables (all p-values�0.05). The majority of

our participants were female, middle-aged, married,

educated, employed and overweight. Pre-interven-

tion, subjects’ physical activity levels were decreased

compared to their physical activity levels before the

diagnosis of cancer (pB0.0001).

Adherence to the intervention

Both intervention groups completed 83.5% of

24 physical training sessions (PT�CBT 2094.7

sessions; PT 2095.2 sessions, p�0.05) and the

PT�CBT group completed 82.4% of 12 cognitive-

behavioural training sessions (9.992.4 sessions).

One participant, assigned to PT, collapsed during

the intervention and deceased at the first-aid station.

After autopsy, physicians judged this death to be

unrelated to the intervention. No further adverse

events were reported.

Physical fitness outcome variables

Changes in exercise capacity, muscle strength and

physical activity from baseline to post-intervention

were not significantly different between PT and

PT�CBT (see Table III & Table IV).

VO2peak, Wpeak, exercise time, muscle strength of

upper and lower limbs and physical activity im-

proved significantly in PT�CBT and PT from

baseline to post-intervention.

Additional analysis

Complete case analyses showed similar results for all

outcome variables indicating that missing data had

no impact on the results (data not shown).

Adding the covariate breast cancer yes/no and its

interaction with treatment allocation to the model

showed that results were not different between

patients with breast cancer and patients with other

types of cancer (data not shown).

Discussion

The present randomised controlled trial showed that

physical fitness improved following physical training

consisting of aerobic training, resistance exercise,

and group sports in survivors from different types of

cancer. In the present study participants received an

intensive supervised physical training programme

that incorporated principles of self-management. In

addition, participants trained within exercise classes.

This peer contact provided ample opportunities for

social interaction, social comparison, group support

and education that might improve self-efficacy and

through that physical activity behaviour [30]. We

showed that adding structured cognitive-behavioural

training to our exercise programme did not add to

the beneficial effect of physical training on physical

fitness. Apparently, our theory-based group exercise

programme seemed to be sufficient to improve

exercise capacity. However, this conclusion might

be premature because long-term effects might be

different. CBT did not enhance the effect of PT on

physical fitness in the short-term, but PT�CBT

might be superior in the long-term because CBT

might possibly enhance long-term adherence to an

active lifestyle. Hence, long-term follow-up mea-

surements in our study population are needed.

Furthermore, as our PT was an intensive, group-

based supervised programme that also included

social cognitive components a ceiling effect might

partly explain that adding structured CBT did not

offer additional benefits.

We showed that the effect of the intervention in

breast cancer survivors were not different to the

effect in survivors of other types of cancer, which is

consistent with findings of others [15]. Two pilot

studies investigated the effect on physical fitness of a

rehabilitation programme including aerobic training

and resistance exercise in breast cancer survivors,

and reported beneficial effects in the training group:

830 A. M. May et al.
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Wpeak and VO2peak improved and the muscle

strength of the lower limbs increased [7,11]. Our

results confirm these findings and extend them to

survivors from all types of cancer.

At baseline, our population’s VO2peak was 84.3

922.6% (mean9standard deviation) of predicted

VO2peak based on height, weight, gender and age

[31] and below 30 mL.kg�1.min, which implies poor

physical fitness. The enhancement of Wpeak and

VO2peak found in the present study exceeds the day-

to-day variability [25] and could, therefore, be

considered as clinically relevant. The magnitude of

change of Wpeak and VO2peak in our study is

comparable to results of other studies evaluating

oncological rehabilitation in survivors, which

reported improvements in Wpeak of almost 10%

and increases of VO2peak from 6.2% to 18.6%

[3,11,32]. At pre-intervention, physical activity le-

vels of our participants were decreased compared to

pre-diagnosis as is also reported by others [33,34].

At post-intervention, our participants reported an

increase of physical activity levels compared to pre-

intervention. According to Cohen [35], this increase

implied a small treatment effect.

Muscle strength of the lower and upper limb

increased in both PT and PT�CBT participants

from pre- to post-intervention. Increases of the knee

extensor muscles were of moderate to large effect

size, whereas effect sizes for increases of elbow flexor

and extensor muscles were small [35]. In contrast to

Table II. Baseline characteristics*.

Variable

Overall

(n�147)

PT�CBT

group (n�76)

PT group

(n�71)

Age (years) 48.8910.9 47.8910.5 49.9911.3

Sex

Female 123 (83.7) 66 (86.8) 57 (80.3)

Male 24 (16.3) 10 (13.2) 14 (19.7)

Educational level

Low 23 (14.1) 6 (7.9) 14 (19.7)

Middle 80 (49.1) 40 (52.6) 32 (45.1)

High 60 (36.8) 30 (39.5) 25 (35.2)

Marital status

Married/living together 117 (71.8) 53 (69.7) 51 (71.8)

Single 46 (28.2) 23 (30.3) 20 (28.2)

Employed at diagnosis 107 (72.8) 54 (71.1) 53 (74.6)

Body Mass Index (kg*m2) 27.596.2 27.496.7 27.795.8

Type of cancer

Breast 82 (55.8) 48 (63.2) 34 (47.9)

Haematological 23 (16.6) 15 (19.7) 8 (11.3)

Gynaecological 17 (11.6) 6 (7.9) 11 (15.5)

Urogenital 9 (5.5) 3 (3.9) 6 (8.5)

Colon 3 (2.0) 1 (1.3) 2 (2.8)

Lung 4 (2.7) 2 (2.6) 2 (2.8)

Other 9 (6.2) 1 (1.3) 8 (11.3)

Type of treatment

Surgery 126 (85.7) 64 (84.2) 62 (87.3)

Chemotherapy 100 (68.0) 55 (72.4) 45 (63.4)

Radiotherapy 84 (57.1) 43 (56.6) 41 (57.7)

Time post-treatment (years) 1.391.7 1.291.3 1.492.1

Pre-cancer activity level$

Sedentary 15 (10.2) 6 (7.9) 9 (12.7)

Walking and cycling for pleasure 50 (34.0) 31 (40.8) 19 (26.8)

Regular physical exercise (]3h/w) 52 (35.4) 23 (30.3) 29 (40.8)

Intense regular physical training (]4h/w) 30 (20.4) 16 (21.1) 14 (19.7)

Pre-rehabilitation activity level$

Sedentary 39 (26.5) 15 (19.7) 24 (33.8)

Walking and cycling for pleasure 89 (60.5) 50 (65.8) 39 (54.9)

Regular physical exercise (]3h/w) 17 (11.6) 10 (13.2) 7 (9.9)

Intense regular physical training (]4h/w) 2 (1.4) 1 (1.3) 1 (1.4)

*Data presented as mean9standard deviation for continuous variables and frequency (percentage) for categorical variables.
$ Classification of activity level according to Saltin and Gollnick [36].

Abbreviations: PT�CBT � physical training plus cognitive-behavioural training; PT � physical training.
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upper limb muscles, lower limb muscles were not

only trained during resistance training but also

during bicycle exercise. Possibly, training of

the upper limb muscles should be extended and,

moreover, therapists should ensure careful imple-

mentation.

Strengths of the present study were the large

sample size, the randomised controlled design with

Table III. Maximal exercise performance and physical activity at baseline and post-intervention; and intra- and inter-group changes

pre-intervention to post-interventiona.

Baseline

(Mean9SD)

Post-intervention

(Mean9SD)

Within-group

change (95% CI)

Between-group

change (95% CI)

(PT versus PT�CBT)

VO2peak (mL.kg�1.min�1)

PT 23.397.3 25.897.8 2.1 (1.2 to 3.0) *** Reference

PT�CBT 23.996.7 25.997.1 2.0 (1.1 to 2.9) *** �0.1 (�1.5 to 1.3)

Wpeak (Watt)

PT 158.8950.7 173.1950.6 14.3 (9.7 to 19.0)*** Reference

PT�CBT 153.3944.1 170.8947.6 17.7 (13.2 to 22.2)*** 3.4 (�3.1 to 9.8)

Exercise time (seconds)

PT 597.59157.2 656.59153.5 58.5 (40.6 to 76.5)*** Reference

PT�CBT 581.49135.9 657.29149.4 76.2 (58.7 to 93.7)*** 17.7 (�7.1 to 42.5)

Physical activity

PT 110.0957.4 136.9975.6 26.8 (12.2 to 41.5)** Reference

PT�CBT 116.1960.5 139.9973.1 23.8 (9.6 to 37.9)** �3.1 (�23.5 to 17.3)

Abbreviations: SD � standard deviation; CI � confidence interval; PT � physical training; PT�CBT � physical training plus

cognitive-behavioural training; VO2peak-peak oxygen uptake; Wpeak � peak workload.
aPT�CBT group (n�75). PT group (n�69). Change scores, between-group change scores and corresponding 95% CI using linear

mixed-effects models. Physical activity was assessed by the Physical Activity Scale for the Elderly (PASE) questionnaire (range 0�400).

*p50.01; ** p50.001, ***pB0.0001.

Table IV. Muscle strength at baseline and intra-group and inter-group changes from pre-intervention to post-interventiona.

Baseline

(Mean9SD)

Post-intervention

(Mean9SD)

Within-group

change (95% CI)

Between-group

change (95% CI):

PT versus PT�CBT

Muscle strength left elbow flexors (N)

PT 198.3952.7 213.6948.2 15.8 (3.5 to 28.2)* Reference

PT�CBT 172.6944.6 193.9938.8 21.1 (8.9 to 33.4)** 5.3 (�11.9 to 22.5)

Muscle strength right elbow flexors (N)

PT 208.3957.8 221.6952.7 13.3 (3.6 to 23.1)* Reference

PT�CBT 182.2944.5 201.7942.7 19.8 (10.2 to 29.3)*** 6.4 (�7.2 to 19.9)

Muscle strength left elbow extensors (N)

PT 140.5940.3 154.2938.6 13.7 (9.4 to 17.9)*** Reference

PT�CBT 130.2935.6 139.6929.9 9.4 (5.3 to 13.6) *** �4.2 (�10.1 to 1.7)

Muscle strength right elbow extensors (N)

PT 139.6936.2 148.7934.7 9.2 (3.0 to 15.4)* Reference

PT�CBT 124.6932.5 139.0927.1 14.3 (8.2 to 20.3)*** 5.1 (�3.4 to 13.6)

Muscle strength left knee extensors (N)

PT 266.5980.3 317.8965.9 51.2 (31.6 to 70.8)*** Reference

PT�CBT 244.9976.4 301.5967.1 55.9 (36.6 to 75.3)*** 4.7 (�22.4 to 31.9)

Muscle strength right knee extensors (N)

PT 255.6976.0 310.5967.6 55.6 (35.1 to 76.2)*** Reference

PT�CBT 241.0966.5 294.8965.0 53.3 (33.0 to 73.5)*** �2.4 (�30.8 to 26.1)

Abbreviations: SD � standard deviation; CI � confidence interval; PT � physical training, PT�CBT � physical training plus cognitive-

behavioural training; N � Newton.
aPT�CBT group (n�53). PT group (n�50). Change scores, between-group change scores and corresponding 95% CI using linear

mixed-effects models.

*p50.01; ** p50.001, ***p50.0001.
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intention-to-treat analysis, the supervised, standar-

dised and theory-based intervention, high atten-

dance rates, and the validated measures of fitness.

For feasibility reasons, our study did not include a

control group. Sincer cancer rehabilitation is pre-

sently offered to cancer patients in 60 centres

throughout the Netherlands, participants were not

willing to run the risk of being randomised to a

control situation in which they had to wait for an

intervention. In addition, recent reviews and meta-

analyses [4,5] reported that exercise is an effective

intervention to improve cardiorespiratory fitness.

In conclusion, survivors of different types of

cancer showed improved physical fitness following

a supervised, self-management physical training

programme which combines cardiorespiratory and

resistance exercise with group sports. Adding a

structured cognitive-behavioural intervention did

not enhance the positive effects of physical training

on physical fitness immediately following the inter-

vention.
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